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Cataracts

Idiopathic intracranial hypertension
(pseudotumor cerebri)

< | Stroke

Migraines

Depression

Psychosocial: poor QOL, depression,

Obstructive sleep apnea
Hypoventilation syndrome
Asthma g

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 (9 June, 2021), Obesity and overweight. Key facts. http://www.who.int/zh/news-room/fact-sheets/detail/obesity-and-
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BMI ~ WCHIETHEREHY Z &0 Bl BRELRE & oI SR 4a R
AR 5= istRE R AE "EME BEE

5HHEBMI 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%

ZHEWC 0 0
80.5t092.3cm 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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(Wijayatunga, & Dhurandhar, 2021)

Pathophysiological changes in normal weight obesity
~r

A

Brain
Decline in cognitive function,
motor deficits

Changes in adipose tissue
Increased adiposity
Increased visceral adiposity
Less lower body fat

Cardiovascular changes Ectopic fat — in liver and
Subcllnlcalvascular mﬂammatlon muscle

Vascular stiffness
Asymptomatic left ventricular J
impairment

Hypertension

Poor cardiorespiratory fitness

Changes in the skeletal
muscles

Low lean mass

Poor muscle quality

ow muscle strength

Metabolic Inflammation
Metabolic dysregulation » Oxidative stress
Dyslipidemia W

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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HEALTHY STATE CHRONIC INFLAMMATION IN OBESITY

*Metabolically”-activated

\ q ag
M1 macrop hage magrophage

—_ - ) Thl cells
: _ ce .
Eosinophil \\ o ) __—~— Thi7 cells

— /v:a.:zcs
/ ’ \ Mast cell

Treg cell

M2 macrophage

T natural
killer

Adipocyte

A

Foam cell

Th2 cell

(CD4) Apoptotic adipocyte and ‘

crown-like structure
Dendritic cell

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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Over-nutrition

_——

Obesity-associated
pathologies

1i)

Llnsulin sensitivity
Endothelial dysfunction

Adipose tissue
expansion / inflammation

Lean / healthy state

0

TInsulin sensitivity
Normal endothelial function

I

1 Anti-inflammatory adipokines

lAdiponectin, omentin lAnti-ianammatory adipokines

11 Pro-inflammatory adipokines
TTNFa, IL-6, IL-8, MIF,
| Pro-inflammatory adipokines MCP-1, RANTES

Tleptin, adipsin, chemerin,

44 22
" - f visfatin, apelin, vaspin
— o .
20095 ) Vﬁ 1SAA, haptoglobin, PAI-1
> { 1,‘«‘ : A 73 A 44

!
4 4 THGF, NGF, TGFB, VEGF

Activation of COX, NOS,
RAS and MMPs

Hypoxia / Inflammation

Insulin sensitivity

Karastergiou, K., & Mohamed-Ali, V. (2010). The autocrine and paracrine roles of adipokines. Molecular and Cellular Endocrinology, 318(1-2), 69-78.
d0i:10.1016/j.mce.2009.11.011
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Dysfunctional
adipose tissue

Pro-inflammatory
adipokine signaling

Insulin resistance

Vasculature Skeletal muscle Liver } }

Myocardial Peripheral
infarction  artery disease

Defective Impaired Dyslipidemia
insulin signaling  glucose uptake gluconeogenesis

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



Subcutaneous obesity

Subcutaneous fat

Normal adipose tissue

Visceral obesity

Beige in SWAT

(brown in white)

Visceral fat

Pathological adipose tissue

Blood ﬁ Adipocytes
vessel A;;op!mi: € White adipose tissue
adipocyte (
VWAT)
M2 marrophaq? M1 macrophage |} ,

[ Anti-inflammatory adipokines
| Adiponectin and SFRP5

I

cardiovascular disease

pro-

i
T Pro-inflammatory adipokines

| | Anti-inflammatory adipokines

Leptin, TNF, IL-6, IL-18, PAI1, resistin
and RBP4

|

syndrome and cardiovascular diseas

P
Protection egainst inflammation, "
diabetes mellitus and [Diabetes mellitus, metabolic J

-

anti-inflammatory

—

inflammatory

\

Fig. 1. The balance of pro- and

IL-6 IL-10
IL-18 IL1ra
IL-8 "o Omentin-1
TNFa " W~ Apelin
aP2 - v Adiponectin
Adipsin \;VTAT CTRPs
Leptin
Resistin
Visfatin

anti-inflammatory adipokines secreted by WAT is

shifted to a pro-inflammatory state during obesity.
Pedro Gonzalez-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.2017.34Lee, 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

» Brown adipose tissue

(BAT)

= Classification of adipokines
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e e O
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Gremlin-1
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£ Mitochondria
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——) Energy homeostasis
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-b Exercise-induced
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+ Insulin sensitivity t

- WntSa-mediated inflammation,
Obesity, atherosclerosis
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Healthy [ Obese ]
M2 macrophage A\Q M1 macrophage
Fat reservoir ,
) f Weight gain ‘——
Adipocyte ﬁ / Y b
fincleus &7 @ :\'/// 4
cytoplasm 'Q/ .\)\ CDS8' T cell
Blood vessel / —
CD4* T cell l l
[ High Adiponectin ] [Low Adiponectin]
Normal Cancer
Anti-metabolic Obesity
Anti-cancer Cardiovascular disease

Anti-inflammation Diabetes; Inflammation

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



s 5% 3§ 5y (cardiorespiratory fitness, CRF)

1. CRF» p: A %88-5 5 K48

™
PSS

Pulmonary
ventilation

Aerobic Hemoglobin
/ metabolism concentration

Peripheral Blood volume and
blood flow cardiac output

(McArdle, Katch & Katch, 2001)

Ross, R., Blair, S. N., Arena, R., Church, T. S., Després, J.-P., Franklin, B. A., ... Wislgff, U. (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, 134(24), e653-€699.

doi:10.1161/cir.0000000000000461
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(“inflamed” visceral adipose tissue) ==
B INHERAHRERGTR ~ R e =8 Sk Ha iz
N (Krager, 2017).

Inflamed AT Exercise effects on AT inflammation

(s

M1 Macrophages —> M2 Macrophages

Blood/oxygen supply'r

Adipocyte size\l/
Mobilisation of fatty acids 1\

Kriger K. (2017). Inflammation during Obesity —Pathophysiological Concepts and Effects of Physical Activity. Dtsch Z
Sportmed, 68: 163-169. Doi: 10.5960/dzsm.2017.285
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‘ Mitochondrial activity

‘ Thermogenesis

‘ Glucose uptake

leer

Beige adipocytes Trained

B W S ek

A b g :," - "_‘ , 3 ' S ) 1L
White adipose tissue WAT

-y N7 e

A A \) Skeletal
: } Muscle

BAT
LR AAL 4 Mitochondrial activit
& ’J 7 ondrial activity
W S Improved
1 A =@ f Glucose uptake Metabolic Health
Regular physical activity Adipokine secretion

Mika A, Macaluso F, Barone R, Di Felice V and Sledzinski T (2019) Effect of Exercise on Fatty Acid Metabolism and Adipokine
Secretion in Adipose Tissue. Front. Physiol. 10:26. doi: 10.3389/fphys.2019.00026KTristin I. Stanford, Roeland J.W. Middelbeek,
and Laurie J. Goodyear. (2015). Exercise Effects on White Adipose Tissue: Beiging and Metabolic Adaptations. Diabetes, 64,

2361-2368 | DOI: 10.2337/db15-0227
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% Irisin ~ meteorin-like 2 IL-64 & » ¢ H#-0 & Faiple 2 4z d |
(browning) - IL-6 22 BDNF R € {l#"q 5% it o @& 4o vop 5k
Angiogenin ~ osteoprotegerin? IL-64 i > igdt 3o gk £ 5 Foingd
L EE R LB e eniT d (pancreatic B-cell protective actions
against proinflammatory cytokines) - IL-6,¥g d 3 EF g Liwve g2k
B4 PR-1ehd I 0 B 4oL R A R %% | & (Severinsen & Pedersen, 2020) -

/T

- 1Fat oxidation

IL-6
- = (i)

Osteoprotegerm

«« GLP-1
. p |
% 33— Visceral
fat Adipose
tissue
Reduction of Browning Mnsulin

visceral fat mass

Pancreas 3 :
Gastrointestinal

Lipolysis
tract

Severinsen, M. C. K. & Pedersen, B. K. (2020). Muscle-organ crosstalk: the emerging roles of myokines. Endocrine Reviews,
bnaal16, https://doi.org/10.1210/endrev/bnaa016. Published May 11, 2020.
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1. ¥ 8 ZCRFZ ~ 2. ¥ ¥ £CRF iz - 3%*"'3‘55'&CRF
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6 » 3 %54 B (Barryetal., 2014) :

CRF ~ HE{i7 EA4ESE T JEf# (HR)

WF OWUF OBUF
NF : TFEBEECRFE ~ NUF © IEE B2 EECRFZ ~ OWF : B2 EE B EECRF{E - OWUF : B&EE 3B EECRFE -
OBF : AERECRF{E ~ OBUF : fEf¥CRF

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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F e 18k ¢ 351374061247 3 $1 % 3 M = » CRF&Z & ¢ 5
(cardlovascular disease, CVD)? = %E ST T H R R E
BCRFfEA » A= 1 1.0 ¥ WEZCRFEL ~ 2.+ ¥ ¥ £CRF& ~ 3.88
T ELCRFZ ~ 448 € FZLCRFZ ~ 5% 32CRF £ ~ 6.%7 "2CRF i1
6k > F7 3 B 5% 4T B (Barryetal., 2018) :

CRFRZE ~ A7 #1CVDIL T JE\fz (HR)

B NF ENUF mOWF mOWUF m OBF m OBUF

3.1
2.39
2.18
1.42
1.25
1 . .

CVDSE T JE\fz (HR)

NF : [FEESEECRF{E ~ NUF : [FEB2EECRFZ ~ OWF : BEEE B EECRF{E ~ OWUF : B2 #ECRFE ~
OBF : AEA¥CRF{E ~ OBUF : HEFECRFZ

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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F A4 CRAZZELE AL A CRAZ S EBLE AT
& fe iz~ T E fE(OR) B fehzA T EE(OR)
5.7 3.6

1
1 .
VO2 max>41.8 VO2 max< 41.8 VO2max>34.6 VO2max<34.6
ml/kg/min ml/kg/min ml/kg/min ml/kg/min

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
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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.2013.09.002



( Hillman et al., 2008)
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Charles H. Hillman, Kirk I. Erickson and Arthur F. Kramer (2008)Be smart, exercise your heart: exercise effects on brain and cognition.
Nature Review, 9, 59-65.
22
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ﬁé ’ﬁ gz B F]+ 4c ¢ IL-6 ~ BDNF ~ VEGF ~ IGF-1
irisin ~ cathepsin B -~ lactate % (Brattico et al., 2021)

PHYSICAL EXERCISE SKELETON MUSCLE 1 Cerebral blood flow
CONTRACTION 1 Brain (hippocampal
volume
\‘ 1 Cognitive function
T Synaptic plasticity

T Neurogenesis

-

Myostatin
Cathepsin B

Irisin

Lactat ‘
acae...b L6 q

® vEGr
IGE-1 C

1"

Brattico, E., Bonetti, L., Ferretti, G., Vuust, P., Matrone, C., (2021). Putting Cells in Motion: Advantages of Endogenous Ba@3ting
of BDNF Production. Cells 2021, 10, 183. https://doi.org/10.3390/cells10010183
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Tari et al., 2019)

Candidate exercise-induced factors Beneficial effects of exercise on the brain

BDNF IL-6
e

‘4 2 i'\(él;%_v

B rain factor

Cathepsin B
{1 sDONF I Neuroprotection

Irisin

Myostatin
Neurogenesis Synaptic plasticity Hepatokine Functional
IGF-1 jl FGF21 I o
[tieFr | neuroplasticity
N Ad/pokmes
VEGF : I Leptin ! 1 Structural
|

| T Adiponectin neuroplasticity

Lactate

: ,
E
KYNA v " 4
v-r/ \ s
Cerebral blood flow Cognitive function

|
| Reathepsins 1 Cognition
1 irisin
H Myokinesi :IntelleukinG | Depressive

Interleukin 15 | l phenotype

Bone-derived
iy : “~~.hormone I l Anxiolytic
Brain (hippocampal) —| ¥ osteocalcin phenotype

volume

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.

doi:10.1016/j.pcad.2019.02.003
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PHysicaL AcTiviTy

Leisure time physical activity, sports participation, recess, classroom physical activity

|

CARDIORESPIRATORY FITNESS
|
v v

BRrRAIN ADAPTATIONS

pais

PERIPHERAL ADAPTATIONS

o Cross-TALK MECHANISMS S
\ﬁ\ - Meurogenesis
Y - Angiogenesis
- Grey matter volume
- White matter integrity

Arterial Compliance

FuncTion

Hepatokines
- Functional connectivity

- Synaptic plasticity

- Neuratrophins (BONF, FGF-2, VEGF)

Adipokines

Myakines #
L
. CoGNiTioN
i3

Metabolic Functnon
- Memory

- Attention
- Executive function

¥
AcADEMIC ACHIEVEMENT

Marques, A., Hillman, C., & Sardinha, L. (2019). Physical Activity, Aerobic Fitness and Academic Achievement. Health and Academic

Achievement. doi:10.5772/intechopen.71284
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FIGURE 2. Summary of the main myokines, their putative effects, and the molecular signals/pathways involved
Severinsen, M. C. K. & Pedersen, B. K. (2020). Muscle-organ crosstalk: the emerging roles of myokines. Endocrine Reviews, bnaa016
https://doi.org/10.1210/endrev/bnaa016. Published May 11, 2020. Fiuza-Luces, C., Garatachea, N., Berger, N. A., & Lucia, A. (2013).

Exercise is the Real Polypill. Physiology, 28(5), 330-358. doi:10.1152/physiol.00019.2013






