
Objective: To investigate the association between heart rate 

variability (HRV) parameters with leisure time and commuting 

physical activities in adolescent boys. 

Methods:  The sample included 1152 male adolescents 

aged 14 to 19 years. The variation of consecutive heart 

beats (RR intervals) was assessed and HRV parameters in 

time (SDNN, RMSSD, pNN50) and frequency domains (LF/

HF) were calculated. Leisure time and commuting physical 

activities were obtained using a questionnaire. A binary 

logistic regression was performed between HRV parameters 

and physical activity. 

Results: Leisure time physical activity was associated with 

SDNN, RMSSD, pNN50, while LF/HF was not associated. These 

associations were stronger when adolescents were also physically 

active for more than six months. Commuting physical activity 

was not associated with any HRV parameter. Boys who practiced 

commuting physical activity and were also physically active for 

more than six months presented a lower chance of having low 

SDNN and RMSSD. 

Conclusions: Leisure time physical activity was associated 

with better HRV and these associations were enhanced when 

adolescents were physically active for more than six months. 

Commuting physical activity was not associated with HRV 

parameters; however, it became associated with better HRV 

Objetivo: Investigar a associação entre parâmetros de variabilidade da 

frequência cardíaca (VFC) e atividades físicas de lazer e deslocamento 

em adolescentes do sexo masculino. 

Métodos: A amostra incluiu 1.152 adolescentes do sexo masculino 

com idades entre 14 e 19 anos. A variação dos batimentos cardíacos 

consecutivos (intervalos entre duas ondas R sucessivas – RR) foi avaliada, 

e calcularam-se os parâmetros da VFC no tempo (desvio padrão de 

todos os intervalos RR – SDNN, raiz quadrada da média do quadrado 

das diferenças entre intervalos RR normais adjacentes – RMSSD, 

porcentagem dos intervalos RR adjacentes com diferença de duração 

maior que 50 ms – pNN50) e domínios de frequência (low frequency –  

LF/high frequency  – HF). Informações sobre atividades físicas de lazer e 

deslocamento foram obtidas por meio de um questionário. Realizou-se 

regressão logística binária entre parâmetros de VFC e atividade física. 

Resultados: Foi descoberta associação entre atividades físicas de lazer 

e as variáveis SDNN, RMSSD e pNN50, mas não houve associação entre 

tais atividades e a razão LF/HF. Essas associações foram mais fortes 

entre adolescentes que se mantinham fisicamente ativos havia mais de 

seis meses. Atividades físicas de deslocamento não foram associadas a 

nenhum parâmetro de VFC. Jovens que praticavam atividades físicas de 

deslocamento e também se mantinham fisicamente ativos havia mais 

de seis meses apresentaram menor chance de ter baixa SDNN e RMSSD. 

Conclusões: Atividades físicas de lazer e de deslocamento foram 

associadas a melhor VFC, e tais associações foram reforçadas quando 
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INTRODUCTION
Heart rate variability (HRV), which is defined as the varia‑
tion of consecutive heartbeats, is a marker of cardiac auto‑
nomic modulation function. The autonomic nervous sys‑
tem promotes the interaction of the sympathetic pathways, 
which increase heart rate, contraction force, and vasocon‑
striction, with the parasympathetic pathways, which have 
opposite effects.1 Low HRV is an independent predictor of 
mortality and incidence of cardiovascular disease in adults.2 
In children and adolescents, low HRV is associated with 
higher blood pressure levels3 and abdominal obesity,4 thus 
indicating its potential as a tool to screen cardiovascular risk 
among young people.

An increase in physical activity level has proven to be an 
effective way to increase HRV parameters in different age 
groups. In adolescents, although studies have shown a positive 
association between leisure‑time physical activity and better 
HRV,5‑8 there are still some gaps. For example, the association 
between commuting physical activity (walking or cycling to 
school), which is a common form of physical activity among 
adolescents, and HRV parameters is unknown.

Adolescent boys have an increased risk for earlier devel‑
opment of cardiovascular disease than girls.9 The HRV 
responses can provide subsidies for the implementation 
of health programs to improve cardiovascular health. 
This study’s hypothesis is that adolescents who engage in 
leisure‑time and commuting physical activities would have 
better HRV than their inactive peers and the practice of 
physical activity for more than six months would bring a 
positive influence to HRV. Thus, the aim of this study was 
to investigate the association between the HRV parame‑
ters with leisure‑time and commuting physical activities in 
adolescents and the influence of physical activity for more 
than six months on HRV.

METHOD
This cross‑sectional study was approved by the ethical com‑
mittee in compliance with the Brazilian National Research 
Ethics System Guidelines. The participants were sampled from 

among students in the public school system in the state of 
Pernambuco in northeast Brazil. 

The sample was selected by the application of a strati‑
fied two‑stage (school and class) random sampling proce‑
dure. The schools were selected according to size (small, 
medium, and large) and the classes according to the shift 
(day or night). The draws were conducted by random 
number generation through www.randomizer.org site. 
Participants who were eligible for the study included male 
adolescents between the ages of 14 and 19 years who were 
in the classroom on the collection day and provided prior 
parental or guardian consent. Volunteers with known dia‑
betes mellitus, cardiovascular disease, and neurological or 
mental disabilities were excluded, as well as those with a 
low‑quality HRV signal or poorly completed questionnaire. 
The exclusion criteria also included consumption of caf‑
feinated beverages 12 hours prior to the HRV evaluation, 
the use of alcohol, any form of tobacco and/or other illicit 
drugs, and participation in any physical exercise training 
24 hours before the evaluations.10 

Data were collected from May to October 2011 during 
the volunteers’ class period (morning, afternoon, and eve‑
ning). To obtain data on physical activity level, age, eth‑
nicity, housing area (rural or urban), and issues related to 
their economic condition, an adapted version of the Global 
School‑based Student Health Survey (GSSHS) was used. 
This questionnaire has been widely applied in epidemio‑
logical studies with adolescents and has a reported concor‑
dance coefficient (kappa test) between 0.52 and 1.00.3,11 
For this sample, leisure‑time physical activity, commuting 
activity, and practice time presented a reproducibility indi‑
cator (i.e., test‑retest consistency 1‑week apart) respectively 
of 0.63, 0.59, and 0.57. 

Leisure‑time physical activity was assessed by the ques‑
tion: “Do you regularly perform some sort of physical activ‑
ity in your free time, such as exercise, sports, dance or mar‑
tial arts?” The adolescents were classified as active (if the 
answer was yes) or not active. Commuting physical activity 
was assessed by the question: ‘During the past seven days, 
how many days have you walked or cycled to and from 

when  adolescents were physically active in commuting for 

more than six months.
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os adolescentes mantinham atividade física havia mais de seis 

meses. Atividade física de deslocamento não foi associada com os 

parâmetros da VFC, no entanto tal associação surgiu nos casos de 

adolescentes fisicamente ativos em atividades de deslocamento 

havia mais de seis meses.
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school?’ The adolescents who responded that they got to 
and from school on foot or by bicycle three days or more 
were considered active. The time of regular practice of phys‑
ical activity (i.e. physical activity for more than six months; 
PA>6 months) was assessed with the question “A young 
man is considered to be physically active if he engages in at 
least 60 minutes of daily physical activity on five or more 
days of the week. In relation to your physical activity hab‑
its, you say…” Adolescents were considered PA>6 months 
if they answered “I have been physically active for more 
than 6 months.”

Adolescents were weighed without shoes and coats on an 
automatic scale, and the height was measured with a stadi‑
ometer. Waist circumference was measured in the standing 
position at the level of the umbilicus using a constant ten‑
sion tape. Overweight was determined by a body mass index 
measurement above the 85th percentile for age.12 Abdominal 
obesity was determined by waist circumference above the 
80th percentile for age.13 Blood pressure was measured by 
using the Omron HEM 74214 (Omron, Shangai, China) 
after the adolescents rested and remained seated with legs 
uncrossed for 5 minutes. All blood pressure measurements 
were performed 3 times on the right arm, which was placed 
at heart level in a seated position. The mean value of the least 
two measurements was used for analysis. High blood pres‑
sure was defined as systolic and/or diastolic blood pressure 
equal or higher than the reference sex, age, and height‑spe‑
cific 95th percentile.15

Heart rate variability was obtained by analysis of RR inter‑
vals by using a heart rate monitor (POLAR, RS 800 CX; Polar 
Electro OyInc, Kempele, Finland). Adolescents were in a supine 
position for 10 minutes after approximately 30 minutes of rest. 
Analyses were performed using Kubios HRV software (Biosignal 
Analysis and Medical Imaging Group, Joensuu, Finland) by a 
single evaluator blind to the other variables and following the 
recommendations of the Task Force of the European Society 
of Cardiology and the North American Society of Pacing and 
Electrophysiology.16

The time domain variables consisted of the standard 
deviation of all RR intervals (SDNN), the root mean square 
of the squared differences between adjacent normal RR 
intervals (RMSSD), and the percentage of adjacent inter‑
vals over 50 ms (pNN50). The frequency domain was ana‑
lyzed using the spectral analysis of HRV. Stationary peri‑
ods of the tachogram of at least five minutes were broken 
down into bands of low (LF) and high (HF) frequencies 
by using the autoregressive method with a model order of 
12 according to Akaike’s information criterion. Frequencies 
were considered physiologically significant when they 

ranged between 0.04 and 0.4 Hz. Oscillations between 
0.04 and 0.15 Hz were considered as an LF component, 
whereas oscillations between 0.15 and 0.4 Hz represented 
the HF component. For analysis, we used the LF/HF com‑
ponent as an indicator of the sympathovagal balance on 
the heart. The reliability of the measurements was assessed 
using the intraclass correlation coefficient (ICC) and the 
values ranged from 0.70 to 0.91.17

The HRV parameters were classified in quartiles and then 
dichotomized for analysis (1st quartile versus 2nd to 4th for SDNN, 
RMSSD, pNN50 and 4th quartile versus 1st to 3rd quartiles for 
LF/HF). For the SDNN, RMSSD e pNN50 parameters, the 
1st quartile was considered the best and, for LF/HF parameters, 
the 4th quartile was considered optimal.

All statistical analyses were performed by using the software 
SPSS/PASW version 20.0 (IBM Corp, Armonk, New York). 
Data normality was verified by the Kolmogorov–Smirnov test. 
The HRV parameters data are presented in mean, standard 
deviation, and confidence intervals (CI) of 95%. 

The binary logistic regression analysis was performed to 
analyze the association between the leisure‑time and com‑
muting physical activities with HRV. A cluster analysis was 
also conducted and included a binary logistic regression 
between the parameters of HRV with leisure‑time physical 
activity, along with the regular practice of physical activity 
(LPA+PA>6) and commuting physical activity along with 
regular practice of physical activity (CPA+PA>6). These find‑
ings were adjusted for the period of the day, obesity, and 
hypertension. The Hosmer–Lemeshow test was used to eval‑
uate the goodness of fit. The significance level for all anal‑
ysis was p<0.05.

RESULTS
A total of 1212 male adolescents were enrolled in the study; 
60 boys were excluded due to low signal quality (station‑
ary periods of the tachogram lengths lower than 5 minutes). 
Thus, the final analysis consists of data from 1152 male ado‑
lescents with a mean age of 16.6±1.2 years. When asked which 
leisure activity they preferred, 43.8% of adolescents said play‑
ing sports. Table 1 describes the characteristics of the sample 
and the percentage of activity in each type of physical activity. 
Table 2 presents the criteria used for the stratification of HRV 
parameters in statistical analysis. 

The association between leisure‑time and commuting physical 
activities with HRV parameters are shown in Figure 1. There were 
significant associations between leisure‑time physical activity 
and HRV parameters in the time domain (SDNN [OR 0.57; 
95%CI 0.42–0.78], RMSSD [OR 0.59; 95%CI 0.43–0.80], 
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pNN50 [OR 0.60; 95%CI 0.44–0.81]). Commuting physical 
activity was not associated with any HRV parameter. The total 
volume of commuting physical activity was not associated with 
any HRV parameter (SDNN [p=0.937], RMSSD [p=0.664], 
pNN50 [p=0.323]).

The cluster of leisure‑time physical activity and PA>6 months 
(Table 3) revealed significant associations with HRV in the 
time domain (p<0.05). The cluster of commuting physical 
activity and PA>6 months was significant (p<0.05) only in the 
SDNN and RMSSD parameters.

DISCUSSION
The main results of this study were that: 

1. leisure‑time physical activity is associated with higher HRV; 

2. the associations between leisure‑time physical activity 
were enhanced when physical activity is practiced for 
more than 6 months; 

3. commuting physical activity is not associated with HRV 
in adolescents;

4. however, the adolescent active in commuting physical 
activity for more than six months had higher HRV.

The strengths of this study include its large sample size, 
since there are no epidemiological studies with a sample of this 
size that analyzes HRV. We assessed blood pressure and obesity, 
which are important confounding variables and closely linked 
to HRV.3,18 Moreover, because the HRV was analyzed by only 
one investigator blind to all other study variables, the results are 
highly reproducible and reliable. Finally, the study examined 

Table 1 Characteristics of the studied adolescents (n=1152).

Variables Values 95%CI

Age (years) 16.6±1.2 16.5–16.7

Weight (kg) 63.7±12.6 62.9–64.4

Height (cm) 171.6±7.1 171.2–172.1

Waist circumference (cm) 76.7±9.5 76.1–77.2

Body mass index (kg/m2) 21.6±3.8 21.3–21.8

Systolic blood pressure (mmHg) 121.6±12.4 120.7–122.4

Diastolic blood pressure (mmHg) 67.8±8.6 66.4–67.6

Heart rate (bpm) 71.7±11.8 71.0–72.5

Race (% non-white) 72.0 69.5–74.7

Place of residence (% urban) 79.0 76.9–81.7

Period of the day (% matutinal) 42.0 39.3–45.0

Physical activity leisure (% actives) 78.2 75.9–80.5

Physical activity commuting (% actives) 51.3 49.3–55.5

Time of regular practice of physical activity (% actives for more the six months) 46.4 43.4–49.5

CI: confidence interval.

Table 2 Criterion used for stratification of heart rate variability parameters in statistical analysis (n=1152).

HRV parameters Mean±SD
Quartile

1st 2nd 3rd 4th

Time Domain

SDNN (ms) 61.9±23.7 44.5 58.4 76.5 157.0

RMSSD (ms) 54.7±29.5 33.2 49.7 68.9 204.2

pNN50 (%) 29.5±20.5 11.0 28.1 45.1 84.0

Frequency domain

LF/HF 1.4±1.1 0.7 1.1 1.8 7.9

SD: standard deviation; SDNN: standard deviation of the RR interval; RMSSD: root mean square of the squared differences between adjacent 
normal RR intervals; pNN50: the percentage of adjacent intervals over 50 ms; LF/HF: sympathovagal balance; HRV: heart rate variability.
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SDNN: standard deviation of the RR interval, RMSSD: root mean square of the squared differences between adjacent normal RR intervals, 
pNN50: the percentage of adjacent intervals over 50 ms, LF/HF: sympathovagal balance (ratio between the low and high frequency 
components). OR: odds ratio; CI: confidence interval. Models adjusted by hypertension, obesity, and period of the day; PA: physical activity.

Figure 1 Association between the types of physical activity and the heart rate variability parameters.

Table 3 Association between the cluster the types of physical activity and heart rate variability parameters.

SDNN (1st quartile) RMSSD (1st quartile) pNN50 (1st quartile) LF/HF (4th quartile)

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Leisure-time physical activity

LPA+PA<6 1 1 1 1

LPA+PA>6 0.46 0.32–0.67 0.45 0.31–0.65 0.48 0.33–0.70 1.19 0.81–1.77

Commuting physical activity

CPA+PA<6 1 1 1 1

CPA+PA>6 0.62 0.42–0.91 0.66 0.45–0.97 0.77 0.52–1.13 1.24 0.85–1.81

LPA: leisure-time physical activity; PA: physical activity; CPA: commuting physical activity. Models adjusted by hypertension, obesity 
and period of the day.

the relationship of HRV and different physical activity, which 
has not been done previously.

Sports practice is the main frequent form of leisure‑time 
physical activity among adolescent boys.19 The association 

between leisure‑time physical activity and cardiovascular func‑
tion,20,21 including HRV parameters, was previously described 
in adolescents.7 In this study, adolescents active during their 
leisure‑time also presented better HRV. However, this study 
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than six months in commuting physical activity.

Funding
All phases of this study were supported by ‘Conselho Nacional 
de Desenvolvimento Científico e Tecnológico – CNPQ’, 
‘Coordenação de Aperfeiçoamento de Pessoal de Nível Superior – 
CAPES’ and ‘Fundação de Amparo a Pesquisa do Estado de 
Pernambuco ‑ FACEPE’.

Conflict of interests 
The authors declare no conflict of interests.



Heart rate variability in adolescents

308
Rev Paul Pediatr. 2017;35(3):302-308

© 2017 Sociedade de Pediatria de São Paulo. Published by Zeppelini Publishers.  
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

9. Barros MV, Ritti Dias RM, Honda Barros SS, Mota J, Andersen 
LB. Does self reported physical activity associate with high 
blood pressure in adolescents when adiposity is adjusted 
for? J Sports Sci. 2013;31:387 95.

10. Silva DF, Bianchini JA, Antonini VD, Hermoso DA, Lopera 
CA, Pagan BG, et al. Parasympathetic cardiac activity is 
associated with cardiorespiratory fitness in overweight 
and obese adolescents. Pediatr Cardiol. 2014;35:684 90.

11. Tassitano RM, Barros MV, Tenório MC, Bezerra J, Florindo 
AA, Reis RS. Enrollment in physical education is associated 
with health related behavior among high school students. 
J Sch Health. 2010;80:126 33.

12. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing 
a standard definition for child overweight and obesity 
worldwide: international survey. BMJ. 2000;320:1240 3.

13. Taylor RW, Jones IE, Williams SM, Goulding A. Evaluation 
of waist circumference, waist to hip ratio, and the conicity 
index as screening tools for high trunk fat mass, as measured 
by dual energy X ray absorptiometry, in children aged 3 19 
y. Am J Clin Nutr. 2000;72:490 5.

14. Christofaro DG, Fernandes RA, Gerage AM, Alves MJ, Polito 
MD, Oliveira AR. Validation of the Omron HEM 742 blood 
pressure monitoring device in adolescents. Arq Bras Cardiol. 
2009;92:10 5.

15. Falkner B, Daniels SR. The Fourth Report on the diagnosis, 
evaluation, and treatment of high blood pressure in children 
and adolescents. Hypertension. 2004;44:387 8.

16. No referred authorship. Heart rate variability. Standards of 
measurement, physiological interpretation, and clinical use. 
Task Force of the European Society of Cardiology and the 
North American Society of Pacing and Electrophysiology. 
Eur Heart J. 1996;17:354 81.

17. Farah BQ, Lima AH, Cavalcante BR, Oliveira LM, Brito AL, 
Barros MV, et al. Intra individuals and inter  and intra observer 
reliability of short term heart rate variability in adolescents. 
Clin Physiol Funct Imaging. 2016;36:33 9.

18. Gutin B, Howe C, Johnson MH, Humphries MC, Snieder H, 
Barbeau P. Heart rate variability in adolescents: relations 
to physical activity, fitness, and adiposity. Med Sci Sports 
Exerc. 2005;37:1856 63.

19. Azevedo MR, Araujo CL, Cozzensa da Silva M, Hallal 
PC. Tracking of physical activity from adolescence to 
adulthood: a population based study. Rev Saude Publica. 
2007;41:69 75.

20. Buchheit M, Platat C, Oujaa M, Simon C. Habitual physical 
activity, physical fitness and heart rate variability in 
preadolescents. Int J Sports Med. 2007;28:204 10.

21. DeFina LF, Haskell WL, Willis BL, Barlow CE, Finley CE, Levine 
BD, et al. Physical activity versus cardiorespiratory fitness: 
two (partly) distinct components of cardiovascular health? 
Prog Cardiovasc Dis. 2015;57:324 9.

22. Vanhees L, Fagard R, Lijnen P, Moerman E, De Geest H, 
Amery A. Influence of physical training on blood pressure, 
plasma renin, angiotensin and catecholamines in patients 
with ischaemic heart disease. Eur J Appl Physiol Occup 
Physiol. 1984;53:219 24.

23. Fernandes T, Hashimoto NY, Magalhaes FC, Fernandes FB, 
Casarini DE, Carmona AK, et al. Aerobic exercise training induced 
left ventricular hypertrophy involves regulatory MicroRNAs, 
decreased angiotensin converting enzyme angiotensin ii, and 
synergistic regulation of angiotensin converting enzyme 2 
angiotensin (1 7). Hypertension. 2011;58:182 9.

24. De Meersman RE, Stein PK. Vagal modulation and aging. 
Biol Psychol. 2007;74:165 73.

25. Fernandes RA, Ronque ER, Venturini D, Barbosa DS, Silva 
DP, Cogo CT, et al. Resting heart rate: its correlations and 
potential for screening metabolic dysfunctions in adolescents. 
BMC Pediatr. 2013;13:48.

26. Silva KS, Ada SL, Hardman CM, Cabral LG, Silva SG, Nahas MV. 
Commuting to school and to work among high school students 
in Santa Catarina state, Brazil: a comparative analysis between 
2001 and 2011. J Phys Act Health. 2014;11:1458 67.

27. Panda K, Krishna P. Physical exercise and cardiac autonomic 
activity in healthy adult men. Indian J Physiol Pharmacol. 
2014;58:365 70.

28. Silva KS, Vasques DG, Martins CO, Williams LA, Lopes AS. 
Active commuting: prevalence, barriers, and associated 
variables. J Phys Act Health. 2011;8:750 7.

29. Rennie KL, Hemingway H, Kumari M, Brunner E, Malik M, 
Marmot M. Effects of moderate and vigorous physical activity 
on heart rate variability in a British study of civil servants. 
Am J Epidemiol. 2003;158:135 43.

30. Gutin B, Barbeau P, Litaker MS, Ferguson M, Owens S. Heart 
rate variability in obese children: relations to total body and 
visceral adiposity, and changes with physical training and 
detraining. Obes Res. 2000;8:12 9.

31. Sandercock GR, Hardy Shepherd D, Nunan D, Brodie D. The 
relationships between self assessed habitual physical activity 
and non invasive measures of cardiac autonomic modulation 
in young healthy volunteers. J Sports Sci. 2008;26:1171 7.

32. Skender S, Ose J, Chang Claude J, Paskow M, Bruhmann 
B, Siegel EM, et al. Accelerometry and physical activity 
questionnaires   a systematic review. BMC Public Health. 
2016;16:515.


