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Abstract

 Background & Study Aim:  To gain health and fitness benefits from moderate-to-vigorous physical activity, it is advisable to accumulate 
moderate-to-vigorous physical activity in 30 minutes’ periods in most cases on the recommended days of the 
week. The role exercise plays affect brain plasticity, physical activity is important for cognitive development, 
mood state, memory, learning, and concentration in students. The purpose of this study was knowledge about 
the physical fitness and sleep quality of male high school students participating in regular physical activities. 

 Material & Methods:  Thirty healthy young male participants who were male high school students: 17 good sleep group and 13 poor 
sleep group. All participants measured body composition, sleep quality, and physical fitness. The Pittsburgh 
Sleep Quality Index (PSQI) is a self-report questionnaire that assesses sleep quality and quantity. 

 Results:  PSQI global score (p<0.001), sleep quality (p<0.01), sleep onset latency (p<0.01), sleep duration (p<0.001), 
and daytime dysfunction (p<0.05) were significant difference in two groups. The physical fitness was no sig-
nificant difference between the two groups. A negative correlation was found between the PSQI global score 
and VO2max (r = −0.488, p<0.01). 

 Conclusions:  This study indicates an association between poor sleep quality and cardiopulmonary endurance. In addition, 
shortened sleep duration, longer sleep onset latency, and daytime dysfunction led to poor sleep quality even 
if participating in regular physical activity. These findings provide preliminary evidence that adolescents who 
have poor sleep quality are required that necessary to continue exercise or physical activity to improve car-
diopulmonary endurance.
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INTRODUCTION

To gain health and fitness benefits from moder-
ate-to-vigorous physical activity, it is advisable 
to accumulate moderate-to-vigorous physical 
activity in 30 minutes’ periods in most cases on 
the recommended days of the week [1]. The role 
exercise plays affect brain plasticity, physical 
activity is important for cognitive development, 
mood state, memory, learning, and concentra-
tion in students [2]. However, decreased phys-
ical activity in childhood and adolescence is an 
important risk factor for chronic diseases such 
as obesity, hypertension, and cardiovascular dis-
ease in adulthood [3]. 

Especially reported that as strong and specific 
association between an indicator of childhood 
social circumstances and cardiovascular disease 
mortality among males [4]. Also, cardiopulmo-
nary endurance was also associated with cogni-
tive processing speed [5]. Therefore, prevention 
of cardiovascular disease through the promotion 
of physical activity in childhood is more impor-
tant than anything else [6]. 

Another point that irregular sleep schedules, char-
acterized by daily fluctuations in sleep duration 
or timing, indicate a mild but much more common 
and chronic disorder of the circadian rhythm in 
the general population than shift work [7]. Given 
that significant linear associations exist between 
sleep-disordered and the mental state, vitality 
health, physical functioning, role of physical, and 
general health quality [8]. Researchers gener-
ally assume that sleep has three main functions. 
These include metabolic function (critical meta-
bolic, immunologic, and restorative physiologic 
processes) and learning and neural plasticity (cog-
nitive performance) [9]. Also, sleep quality and 
quantity are closely related to student learning 
capacity and academic performance [10]. 

Thus, high school students are important car-
diopulmonary endurance and sleep quality in 
adolescence. However, there are some stud-
ies to investigate the each of cardiopulmonary 
endurance and sleep quality through interven-
tion studies. But, the association between the 
cardiopulmonary endurance and sleep quality in 
high school students with regular physical activ-
ity has not been previously examined. 

The purpose of this study was knowledge about 
the physical fitness and sleep quality of male high 
school students participating in regular physical 
activities.

MATERIAL AND METHODS
Study participants
Among the 30 healthy males who volunteered to 
participate in the study, who participated in regu-
lar physical activities (60 minutes, 3 days of phys-
ical activities such as handball, volleyball, soccer, 
and basketball per week) over the 1 year. The par-
ticipants were divided into the good sleep (GS; 
n = 17) and the poor sleep (PS; n = 13). The phys-
ical characteristics of the participants are shown 
in Table 1.

All subjects who agreed to participate in the 
study had the study explained to them to ensure 
a complete understanding of its purpose and the 
methods used with the ethical standard of the 
Declaration of Helsinki. The subjects also signed 
an informed consent form before participation.

Study design
All participants were screened for sleep quality 
using the PSQI (Pittsburgh sleep quality index) 
from Buysse et al. [11] 1) sleep quality, 2) latency, 
3) duration, 4) habitual sleep efficiency, 5) use of 

Cardiopulmonary endurance 
– definitions of phenomena 
related to this term: 
cardiorespiratory endurance 
– noun the body’s ability to 
carry out prolonged exercise, 
taking into account both 
muscle strength and aerobic 
capacity; cardiovascular 
endurance – noun the ability 
of the cardiovascular system 
to deliver sufficient blood to 
the muscles to sustain intense 
activity for any period of 
time [32].

Cardiovascular disease – 
noun reduced function of the 
heart and arteries caused by 
excessive intake of saturated 
fats. Abbreviation CVD [32].

Endurance – noun the ability 
or power to bear prolonged 
exertion, pain or hardship [32].

Physical activity – noun 
exercise and general 
movement that a person 
carries out as part of their 
day [32].

Fitness – noun the fact of 
being strong and healthy [32].

Variable
Groups

good sleep (n = 17) poor sleep (n = 13) p-value

Age (years) 16.53 ±0.87 16.38 ±1.12 0.694

Height (cm) 175.8 ±7.04 174.9 ±7.38 0.751

Weight (kg) 63.81 ±8.61 66.67 ±10.2 0.414

BMI (kg/m2) 20.60 ±2.09 21.66 ±1.97 0.170

Fat free mass (kg) 55.65 ±6.79 56.12 ±7.49 0.868

Table 1. The characteristic of the subjects.
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medications, 6) disturbance, and 7) daytime dys-
function. The global PSQI score of ≤5 correctly 
identified of ‘good’, >5 correctly identified of ‘poor’.

Measurement of body composition
Physical and anthropometric variables were 
measured in both groups. Body mass and height 
were measured to the nearest 0.1 kg and 0.1 cm, 
respectively, using a body composition analyzer 
(Inbody 770, Body Composition Analyzer; Inbody, 
Seoul, Korea). BMI was calculated as weight in 
kilograms divided by the square of the height in 
meters. 

Measurement of sleep quality
The Pittsburgh Sleep Quality Index (PSQI) is 
a self-report questionnaire that assesses sleep 
quality and quantity. All participants completed 
the PSQI. The PSQI comprises 19-item self-
report questionnaire that yields 7 component 
scores: subjective sleep quality, sleep latency, 
duration, habitual sleep efficiency, sleep distur-
bances, use of sleeping medication, and day-
time dysfunction. Each component is rated on 
a 0–3 Severity Scale referring to the frequency 
of each disturbance, and yields a global score 
with a range of 0–21 [11]. A PSQI global score of 
5 or greater indicates clinically significant sleep 
disturbances

Measurement of physical fitness
In the evaluation of physical fitness, we utilized 
muscle strength, muscle endurance, flexibility, 
and a 20-m shuttle run. Grip strength and back 
strength were used to assess muscle strength. 
Sit-ups, push-ups, and repetition jumps were 
used to assess muscle endurance. Sit and reach 

were used to assess flexibility. The Progressive 
Aerobic Cardiovascular Endurance Run (PACER) 
to assess aerobic capacity. The PACER is a 20-m 
shuttle run that progressively increases in diffi-
culty. All the tests were performed twice, and the 
best score was retained, except the 20-m shuttle 
run test, which was performed only once.

Maximal oxygen uptake (VO2max) from the 20-m 
shuttle run, following formulas [12]: VO2max (mL/
kg/min) = (−0.875 × body mass index) + (2.031 
× duration time except warm-up time) + 51.856

Statistical analysis
All results were reported as the mean, stan-
dard deviation (±), significance level, probabil-
ity (p). All data were analyzed using SPSS version 
25.0 (SPSS Inc., USA). The unpaired participa-
tion independent two-sample t-test was used to 
assess the difference two groups. The relation-
ships between sleep quality and cardiopulmo-
nary endurance were analyzed using Pearson’s 
correlation coefficients. Statistical significance 
was accepted at the 0.05 level.

RESULTS
According to sleep quality in both groups
Paired t-test showed that PSQI global score 
(p<0.001), PSQI sleep quality (p=0.003), PSQI 
sleep onset latency (p = 0.003), PSQI sleep dura-
tion (p<0.001), and PSQI daytime dysfunction 
(p = 0.045) were significant difference in two 
groups. However, no significant difference in 
PSQI sleep efficiency, PSQI sleep disturbance, 
and PSQI use of medications (Table 2).

Variable (PIQI)
Groups

good sleep (n = 17) poor sleep (n = 13) p-value

global score 2.24 ±1.20 6.69 ±1.60 <0.001

sleep quality 0.64 ±0.61 1.31 ±0.48 0.003

sleep onset latency 0.29 ±0.47 1.00 ±0.71 0.003

sleep duration 0.18 ±0.53 1.85 ±1.07 <0.001

sleep efficiency 0.12 ±0.33 0.77 ±1.30 0.056

sleep disturbance 0.71 ±0.47 0.92 ±0.49 0.230

use of medications 0.06 ±0.24 0.08 ±0.28 0.850

daytime dysfunction 0.24 ±0.44 0.77 ±0.93 0.045

Table 2. The sleep quality of the each groups.
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According to physical fitness in both 
groups 
There were no significant differences in physical 
fitness between the two groups Table 3).

Pearson’s correlation coefficients
The correlation coefficients of sleep quality and 
cardiopulmonary endurance. A negative correla-
tion was found between the PSQI global score 
and VO2max (r=−0.488, p = 0.005) (Figure 1). 

DISCUSSION

The main finding of this study that negative corre-
lation between the PSQI global score and VO2max. 
In addition, PSQI global score, PSQI sleep quality, 
PSQI sleep onset latency, and PSQI sleep dura-
tion were significant differences in the two groups.

Adolescents are at increased risk of many sleep 
disorders, such as insomnia, daytime sleepi-
ness, chronic nightmares, and delayed sleep 

Variable
Groups

good sleep (n=17) poor sleep (n=13) p-value

Grip strength (kg) 40.54 ±5.61 38.35 ±6.85 0.345

Back strength (kg)  98.26 ±19.87  105.4 ±25.05 0.392

Sit-up (rep/min) 43.24 ±6.72  40.92 ±8.41 0.409

Push-up (rep/min)  35.11 ±13.26  41.00 ±14.87 0.263

Repetition jump (rep/min)  91.24 ±12.83  87.23 ±8.83 0.344

Sit and reach (cm)  8.84 ±7.93  8.76 ±11.41 0.983

20-m shuttle run (rep)  73.76 ±17.43  69.77 ±22.08 0.584

VO2 max (ml/kg/min) 51.46 ±4.56  49.95 ±5.47 0.416

Table 3. The physical fitness of the each groups.

Figure 1. Pearson’s correlation coefficients for sleep quality and cardiopulmonary endurance.
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syndrome [13]. These are means of not getting 
enough sleep and their sleep patterns are char-
acterized by staying up late [14]. The causes of 
increased cardiovascular health complications 
in at-risk adolescents are negative habits, poor 
physical fitness, low physical activity, and lack 
of sleep [15]. Also, poor sleep can cause prob-
lems in many aspects of young adults’ life [16]. 
Chang and Chen [17] reported that the health-
related physical fitness of college students 
showed low sleep quality and decreased total 
sleep time. Oudegeest-Sander et al. [18] dem-
onstrate that a strong relationship between 
energy consumption and sleep efficiency has 
been found in young adults. We found that 
even if participating in regular physical activ-
ity, negative correlation between the PSQI 
global score and VO2max. Sleep disturbances 
are associated with general cardiovascular dis-
eases such as atrial fibrillation and heart fail-
ure [19]. Increasing chemical sensory receptor 
reflective sensitivity in critical components dur-
ing the breathing cycle of sleep disorders may 
lead to long-term reactions with low ventila-
tion, reduced cardiac output, low lung capac-
ity, and large slopes between atmospheric and 
alveolar CO2 tension [20]. Epidemiologic stud-
ies have shown that cardiovascular risk factors 
in adulthood are present in childhood and that 
early prevention may be important in reducing 
subsequent risk factors [21]. Thus, sleep quality 
and cardiopulmonary endurance in adolescence 
are very important and need to be improved.

The Pittsburgh Sleep Quality Index (PSQI) is 
a well-established measure of sleep disturbance 
and is widely applied across the population [22]. 
And it is PSQI demonstrates psychometric prop-
erties suitable for use in clinical trials targeting 
youth and young adults [23]. We also used the 
PSQI questionnaire for male high school stu-
dents. Found that PSQI global score, PSQI sleep 
quality, PSQI sleep onset latency, PSQI sleep 
duration, and PSQI daytime dysfunction were 
significant differences in the good sleep group 
and poor sleep group. Zhou et al reported sig-
nificantly higher PSQI global score and PSQI 
sleep quality comparisons with poor sleep 
and non-poor sleep high school students [24]. 
Baran et al. [25] reported significantly higher 
PSQI global score, PSQI sleep latency, and PSQI 
Sleep disorders in obese children and adoles-
cents. There is also increasing evidence of an 
association between shortened sleep duration, 

longer sleep onset latency, daytime dysfunc-
tion, and/or poor sleep quality even if partici-
pating in regular physical activity. 

Childhood and adolescence are crucial moments 
of life because dramatic physiological and psycho-
logical changes occur at these ages [26]. Physical 
fitness is usually considered to be a multidimen-
sional structure that encompasses five compo-
nents: cardiovascular endurance, muscle strength, 
muscle endurance, flexibility, and body composi-
tion [27]. The higher level of physical fitness the 
better overall health and academic performance 
in adolescence [28]. In this study measured mus-
cle strength, muscle endurance, flexibility, cardio-
vascular endurance, and body composition. We 
did not find significant differences in physical fit-
ness between the good sleep group and the poor 
sleep group. The reason for this result is that we 
enrolled participants who participated in regular 
physical activities (3 days of physical activities 
such as handball, volleyball, soccer, and basket-
ball per week) for over a 1 year. Previous studies 
demonstrate that over the 4 weeks of exercise 
and physical activity are improving physical fitness 
in adolescents [29, 30]. Continuity of exercise or 
physical activity participation will be important 
for the maintenance of later health and welfare 
in later life [31]. 

The present study has some limitations. We did 
not the direct analysis of VO2max. The 20-m 
shuttle run used in this study is used globally as 
a cardiopulmonary endurance index, and VO2max 
was calculated using the estimated equation. 
However, direct analysis of VO2max should be 
considered in future studies. Another limitation is 
that the sample size was relatively small, and fur-
ther studies with larger populations are required 
to validate our findings.

CONCLUSIONS

This study indicates that an association between 
the poor sleep quality and cardiopulmonary 
endurance. In addition, shortened sleep duration, 
longer sleep onset latency, and daytime dysfunc-
tion led to poor sleep quality in even if participat-
ing in regular physical activity. Therefore, these 
findings provide preliminary evidence that ado-
lescents who have poor sleep quality are required 
that necessary to continue exercise or physical 
activity to improve cardiopulmonary endurance.



150 |  VOLUME 18 | 2022 www.archbudo.com

Original Article

REFERENCES

1. ACSM. ACSM’s guidelines for exercise testing 
and prescription. 10th ed. Baltimore: Lippincott 
Williams & Wilkins; 2017

2. Vaynman S, Ying Z, Gomez-Pinilla F. 
Hippocampal BDNF mediates the efficacy of 
exercise on synaptic plasticity and cognition. 
Eur J Neurosci 2004; 20: 2580-2590

3. Blair SN, Kohl HW, Paffenbarger RS et al. 
Physical fitness and all-cause mortality. A pro-
spective study of healthy men and women. 
JAMA 1989; 262: 2395-2401

4. Smith GD, McCarron P, Okasha M et al. Social 
circumstances in childhood and cardiovascu-
lar disease mortality: prospective observa-
tional study of Glasgow University students. 
J Epidemiol Community Health 2001; 55: 
340-341

5. Hillman CH, Castelli DM, Buck SM. Aerobic 
fitness and neurocognitive function in healthy 
preadolescent children. Med Sci Sports Exerc 
2005; 37: 1967-1974

6. Marcus BH, Dubbert PM, Forsyth LH et al. 
Physical activity behavior change: issues in 
adoption and maintenance. Health Psychol 
2000; 19: 32-41

7. Huang T, Mariani S, Redline S. Sleep Irregularity 
and Risk of Cardiovascular Events: The Multi-
Ethnic Study of Atherosclerosis. J Am Coll 
Cardiol 2020; 75: 991-999

8. Baldwin CM, Griffith KA, Nieto FJ et al. The 
association of sleep-disordered breathing and 
sleep symptoms with quality of life in the Sleep 
Heart Health Study. Sleep 2001; 24: 96-105

9. Samuels C. Sleep, recovery, and performance: 
the new frontier in high-performance athlet-
ics. Neurol Clin 2008; 26: 169-180

10. Curcio G, Ferrara M, Gennaro LD. Sleep loss, 
learning capacity and academic performance. 
Sleep Med Rev 2006; 10: 323-337

11. Buysse DJ, Reynolds CF, Monk TH et al. The 
Pittsburgh Sleep Quality Index: a new instru-
ment for psychiatric practice and research. 
Psychiatry Res 1989; 28: 193-213

12. Park DH, Lee SH, Kim DY et al. Validity and 
Reliability of a New 20-m PST Protocol for 
Predicting VO2max of Male Youths Aged 13-18 
Years. Exerc Sci 2017; 26: 77-86

13. Liu X, Uchiyama M, Okawa M et al. Prevalence 
and correlates of self-reported sleep prob-
lems among Chinese adolescents. Sleep 2000; 
23: 27-34

14. Strauch I, Meier B. Sleep need in adoles-
cents: a longitudinal approach. Sleep 1988; 
11: 378-386

15. Narang I, Manlhiot C, Davies-Shaw J et al. Sleep 
disturbance and cardiovascular risk in adoles-
cents. CMAJ 2012; 184: E913-920

16. Lee AJ, Lin WH. Association between sleep qual-
ity and physical fitness in female young adults. 
J Sports Med Phys Fitness 2007; 47: 462-467

17. Chang SP, Chen YH. Relationships between 
sleep quality, physical fitness and body mass 
index in college freshmen. J Sports Med Phys 
Fitness 2015; 55: 1234-1241

18. Oudegeest-Sander MH, Eijsvogels TH, 
Verheggen RJ et al. Impact of physical fit-
ness and daily energy expenditure on sleep effi-
ciency in young and older humans. Gerontology 
2013; 59: 8-16

19. Vanhecke TE, Franklin BA, Ajluni SC et al. 
Cardiorespiratory fitness and sleep-related 
breathing disorders. Expert Rev Cardiovasc 
Ther 2008; 6: 745-758

20. Francis DP, Willson K, Davies LC et al. 
Quantitative general theory for periodic breath-
ing in chronic heart failure and its clinical impli-
cations. Circulation 2000; 102: 2214-2221

21. Berenson GS, Srinivasan SR, Bao W et al. 
Association between multiple cardiovascu-
lar risk factors and atherosclerosis in children 
and young adults. The Bogalusa Heart Study. 
N Engl J Med 1998; 338: 1650-1656

22. Ju M, Tao Y, Lu Y et al. Evaluation of sleep 
quality in adolescent patients with osteosar-
coma using Pittsburgh Sleep Quality Index. 
Eur J Cancer Care 2019; 28: e13065

23. de la Vega R, Tomé-Pires C, Solé E et al. The 
Pittsburgh Sleep Quality Index: Validity and 
factor structure in young people. Psychol 
Assess 2015; 27: e22-27

24. Zhou HQ, Yao M, Chen GY et al. Functional gas-
trointestinal disorders among adolescents with 
poor sleep: a school-based study in Shanghai, 
China. Sleep Breath 2012; 16: 1211-1218

25. Baran RT, Atar M, Pirgon Ö et al. Restless Legs 
Syndrome and Poor Sleep Quality in Obese 
Children and Adolescents. J Clin Res Pediatr 
Endocrinol 2018; 10: 131-138

26. Ortega FB, Ruiz JR, Castillo MJ et al. Physical 
fitness in childhood and adolescence: a power-
ful marker of health. Int J Obes 2008; 32: 1-11

27. Coe DP, Peterson T, Blair C et al. Physical 
fitness, academic achievement, and socio-
economic status in school-aged youth. J Sch 
Health 2013; 83: 500-507

28. Marques A, Santos DA, Hillman CH et al. How 
does academic achievement relate to car-
diorespiratory fitness, self-reported physi-
cal activity and objectively reported physical 
activity: a systematic review in children and 
adolescents aged 6-18 years. Br J Sports Med 
2018; 52: 1039

29. Costigan SA, Eather N, Plotnikoff RC et al. 
High-intensity interval training for improving 
health-related fitness in adolescents: a sys-
tematic review and meta-analysis. Br J Sports 
Med 2015; 49: 1253-1261

30. Donnelly JE, Hillman CH, Castelli D et al. 
Physical Activity, Fitness, Cognitive Function, 
and Academic Achievement in Children: 
A Systematic Review. Med Sci Sports Exerc 
2016; 48: 1197-1222

31. Piko BF, Keresztes N. Physical activity, psy-
chosocial health, and life goals among youth. 
J Community Health 2006; 31: 136-145

32. Dictionary of Sport and Exercise Science. 
Over 5,000 Terms Clearly Defined. London: 
A & B Black; 2006

Cite this article as: Han J, Lee E. Negative correlation between the sleep qualities and cardiorespiratory fitness in adolescents. Arch Budo 2022; 18: 145-150


