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ABSTRACT 
 
Purposes: The purpose of this study is to investigate the acute exercise-induced 
cardiorespiratory responses and exercises performance following e-cigarette (EC) and 
tobacco cigarette (TC) smoking. Methods: A randomized crossover design was used. 
Thirty young male adult smokers were recruited with an average age of 23 years old, and 
have been smoking for 3.5 years and smoke nine cigarettes a day. The acute smoking 
interventions were measured at two-day intervals under three conditions: control, free 
nicotine use EC (EC0), 3 mg nicotine of EC (EC3) and 3 mg nicotine of TC (TC3). A 
maximal multistage shuttle 20 m run test (MMST) was used for the acute exercise. The 
measured respiratory and cardiovascular responses were: heart rate (HR), blood pressure 
(BP), oxygen saturation (SPO2), forced vital capacity (FVC), forced expiratory volume 
within 1 second (FEV1) and peak expiratory flow (PEF). A thrice replication of 
measurements was taken: baseline, post-smoking, and post-exercise. The prediction of 
V
．

O2max and time to exhaustion (TTE) were taken during exercise. A two-way repeated 
measure and one-way ANOVA were used for the data analysis. Results: The result 
demonstrated that TC3 smoking increased HR and DBP post smoking more than EC0 
(HRTC3: 93.3 ± 3.1 and HR EC0: 81.7 ± 2.7 (bpm), p < .05) and (DBP TC3: 83.2 ± 1.2 and 
DBP EC0: 76 ± 1.8 (mmHg), p < .05) respectively. HR, SBP, and DBP induced by exercise 
remained unchanged following EC and TC smoking (p > .05). SPO2 and PEF after TC3 
smoking were significantly higher than EC0. The predicted V

．
O2max and TTE on TC3 were 

significantly lower than EC0 (TTE TC3: 365.3 ± 27.3 and TTE EC0: 393.4 ± 27.8, p < .05) 
and EC3 predicts V

．
O2max (V

．
O2max TC3: 35.6 ± 1.4 and V

．
O2max EC3: 37.4 ± 1.6 (ml/kg/min), 

p < .05; TTE TC3: 365.3 ± 27.3 and TTE EC3: 394.1 ± 29.6 (s), p < .05). Conclusion: This 
study concluded that smoking EC had a lower impact on cardiorespiratory responses and 
exercise performance than TC for smokers. 
 
Keywords: heart rate, blood pressure, forced vital capacity, peak expiratory flow, exercise 
performance.  



 

 iv 

ACKNOWLEDGMENT 

 

This dissertation could not be completed without extensive assistance from many 

peoples. First, I would like to give praise to The Almighty Allah SWT. My deepest 

gratitude goes to my advisor Prof. LIN, Jung-Charng, who led me into this area with his 

excellent guidance, immense knowledge, problem-solving skills, understanding, and 

continuous support throughout the process with great patience. Without his incredible 

patience and timely wisdom and counsel, my work would not have been an achieved to the 

high standard that I desired 

I would like to thank the rest of my thesis committee: Prof. Kuo, Yu-chi, Prof. Andes 

Cheng, Prof. Lin, Hsin-Fu, and Prof. Wu, Huey-June, for their insightful comments and 

encouragement, but also for the hard questions that pushed and motivated me to widen my 

research from various perspectives. 

Furthermore, I would like to thank the Chinese Culture University for giving me the 

opportunity to undertake this study. Also special thanks to the Dean Prof. Frank J. Lu and 

every professor, all staff and all friends in the Graduate Institute of Sports Coaching 



 

 v 

Science and Physical Education Department, Hwakang Karate and Fencing PCCU club 

who kindly shared their knowledge and experience for my study.   

Moreover, I would like to acknowledge and give thanks to the Rector of Universitas 

Negeri Semarang Prof. Dr. Fathur Rokhman, M.Hum., for presenting me with the Islamic 

Development Bank Award to undertake this doctoral study. I would also like to thank the 

Dean Prof. Dr.Tandiyo Rahayu, M.Pd., Vice Dean of Academic affair Dr. Setya Rahayu, 

M.S., and colleagues of Sports Science Faculty and Dr. Nugrahaningsih, M.Kes., Prof. 

Priyanti Widiyaningrum, Dr. Lisdiana, at every one at UNNES who supported my study. 

Last, but not least, special thanks to my beloved family: mom Musthofiah Sukanah 

Busro, husband Riyanto, son Shofwan Favian Abdurrahman, daughter Queena Ramadhani 

Saputri and all families of Busro and Wongso Taruno, who always supported me spiritually 

and encouraged me to continue this study. Also thanks to my beloved friends: Ruth Abigail 

Pineda, Jens Eiberger, and Michal Starczewski, for always supporting me, also Prof. Kuo, 

Chia-Hua, Dr. Yankuba B. Manga, Andrew J. Wood and Leo Atwood for their valuable 

contribution and time in assisting me throughout this journey. 

Sri Sumartiningsih 

June, 2019 



 

 vi 

TABLE OF CONTENT 
ABSTRACT ......................................................................................................................... iii	  
ACKNOWLEDGMENT ....................................................................................................... iv	  
TABLE OF CONTENT ......................................................................................................... vi	  
LIST OF TABLES .............................................................................................................. viii	  
LIST OF FIGURES ............................................................................................................... ix	  
CHAPTER ONE INTRODUCTION ...................................................................................... 1	  

1.1	   Background ................................................................................................ 1	  
1.2	   Research purposes ...................................................................................... 5	  
1.3	   Hypotheses ................................................................................................. 5	  
1.4	   Research project and scope ........................................................................ 6	  

CHAPTER TWO LITERATURE REVIEW .......................................................................... 8	  
2.1	   Electronic cigarettes (EC) and tobacco cigarettes (TC) ............................. 8	  

2.1.1	   Effect of smoking on health status ............................................................. 9	  
2.1.2	   Effect of smoking on physical training .................................................... 11	  

2.2	   Cardiovascular system .............................................................................. 13	  
2.2.1	   Heart rate (HR) ......................................................................................... 13	  
2.2.2	   Blood pressure (BP) ................................................................................. 14	  

2.3	   Respiratory system ................................................................................... 16	  
2.3.1	   Effect of exercise on respiratory function ................................................ 16	  

2.4	   Summary .................................................................................................. 17	  
2.5	   Conceptual theory ..................................................................................... 20	  

CHAPTER THREE METHODOLOGY .............................................................................. 22	  
3.1	   Study design ............................................................................................. 22	  
3.2	   Study setting ............................................................................................. 23	  
3.3	   Participants ............................................................................................... 24	  
3.4	   Measurement ............................................................................................ 26	  

3.4.1	   Cardiovascular function ........................................................................... 26	  
3.4.2	   Respiratory function ................................................................................. 26	  
3.4.3	   Maximal multistage 20 m shuttle run test (MMST) ................................. 26	  
3.4.4	   Intervention .............................................................................................. 27	  

3.5	   Data analysis ............................................................................................. 28	  
3.6	   Study protocol design ............................................................................... 29	  

CHAPTER FOUR RESULTS AND DISCUSSION ............................................................ 30	  



 

 vii 

4.1	   Results ...................................................................................................... 30	  
4.1.1	   Acute smoking effects on HR and BP ...................................................... 31	  
4.1.2	   Acute smoking effects on respiratory function ........................................ 33	  
4.1.3	   Acute smoking effects on exercise performance ...................................... 35	  

4.2	   Discussion ................................................................................................ 39	  
4.2.1	   Effect of acute smoking and exercise on cardiovascular function ........... 39	  
4.2.2	   Effect of acute smoking and exercise on respiratory function ................. 41	  
4.2.3	   Effect of smoking intervention on exercise performance ......................... 42	  
4.2.4	   Limitation of study ................................................................................... 44	  

CHAPTER FIVE CONCLUSION ....................................................................................... 45	  
REFERENCES ..................................................................................................................... 46	  
APPENDIX ........................................................................................................................... 61	  

Appendix I. Formula of the number of sample size ..................................................... 61	  
Appendix II. Questionnaire of subject smoking record ................................................ 62	  
Appendix III. Informed consent of subject ................................................................... 63	  
Appendix IV. Letter of ethical clearance ...................................................................... 66	  
Appendix V. V

．
O2max prediction on MMST (Heyward, 1998) ...................................... 67	  

Appendix VI. V
．

O2max prediction on MMST for Male (Heyward, 1998) ..................... 69	  
CURRICULUM VITAE ............................................................................................... 70	  

 

 

  



 

 viii 

LIST OF TABLES 

Table 1-1	   Research project and scope ............................................................................... 6 

Table 2-1	   The summary acute effects of EC and TC smoking on physiological function 

& exercise performance in smokers ................................................................ 18 

Table 3-1	   The intervention based on nicotine intake ....................................................... 23	  

Table 3-2	   The schedule of measurement ......................................................................... 25 

Table 4-1	   Demographics of the participant characteristics (n = 29) ................................ 30	  

Table 4-2	   Acute smoking effects on HR and BP (n = 29) ............................................... 32	  

Table 4-3	   Acute smoking effects on respiratory function (n = 29) .................................. 34	  

Table 4-4	   Exercise performance of the interventions (n = 29) ........................................ 35	  

 

 

  



 

 ix 

LIST OF FIGURES 

Figure 2-1	   Conceptual theory ......................................................................................... 20 

Figure 3-1	   Study design .................................................................................................. 23	  

Figure 3-2	   Study protocol design .................................................................................... 29 

Figure 4-1	   Physiological responses of the cardiovascular system at rest, post-smoking 

and post exercise among interventions EC0, EC3, and TC3 .......................... 36	  

Figure 4-2	   Physiological responses of the respiratory system at rest, post-smoking and 

post-exercise, among interventions EC0, EC3, and TC3 ................................ 37	  

Figure 4-3	   Exercise performances among smoking interventions EC0, EC3, and TC3 ... 38	  

 

 

  




