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Abstract

BACKGROUND: Physical fitness level (PFL), heart rate (HR), and HR recovery (HRR1) were expressed the
physical performance of an individual which can be the excellent indicators of health. That parameter differentiates
the physical condition between a smoker and a non-smoker. At present, studies about them for adolescent smokers
and non-smokers are still limited. Furthermore, they can be the prediction of the health indicators in the future.

AIM: The aim of the study was to compare the PFL, HR, and HRR between adolescent smokers and non-smokers

METHODOLOGY: This study was conducted by non-experimental and quantitative research with descriptive
comparative design and cross-sectional approach. Mann-Whitney test used to describe the distinction between
the PFL of students who are adolescent smokers and adolescent non-smokers. The sample data consist of
65 participants selected by purposive sampling collected using Harvard step test and manual HR measurement.

RESULTS: After gathered data, we concluded that the PFL of adolescent non-smokers in our samples was
significantly higher than smokers with recorded results of p = 0.001 (p < 0.05); HR1, HR60, HR90, and HR180 in
adolescent smokers were higher than non-smokers with p = 0.00 (p < 0.05); there were no differences between
HRR1 in adolescent smokers and non-smokers with p = 0.042 (p > 0.05). Smoking had effects on PFL and HR.

CONCLUSION: The PFL and HR in adolescent non-smokers were better than in smokers but it had no effect on
HRR1.

NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Smoking is the leading cause of preventable
death, being responsible for the deaths of nearly 6
million people every year worldwide [1]. It is predicted
that, by 2030, tobacco will kil more than 8 million
people worldwide each year with 80% premature death
[1]. Smoking prevalence in Indonesia is among the
highest in the world. It is reported that 46.8% of men
and 3.1% of women, aged 10 and older, considered
as active smokers [1]. Recently, the percentage of
adolescent smokers in Indonesia is as high as 23.9%
among boys and 1.9% among girls [2]. Furthermore, a
National Basic Health Survey in Indonesia reported that
the prevalence of smoking among young adults aged
between 15 and 24 years old was 26.6%; the highest
prevalence was people around the age of 15-19 years
amounted up to up to 36% [3], [4].

Adolescents are individuals with growth rapidly
between childhood and adulthood [5]. They, who smoke
from their early age, risk their health levels. For the
people who smoke in their early age, they are more
likely to suffer from smoking premature effect such as
cardiovascular and respiratory disorders [6]. Another

that, they tend to have lower physical fitness level
(PFL) in comparison to the non-smokers [7], autonomic
nervous system (ANS) imbalance, [8] and abnormal
heart rate recovery (HRR) [9]. PFL is a parameter that
characterizes the physical performance of an individual
to endure activity before suffering fatigue [10]. Individuals
who have higher PFL tend to have better performance
and endurance in performing high intense works. There
are many aspects that influenced the PFL such as how
intense the individuals perform physical activity, how
people maintain balanced diet, and whether they are
smokers or non-smokers [11], [12], [13].

Smoking reduces the PFL because the
substances in the compositions of cigarette [14].
Moslemi-Haghighi et al. [14] stated that the PFL of
smokers is significantly lower than of non-smokers.
Nicotine, as a well-known substance inside cigarette,
leads the inflammation and lung disorder of adolescent
smokers. Then, cardiovascular and respiration
disorder caused by smoking reduces the PFL for
young adolescents. During adolescence, the PFL can
be detected from the effect of smoking [15]. It can
happen because the adolescents who smoke for 1 year
have quite enough nicotine to lead the respiration
disorder [7]. PFL in adolescence can be the prediction
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of health performance indicator to know the smoking
effect during adolescence.

Besides PFL, smoking also makes the HRR
abnormal [14]. HRR is the decreased HR within
the minutes after exercise [9] or it can be calculated
with the differences of HR between peak HR and
HR in 1 min later [16]. It acts as an indicator for ANS
dysfunction [17]; HRR can be used as the guide
to monitor the physical fitness [18]. Since cigarette
contents cause the cardiovascular dysfunction, then it
can influence the HRR [19], [20]. Furthermore, the HRR
in smokers is delayed compared to healthy people [21].

Smoking is the bad habit that influences the
risk for degenerative disease in the future. Studies
about assessment in PFL and HRR between smokers
and non-smokers in Indonesia, especially in Universitas
Muhammadiyah Yogyakarta, are still limited. This was
the reason why the research for screening the PFL and
HRR between smokers and non-smokers at University
was conducted. Based on the reason above, this study
aims is to know the differences between PFL, HR, and
HRR between adolescent smokers and non-smokers.
The result can be used as the preventive action.
Hopefully, the smokers would quit smoking to improve
the PFL and HRR after knowing the HRR.

Methods

This study is a non-experimental and
quantitative research with descriptive comparative
design and cross-sectional approach. The participants
were 65 students collected by total sampling technique
in one faculty of Universitas Muhammadiyah Yogyakarta
who were adolescent smokers and adolescent non-
smokers. The participants were chosen by purposive
sampling technique for divided into two groups. They
were 27 male smokers and 38 male non-smokers. The
criterion was the age range of 15-19 years old and for
the smokers, each smoked at least one cigarette per
day for 1 year. The participants with cardiovascular and
respiratory disorders were not permitted in this study.
This study obtained an approval from Ethic Commission
of Faculty of Medicine and Health Sciences Universitas
Muhammadiyah Yogyakarta (Approval Letter Number
229/EP-FKIK-UMY/V/2015).

The PFL was measured by Harvard step test.
Harvard step test is the examination for PFL using
equipment such as a 48-cm high-platform, a stopwatch,
and a metronome. The results were categorized into
very poor <55, poor 55-64, moderate 64—-79, good
80-89, and excellent 290.

HR assessment was conducted with manual
procedure. The first HR (HR1) measured 1% s after the
participants finished their task using Harvard step test

for 1 min (60 s). The second HR was measured after
the participants took a rest for 30 s or measured on the
90" s for 1 min (HR90). The third HR was measured
after the participants took a rest for 30 s or measured
on the 180" s (HR180) for 1 min. HR value is indicated
by beats per minutes.

HRR was measured manually. The first HRR
(HRR1) was the deviation between first HR which was
assessed immediately after the test and the second HR
(HR60) (HR60 — HR1) [22].

The preparation in this study included finding
the participants who suited the criteria, preparing a
stopwatch, a metronome, and a 48-cm high-platform.
The participants were students in one faculty of
Universitas Muhammadiyah Yogyakarta. First, the
researcher gives the information to the participant
and the participant was all of the member of students
in a one faculty. Second, the participants were given
explanations about their roles and asked to fill in the
agreement letter before the data were collected.

The procedures of the Harvard steps test were,
first, the participants stood up in front of the platform.
Second, they put their right feet on the platform. After
the stopwatch started, they stepped up and down with
metronome rhythm for 5 min. The stopwatch stopped
after 5 min. After 5 min, they stopped their activity and
then they measured their heartbeats. The heartbeats
were measured 3 times. They were HR1, HR90, and
HR180. After three heartbeats were obtained, they
were counted by the formula (1). The participants
who were not able to continue the task before 5 min
stopped and the heartbeats were measured with the
formula (1) [23].

Stepupanddown

(second)
2x(HR1+HR90
+HR180

Physical fitness level =

x100 (1)

Data analysis. The data were analyzed by
univariate, bivariate, and multivariate analysis. Mann—
Whitney test was used to analyze the bivariate, one-
way ANOVA and Kruskal-Wallis test were used to
analyze the multivariate analysis.

Results

The participants’ characteristics are shown in
Table 1. The age range is between 15 and 19 years old
with 65 subjects. All of the participants are male with
27 participants in the smoker’s group and 38 participants
in the non-smokers group.

This study indicates the significant differences
of HR1, HR60, HR90, and HR180 with Mann—Whitney
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Table 1: Participant’s characteristics

Criteria Total

n %
Age (15-19 years old) 65 100
Female 0 0
Male 65 100
Smokers 27 41.53%
Non-smokers 38 58,46%

test among smokers and non-smokers with p = 0.00
(p < 0.05). The smokers represent higher HR than the
non-smokers [Table 2]. However, the HRR1 between
smokers and non-smokers remain the same with
p = 0.42 (p > 0.05) by Mann-Whitney test [Table 2].

Table 2: Heart rate and heart rate recovery among adolescent
smokers and non-smokers

Variables Smokers Non-smokers p value

n % Mean + SD n % Mean + SD
HR1 27 4153  88.75+4.77s 38 5846 66.61+7.51 0.00*
HR60 27 4153  86.92+5.00 38 5846  64.48+6.90 0.00*
HR90 27 4153 85.81+548 38 5846  63.03+6.91 0.00*
HR180 27 4153  82.87+5.35 38 5846  61.09+6.05 0.00*
HRR1 27 4153 1.83+0,89 38 5846 1.99+1.72 0.42

HR1: The 1%'s heart rate after test (bpm), HR60: The 60" s heart rate after test (bpm), HR90: The 90"
s heart rate after test (bpm), HR180: The 180" s heart rate after test (bpm), HRR1: Heart rate recovery
1 (bpm). *Significant.

Kruskal-Wallis and ANOVA tests present the
significant differences of HR between the groups of
adolescent smokers and non-smokers with p = 0.000
(p < 0.05) and p = 0.004 (p < 0.05) [Table 3]. The HR
tends to be lower in the later minutes.

Table 3: The multivariate analysis between heart rate of
adolescent smokers and non-smokers

Category HR1 HR60 HR90 HR180
Smokers 88.75+4.77 86.92+5.00 8581+548 82.87+535 0.000*
Non-smokers 66.61+751 6448+6.90 63.03+6.91 61.09+6.05 0.004*
HR1: The 1%'s heart rate after test (bpm), HR60: The 60" s heart rate after test (bpm), HR90: The 90"
s heart rate after test (bpm), HR180: The 180" s heart rate after test (bpm), HRR1: Heart rate recovery

1 (bpm). *: Significant.

Mann-Whitney test shows that there are
significant differences between PFLs between smoker
students and non-smoker students at Universitas
Muhammadiyah Yogyakarta. The significance was with
p = 0.001 (p < 0.05). The PFLs in non-smokers are
higher than in smokers [Table 2].

p value

Discussion

Participant’s characteristic

Adolescence is growth period between child
and adult age [5]. They are the investment for the world.
Based on Canadian Pediatric Society [23], adolescence
begins with the onset of normal puberty until the
individual is mature enough or within the age range of
10 until 19 years old. In this study, all of the adolescents
were male [Table 1] which suited the definition of
adolescence. There were 65 male adolescents who
suited the criteria. They were divided into two groups,
27 smokers and 38 non-smokers.

Increasing smokers have become a serious
problem especially among adolescence. Furthermore,
in the next 2 decade, it is predicted that 7 of 10 people
who die of smoking related diseases would be from the

low- or middle-income countries [24].

HR in adolescent smokers and
non-smokers

The HR’s characteristics of adolescent
smokers and non-smokers are summarized on Table 2.
The HR of adolescent smokers is higher than the non-
smokers with p = 0.00 (p < 0.05) on HR1, HR60, HR90,
and HR180 [Table 2]. HR is the major predictor of the
cardiovascular wellness [25]. The resting HR varied
between ages. Normally, for adolescents, the HR
ranges around 80-100 bpm [25]. Previous research
reported that each cigarette elevated the HR into
20% from rest baseline and sympathetic stimulation
up to 40 bpm [26]. This study shows that the HR of
smokers is higher than of non-smokers [Table 2].
It is in accordance with Papathanasiaou et al. [27],
who stated that smokers have significantly higher
HR than non-smokers. Higher HR has high effect on
arterial wall and promotes atherosclerosis plaque [28].
Smoking disturbs the ANS significantly because of the
effect of cigarette content. After exercise, the activity
of sympathetic stimulation tends to be lower and the
HR decreases because of vagal reactivation [27]. In
this study, the HR after test declines every minute in
adolescent smokers and non-smokers with p = 0.000
(p <0.05)and p=0.004 (p <0.05) [Table 3]. It contrasts
with a study on cardiopulmonary function and exercise
tolerance in teenagers conducted by Louie [28] that
the subjects’ HRs in smokers and non-smokers groups
increased but there was no significant difference. This
study presents that the parasympathetic activity is
workable with decreasing HR after test. However, the
HR on adolescent smokers is still higher compared
to non-smokers. From this reason above, smoking
still gives negative influence for the cardiovascular
system. The people with high HR have high risk of
cardiovascular disorder and mortality because of the
effect of cardiovascular failure.

HRR1 in adolescent smokers and
non-smokers

Increasing HR during exercise is common
because of the sympathetic action to fulfill the task of
cardiovascular system. Sympathetic activity is withdrawn
and vagal reactivation intercedes the rate at which HR
declines after the end of exercise. However, after exercise
the HR tends to be lower because of the activation of
parasympathetic tone. HR decline during recovery is
being directly linked with the intensity of post-exercise
parasympathetic activity and an important marker
of cardiac autonomic control. Abnormal HRR1 is an
independent predictor of mortality and directly associated
with a higher risk of cardiovascular disease [27].

HRR1 in adolescent smokers and non-smokers
in this study represents that there are no significant
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differences between group with p = 0.42 (p > 0.05)
[Table 2]. In general, the HRR1 in both groups shows
decreased HR in 60 s after test with mean + SD
1.831£0.89 for adolescent smokers and 1.99+1.72 for
adolescent non-smokers [Table 2]. In contrast to Erat
et al. [20], who stated that HRR1 in smokers delayed.
However, in this study, the participants still linier with
the theory that HRR decreased within the minutes after
exercise [21].

PFL among adolescent smokers and
non-smokers

Table 4 shows that the PFL of smokers is
lower than the non-smokers’. It happened because
of cigarette contents. The cigarette contents such as
nicotine and other substances have harmful properties.
They would influence the PFL [7]. Smoking would
lead the inflammation of blood vessels then induced
the cardiovascular problem [29]. Many reports show
that smoking caused the premature death [30]. That is
certain that smoking induced endothelial injury [29] and
damages the artery. Lesion on artery would decrease
the pump of heart. Therefore, it would influence the
PFL.

Table 4: The physical fitness level
adolescent smokers and non-smokers

differences among

Group n % PFL + SD Category p value
Smokers 27 41.53% 58.7 +0.984 poor 0.001*
Non-smokers 38 58.46% 80 + 0.964 good

*: Significant.

Duetothatreasonabove,itis correctto state that
smokers have lower PFL than non-smokers as shown
on Table 2. Lower PFL will influence the heart health in
the future. Similar to Moslemi-Haghighi et al. [31] that
physical activity skills in young smokers were decreased
and less powerful than non-smokers. In addition, in a
study on physical fithess parameters, it was concluded
that cigarette smoking reduced the aerobic and non-
aerobic power [14].

The smokers have high risk of cardiovascular
disease in the future. Nonsmokers in this study have
good PFL because there are no harmful substances
such as nicotine in their blood. Cardiovascular system
of non-smokers is better than smokers. Their level of
physical fitness is quite good [Table 4]. Therefore, they
have low risk of cardiovascular problem. The limitations
of this study were still unclear why HRR1 no significant
differences. Then still need more research about HRR1.

Conclusion

Smoking influences the wellness of the
cardiovascular system. The cardiovascular system of
non-smokers was better than smokers, especially in PFL
and HR, but there was no significant effect on HRR1.
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