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ABSTRACT 

 

Cardiorespiratory fitness (CRF) is defined as the ability of the circulatory and 

respiratory systems to supply oxygen during sustained physical activity and is usually 

expressed as maximal oxygen uptake (V
．
O2max) during maximal exercise testing. There 

are five major determinants of V
．
O2max: functions of the heart, lung, kidney, muscle, and 

blood (hemoglobin). Cardiac output, pulmonary diffusion capacity, oxygen-carrying 

capacity, renal function, and other peripheral limitations like muscle diffusion capacity, 

mitochondrial enzymes, and capillary density are all examples of V
．
O2max determinants. 

V
．
O2max, measured by cardiopulmonary exercise testing, provides what is probably the 

most sensitive assessment of the effect of new therapy on the function of any diseased 

organ system whose major function is to couple pulmonary gas exchange to cellular 

respiration. For example, it is important to determine whether new medical, surgical, 

and rehabilitative procedures can effectively intervene to improve the gas transport 

capability of a diseased organ system. 
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Ⅰ. Physical inactivity (PI) 

 

Physical inactivity (PI), which is associated with increased morbidity, loss of 

health-related quality of life, and substantial healthcare expenditure, is estimated to be 

the fourth leading cause of death worldwide (Medibank Private, 2007; Martin, Beelerb, 

Szucsb et.al., 2001; Katzmarzyk, Janssen, 2004; Chenoweth, Leutzinger, 2008; Zelle, 

Klaassen, Van, et al., 2017). It is an established risk factor for the development of 

common noncommunicable diseases (NCD) (World Health Organization, 2010), with 

approximately 6–10% of all deaths from NCD attributable to PI (Kohl, Craig, Lambert, et 

al.,2012). Approximately one-third of the global population does not engage in the 

minimum weekly amount of physical activity (PA) recommended by the WHO, which is 

150 min of moderate-intensity aerobic PA throughout the week, at least 75 min of 

vigorous-intensity aerobic PA throughout the week, or an equivalent combination of 

moderate- and vigorous-intensity activity (Zelle, Klaassen, Van et al., 2017; World Health 

Organization, 2010; Kohl, Craig, Lambert et al.,2012).  

The association between PI and poor outcomes is also established for patients with 

cardiac disease, pulmonary disease, and chronic kidney disease (Cacciatore, Amarelli, 

Ferrara et al., 2018; Waschki, Kirsten, Holz et al., 2011; Beddhu, Baird, Zitterkoph et al., 

2009). Patients with cardiac disease, pulmonary disease, or renal disease typically 

engage in a lower level of PA than does the general population, which can induce a 

catabolic state including reduced neuromuscular functioning, reduced exercise tolerance, 

and reduced cardiorespiratory fitness (CRF). 

 

Ⅱ. Cardiorespiratory fitness (CRF) and V
．

O2max 

 

CRF is an important consideration, in addition to PA, as it is a strong predictor of 

mortality (Sieverdes, Sui, Lee et al., 2010; Blair, Kohl, Paffenbarger et al., 1989); low 

CRF presents a particularly high risk of death compared to other common risk factors, 

such as diabetes, high cholesterol, or hypertension (Blair, Sallis, Hutber et al., 2012). 

CRF is defined as the ability of the circulatory and respiratory systems to supply oxygen 

during sustained PA and is usually expressed as maximal oxygen uptake (V
．
O2max) 

during maximal exercise testing (Caspersen, Powell, Christenson et al.,1985). In 2016, 

the American Heart Association published a scientific statement (Ross, Blair, Arena et al., 

2016) recommending that CRF, quantifiable as V
．
O2max, be regularly assessed and 

utilized as a clinical vital sign. This statement was based on the mounting evidence that 

lower CRF levels are associated with high risk of cardiovascular disease, all-cause 

mortality, and mortality rates stemming from various types of cancers.  

V
．
O2max is expressed either as an absolute rate in, for example, liters of oxygen per 

minute (L/min) or as a relative rate in, for example, milliliters of oxygen per kilogram of 
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body mass per minute (e.g., mL/ (kg· min)). The latter expression is often used to compare 

the performance of endurance athletes and patients. 

 

Ⅲ. Major determinants for V
．

O2max 

 

Wasserman showed gas transport mechanisms for coupling cellular (internal) to 

pulmonary (external) respiration (Figure 1) (Wasserman, 1999). 

 

(Wasserman, 1999)   

<Figure 1> Gas transport mechanisms for coupling cellular to pulmonary respiration 

Q
．

CO2; minute newly produced CO2, Q
．

O2; minute O2 utilization  

V
．
CO2; minute CO2 output, V

．
O2; minute O2 taken up from the alveoli. 

 

The gears represent the functional interdependence of the physiological components of 

the system. The large increase in O2 utilization by the muscles (Q
．

O2) is achieved by the 

increased extraction of O2 from the blood perfusing the muscles, the dilatation of selected 

peripheral vascular beds, an increase in cardiac output (stroke volume and heart rate), 

an increase in pulmonary blood flow by recruitment and vasodilatation of pulmonary 

blood vessels, and finally, an increase in ventilation. O2 is taken up (V
．
O2) from the alveoli 

in proportion to the pulmonary blood flow and degree of O2 desaturation of hemoglobin in 

the pulmonary capillary blood. 

Recent findings suggest that metabolic acidosis in chronic kidney disease (CKD) 

patients promotes muscle protein wasting and protein-energy wasting (PEW) by 

increasing protein degradation (Caso & Garlick, 2005) and reducing protein synthesis 

(Bailey, Wang & England,1996). As a result, muscle mass maintenance is impaired in 

CKD patients with altered protein turnover rates (Mitch, 1997). Adding to sarcopenia, 

metabolic acidosis, protein-energy wasting, angiotensin II, and myostatin overexpression 

in uremia contribute to muscle wasting etiology in CKD (Fahal, 2014). Moreover, the 

drug erythropoietin (EPO) can boost V
．
O2max significantly in both humans and other 

mammals (Kolb, 2010). Therefore, Kohzuki suggested that there are five major 
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determinants for V
．
O2max: functions of the heart, lung, kidney, muscle, and blood (Figure 

2) (Kohzuki, 2018).  

 

 

(Kohzuki, 2018)   

 

<Figure 2> Gas transport mechanisms for coupling cellular to pulmonary respiration: 

five major determinants for V
．
O2max  

Q
．

CO2; minute newly produced CO2, Q
．

O2; minute O2 utilization  

V
．
CO2; minute CO2 output, V

．
O2; minute O2 taken up from the alveoli. 

 

 

Cardiac output, pulmonary diffusion capacity, oxygen-carrying capacity, renal function, 

and other peripheral limitations like muscle diffusion capacity, mitochondrial enzymes, 

and capillary density are all examples of V
．
O2max determinants. 

 

Ⅳ. Factors limiting exercise 

 

Symptoms that stop people from performing exercise are fatigue, dyspnea, angina, or 

claudication (Wasserman, 1999).  

The exact mechanisms of fatigue remain a topic of debate. Because lactic acidosis 

accompanies an increased rate of anaerobic ATP production, it is tempting to attribute 

fatigue to the intracellular consequences of exercise lactic acidosis. Low cellular pH, 

increased inorganic phosphate, impaired calcium release from the sarcoplasmic 

reticulum, and decreased ATP levels have also been proposed as mediators of fatigue 

(Wasserman, 1999).  
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Dyspnea is a common abnormal consequence of exercise. It occurs in patients with 

relatively ineffective ventilation, such as in patients with a high fraction of the breath 

which is physiological dead space (low gas exchange efficiency), and in those with 

hypoxemia, metabolic acidosis, or impaired ventilatory mechanics. Sedentary subjects 

usually experience fatigue rather than dyspnea as their limiting symptom during 

exercise involving large muscle groups. Because of the reduction in maximal ventilatory 

capacity with aging, elderly people may experience exertional dyspnea at maximum 

exercise rather than fatigue (Wasserman, 1999). 

Pain in the chest or other related areas is the most common symptom of patients with 

coronary artery disease. This reflects an inadequate O2 supply to the myocardium 

relative to the myocardial O2 demand. Reducing the O2 demand by decreasing myocardial 

work or increasing myocardial O2 supply can eliminate angina. Reducing O2 demand, 

however, may necessitate a reduced maximal work capacity. That is, the patient may be 

forced to trade a less active lifestyle for anginal relief (Wasserman, 1999). 

Claudication occurs because of an O2 supply/demand imbalance in the muscles of the 

exercising extremity. Because walking at a normal pace requires approximately 20-fold 

increase in O2 utilization by the muscles of locomotion, the ability to increase blood flow 

to the lower extremities is critically important to be able to walk without pain. If 

atherosclerotic changes in the conducting vessels to the lower extremity limit the 

increase in leg blood flow, an O2 supply/demand imbalance will result (Wasserman, 1999). 

 

Ⅴ. Exercise testing 

 

As super-aged society has come, the number of persons with multimorbidity and 

multiple disabilities (MMD) (Kohzuki, 2014) and their needs of rehabilitation have 

increased rapidly more than expected (Kohzuki, 2014). Exercise testing offers the 

investigator the unique opportunity to study simultaneously the cellular, cardiovascular, 

and ventilatory systems’ responses under conditions of precisely controlled metabolic 

stress. Exercise testing with appropriate gas exchange measurements can also serve to 

grade the adequacy of cardiorespiratory function. For example, exercise testing might not 

only distinguish between lung and cardiovascular disease, but also it may be used to 

distinguish one cardiovascular disease from another as the cause of exercise limitation. 

For instance, coronary artery disease, chronic heart failure, and peripheral vascular 

disease may be distinguished by the pattern of abnormal gas exchange response to 

exercise (Wasserman, 1997). 
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Ⅵ. Conclusions 

 

There are five major determinants for V
．
O2max, such as functions of the heart, lung, 

kidney, muscle, and blood (hemoglobin). Cardiac output, pulmonary diffusion capacity, 

oxygen-carrying capacity, renal function, and other peripheral limitations like muscle 

diffusion capacity, mitochondrial enzymes, and capillary density are all examples of 

V
．
O2max determinants. V

．
O2max, measured by cardiopulmonary exercise testing, provides 

what is probably the most sensitive assessment of the effect of new therapy on the 

function of any diseased organ system whose major function is to couple pulmonary gas 

exchange to cellular respiration. For example, it is important to determine whether new 

medical, surgical, and rehabilitative procedures can effectively intervene to improve the 

gas transport capability of a diseased organ system. 

 

References 

 

1) Medibank Private. (2007) The cost of physical inactivity: what is the lack of 

participation in physical activity costing in Australia? Medibank 

http://www.medibank.com.au/client/documents/pdfs/pyhsical_inactivity.pdf. 

2) Martin B, Beelerb I, Szucsb T, Smalac A, Brüggerd O, Casparise C, et.al (2001) 

Economic benefits of the health‑enhancing effects of physical activity: first 

estimates for Switzerland. Schweiz. Z. Med. Traumatol.,49, 131–133. 

https://sgsm.ch/fileadmin/user_upload/Zeitschrift/49-2001-3/7-2001-3_Baspo.pdf.  

3) Katzmarzyk P. & Janssen I. (2004) The economic costs associated with physical 

inactivity and obesity in Canada: an update. Can. J. Appl. Physiol., 29, 90–115. 

doi: https://doi.org/10.1139/h04-008. 

4) Chenoweth D. & Leutzinger J. (2008) The economic cost of physical inactivity 

and excess weight in American adults. J. Phys., 3, 148–163.  

doi: 10.1123/jpah.3.2.148. 

5) Zelle DM, Klaassen G, van Adrichem E, Baker SJL, Corpeleijn E & Navis G. 

(2017) Physical inactivity: a risk factor and target for intervention in renal care. 

Nature Rev Nephrol, 13, 152-169. doi: 10.1038/nrneph.2017.44. 

6) World Health Organization. (2010) Global Recommendations on Physical 

Activity for Health (WHO, 2010). 

https://www.ncbi.nlm.nih.gov/books/NBK305057/pdf/Bookshelf_NBK305057.pdf. 

7) Kohl HW, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G & 

Kahlmeier C. (2012) The pandemic of physical inactivity: global action for public 

health. Lancet, 380, 294–305. doi: 10.1016/S0140-6736(12)60898-8. 

 

 

 



DOI:http://doi.org/10.14391/ajhs.15.85 

Asian Journal of Human Services, VOL.15 85-92 

 

91 

 

Services 

Human 

8) Cacciatore F, Amarelli C, Ferrara N, Della Valle E, Curcio F, Liguori I, Bosco Q, 

Maiello C, Napoli C, Bonaduce D, Abete P. (2018) Protective effect of physical 

activity on mortality in older adults with advanced chronic heart failure: A 

prospective observational study. Eur J Prev Cardiol., 1:2047487318790822.  

doi: 10.1177/2047487318790822. 

9) Waschki B, Kirsten A, Holz O, Müller KC, Meyer T, Watz H, et al.(2011) Physical 

activity is the strongest predictor of all-cause mortality in patients with COPD. 

Chest, 140:331-342. doi: 10.1378/chest.10-2521. 

10) Beddhu S, Baird BC, Zitterkoph J, Neilson J & Greene T. (2009) Physical 

activity and mortality in chronic kidney disease (NHANES III). Clin. J. Am. Soc. 

Nephrol., 4, 1901–1906. doi: 10.2215/CJN.01970309. 

11) Sieverdes JC, Sui X, Lee DC, Church TS, McClain A, Hand GA, et al. (2010) 

Physical activity, cardiorespiratory fitness and the incidence of type 2 diabetes in 

a prospective study of men. Br. J. Sports Med., 44, 238–244.  

doi: 10.1136/bjsm.2009.062117. 

12) Blair SN, Kohl HW 3rd, Paffenbarger RS Jr, Clark DG, Cooper KH & Gibbons 

LW. (1989) Physical fitness and all-cause mortality: a prospective study of 

healthy men and women. JAMA., 262, 2395–2401.  

doi: 10.1001/jama.1989.03430170057028. 

13) Blair SN, Sallis RE, Hutber A. & Archer E. (2012) Exercise therapy — the public 

health message. Scand. J. Med. Sci. Sport., 22, 24–28.  

doi:  10.1111/j.1600-0838.2012.01462.x. 

14) Caspersen CJ, Powell KE. & Christenson GM. (1985) Physical activity, exercise, 

and physical fitness: definitions and distinctions for health-related research. 

Public Health Rep., 100, 126–131. doi: 10.2307/20056429. 

15) Ross R, Blair SN, Arena R, Church TS, Després JP, Franklin BA, et al. (2016). 

Importance of assessing cardiorespiratory fitness in clinical practice: a case for 

fitness as a clinical vital sign: A Scientific Statement From the American Heart 

Association. Circulation: CIR.0000000000000461.  

doi: 10.1161/CIR.0000000000000461. 

16) Wasserman K. (1999) Exercise testing and interpretation: an overview. In 

Principles of Exercise Testing & Interpretation (eds. Wasserman K, Hansen JE, 

Sue DY, Casaburi R, Whipp BJ) Lippincott Williams & Wilkins.  

17) Caso G, Garlick PJ. (2005) Control of muscle protein kinetics by acid-base 

balance. Curr Opin Clin Nutr Metab Care, 8: 73-76.   

18) Bailey JL, Wang X, England BK. (1996) The acidosis of chronic renal failure 

activates muscle proteolysis in rats by augmenting transcription of genes 

encoding proteins of the ATP-dependent Ubiquitin-proteasome pathway. J Clin 

Invest., 97: 1447-1453. doi: 10.1172/JCI118566. 

 



DOI:http://doi.org/10.14391/ajhs.15.85 

Asian Journal of Human Services, VOL.15 85-92 

 

92 

 

Services 

Human 

19) Mitch WE. (1997) Influence of metabolic acidosis on nutrition. Am J Kidney Dis., 

29: 16-18. doi: 10.1016/S0272-6386(97)90115-3. 

20) Fahal IH. (2014) Uraemic sarcopenia: aetiology and implications. Nephrology 

Dialysis Transplantation, 29: 1655-1665. doi: 10.1093/ndt/gft070. 

21) Kolb EM. (2010) Erythropoietin elevates V
．
O2, max but not voluntary wheel 

running in mice. Journal of Experimental Biology. 213: 510–519.  

doi: 10.1242/jeb.029074. 

22) Kohzuki M. (2018) New ideas on limitations to V
．
O2max: Five major 

determinants for V
．
O2max. Pulm Res Respir Med Open J., 5(1):e1-e2.  

doi: 10.17140/PRRMOJ-5-e010. 

23) Kohzuki M. (2014) Paradigm shift in rehabilitation medicine in the era of 

multimorbidity and multiple disabilities (MMD). Physical Medicine and 

Rehabilitation International, 1(2): id1006. doi: 10.17140/PRRMOJ-SE-2-103. 

24) Wasserman. K. (1997) Diagnosing cardiovascular and lung pathophysiology from 

exercise gas exchange. Chest, 112: 1091-1101. doi: 10.1378/chest.112.4.1091. 

 



 

 

 

 

- Editorial Board - 

 

 Editor-in-Chief Masahiro KOHZUKI Tohoku University (Japan) 

 

Executive Editors Injae LEE 

Satoru EBIHARA 

 

Hanshin Univerisity (Korea) 

Toho University (Japan) 

    

 Changwan HAN 

University of the Ryukyus 

(Japan) 

Jenyi LI 

Nanyang Technological University 

(Singapore) 

Sunwoo LEE 

Inje University 

(Korea) 

 Guo QI 

Tianjin Medical University 

(China) 

Jung Won SONN 

University College London 

(UK) 

Taekyun YOO 

Soongsil University 

(Korea) 

 Hsintai LIN 

National Taiwan Noraml University 

(Taiwan) 

Kagari SHIBAZAKI 

University of Huddersfield 

(UK) 

Youngchoul KIM 

University of Evansville 

(USA) 

 Inkeri RUOKONEN 

University of Helsinki 

(Finland) 

Nigel A MARSHALL 

University of Sussex 

(UK) 

Yuichiro HARUNA 

National Institute of Vocational 

Rehabilitation 

(Japan) 

Zhongli JIANG 

First Affiliated Hospital of 

Nanjing Medical University 

(China) 

 Jaewon LEE 

Pukyong National University 

(Korea) 

Osamu ITO 

Tohoku Medical and  

Pharmaceutical University 

 (Japan) 

  Petr DOBŠÁK 

Masaryk University 

(Czech) 

 Editorial Staff    

 - Editorial 

Assistants 

Aiko KOHARA 

Marcus Eije Zantere 

Moonjung KIM 

 

Natsuki YANO 

University of the Ryukyus (Japan) 

University of Gothenburg (Sweden) 

Korea Labor Force Development Institute for the aged (Korea) 

 

Tohoku University / University of the Ryukyus (Japan) 

Asian Journal of Human Services 

VOL.15  Ocober 2018 
© 2018 Asian Society of Human Services 

 

Editor-in-Chief Masahiro KOHZUKI 

Presidents Masahiro KOHZUKI・Sunwoo LEE 

Publisher Asian Society of Human Services 

Faculty of Education, University of the Ryukyus, 1 Senbaru, Nishihara, Nakagami, Okinawa, Japan 

FAX:  +81-098-895-8420  E-mail:  ashs201091＠gmail.com 

Production Asian Society of Human Services Press 

Faculty of Education, University of the Ryukyus, 1 Senbaru, Nishihara, Nakagami, Okinawa, Japan 

FAX:  +81-098-895-8420  E-mail:  ashs201091＠gmail.com 

 



Asian Journal of Human Services 

VOL.15  October 2018 
 

CONTENTS 

 
 

ORIGINAL  ARTICLES 

Using Videos to Analyze the Effectiveness of START Education for Japanese Nursing Students 

 

Kazuyuki AKINAGA et al., 1 

Effects of the OSCE to Motivate Students to Learn Before Clinical Practice 

  

Yuko FUJIO et al., 13 

The Current Status and Its Implications of Public-Private Partnerships for Official Development 

Assistance in Korea: Focusing on Disability-Inclusive Development Cooperation 

 

Juhee HWANG et al., 25 

Effects of a Structured 8-week Nordic Walking Exercise Program on Physical Fitness in the Japanese 

Elderly  

 

Kimiko YAMAMOTO et al., 38 

Study of “Individuality” on Nursing Care Job  

 

Kimiko YAMAMOTO et al., 52 

SHORT  PAPERS 

A Comparison of the Factor Structure of the Self-Harm Antipathy Scale and related Demographic 

Characteristics between Korea and Japan 

 

Yoshimi AOKI et al., 66 

Issues of Specific Educational Curriculum Development for Resource Rooms and Special Needs Classes 

in Japanese High Schools 

  

Mitsuyo SHIMOJO et al., 76 

REVIEW  ARTICLES 

Importance of Physical Activity and V
．
O2max: Five Major Determinants of V

．
O2max 

 

Masahiro KOHZUKI et al., 85 

Importance of Physical Exercise in Oldest-old Adults: A Literature Review Study  

 

Chaeyoon CHO et al., 93 

 

 

 

 

 

 

 

Published by 

Asian Society of Human Services 

Okinawa, Japan 




