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Gender differences in the impact of weight status on academic
performance: Evidence from adolescents in Taiwan ™
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Change in weight status and academic performance

among senior high school students in Taiwan
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Longitudinal associations between weight status and
academic achievement in primary school children
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Wiedemann UCH, van den Akker ELT, Barber TM, Clément K, Farooqi S, Goldstone AP, Haqq AM, Marcus C, Molnar D, Moreno LA, Nadler EP, Poitou C,
Schorfheide JL, Touchot N, Wabitsch M, Kiihnen P. Early-Onset of Obesity Model: Impact of Early-Onset Obesity on Comorbidity Risk and Life Expectancy. Obes
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Nowak, M.M.; Niemczyk, M.; Got ebiewski, S.; P aczek, L. Impact of Body Mass Index on All-Cause Mortality in Adults: A Systematic
Review and Meta-Analysis. J. Clin. Med. 2024, 13, 2305. https://doi.org/10.3390/jcm13082305
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Chen K, Shen Z, Gu W, et al. Prevalence of obesity and
associated complications in China: A cross-sectional,
real-world study in 15.8 million adults. Diabetes Obes
Metab. 2023;25(11):3390-3399. doi:10.1111/dom.15238

MR

Diabetas (ADA criteria)

PRI

Diabetes (WHO criteria)

ML ATHA

Prediabetes (ADA criteria)

PRI ]

Prediabetas (WHO criteria)

e e

CKD (any stage)

B o [BE

SIS
Hypertension

fEdE O

Cholelithiasis

AEH AT

Fatty liver disease

SHBIHREE

Carotid plague
e PR B& ITUE

Hyperuricagmia

MmAEAG R

Dyslipidaemia

Estlrnated prevalence (percentage of individuals)
40 60 80 100

— 146
p < 0.007

5. 2
8.0

[ 76 J

4.5 p o< 0007
23
3.8

[ 5.9
p = 0.001

30.7
23.0
276

[ e

5.2 p < 0.007
2.8
4.3

[ 6.3
4.1 g < 0.001
37

4.3

207

12.8
6.3
10.3

[ 424
31.3 p < 0.001

16.9

24.9

= Obesity Owvenweight Normal BMI Owerall



Eil

/
Z N

WD

BRGZR AR (N=21,771,683 ) BMI& IR ~ #4E
A 2 29 (complications ) # & (Chen et al., 2023)

T Number of complications
m0) =1 =2 m3 s 4 m=5

90 1

80 1 BMI%E%%E@@@*IQT#%%‘EZS}%
—_ \ e A s \
§ ] BMIZ# B 2 A F35E29.3%
2 \ N N/ \
BMIRERE 2 A A fFE8E10.9%
5 4 58.3
% 60
=
8 501 \
}’5
© 40.3
E 40 A j
§ 296 - 332'8 308
5 30 4 28.3 : \ -
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Overall Normal BMI Overweight Obesity

Chen K, Shen Z, Gu W, et al. Prevalence of obesity and associated complications in China: A cross-sectional, real-world study in 15.8
million adults. Diabetes Obes Metab. 2023;25(11):3390-3399. doi:10.1111/dom.15238



Metabolism*

S HEEfa% (BMID) MI{CEH

/M
N

(Salmon-Gomez et al., 2023)

Healthy
R

Unhealthy
A R

MHNW

MHOW

MHO

BMI

MUNW MUOW MUO
NW Oow OB
18.5 - <25.0 25.0 - <30.0 230.0 kg/m?

Salmon-Gomez, L., Catalan, V., Frithbeck, G. et al. Relevance of body composition in phenotyping the obesities. Rev Endocr Metab Disord
24, 809—-823 (2023). https://doi.org/10.1007/s11154-023-09796-3
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1,819 %Zﬁ@%ﬁ;t LA BMI %DHILI*J’*’* s 7 ERIE T E R (

fRIZFHT ~ R ~ R/ ERR ~ BER Efﬁ'ﬂ BRI SRS
HETT T ZEL)(Abramowitz et al., 2018) -

~4— Preserved muscle mass - No WC Adjustment
~B- Preserved muscle mass - With WC Adjustment
| = Low muscle mass - No WC Adjustment

- = Low muscle mass - With WC Adjustment

]

Hazard Ratio (95% Cl)

S E DR

18.5<22 22-<25 25-<30 30-<35 35-40
Body Mass Index (kg/m?)

Abramowitz MK, Hall CB, Amodu A, Sharma D, Androga L, Hawkins M (2018) Muscle mass, BMI, and mortality among adults in the
United States: A population-based cohort study. PLoS ONE 13(4): e0194697. https://doi.org/10.1371/journal.pone.0194697
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> AL/ M 2t B/ A B = Y OB T3R8 AH R (HR : 1.612) -
ﬁ@ﬂﬁﬁﬁmf RN TR E R i s I B A e e - &him
ﬁﬁﬂﬁaﬁﬁﬁmﬁﬂlﬂﬁ ’*ETLN&MEE? EHKEA(LGG et al. 2023)
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Hazard ratio
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Hazard ratic

ASMI FMI

Lee H, Chung HS, Kim YJ, Choi MK, Roh YK, Yu JM, Oh C-M, Kim J and Moon S (2023) Association between body composition and the
risk of mortality in the obese population in the United States. Front. Endocrinol. 14:1257902. doi: 10.3389/fend0.2023.1257902
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High ASMI & High FMI High ASMI & Low FMI Low ASMI & Low FMI Low ASMI & High FMI (Sarcopenic obesity)

=
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=
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Log-rank test: P <0.001

=
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Cummulative all-cause mortality
=
%

0.04 S
0 50 100 150 200 250
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MNumber at risk
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105 83 58 47 19 0
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Lee H, Chung HS, Kim YJ, Choi MK, Roh YK, Yu JM, Oh C-M, Kim J and Moon S (2023) Association between body composition and the
risk of mortality in the obese population in the United States. Front. Endocrinol. 14:1257902. doi: 10.3389/fendo0.2023.1257902
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Kim D, Lee J, Park R, Oh CM, Moon S. Association of low muscle mass and obesity with increased all-cause and cardiovascular disease
mortality in US adults. J Cachexia Sarcopenia Muscle. 2024 Feb;15(1):240-254. doi: 10.1002/jcsm.13397.
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JEEIR 52)(Kim et al., 2024) o

All-cause mortality

Hazard Ratio [95% CI] P value

MH-NW with normal muscle mass n 1.00 [1.00 - 1.00]

MU-NW with normal muscle mass I L i 0.98 [0.79-1.23] 0.885
MH-COB with normal muscle mass ' [ ] | 0.99 [0.76 - 1.29] 0.935
MU-COB with normal muscle mass ! = | 1.36[1.12 - 1.66] 0.002
MH-NW with low muscle mass i . | 1.65[1.26 - 2.15] <0.001
MU-NW with low muscle mass I & { 1.79[1.42 - 2.27] <0.001
MH-COB with low muscle mass L L | 1.56(1.02-2.38] 0.039
MU-COB with low muscle mass ' L { 2.00[1.56 - 2.56) <0.001

0.25 0.5 1 2 4

Hazard Ratio (log scale)

COB - fEERACAEE + MU > (SR EEEEIRES - MU-COB - FERERESAT RS (R IR AR

Kim D, Lee J, Park R, Oh CM, Moon S. Association of low muscle mass and obesity with increased all-cause and cardiovascular disease
mortality in US adults. J Cachexia Sarcopenia Muscle. 2024 Feb;15(1):240-254. doi: 10.1002/jcsm.13397.
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CVD Mortality
Hazard Ratio [95% CI]
MH-NW with normal muscle mass | 1.00 [1.00 - 1.00]
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MU-COB with low muscle mass B { 2.70[1.62 - 4.48]
0.25 0.5 1 2 4 8
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Kim D, Lee J, Park R, Oh CM, Moon S. Association of low muscle mass and obesity with increased all-cause and cardiovascular disease
mortality in US adults. J Cachexia Sarcopenia Muscle. 2024 Feb;15(1):240-254. doi: 10.1002/jcsm.13397.
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health score, CVHS ) (Paulin et al., 2023) -

43 A= T U FRI R A Al participants

\/1 [

KRG - GHE o - toat)

B EAMIEIRE - 6L &

e e N T —
<130 mmHg FI4/7RBE(DBP) < I 5 [ VS =67

80 mmHngHl—%!'ﬁH j{ﬁ%mﬂ%j:tgﬂ% Hjt % [ (Moderately Healthy)
¥~ CRP/KE<30mgL -~ = & 5 = =
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Paulin A, Manikpurage HD, Després JP, Thériault S, Arsenault BJ. Sex-Specific Impact of Body Weight on Atherosclerotic Cardiovascular Disease Incidence in
Individuals With and Without Ideal Cardiovascular Health. ] Am Heart Assoc. 2023 Jul 4;12(13):e028502. doi: 10.1161/JAHA.122.028502.
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(BanovcCinova et al., 2025)

A. HOMA-IR by Muscle Mass Phenotype B. Metabolic Risk by Phenotype C. Body Composition and Metabolic Risk
60 T

>

0t

Prevalence (%)

HOMA-IR
Body Fat (%)
w

o
Y
1ICPE
1
1
I
1
1
1
] 1
1
1
1
& 1 I
20 10 A I
[ (@]
1
A=1.91 o : a
0 TG/HDL-C Both 30 40 50 60

oooooooooooooooo - o 70
Muscle Mass Muscle Mass >3.42 >0.99 Elevated Skeletal Muscle Mass (%)

Banov¢inova, A., Schusterova, L, Toth, S., Porubin, T., Pella, D., Dvoroziidkova, M., & Fiilop, P. (2025). Low Skeletal Muscle Mass
Identifies Very High Metabolic Risk in Slovak Children with Obesity: A Body Composition-Based Approach to Risk Stratification.
Nutrients, 17(23), 3715. https://doi.org/10.3390/nul17233715
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Fig. 1. Increased risk for cardiometabolic disease in normal weight obesity.

Cardiometabolic disease risk 1

* [nsulin resistance

* Metabolic syndrome

*  Type 2 diabetes mellitus

* Sarcopenic obesity

* Subclinical atherosclerosis

=  Cardiovascular disease

Minje Ji, Chaeeun Cho, Sewon Lee. Cardiometabolic Disease Risk in Normal Weight Obesity and Exercise Interventions for Proactive

Prevention. Exerc Sci. 2022;31 (3): 282-294. doi:https://doi.org/10.15857/ksep.2022.00318.
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BEE 7N 2 (Kapoor et al., 2021) -

P=0.45

P =0.56

Diabetes Hypertension Dyslipidemia

B Non-Obese H Normal Weight Obese ® Obese

Kapoor N. Thin Fat Obesity: The Tropical Phenotype of Obesity. [Updated 2021 Mar 14]. In: Feingold KR, Anawalt B, Boyce A, et al.,
editors. Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK568563/?report=classic
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Kaczmarek M (2025) Normal weight obesity in adolescents: patterns and associated factors. Front. Nutr. 12:1637885. doi:
10.3389/fnut.2025.1637885
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Schulze, M.B., Stefan, N. Metabolically healthy obesity: from epidemiology and mechanisms to clinical implications. Nat Rev Endocrinol
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Flegal KM. Use and Misuse of BMI Categories. AMA J Ethics. 2023 Jul 1;25(7):E550-558. doi: 10.1001/amajethics.202£§50.
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K22 BREAE (Definition and diagnostic criteria of clinical obesity) -
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Diagnosing clinical obesity

Limitations of the current definition of obesity

Obesity is currently defined solely by an

individual’s body mass index (BMI) Although BMI is useful for identifying individuals
at increased risk of health consequences...

The criteria for populations

of European descent™ are:

It is not a direct measure of fat

It does not establish the distribution
of fat around the body

It t det i f

BMI (kg/my  Under 18.5 18.5t024.9 25t029.9 30 and over
*Criteria for other ethnic groups are different

Rubino F, Cummings DE, Eckel RH, Cohen RV, Wilding JPH, Brown WA, Stanford FC, Batterham RL, Farooqi IS, Farpour-Lambert NJ, le Roux CW, Sattar N, Baur LA, Morrison KM, Misra A, Kadowaki
T, Tham KW, Sumithran P, Garvey WT, Kirwan JP, Fernandez-Real JM, Corkey BE, Toplak H, Kokkinos A, Kushner RF, Branca F, Valabhji J, Blither M, Bornstein SR, Grill HJ, Ravussin E, Gregg E, Al
Busaidi NB, Alfaris NF, Al Ozairi E, Carlsson LMS, Clément K, Després JP, Dixon JB, Galea G, Kaplan LM, Laferrére B, Laville M, Lim S, Luna Fuentes JR, Mooney VM, Nadglowski J Jr, Urudinachi A,
Olszanecka-Glinianowicz M, Pan A, Pattou F, Schauer PR, Tschop MH, van der Merwe MT, Vettor R, Mingrone G. Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. 2025 Jan
9:52213-8587(24)00316-4. doi: 10.1016/S2213-8587(24)00316-4.
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Rubino F, Cummings DE, Eckel RH, Cohen RV, Wilding JPH, Brown WA, Stanford FC, Batterham RL, Farooqi IS, Farpour-Lambert NJ, le Roux CW, Sattar N, Baur LA, Morrison KM, Misra A, Kadowaki
T, Tham KW, Sumithran P, Garvey WT, Kirwan JP, Fernandez-Real JM, Corkey BE, Toplak H, Kokkinos A, Kushner RF, Branca F, Valabhji J, Blither M, Bornstein SR, Grill HJ, Ravussin E, Gregg E, Al
Busaidi NB, Alfaris NF, Al Ozairi E, Carlsson LMS, Clément K, Després JP, Dixon JB, Galea G, Kaplan LM, Laferrére B, Laville M, Lim S, Luna Fuentes JR, Mooney VM, Nadglowski J Jr, Urudinachi A,
Olszanecka-Glinianowicz M, Pan A, Pattou F, Schauer PR, Tschép MH, van der Merwe MT, Vettor R, Mingrone G. Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. 2025 Jan
9:52213-8587(24)00316-4. doi: 10.1016/S2213-8587(24)00316-4.
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Rubino F, Cummings DE, Eckel RH, Cohen RV, Wilding JPH, Brown WA, Stanford FC, Batterham RL, Farooqi IS, Farpour-Lambert NJ, le Roux CW, Sattar N, Baur LA, Morrison KM, Misra A, Kadowaki
T, Tham KW, Sumithran P, Garvey WT, Kirwan JP, Fernandez-Real JM, Corkey BE, Toplak H, Kokkinos A, Kushner RF, Branca F, Valabhji J, Blither M, Bornstein SR, Grill HJ, Ravussin E, Gregg E, Al
Busaidi NB, Alfaris NF, Al Ozairi E, Carlsson LMS, Clément K, Després JP, Dixon JB, Galea G, Kaplan LM, Laferrére B, Laville M, Lim S, Luna Fuentes JR, Mooney VM, Nadglowski J Jr, Urudinachi A,
Olszanecka-Glinianowicz M, Pan A, Pattou F, Schauer PR, Tschép MH, van der Merwe MT, Vettor R, Mingrone G. Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. 2025 Jan
9:S2213-8587(24)00316-4. doi: 10.1016/S2213-8587(24)00316-4.
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(Rubino et al., 2025)

Measurements of body size Management
The commission defines three This new diagnosis approach will support evidence-based, personalised prevention
measurements of body size that can be and treatment, ensuring more efficient and cost-effective use of resources

used to confirm excess body fat:
Preclinical obesity management Clinical obesity management

be assumed if BMI is >40 kg/m* measures of weight loss

2

L

&'
Waist circumference g Focus on risk reduction and Focus on improvement or
=102 cm for men* 5 prevention of progression to reversal of organ dysfunction
=88 cm forwomen® = clinical obesity or other

\%‘ obesity-related diseases Evidence- based treatment

o Q and management, with an
Waist-to-hip ratio ¥ ﬁ H&T‘hh CA——— - . . eg-al e

B ] weight loss or prevention improve functions
>0.90 for men - : 5
. ~ of weight gain
>0.85 for women % ﬁ Treatment type should be
- ; informed by individual

" Monitoring ower time

% Q o risk—benefit assessments
Waist-to-height ratio e . . and decided via an active
>0.50 forall® E IE'* Activeweight loss TS IoN WLl T stis

= interventions in people at

3 higher risk of developing Success should be assessad

= clinical obesity, and other by improvement of signs

Excess body fat can proagmatically E_ chesity- elated diseases and symptoms, ather than

2

L]

=

Read the Lancet Diabetes &Endocrindlogy Commission on the definition and diagnostic

criteria of clinical obesity online at: www .thelancet. com/commissions/clinical-obesity

Rubino F, Cummings DE, Eckel RH, Cohen RV, Wilding JPH, Brown WA, Stanford FC, Batterham RL, Farooqi IS, Farpour-Lambert NJ, le Roux CW, Sattar N, Baur LA, Morrison KM, Misra A, Kadowaki T,
Tham KW, Sumithran P, Garvey WT, Kirwan JP, Fernandez-Real JM, Corkey BE, Toplak H, Kokkinos A, Kushner RF, Branca F, Valabhji J, Bliher M, Bornstein SR, Grill HJ, Ravussin E, Gregg E, Al Busaidi
NB, Alfaris NF, Al Ozairi E, Carlsson LMS, Clément K, Després JP, Dixon JB, Galea G, Kaplan LM, Laferrére B, Laville M, Lim S, Luna Fuentes JR, Mooney VM, Nadglowski J Jr, Urudinachi A, Olszanecka-
Glinianowicz M, Pan A, Pattou F, Schauer PR, Tschop MH, van der Merwe MT, Vettor R, Mingrone G. Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. 2025 Jan 9:S2213-
8587(24)00316-4. doi: 10.1016/S2213-8587(24)00316-4.
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He N, Liu M, Wu Y. Adipose tissue and hematopoiesis: Friend or foe? J Clin Lab Anal. 2023 Mar;37(6):e24872. doi: 10.1002/jcla.24872.
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%k (He et al., 2023)

Pink

MAT

D@M

It is widely distributed in the
subcutaneous tissue and
around the viscera of the body

It is mainly distributed in the
interscapular region

It is under the skin near the
spine and the collarbone in
adults

It is converted from WAT
during pregnancy

It is located in the bone
marrow cavity

The fat drops are larger

Low mitochondrial count

The fat drops are small
and numerous

Mitochondrial abundance

The fat drops are small
and numerous

Mitochondrial abundance

The fat drops are larger

Low mitochandrial count

Fat droplets are larger

Low mitochondrial count

The form ig similar to WAT

Energy storage and distribution
Modulate insulin sensitivity

Regulate feeding behavior

Impartant heat-producing
organs

UCP1 is expressed after
stimulation

Increased insulin sensitivity
Regulating energy
homeostasis

UCP1 and PGC1-0 were
expressed after stimulation

Stored energy

Heat generation

Produce and secrete milk

Regulate hematopoietic
homeostasis

Regulate the osteogenesis
process

The exact function is not yet
know
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BENAGEHEIRERHE > TS

EE A (de Sousa Neto et al., 2022) o
s ey °9
Main function: Main function: Main function: Main function: Main function:
Energy storage Energy storage Hematopoiesis Heat production Thermogenenic
... Endocrine action : Alveologenesis Bone mass o Energy homeostasis| activity
Whlte Secretory factors Pmk Secretory factors slow Secretory factors Bt:ge Secretory factors Brown Secretory factors
cytokines, hormones| | € <= mijlk, leptin BMPs, several (';V‘ batokines, irisin, betatrophin, FGF21,
metabolites adipokines .20 growth factors adiponectin
Facial

Periarticular
Pericardial
Intramuscular

(White adipose tissue)

Mammary gland (Pink adipose tissue)

Subcutaneous
(White adipose tissue)

Visceral
Retroperitoneal
(White adipose tissue)

Trabecular cavities
(Yellow adipose tissue)

Cervical

Supraclavicular
(Brown adipose tissue)

Axillary

Periaortic

Paravertebral

Perirenal
Surrounding organs

uinal

Gonadal

Inguinal (Beige adipose tissue)

de Sousa Neto, I.V.; Durigan, J.L..Q.; da Silva, A.S.R.; de Cassia Marqueti, R. Adipose Tissue Extracellular Matrix Remodeling in Response to
Dietary Patterns and Exercise: Molecular Landscape, Mechanistic Insights, and Therapeutic Approaches. Biology 2022, 11, 765.

https://doi.org/10.3390/biology11050765
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¥R (Rodriguez et al., 2015) -

A - ® o
I — A 1 — Inl * 1 — m
i
\ ¥4
Prenatal period Childhood Adolescence Adulthood Senescence
Formation Increase in adipose number Increase in adipocyte size

e

IN— 18— —

Rodriguez A, Ezquerro S, Méndez-Giménez L, Becerril S, Frithbeck G. Revisiting the adipocyte: a model for integration of cytokine signaling
in the regulation of energy metabolism. Am J Physiol Endocrinol Metab. 2015 Oct 15;309(8):E691-714. doi: 10.1152/ajpendo.00297.2015.
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(Hemat Jouy et al., 2024)

d

-Leptin
-Adiponectin
-Chemerin
-Apelin

-Leptin
-Adiponectin
-Chemerin
-Apelin
-Visfatin
-Resistin

¥ -Leptin
-Adiponectin

-Chemerin
-Apelin
-Visfatin
Resistin
-Omentin
-LCN-2
-IL-6

L6
TNF-a i
-FGF-21

Metabolic System

-Waspin
-Omentin
-LCN-2
-IL-6

-Adipsin
-LCN-2

Adipose Tissue

-Leptin

- fe -Adiponectin
Brain -Apelin
-FGF-21

-Adiponectin
-Resistin
-Apelin

-Leptin
-Adiponectin
-Resistin
-Visfatin
-Adipolin

-Adiponectin
-Chemerin

ﬁ | -Leptin

-Apelin
-Visfatin

-Resistin
-IL-6
-TNF-a

-IL-6
-TNF-a

Hemat Jouy S, Mohan S, Scichilone G, Mostafa A, Mahmoud AM. Adipokines in the Crosstalk between Adipose Tissues and Other Organs:
Implications in Cardiometabolic Diseases. Biomedicines. 2024 Sep 19;12(9):2129. doi: 10.3390/biomedicines12092129.
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(hyperplasia) B35 540 L JE F4HTR - fafpsiiE
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(hypertrophy) (Al- oSS (i EE Y A 2 (Barilla et al.,
Mansoori et al., 2022)  2021).

Obesity characterization
Hyperplasia Y'X
—

Stem Cell
Adipocytes

An increase adipose tissue mass
through increasing adipocyte number

Pre-adipocytes Ad1p0genesns

Y Hypertrophy
_—

An increase adipose tissue mass
through increasing adipocyte size Hypertrophy

Al-Mansoori L, Al-Jaber H, Prince MS, Elrayess MA. Role of Inflammatory Cytokines, Growth Factors and Adipokines in Adipogenesis
and Insulin Resistance. Inflammation. 2022 Feb;45(1):31-44. doi: 10.1007/s10753-021-01559-z. S. Barilla, E. Treuter, N. Venteclef

Trancerintional and entoenetic control of adinocvte remodeline diirino ohecitv Obecitvy 20 (02001 nn 2010005
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(Horwitz et al., 2023) -

Commitment Differentiation L
— - —
MSC APCs i
b 4
Hyperplasia & » hypertrophy
Features: Features:
T Adiposity T Adiposity

«Inflammation
w=Adipose tissue function
T Insulin sensitivity

Adipose distribution:
T Subcutaneous fat
1 Visceral fat

Lipid storage:
= Lipid storage
capacity

T Inflammation
| Adipose tissue function
T Insulin resistance

Adipose distribution:
1 Subcutaneous fat
T Visceral fat

Lipid storage:

I Lipid storage capacity
T Liver

T Skeletal muscle

Horwitz A, Birk R. Adipose Tissue Hyperplasia and Hypertrophy in Common and Syndromic Obesity-The Case of BBS Obesity. Nutrients.
2023 Aug 4;15(15):3445. doi: 10.3390/nul5153445.



(REThREMEE AVRERE VS REHTHEE A R 0T AERE

Glycogen — " oy

Triglycerides
in adipocytes

Small viscoral
WAT depot

Large glutecfemaral
WAT depot

High energy intake, Sedentary lifestyle
particularly gluceose,

fructose and saturated fat

—

Genetics and hormonal status

Maetabolically healthy obasity

Matabolically unhealthy obosity

Ectopic triglycerides

«— Acyl-Con,

diacylglycerol
or ceramide

Large vieceral WAT depot
= inflammation

| = Hypoxia

= Ingulin resistance
= Dysregulated adipokines

1 Small glutecfemoral

WAT depot

+ [ insulin resistance

Goossens, 2017; Schulze & Stefan, 2024)

METABOLICALLY ‘HEALTHY' DBESE

ASAT
P a L
WAT ———ppe " a
5 s Adipocyte size
q +—+ Inflammatory markers
E «— Lipid slorage capacity
L o= Insulin sensitivity

FSAT

METABOLICALLY UNHEALTHY OBESE

T
/f: X
e + Adipocyte size
ot t  Inflammatory markers
ehg + Lipld storage capacity
By 4 Insulin sensitivity

+—+ Subculaneous adipose tissue mass
= Adipose issue function

<= Visceral fat mass

<+ \fisceral adipose tissue inflammation
+—+ Livar fal contant

+—+ Skaletal muscle lipid content

<= _Insulin sensitivity

= = = = o 2= =

Subcutansous adipose tissue mass
Adipose tssue funclion

Visceral fat mass

Visceral adipose tissue inflammation
Liver fat content

Skeletal muscle lipkd content
Insulin sensitivity

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:10.1159/000471488. Schulze, M.B., Stefan, N. Metabolically healthy obesity: from epidemiology and mechanisms to
clinical implications. Nat Rev Endocrinol 20, 633-646 (2024). https://doi.org/10.1038/s41574-024-01008-5
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FEFE Fy ELAT AE R HEFE (ectopic fat deposition) (Després et al., 2021) o

Functional Subcutaneous
Adipose Tissue

Low visceral adipose tissue

FFA buffering

No FFA Spillover
Healthy Adipokine Secretion

Low CVD and Type 2 Diabetes Risk

Dysfunctional Subcutaneous
Adipose Tissue

High visceral adipose tissue

pe=mm Poor buffering
N capacity

Increased CVD and Type 2 Diabetes Risk

Després JP, Carpentier AC, Tchernof A, Neeland 1J, Poirier P. Management of Obesity in Cardiovascular Practice: JACC Focus Seminar. J Am
Coll Cardiol. 2021 Aug 3;78(5):513-531. doi: 10.1016/j.jacc.2021.05.035.
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HEALTHY STATE CHRONIC INFLAMMATION IN OBESITY

g

k4

2,/

'
N
IS

“Metabolically”-activated

M1 macrophage

macrophage
Thl cells
Eosinophil -
. Thl7 cells
M2 macrophage
—
/ killer
_ / \ Mast cell
Adipocyte Treg cell \
Th2 cell
(CD4) Apoptotic adipocyte and Fogm cel

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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(Karasterglou & Mohamed-Ali, 2010)

| Over-nutrition >

Lean / healthy state Adipose tissue Obesity-associated
expansion / inflammation pathologies

gin

ﬁ Linsulin sensitivity

; w Endothelial dysfunction
Tlnsulln sensitivity

Normal endothelial function

ﬁ lAdiponectin, omentin lAnti-inﬂammatory adipokines
1 Anti-inflammatory adipokines A TNFa, IL6, IL-6, MIF 1 TPro-inflammatory adipokines
| Pro-inflammatory adipokines MCP-1 ,‘ RAN'TES, ‘ D
2R s*s >
»2 2 a»» [leptin, adipsin, chemerin,
b - visfatin, apelin, vaspin %
\ 7 *
IRANPD N M
AT :> % ) 1SAA, haptoglobin, PAI-1 I:>
a0 : = /A AYY
v 28/ '

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.
do0i:10.1016/j.mce.2009.11.011



R M REHYESE 3% (proinflammatory) EEEE Se
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Lean adipose tissue Obese adipose tissue

anti-inflammatory = pro-inflammatory anti-inflammatory << pro-inflammatory

%; £ o & o

_ M1 ATM neutrophil M2 ATM  eosinophil M1ATM  neutrophil
inophil _
M2 ATM eosinophi @ © @ © @O/D %
@ @ CD8 T cell Th1 cell Th2 cell Treg cell \
CD8 Tcell Thi cell

Th2 cell Treg cell

A
! !

Energy homeostasis Adipose tissue dysfunction

Choe SS, Huh JY, Hwang 1J, Kim JI and Kim JB (2016). Adipose Tissue Remodeling: Its Role in Energy Metabolism and Metabolic
Disorders. Front. Endocrinol. 7:30. doi: 10.3389/fendo.2016.00030
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L EREf RREGEv R § A v & (Fuster et al., 2016) -

Dysfunctional
adipose tissue

Pro-inflammatory
adipokine signaling

Insulin resistance

Vasculature Skeletal muscle Liver
“ =
Vi 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
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B CaH229% (Hemat Jouy et al., 2024)

Obesity

Dysfunctional Adipose Tissue

; ]

Lipecalin-2

Insulin r
Inflarr

nicinflammation

A
Polycystic Ovary - Irritabla Bowel Cardiovascular Atherosclerosis y
Syndrome Disease Disease \
} ﬁ
(
Non-alcoholic fatty Hvpertension Coronary Artery Bone Health Insulin Resistance
live disease i Disease Disorders

Hemat Jouy S, Mohan S, Scichilone G, Mostafa A, Mahmoud AM. Adipokines in the Crosstalk between Adipose Tissues and Other Organs:
Implications in Cardiometabolic Diseases. Biomedicines. 2024 Sep 19;12(9):2129. doi: 10.3390/biomedicines12092129.
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PANCREAS LIVER & SKELETAL MUSCLE EOSINOPHIL & MACROPHAGE
' ‘\\ I : . /J
lsiillii SecEation Substrate metabolism & Immune coll sctvation
Insulin sensitivity
o Adiponectin rg4 Metrnl
Visfatin 4 ¥ Omentin 12,13-dIHOME CXCL-14
Resistin 4 $ Resistin 4 GDF-15
4 Leptin 4 1L-6
4 RBP4 Breg ?
4 Fer21 NERVE
: Leptin 4 EPDR1
PAI-1 4 suT2c
BRAIN Asprosin CXCL-14 . BMP8b
' Adiponectin \ 12,13-diHOME BAT/ Nrg4
{ ~ - s .
=i AWAT . Browning Be'gi' AT .
- ;}y (Thermogenesis) @
Appetite & Neurite
Energy homeostasis Adiponectin 12.13-diHOM outgrowth
IL64 Omentin 4 4 FGF21
TNFah  \Resistin 4 BMP&b FGF21 4
. , MCP-14 VEGF-A EPDR14
Increased in obesity Cardioprotective effect & Nrg4

Infl ti Cardiac function .
nflammation o Vascularization

R

Decreased in obesity I li c
nsulin secretion

IMMUNE CELLS HEART BLOOD VESSEL PANCREAS

Ziqubu K, Mazibuko-Mbeje SE, DIudla PV. Regulation of adipokine and batokine secretion by dietary flavonoids, as a prospective
therapeutic approach for obesity and its metabolic complications. Biochimie. 2025 Mar;230:95-113. doi: 10.1016/j.biochi.2024.11.007.
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Low LD content cells High LD content cells

A i) MSC adipogenesis
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Irena L. Ivanovska, Michael P. Tobin, Tianyi Bai, Lawrence J. Dooling, Dennis E. Discher; Small lipid droplets are rigid enough to indent a nucleus, dilute the lamina,
and cause rupture. J Cell Biol 7 August 2023; 222 (8): €202208123. doi: https://doi.org/10.1083/jcb.202208123

Royo-Garcia A, Courtois S, Parejo-Alonso B, Espiau-Romera P, Sancho P. Lipid droplets as metabolic determinants for stemness and chemoresistance in cancer. World J
Stem Cells 2021; 13(9): 1307-1317. DOI: 10.4252/wjsc.v13.19.1307
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% Neoplasia

Esophageal, gastric
cardia, gallbladder,
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7297 (Perdomo et al., 2023)

'qg Cardiovascular ﬁ Respiratory @ Neurological {é} Psychosocial
) o Depression
Mu?efmchardlal 0SAS Cognitive impairment Anxiety disorders
infarcion OHS Inkrecrpmie! Binge-eating disorder
Coronary heart disease Asthma hypertension ADHD
Arial fibrillation Cor pulmonale Migraine Bipolar disorder
Heart failure Polyneuropathy Schizophrenia
Ischemic stroke Stroke

%’_}’ Inmunology

colorectal,
hepatocellular, Susceplibility to
pancreatic o infection
adenocarcinomas, 4 o Waorse infection

renal, thyroid, ovarian,

endometrium,

meningioma, leukemia,

lymphoma, multiple
myeloma, prostate,

outcomes (i.e. Covid-
19 infection, Influenza

infection).

breast
¢ Genitourinary }1 Musculoskeletal @Gaslmint&sﬁnal C Endocrine
Tl T2D
Urinary incontinence Osteoarthritis GERD HWSI'p'de?'a
Obesity-related Gout MAFLD y[ﬁ;on; :;m
glomerulopathy Rheumatoid arthritis Gallbladder disease B
CKD Pancreatitis ‘RELG'.H )
L nin an
Nephrolith
i aldosterone
| Adpn/lep ratio

ADHD: attention defcit hyperactivity disorder; Adpn/Lep: adiponectin/leptin; AT: adipose tissue; CKD: chronic kidney disease; GERD:
gastroesophageal refux disease; GH: growth hormone; MAFLD: metabolic associated dysfunction fatty liver disease; OSAS: obstructive
sleep apnea syndrome; OHS: obesity hypoventilation syndrome; T2D: type 2 diabetes mellitus; UTI: urinary tract infection

Perdomo CM, Avilés-Olmos I, Dicker D, Frithbeck G. Towards an adiposity-related disease framework for the diagnosis and management
of obesities. Rev Endocr Metab Disord. 2023 Oct;24(5):795-807. doi: 10.1007/s11154-023-09797-2.
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Olsthoorn L, Vreeken D and Kiliaan AJ (2021) Gut Microbiome, Inflammation, and Cerebrovascular Function: Link Between Obesity
and Cognition. Front. Neurosci. 15:761456. doi: 10.3389/tnins.2021.761456
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(Ormazabal et al., 2025) -

e Preserved energetic metabolism

@ Normal weight o Obese
1 Resistin 1 Resistin
1 Adiponectin 4 Adiponectin
1 Leptin vy 1 Leptin
]
Systemic Level

"4 N

* Low inflammation ¢ Increased inflammation

e Low oxitative stress e High oxitative stress

* Functional insulin signaling e Impaired insuling signaling
Brain Level

'4 N

Decrease in energy metabolism

¢ Functional synapsis e Failure in BBB integrity
¢ Physiological clearance of amyloid ¢ Accumulation of amyloid
¢ Intact BBB integrity ¢ Synaptic dysfuntion

e Cognitive decline

Ormazabal, P., Bastias-Pérez, M., Inestrosa, N. C., & Cisternas, P. (2025). Adipokines at the Metabolic—Brain Interface: Therapeutic
Modulation by Antidiabetic Agents and Natural Compounds in Alzheimer’s Disease. Pharmaceuticals, 18(10), 1527.

https://doi.org/10.3390/ph18101527
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(Ahmed & Mohammed, 2025)

1 Risk of stroke
il I:t;:l:tnf ﬁ . T Depression
attack

Liver disease Sleep

apnea
Gastroesophageal
Cancer ’J reflux disease
Gallbladder Skin fold
problems raghes

Typez |
diabetes

Weakened
muscles and bones @ @ Q Infertility

Joint pain

Kidney failure

Ahmed SK, Mohammed RA. Obesity: Prevalence, causes, consequences, management, preventive strategies and future research directions.
Metabol Open. 2025 Jun 14;27:100375. doi: 10.1016/j.metop.2025.100375.
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246 £ BE (E# L SOHI2 fh 5 42% 2 T T5% 2 24 ) HiE
ﬁL /PJ’é » Z2_ts Pl 4 COVID-19 & 514 o B = % i 5 (METs)
k' M 2COVID-19 G f2 b "é% '-"J'?Iﬁ,%k ’ ?‘/" %,**1 X EE#EE
g« ¥7 ¥ (body mass index, BMI) > M A (Brawner et al., 2021)

655 A L6 LA T AR ERERE

k< Age 265 years (- - quadratic R2= 0.28) * Not Obese (- - quadratic R2= 0.40)
1.0+ e Age <65 years (— quadratic R2= 0.19) 1.01 e Obese (— quadratic R2= 0.38)

Predicted Probability of
Hospitalization

Predicted Probability of
Hospitalization

Maximal Exercise Capacity (METS) Maximal Exercise Capacity (METs)
\ Y= Lk \ Y3 L
O RE O BE

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



Hazard Ratio
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Angadi, 2021) -

All-cause Mortality

3.5

3.0

2.5

Hazard Ratio

2.0

1.5

0.0

Normal Weight Overweight Obese

Gaesser, G. A. & Angadi, S. S. (2021). Obesity treatment: Weight loss versus increasing fitness and physical activity for reducing health risks.

iScience, 24, 102995. .2021.102995
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(67% ) ~ 151399 )\/%ﬁf (33% ) (Weeldreyer

et al., 2024)
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Weeldreyer NR, De Guzman JC, Paterson C, Allen JD, Gaesser GA, Angadi SS. Cardiorespiratory fitness, body mass index and mortality: a
systematic review and meta-analysis. Br J Sports Med. 2024 Nov 13:bjsports-2024-108748. doi: 10.1136/bjsports-2024-108748.
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8 D) Women* (N=3044) 8 E) Women (N=11335) 8 F) Women (N=11335)
& F= =z
571 571 w7
= = =
@ 6 - o 6 P 6
7] 7} 7}
35 5. 3
k¢ e o s
= =9 <4
k= ] S
234 234 83
& & & 22
22 1.4 %1'6 P21 221 ;‘-T
® V] @
"R R S R | (D B " S R | [ FE... " p— l__ —
81 -® o £1 £ - 0.9
0 : : 0 r . 0 r -
Lean-Normal weight Overweight-Obese Normal High Normal High
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Figure 2. Forest plot of the primary analysis demonstrating the odds ratio for metabolic syndrome
among adolescents with moderate /high vs. low cardiorespiratory fitness.
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Syndrome in Adolescents: ASystematic Review and Meta-Analysis. Metabolites 2024, 14, 635. https://doi.org/10.3390/ metabo14110635
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The prediction model of academic
achievement based on cardiorespiratory
fitness and BMI status for ninth-grade
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Rico-Gonzalez, M., Martin-Moya, R., Giles-Girela, F. J., Ardigo, L. P., & Gonzélez-Fernandez, F. T. (2025). The Effects of
Cardiopulmonary Fitness on Executive Functioning or Academic Performance in Students from Early Childhood to Adolescence? A
Systematic Review. Journal of Functional Morphology and Kinesiology, 10(3), 254. https://doi.org/10.3390/jfmk10030254

93



SERTEISE - 45 1,139 AR/ E (CEER
13.4 5k ) 258 - BGEAE R T - LAl RE H B Bk
SHEEEINRE - H 40% VRS E et | KSR
EiHAVEE ) | AR E IR AY(Kjellenberg et al., 2026) -

!

>
- 6 12 15 18 Y
& M
LA BE KASFIRIZRIA,
Cardiorespiratory Fitness Cognitive performance

2 &
d%?’,, 40% SR @ noringmemay

BRI
Academic performance
(grades)

! UI
Math

[ ]
0'\\;;;", 1&/&& Language (Swedish)

Physical activity

A’
ﬁ‘ 1 “ [] ?Z. ®
Moderate intensity
Vigorous intensity

Kjellenberg K, Wang R, Horre JN, Helgadéttir B, Ekblom O, Singh A, et al. (2026) Associations between physical activity, fitness, cognitive
and academic performance in Swedish adolescents: Findings from a crosssectional study. PLoS One 21(3): €0344087.
https://doi.org/10.1371/journal.pone.0344087
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Gao 'Y, Wu M, Chen J, Feng Z, Wang X, Cao M. Effects of school-based concurrent training on body composition and cardiorespiratory
fitness in obese children in a randomized controlled trial. Sci Rep. 2025 Sep 26;15(1):33300. doi: 10.1038/s41598-025-19041-3.

Fig. 2. Schematic diagram of the exercise intervention protocol.
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Gao 'Y, Wu M, Chen J, Feng Z, Wang X, Cao M. Effects of school-based concurrent training on body composition and cardiorespiratory
fitness in obese children in a randomized controlled trial. Sci Rep. 2025 Sep 26;15(1):33300. doi: 10.1038/s41598-025-19041-3.
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Gao Y, Wu M, Chen J, Feng Z, Wang X, Cao M. Eftects of school-based concurrent training on body composition and cardiorespiratory
fitness in obese children in a randomized controlled trial. Sci Rep. 2025 Sep 26;15(1):33300. doi: 10.1038/s41598-025-19041-3.
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Table 2
Body stores of energy fuels,

Body stores (g kcal

Carbohydrates

Liver glycogen 110 451

Muscle glycogen 200 2050

Glucose in body fluids 15 62
Fat

Subcutaneous and visceral F800 72,540

Intramuscular 161 1497

Adapted from Wilmore JH and Costill DL
4 These estimates are based on an average body weight of 65 kg with 12% body fat.

Katarina Melzer. (2011). Carbohydrate and fat utilization during rest and physical activity . e-SPEN, the European e-Journal of Clinical
Nutrition and Metabolism. 6 (2011) e45-e52.
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AR 4R &% 5 Ay F 222K (Hargreaves et al., 2020)

Liver glycogen Muscle glycogen
(200—-400 kcal) (1,000-3,000 kcal)

> Glucose

-
Lactate —
Glucose N
FFA /Muscle TG
% ! L’ (2,000-3,000 kcal)
Adipose tissue TG
(50,000-100,000 kcal)

Hargreaves, M., Spriet, L.L. (2020). Skeletal muscle energy metabolism during exercise. Nat Metab 2, 817-828 (2020).
https://doi.org/10.1038/s42255-020-0251-4
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(Malone et al., 2021)

Insulin Glucose Exercise
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O

Insulin ®

receptor " N n
GLUT1
Y [\l

O ) p85mpll0
Pl 3-kinase WZM
Akt /

GLUTY translocation

Malone JJ, Hulton AT, MacLaren DPM. Exogenous carbohydrate and regulation of muscle carbohydrate utilisation during
exercise. Eur J Appl Physiol. 2021 May;121(5):1255-1269. doi: 10.1007/s00421-021-04609-4. 101
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_h-‘_‘"’““--c—-_‘_ —

t2-fold Z 1100-fold

Acute
exercise

GLUT4 translocation
ose uptake

=
| E_D
REST  EXERCISE REST  EXERCISE

Richter EA. Is GLUT4 translocation the answer to exercise-stimulated muscle glucose uptake? Am J Physiol Endocrinol Metab. 2021 Feb
1;320(2):E240-E243. doi: 10.1152/ajpendo.00503.2020.
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Obesity
and
Type 2 diabetes

PRI B EE  AS L AT Bt i Y s &

(Esteves et al., 2024)

Skeletal muscle

Exercise
training
1' Insulin resistance
T Lipid deposition . .
1' Inflammatory cytokines h
T Inflammation d
T Mitochondrial dysfunction
Liver
Exercise
training
T Insulin resistance
T Lipid deposition ' .
T Inflammatory cytokines h

T Inflammation a

T Mitochondrial dysfunction

T Glucose production

4 Insulin sensitivity

4 GLUT4 expression

% Glucose uptake

t Lipid oxidation

% Mitochondrial activity
* Myokines release

l Inflammation

EXERCISE

-——-__‘f Hepatokines

T Insulin sensitivity
% Lipid oxidation
T Mitochondrial function

T Hepatokines release
l Lipid deposition
} Inflammation

| Glucose production

Esteves JV, Stanford KI. Exercise as a tool to mitigate metabolic disease. Am J Physiol Cell Physiol. 2024 Sep 1;327(3):C587-C598. doi:

10.1152/ajpcell.00144.2024.
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(Esteves et al., 2024)

Adipose tissue

.
** L % J - e ..___..\
. E - y \
ObESItY "*l z 4 . o - TBmkinns ; ®
and : ] Exercise (L , il |
) " traini ¥ B 1 adipokines |\
Type 2 diabetes \ ‘ raining \s
White adipose tissue Brown adipose tissue
. T insulin resistance . t Insulin sensitivity
1 Free fatty acids release . % Lipolysis
L 4 Mitochondrial activity
T Proinflammatory adipokines ' 4 GLUT4 expression
T Inflammation % Glucose uptake

% Endocrine activity of WAT and BAT
1' Mitochondrial dysfunction

{ Adiposity
+ Inflammation

Esteves JV, Stanford KI. Exercise as a tool to mitigate metabolic disease. Am J Physiol Cell Physiol. 2024 Sep 1;327(3):C587-C598. doi:
10.1152/ajpcell.00144.2024.



il

B SR8 SR HY K7 T B et AiE HI7 4H 45 22
Ja NER AR AG AR ~ [ 3% SR HE R A Z= 1Y
770 (Krager, 2017).

Inflamed AT Exercise effects on AT inflammation

M1 Macrophages —>» M2 Macrophages

Krager 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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v ) g 2 4 3B I % (Cohen et al., 2016)

Beige Adipose Tissue

. Q Beige adipocyte O
9o Qgy
. Thermoneutrallty Q Q B3-agonists . . Q
. O Obesity Q PPARYy agonists

Inactivity O Catecholamines
@ Exercise . O Q

White adlpocyte

Whitening
| Thermogenesis
Insulin sensitivity
Inflammation

t Metabolic disorders

Cohen P, Spiegelman BM. Cell biology of fat storage. Mol Biol Cell. 2016 Aug 15;27(16):2523-7. doi: 10.1091/mbc.E15-10-0749.
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(WAT, white adipose tissue; FNDC5, Fibronectin Type Il Domain Containing 5; UCP1, Uncoupling Protein Type 1).

Contreras, C., Nogueiras, R., Diéguez, C., Medina-Gomez, G., & Lopez, M. (2016). Hypothalamus and thermogenesis: Heating the BAT,
browning the WAT. Molecular and Cellular Endocrinology, 438, 107-115. d0i:10.1016/j.mce.2016.08.002

Leal, L. G., Lopes, M. A., & Batista, M. L. (2018). Physical Exercise-Induced Myokines and Muscle-Adipose Tissue Crosstalk: A Review of
Current Knowledge and the Implications for Health and Metabolic Diseases. Frontiers in Physiology, 9. doi:10.3389/fphys.2018.01307
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Mendez-Gutierrez A, Osuna-Prieto FJ, Aguilera CM, Ruiz JR, Sanchez-Delgado G. Endocrine Mechanisms Connecting Exercise to Brown
Adipose Tissue Metabolism: a Human Perspective. Curr Diab Rep. 2020 Jul 28;20(9):40. doi: 10.1007/s11892-020-01319-7.
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Ziqubu K, Dludla PV, Mabhida SE, Jack BU, Keipert S, Jastroch M, Mazibuko-Mbeje SE. Brown adipose tissue-derived
metabolites and their role in regulating metabolism. Metabolism. 2024 Jan;150:155709. doi: 10.1016/j.metabol.2023.155709. Epub

2023 Oct 20. PMID: 37866810.
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TNF-a ~ IL-1 (ffE2£38) ~ IL-6 ~ IL-1ra ~ TNF-R F1 IL-10 (28
K)ERELT o (BB HYAHAEZR S - HI] AN BT
TNF-of1 IL-1 » {HEE = IL-6 #8347 » H2RE IL-1ra ~ TNF-
R A1 I1L-10 (Petersen & Pedersen, 2005) -

A Sepsis B Exercise

(Pm—inflammatorﬂ (Anti—inflammatory]

A

[Anti-inﬂam matﬂrﬂ

Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. J Appl Physiol (1985). 2005 Apr;98(4):1154-62. doi:
10.1152/japplphysiol.00164.2004.
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Fig. 2 lllustration of circulating cytokines released in response to
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Docherty S, Harley R, McAuley JJ, Crowe LAN, Pedret C, Kirwan PD, Siebert S, Millar NL. The effect of exercise on cytokines: implications
for musculoskeletal health: a narrative review. BMC Sports Sci Med Rehabil. 2022 Jan 6;14(1):5. doi: 10.1186/s13102-022-00397-2.
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Balakrishnan, R.; Thurmond, D.C. Mechanisms by Which Skeletal Muscle Myokines Ameliorate Insulin Resistance. Int. J. Mol. Sci.
2022, 23, 4636. https://doi.org/10.3390/ijms23094636
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Wiggs, M. P. (2015). Can endurance exercise preconditioning prevention disuse muscle atrophy? Frontiers in Physiology, 6.
doi:10.3389/fphys.2015.00063
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Tanaka, T., Nishimura, A., Nishiyama, K. Goto, T., Numaga-Tomita, T. & Nishida, M.. (2020). Mitochondrial dynamics in
exercise physiology. Pflugers Arch - Eur J Physiol 472, 137-153. https://doi.org/10.1007/s00424-019-02258-3
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Queensland Brain Institute(n. d.). Long-term synaptic plasticity. https://gbi.uq.edu.au/brain-basics/brain/brain-
physiology/long-term-synaptic-plasticity
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fE S HYYIE) (Tari et al., 2019)

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

BDNF IL-6

Cathepsin B

: Irisin
Myostatin

Synaptic plasticity
IGF-1

VEGF KYNA

Lactate

Cerebral blood flow Cognitive function

Brain (hippocampal)
volume

Tari, A. R., Norevik, C. S., Scrimgeour, N. R., Kobro-Flatmoen, A., Storm-Mathisen, J., Bergersen, L. H., ... Wisleff, 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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BONF  IGF1
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Adiponectin
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Cytokines
Cathepsin-B

IGF1 Kynurenine
B-hydroxybutyrate,

O
b, . »
Ghrelin :
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Cytokines Osteocalcin Orexin-A

Adiponectin Kynurenine
cp“ Apelin  B-hydroxybutyrate
co, Adiponectin Ghrelin IGF1 Irisin

Osteocalcin

VIP
Orexin-A

Vints WAJ, Levin O, Fujiyama H, Verbunt J, Masiulis N. Exerkines and long-term synaptic potentiation: Mechanisms1df8
exercise-induced neuroplasticity. Front Neuroendocrinol. 2022 Jul;66:100993. doi: 10.1016/j.yfrne.2022.100993.
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Different types of exercise cause changes in different
frequency bands of brain waves, for example, theta wave
activity will improve after yoga exercise.

Different types of PA

Li X, Qu X, Shi K, Yang Y and Sun J (2024) Physical exercise for brain plasticity promotion an overview of the underlying
oscillatory mechanism. Front. Neurosci. 18:1440975. doi: 10.3389/fnins.2024.1440975 124
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Cortical activation
*  BDNF, VEGF,

NE, and cortisol release

*  Myokine release

A single 20-30 mins of moderate intensity (50-60% max) Acute exercise mobilizes neural mechanisms that
aerobic exercise appear to produce optimal results support motor skill and cognitive training

Moriarty, T. A., Mermier, C., Kravitz, L., Gibson, A., Beltz, N., & Zuhl, M. (2019). Acute Aerobic Exercise Based Cognitive and Motor
Priming: Practical Applications and Mechanisms. Frontiers in Psychology, 10. doi:10.3389/fpsyg.2019.02790
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Common trend observed after a single bout of exercise on myokine expression

Baseline Immed after 60 min after 180 min after 24 h after

w——(Qyerall -—pAerobic Exercise =—Resistance Exercise

Bettariga F, Taaffe DR, Galvao DA, Lopez P, Bishop C, Markarian AM, Natalucci V, Kim JS, Newton RU. Exercise training mode effects
on myokine expression in healthy adults: A systematic review with meta-analysis. J Sport Health Sci. 2024 Nov;13(6):764-779. doi:
10.1016/j.jshs.2024.04.005.
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