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Mdller, L., Di Benedetto, S., & Pawelec, G. (2019). The Immune System and Its Dysregulation with Aging. Methods in Molecular Biology,
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Behavioural factors Environmental factors
* Smoking * Rural versus urban
¢ Alcohol consumption location ) "
> Brepets ¢ Ceographical location Nutritional factors
* Acute physiological stress * Season * Body mass index
*» Chronic physiological * Family size = Nutritional status
stress * Toxins * Micronutrients
¢ Sleep e Enteropathy
Intrinsic host factors Perinatal host factors

* Age *» Gestational age

* Sex * Birth weight

*» Genetics * Breastfeeding

» Comorbidities * Maternal antibodies

* Maternal infections during
pregnancy

¥
* Baseline immunity Microbiota
* Pre-existing immunity * Microbiota composition /& “
= A * Infections <— * Microbial metabolites ® wot”
* Parasites * Antibiotics %\@#
ﬂ{ }s * Trained immunity * Probiotics and prebiotics

Vaccine factors

* Vaccine type * Needle size
* Adjuvants * Co-administered
* Dose vaccines and

¢ Site and route of  drugs
administration  * Timing

Vaccine immunogenici

ty

Lynn, D.J., Benson, S.C., Lynn, M.A. & Pulendran, B. (2021). Modulation of immune responses to vaccination by the microbiota: 4
implications and potential mechanisms. Nat Rev Immunol (2021). https://doi.org/10.1038/s41577-021-00554-7
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Hippocrates —"\Qf

If we could give every individual

the right amount of
nourishment and exercise, not

7 = :}g& g z_ < & & s & (Hippocrates, Father

too little and not too much, we
would have found the safest
way to health.

AZ QUOTES —

Hippocrates. Hippocratic Writings. Encyclopedia Britannica. Chicago, IL: University of Chicago; 1955.

http://www.azquotes.com/quote/533856
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Da Silveira, M. P., da Silva Fagundes, K. K., Bizuti, M. R., Starck, E., Rossi, R. C., & de Resende e Silva, D. T. (2020). Physical exercise

as a tool to help the immune system against COVID-19: an integrative review of the current literature. Clinical and Experimental 7
Medicine. doi:10.1007/s10238-020-00650-3
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Chastin, S.F.M., Abaraogu, U., Bourgois, J.G., Dall, P. M., Darnborough, J., Duncan, E....Hamer, M.. (2021). Effects of Regular Physical
Activity on the Immune System, Vaccination and Risk of Community-Acquired Infectious Disease in the General Population: Systematic
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Sallis, R., Young, D. R., Tartof, S. Y., Sallis, J. F., Sall, J., Li, Q., Smith, G. N., Cohen, D. A. (2021). Physical inactivity is
associated with a higher risk for severe COVID-19 outcomes: a study in 48 440 adult patients. Br J Sports Med Epub ahead
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Christensen RAG, Arneja J, St. Cyr K, Sturrock SL, Brooks JD (2021) The association of estimated cardiorespiratory fitness with COVID-19
incidence and mortality: A cohort study. PLoS ONE 16(5): e0250508. https://doi.org/10.1371/journal. pone.0250508
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Ekblom-Bak, E., Véisanen, D., Ekblom, B. et al. Cardiorespiratory fitness and lifestyle on severe COVID-19 risk in 279,455 adults: a case
control study. Int J Behav Nutr Phys Act 18, 135 (2021). https://doi.org/10.1186/s12966-021-01198-5






3G TR s W e o3 g gL
5 ke MET R B BHE

Exercise

Leukocytes

Demargination : )

Leukocyte count Leukocyte count
~5.0 x 109/L ~10.0 x 10%L







EH R FI L R ERERT EARFEF > FEE AR
i o 2.3 L B AR B 0 B AR e Fe

v

9 E

Phimee  PARELE AW F BE AL
GIECR S A FEW | RV NG S

e RE oV NG L ’E‘r B nve LR % (Wadley et al., 2020) -

Increased cardiac output,
blood flow and stress
hormones

Exercise-induced

mobilisation of .
. - \ Improvements in Immune
immune cells Immune ’ Function
> Cell /' Mobilisation = T innate & adaptive immunity
= Numbers | / 1 response to viral & bacterial
Q @ AV Q p @ in Blood infections
e Migration, * 1 surveillance of cancer cells
& P = 1 antibody production
' ' = T response to vaccination
Du"r.lg After Exercise Chronic Adaptation to Exercise
Exercise (=3hrs)
Other physiological changes with Indirect benefits of exercise
acute exercise | > on immunity
+ Negative energy balance = | fat mass, thus linflammation
= Vascular shear stress » 1t immune cell recirculation
* Muscle-derived myokine release = 1t anti-inflammatory blood profile

Wadley, A., Lucas, S. & Johnson B..(2020). Physical Activity, Exercise and Immune Function. Physical Activity Factsheets.
Continuing Personal or Professional Development. https://gpcpd.heiw.wales/clinical/motivate-2-move/physical-activity-exercise-
and-immune-function/ Accessed 20201019
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Jakobsson, J.; Cotgreave, I.; Furberg, M.; Arnberg, N.; Svensson, M. (2021). Potential Physiological and Cellular Mechanisms of Exercise
That Decrease the Risk of Severe Complications and Mortality Following SARS-CoV-2 Infection. Sports 2021, 9, 121.
https://doi.org/10.3390/sports9090121
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Powell, K. E., King, A. C., Buchner, D. M., Campbell, W. W., DiPietro, L., Erickson, K. L., ... Whitt-Glover, M. C. (2019). The
Scientific Foundation for the Physical Activity Guidelines for Americans, 2nd Edition. Journal of Physical Activity and Health, 16(1),
1-11. doi:10.1123/jpah.2018-0618 21
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Arem H, Moore SC, Patel A, Hartge P, Berrington de Gonzalez A, Visvanathan K, Campbell PT, Freedman M, Weiderpass E4,
Adami HO, Linet MS, Lee IM, Matthews CE. (2015). Leisure time physical activity and mortality: a detailed pooled analysis of the
dose-response relationship. JAMA Intern Med. 2015 Jun;175(6):959-67. doi: 10.1001/jamainternmed.2015.0533.
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“ h ‘ ‘\ , FIGURE 1. Risk of new-onset atrial fibrillation among 5446 older adults
‘ (>65 years) as a function of exercise intensity.”'

Crawford, C.. (2017). AAFP Issues Atrial Fibrillation Drug Therapy Guideline. https://www.aafp.org/news/health-of-the-public/20170605afibguideline.html. Accessed 20200508.
Newman W, Parry-Williams G, Wiles J, et al. Br J Sports Med 2021;55:1233-1238. d0i:10.1136/bjsports-2021-1039940°Keefe, J. H., Franklin, B., & Lavie, C. J. (2014). Exercising for
Health and Longevity vs Peak Performance: Different Regimens for Different Goals. Mayo Clinic Proceedings, 89(9), 1171-1175. doi:10.1016/j.mayocp.2014.07.007
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FIGURE 2. Male marathoners had significantly more total coronary plague

volume, noncalcified plaque volume, and calcified plaque volume than did
sedentary controls.”’

Myocardial Infarction

O’Keefe, J. H., Franklin, B., & Lavie, C. J. (2014). Exercising for Health and Longevity vs Peak Performance: Different Regimens for
Different Goals. Mayo Clinic Proceedings, 89(9), 1171-1175. doi:10.1016/j.mayocp.2014.07.007 Wang, Y., Osborne, M. T., Tung, B
Li, M., & Li, Y. (2018). Imaging Cardiovascular Calcification. Journal of the American Heart Association, 7(13), e008564.
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(A) Coronary atherosclerosis (n=284)
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CAC, coronary artery calcification; OR, odds ratio; REF, reference

Aengevaeren, V. L., & Eijsvogels, T. M. H. (2020). Coronary atherosclerosis in middle-aged athletes: Current insights, burning questions, and
future perspectives. Clinical Cardiology. doi:10.1002/clc.23340
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General Population VS Olympians

m Relative Risk of Mortality

0.29

B

General Population Olympians

Number of Olympics Participation

m Relative Risk of Mortality

1.87

1.52

Once Twice Three Time

Takeuchi T, Kitamura Y, Sado J, et al. (2019). Mortality of Japanese Olympic athletes: 1952-2017 cohort study. BMJ Open Sport &

Exercise Medicine;5:e000653. doi:10.1136/bmjsem-2019-000653
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Leisure-time Physical Activity (MET-h/w

KRAUS, W. E., K. E. POWELL, W. L. HASKELL, K. F. JANZ, W. W. CAMPBELL, J. M. JAKICIC, R. P. TROIANO, K. SPROW, A.
TORRES, and K. L. PIERCY, (2019). FOR THE 2018 PHYSICAL ACTIVITY GUIDELINES ADVISORY COMMITTEE. Physical
Activity, All-Cause and Cardiovascular Mortality, and Cardiovascular Disease. Med. Sci. Sports Exerc., Vol. 51, No. 6, pp. 1270-1281.
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Figure 2. Open Window theoretical concept associated with immune responses to
acute exercise. h=hours

Grindvik, H. (2013). Exercise and Immunity. Current Issues in Sports and Exercise Medicine. doi:10.5772/54681Hackney AC. (2013) Clinical management of
immuno-suppression in athletes associated with exercise training: sports medicine considerations. Acta Med Iran., 51(11):751-6. PMID: 24390943.
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Increasing trainingload

Alack K, Pilat C, Kriuiger K. Current knowledge and new challenges in exercise immunology. Dtsch Z Sportmed. 2019; 70:
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Nieman, D. C., Wentz, L. M. (2019). The compelling link between physical activity and the body’s defense system. Journal of Sport and
Health Science, 8, 201-217. https://doi.org/10.1016/j.jshs.2018.09.009
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Scudiero, O.; Lombardo, B.; Brancaccio, M.; Mennitti, C.; Cesaro, A.; Fimiani, F.; Gentile, L.; Moscarella, E.; Amodio, F.; Ranieri, A.; et al.
Exercise, Immune System, Nutrition, Respiratory and Cardiovascular Diseases during COVID-19: A Complex Combination. Int. J. Environ.
Res. Public Health 2021, 18, 904. https://doi.org/ijerph18030904
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% (Gleeson, 2007; Walsh et al., 2011).

http://www.drjockers.com/2013/07/common-lifestyle-activities-that-cripple-our-immune-system/

http://michaelwoodspg.blogspot.tw/2012/02/exercise-improves-your-immune-system.htm|
Michael Gleeson (2007). Immune function in sport and exercise. J Appl Physiol 103: 693-699, 2007; doi:10.1152/japplphysiol.00008.2007.
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Nieman, D. C., Wentz, L. M. (2019). The compelling link between physical activity and the body’s defense system. Journal of Sport and
Health Science, 8, 201-217. https://doi.org/10.1016/j.jshs.2018.09.009
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tblul»d * Quality of life /

Marc, al IR, Fernandes B, Viana AA and Ciolac EG (2020) The Urgent Need for Recommending Physical Activity for the Management of
Diabetes During and Beyond COVID-19 Outbreak. Front. Endocrinol. 11:584642. doi: 10.3389/fendo.2020.584642
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Lee Health (2021). There's No Place Like Home: Tips for Staying Fit Simpson, R. J., (March 30, 2020). Exercise, Immunity and the COVID-19
During COVID-19. https://www.leehealth.org/health-and- Pandemic. https://www.acsm.org/blog-detail/acsm-blog/2020/03/30/exercise-
wellness/healthy-news-blog/exercise-and-nutrition/there-s-no-place- immunity-covid-19-pandemic. Accessed 20210820. 37

like-home-tips-for-staying-fit-during-covid-19 Accessed 20210831



https://www.acsm.org/blog-detail/acsm-blog/2020/03/30/exercise-immunity-covid-19-pandemic
https://www.leehealth.org/health-and-wellness/healthy-news-blog/exercise-and-nutrition/there-s-no-place-like-home-tips-for-staying-fit-during-covid-19
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Ekblom-Bak, E., Véisanen, D., Ekblom, B. et al. Cardiorespiratory fitness and lifestyle on severe COVID-19 risk in 279,455 adults: a case
control study. Int J Behav Nutr Phys Act 18, 135 (2021). https://doi.org/10.1186/s12966-021-01198-5
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Lyudmyla Kompaniyets, Alyson B. Goodman, Brook Belay, David S. Freedman, Marissa S. Sucosky, Samantha J. Lange, Adi V. Gundlapalli,
Tegan K. Boehmer, Heidi M. Blanck. (2021). Body Mass Index and Risk for COVID-19-Related Hospitalization, Intensive Care Unit
Admission, Invasive Mechanical Ventilation, and Death — United States, March—-December 2020Morbidity and Mortality Weekly Report.
March 12, 2021 / Vol. 70 / No. 10, 355-361. US Department of Health and Human Services/Centers for Disease Control and Prevention.
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FIGURE 2. Unadjusted rate of hospitalization
among patients with coronavirus disease 2019
(COVID-19) by quartiles of peak metabolic
equivalents of task (METs).

Brawner, C. A., Ehrman, J. K., Bole, S., Kerrigan, D. J., Parikh, S. S., Lewis, B. K., ... Keteyian, S. J. (2021). Maximal Exercise Capacity is
Inversely Related to Hospitalization Secondary to Coronavirus Disease 2019. Mayo Clinic Proceedings. doi:10.1016/j.mayocp.2020.10.003
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Brawner, C. A., Ehrman, J. K., Bole, S., Kerrigan, D. J., Parikh, S. S., Lewis, B. K., ... Keteyian, S. J. (2021). Maximal Exercise Capacity is
Inversely Related to Hospitalization Secondary to Coronavirus Disease 2019. Mayo Clinic Proceedings. doi:10.1016/j.mayocp.2020.10.003
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Cataracts

Idiopathic intracranial hypertension
(pseudotumor cerebri)

< | Stroke

Migraines

Depression

Psychosocial: poor QOL, depression,

Obstructive sleep apnea
Hypoventilation syndrome
Asthma ~

Gastroesophageal reflux disease poor self esteem
Nonalcoholic fatty liver
disease Coronary heart disease
Metabolic Syndrome Left ventricular hypertrophy
Panniculitis :

s Hypertension
Severe pancreatitis , _
Gallbladder disease Type Il Diabetes Mellitus

Dyslipidemia

Stress urinary incontinence,
Hernia il
Infertility

Polycystic ovarian syndrome
Precocious puberty and
Hypogonadism in children

Osteoarthritis ~

Cancer of the breast, uterus,
cervix, colon, esophagus,
pancreas, kidney, prostate

Phlebitis
venous stasis

Flat feet
Gout

Upadhyay, J., Farr, O., Perakakis, N., Ghaly, W., & Mantzoros, C. (2018). Obesity as a Disease. Medical Clinics of North America,
102(1), 13-33. d0i:10.1016/j.mcna.2017.08.004
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Eknoyan, G. (2008). Adolphe Quetelet (1796 1874) the average man and indices of obesity. Nephrology Dialysis Transplantation, 23(1),
47-51. do0i:10.1093/ndt/gfm517
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WHO (9 June, 2021), Obesity and overweight. Key facts. http://www.who.int/zh/news-room/fact-sheets/detail/obesity-and-overweight
Accessed 20210906




e ...it (BMI) should be considered a ' rough
guide ; because It may not correspond to
the same degree of fatness in different
Individuals (WHO, 2021).
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(WHO, 2021) -

WHO (9 June, 2021), Obesity and overweight. Key facts. http://www.who.int/zh/news-room/fact-sheets/detail/obesity-and-
overweight Accesse d 20210906
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FHHEBMI 0 0
25.30kg/m?2 12 11,320 97.3%  49.6%

L IEBMI 16 14,008  95.4%  51.4%

25-30kg/m?2

BHwC : 0
90.2 to 100.0 cm 6 3,590 94.8%  57.0%

ZMHEWC 0 0
80.5 t0 92.3 cm 8 4,964 88.1%  62.4%

Sommer, |., Teufer, B., Szelag, M., Nussbaumer-Streit, B., Titscher, V., Klerings, 1., & Gartlehner, G. (2020). The performance of

anthropometric tools to determine obesity: a systematic review and meta-analysis. Scientific Reports, 10(1). doi:10.1038/s41598-020-69498-7
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7 Jps BH A= FHIE 2 (Wijayatunga, & Dhurandhar, 2021)

Pathophysiological changes in normal weight obesity
~r

AL i

Brain
Decline in cognitive function,
motor deficits

Changes in adipose tissue
Increased adiposity

Increased visceral adiposity
Less lower body fat

Cardiovascular changes o Ectopic fat — in liver and
Subclinical vascular inﬂammation \ muscle

Vascular stiffness Changes in the skeletal

Asymptomatic left ventricular J muscles

impairmen‘t Low lean mass
Hypertension I i Poor muscle quality
Poor cardiorespiratory fitness _ ¥ @ | ow muscle strength
Metabqlic ' Inflammation
Metabolic dysregulation 3% Oxidative stress
Dyslipidemia N

Diabetes/ Insulin resistance Changes in the bone

Poorer skeletal robustness in Increased risk
children for

cardiovascular
morbidity and

ool

Wijayatunga, N. N., & Dhurandhar, E. J. (2021). Normal weight obesity and unaddressed cardiometabolic health risk—a narrative
review. International Journal of Obesity. doi:10.1038/s41366-021-00858-7

Cancer?
Gut microbial dysbiosis?

Body mass index — normal
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Akinci, B., Oral, E. A, Neidert, A., Rus, D., Cheng, W. Y., Thompson-Leduc, P., ... Brown, R. J. (2019). Comorbidities and Survival in Patients With Lipodystrophy: An
International Chart Review Study. The Journal of Clinical Endocrinology & Metabolism, 104(11), 5120-5135. d0i:10.1210/jc.2018-02730 Koini Lim, Afreen Haider, Claire
Adams, Alison Sleigh, and David Savage (2021). Lipodystrophy: A paradigm for understanding the consequences of "overloading" adipose tissue. Physiological Review,
101(3), 907-993. https://doi.org/10.1152/physrev.00032.2020
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Goossens, G. H. (2017). The Metabolic Phenotype in Obesity: Fat Mass, Body Fat Distribution, and Adipose Tissue Function. Obesity Facts, 10(3), 207-215. doi:10.1159/000471488Stafeev, |.,
Podkuychenko, N., Michurina, S., Sklyanik, 1., Panevina, A., Shestakova, E., ... Shestakova, M. (2019). Low proliferative potential of adipose-derived stromal cells associates with hypertrophy and
inflammation in subcutaneous and omental adipose tissue of patients with type 2 diabetes mellitus. Journal of Diabetes and Its Complications. doi:10.1016/j.jdiacomp.2018.10.0
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Normal adipose tissue Pathological adipose tissue
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M2 macrophage l M1 macrophage l,
Anti-inflammatory adipokines T Pro-inflammatory adipokines
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l | Anti-inflammatory adipokines

Protection against inflammation,
diabetes mellitus and [Diabetes mellitus, metabolic J
e

cardiovascular disease syndrome and cardiovascular diseas

Pedro Gonzéalez-Muniesa, Miguel-Angel Martinez-Gonzalez, Frank B. Hu, Jean-Pierre Després, Yuji Matsuzawa, Ruth J. F. Loos, Luis A.
Moreno, George A. Bray and J. Alfredo Martinez. (2017). Obesity. Nature Review, V 3, 17034, 1-18. d0i:10.1038/nrdp.2017.34
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unhealthy obesity, MUQO) (Bliuher, 2020).
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Low visceral fat volume: 1.5L

Low liver fat content

High amount of leg fat

Higher cardiorespiratory fitness
& physical activity

Insulin sensitivity
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High visceral fat volume: 3.9L
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Bliher, M. (2020). Metabolically Healthy Obesity. Endocrine Reviews. 41, 405 — 420 doi:10.1210/endrev/bnaa004
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Lipodystrophy Pathologic obesity Metabolically healthy obesity

Impaired adipogenesis Visceral WAT > subcutaneous WAT  Subcutaneous WAT > visceral WAT

Adipocyte dysfunction Unhealthy WAT remodeling Healthy WAT remodeling
Absolute adipocyte deficiency Impaired adipogenesis Adequate adipogenesis
Adipocyte dysfunction Maintenance of adipocyte function
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Amaia Rodriguez, Silvia Ezquerro, Leire Méndez-Giménez, Sara Becerril, and Gema Friihbeck. (2015). Revisiting the adipocyte: a
model for integration of cytokine signaling in the regulation of energy metabolism. Am J Physiol Endocrinol Metab 309: E691-E714.
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Fuster, J. J., Ouchi, N., Gokce, N., & Walsh, K. (2016). Obesity-Induced Changes in Adipose Tissue Microenvironment and Their Impact on
Cardiovascular Disease. Circulation Research, 118(11), 1786—-1807. doi:10.1161/circresaha.115.306885
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Pilar Argente-Arizon.. Alejandra Freire-Regatillo, Jesus Argente and Julie A. Chowen. (2015). Role of non-neuronal cells in body
weight and appetite control. Frontier in Endocrinology, March, 2015, Volume 6, Article 42, 1-15. doi: 10.3389/fend0.2015.00042
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Nagaraju, G. P., Rajitha, B., Aliya, S., Kotipatruni, R. P., Madanraj, A. S., Hammond, A., ... Pattnaik, S. (2016). The role of adiponectin in
obesity-associated female-specific carcinogenesis. Cytokine & Growth Factor Reviews, 31, 37-48. doi:10.1016/j.cytogfr.2016.03.014
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Cristina Contreras, Ruben Nogueiras, Carlos Dieguez, Gema Medina-Gomez, Miguel Lopez. (2016). Hypothalamus and thermogenesis: Heating
the BAT, browning the WAT. Molecular and Cellular Endocrinology, 438, 107-115. http://dx.doi.org/10.1016/j.mce.2016.08.002



AN

R S R G ATAE ~ B s AR

Bl e RERH AP e L astE (Reguero et al., 2021).

AN

Preadipocytes: ’ ; ; —
Mesenchymal PO, Induction of the Terminal differentiation:
growth-arrested . L .
precursor 2 differentiation process mature adipocytes
preadipocytes (confluence)
'-'_; O Myf5-  © : \ Leptin
‘ 24 | Fabp4
| 7 LDLR
V4 é, Srebp1
/4 0; .‘
-s,.l\ N \ \ g
\ | =
Figure 2.TIF 2
Type: TIF File °_°°
—— PRDM16 Size: 284 KB 8
Dimension: 1280 x 720 2
g e w
pixels «»

Wi IRISIN
Eh TLLLI || ||| UCP1
ol PGC1
T,
[ [LLILH CKMT1/2

Brown Adipocytes o Beige Adipocytes

—

Skeletal Muscle

Reguero, M.; Gomez de Cedrdn, M.; Wagner, S.; Reglero, G.; Quintela, J.C.; Ramirez de Molina, A. Precision Nutrition to
Activate Thermogenesis as a Complementary Approach to Target Obesity and Associated-Metabolic-Disorders. Cancers 2021, 13, 866.
https://doi.org/10.3390/cancers13040866
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Jeremic, N., Chaturvedi, P., & Tyagi, S. C. (2017). Browning of White Fat: Novel Insight Into Factors, Mechanisms, and Therapeutics.
Journal of Cellular Physiology, 232(1), 61-68. doi:10.1002/jcp.25450 Lee, Lee, & Oh. (2019). Adipose Tissue-Derived Signatures for
Obesity and Type 2 Diabetes: Adipokines, Batokines and MicroRNAs. Journal of Clinical Medicine, 8(6), 854. doi:10.3390/jcm8060854
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Lee, Lee, & Oh. (2019). Adipose Tissue-Derived Signatures for Obesity and Type 2 Diabetes: Adipokines, Batokines and MicroRNAs.
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Mendez-Gutierrez, A., Osuna-Prieto, F. J., Aguilera, C. M., Ruiz, J. R., & Sanchez-Delgado, G. (2020). Endocrine Mechanisms Connecting
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of Clinical Investigation, 47(8), 600—611. doi:10.1111/eci.12781
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Goh, J., & Ladiges, W. C. (2014). Exercise enhances wound healing and prevents cancer progression during aging by targeting
macrophage polarity. Mechanisms of Ageing and Development, 139, 41-48. doi:10.1016/j.mad.2014.06.004
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Gleeson, M., Bishop, N. C., Stensel, D. J., Lindley, M. R., Mastana, S. S., & Nimmo, M. A. (2011). The anti-inflammatory effects of
exercise: mechanisms and implications for the prevention and treatment of disease. Nature Reviews Immunology, 11(9), 607-615.
doi:10.1038/nri3041
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inflammatory pqenotype)(Metsms et al., 2020).
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Metsios, G. S., Moe, R. H., & Kitas, G. D. (2020). Exercise and inflammation. Best Practice & Research Clinical Rheumatology, 34,
101504. doi:10.1016/j.berh.2020.101504
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Cardiorespiratory fitness
Cardiovascular risk factors (CV-RF) clustering: HDL cholesterol <1.0 mmol/L in men and <1.3 mmol/L in women,
systolic blood pressure >130 mmHg and/or diastolic blood pressure >85mmHg, and serum triglycerides >1.7mmol/L.

NAUMAN, J., STENSVOLD, D., COOMBES, J. S., & WISL@ FF, U. (2016). Cardiorespiratory Fitness, Sedentary Time, and
Cardiovascular Risk Factor Clustering. Medicine & Science in Sports & Exercise, 48(4), 625-632. doi:10.1249/mss.0000000000000819



15,7811 il A (52% female; age range 19-95 years) /[ Az #E
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5 SEEZE IR (Croci et al., 2019).
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Croci, I., Coombes, J. S., Sandbakk, S. B., Keating, S. E., Nauman, J., Macdonald, G. A., & Wisloff, U. (2019). Non-alcoholic fatty liver
disease: prevalence and all-cause mortality according to sedentary behaviour and cardiorespiratory fitness. The HUNT Study. Progress in
Cardiovascular Diseases. doi:10.1016/j.pcad.2019.01.005



e m %frlo”‘ ¢ 792,986 1 # % 7 B A - CRF

= S ARy ’/Eﬂi.ﬂ‘éuwiﬂg:aﬁg?CRFﬁa SN
1.1+ ’»‘?v‘i‘*"éCRF 2. ¥R ECRFiE - 3@*’”€f‘§€“CRF
1 ~ARE i H5FCRFi: ~ 5.5 32CRFX - 6.%¢ "2CRF i &
6 » A7 %4 B (Barryetal., 2014) :
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WF OWUF OBUF

NF : [FE B2 EECRF{E ~ NUF : IEFH2ECRFZ= ~ OWF - fEEHECRF{E - OWUF : f2E B EECRFE -
OBF : FHRECRF{E ~ OBUF : AEAECRF=

Barry, V. W,, Baruth, M., Beets, M. W., Durstine, J. L., Liu, J., & Blair, S. N. (2014). Fitness vs. Fatness on All-Cause Mortality: A Meta-
Analysis. Progress in Cardiovascular Diseases, 56(4), 382—390. doi:10.1016/j.pcad.2013.09.002
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W ECRFZ ~ 48 E€: 5 CRFiz ~ 5.7 2CRF X ~ 6.5 "2CRF i#
6k > F7 3 B 5% 4T B (Barryetal., 2018) :
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Barry, V. W,, Caputo, J. L., & Kang, M. (2018). The Joint Association of Fitness and Fatness on Cardiovascular Disease Mortality: A Meta-
Analysis. Progress in Cardiovascular Diseases. 61, 136-141. doi:10.1016/j.pcad.2018.07.004
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+ $31,669£1$32,807 (De Souza de Silva et al., 2018)
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= BMI > 30 kg.m-2 60748 45760 37403 27941 45683

De Souza de Silva, C. G., Kokkinos, P., Doom, R., Loganathan, D., Fonda, H., Chan, K., ... Myers, J. (2018). Association between cardiorespiratory fitness, obesity, and health care costs: The Veterans
Exercise Testing Study. International Journal of Obesity. doi:10.1038/s41366-018-0257-0
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Figure 1 Linear regression line and 95% confidence intervals for annual costs per person vs sence of diabetes and quartile of cardiorespiratory fitness. There was a gradient for a
age-predicted exercise capacity among subjects with and without diabetes. reduction in costs as fitness was higher in each group (P <.001).

Myers, J., de Souza de Silva, C. G., Doom, R., Fonda, H., Chan, K., Kamil-Rosenberg, S., & Kokkinos, P. (2019). Cardiorespiratory Fitness and Health Care Costs
in Diabetes: The Veterans Exercise Testing Study. The American Journal of Medicine. doi:10.1016/j.amjmed.2019.04.006
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Barry, V. W,, Baruth, M., Beets, M. W.,, Durstine, J. L., Liu, J., & Blair, S. N. (2014). Fitness vs. Fatness on All-Cause Mortality: A Meta-
Analysis. Progress in Cardiovascular Diseases, 56(4), 382—390. d0i:10.1016/j.pcad.2013.09.002Barry, V. W., Caputo, J. L., & Kang, M. (2018).
The Joint Association of Fitness and Fatness on Cardiovascular Disease Mortality: A Meta-Analysis. Progress in Cardiovascular Diseases. 61,
136-141. doi:10.1016/j.pcad.2018.07.004
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Ruiz, J. R., Cavero-Redondo, I., Ortega, F. B., Welk, G. J., Andersen, L. B., & Martinez-Vizcaino, V. (2016). Cardiorespiratory fitness cut points to avoid cardiovascular
disease risk in children and adolescents; what level of fitness should raise a red flag? A systematic review and meta-analysis. British Journal of Sports Medicine, 50(23),

1451-1458. doi:10.1136/bjsports-2015-095903



AHA SCIENTIFIC STATEMENT

CirCU‘atiOﬂ Cardiorespiratory Fitness in Youth: An
Important Marker of Health

A Scientific Statement From the American Heart Association

® %R uE 620205 3 & AREEF LR OFF I
circulation=4% & #-p? (scientific statement) :

® 7 °° & (in youth) B e 9 3 i Bk & o0 E & dp 1%
(Cardiorespiratory fitness is an important marker of health) -
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Raghuveer, G., Hartz, J., Lubans, D. R., Takken, T., Wiltz, J. L., ... Mietus-Snyder, M. (2020). Cardiorespiratory Fitness in Youth: An
Important Marker of Health: A Scientific Statement From the American Heart Association. Circulation. doi:10.1161/cir.0000000000000866
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( Hillman et al., 2008)
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Nature Review, 9, 59-65.
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Brattico, E., Bonetti, L., Ferretti, G., Vuust, P., Matrone, C., (2021). Putting Cells in Motion: Advantages of Endogenous Bda6ting
of BDNF Production. Cells 2021, 10, 183. https://doi.org/10.3390/cells10010183
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Lee, T. H.-Y., Formolo, D. A., Kong, T., Lau, S. W.-Y., Ho, C. S.-L., Leung, R. Y. H., ... Yau, S.-Y. (2019). Potential exerkines for physical
exercise-elicited pro-cognitive effects: Insight from clinical and animal research. International Review of Neurobiology. 147, 362-381.
doi:10.1016/bs.irn.2019.06.002 Tari, A. R., Norevik, C. S., Scrimgeour, N. R., Kobro-Flatmoen, A., Storm-Mathisen, J., Bergersen, L. H., ...
Wislgff, U. (2019). Are the Neuroprotective Effects of Exercise Training Systemically Mediated? Progress in Cardiovascular Diseases.
d0i:10.1016/j.pcad.2019.02.003
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