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Ac-Orn, Acetyl-ornithine

ALP, Alkaline phosphatase
ALT, Alanine aminotransferase
Asp, Aspartate

AST, Aspartate aminotransferase
BMI, Body mass index

BUN, Blood urea nitrogen

CA, Cholic acid

CDCA, Chenodeoxycholic acid
CMD, Cardiometabolic diseases
CRP, C-reactive protein

DBP, Diastolic blood pressure
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FDR, False discovery rate

FIA, Flow injection analysis
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HbAlc, Hemoglobin Alc

HDL, High-density lipoprotein
HEXA, Health Examinees study

HEXA-G, Health Examinees-Gem study
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HPLC, High-performance liquid chromatography
HR, Hazard ratios

KCHS, Korea Community Health Survey
KNHANES, Korea National Health and Nutrition Examination Survey
KoGES, Korean Genome and Epidemiology Study
LC, Liquid chromatography

LDL, Low-density lipoprotein

LOD, Limit of detection

lysoPC , lyso-phosphatidylcholine

MCH, Mean corpuscular hemoglobin

MCHC, Mean corpuscular hemoglobin concentration
MCYV, Mean corpuscular volume

MET, Metabolic equivalent of task

MVPA, Moderate to vigorous physical activity

OR, Odds ratios

OUT, Operational taxonomic unit

PCaa, Diacyl phosphatidylcholine

PCae, Acyl-alkyl phosphatidylcholine

PCoA, Principal coordinate ordination analysis

PCs, Phosphatidylcholines

PERMANOVA, Permutational multivariate analysis of variance
Phe, Phenylalanine

SBP, Systolic blood pressure

SM, Sphingomyelin

TG, Triglyceride
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TMCA ab, Tauromuricholic acid
Trp, Tryptophan

TUDCA, Tauroursodeoxycholic acid
WHO, World Health Organization
WHR, Waist-hip ratio
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1.1.1. A8 gapdste] 7148k

g th A4 B (cardiometabolic  diseases)—- 5| u 1399
oA AYE S, aleEddT 2 FEUAL FolE EFsiH, AdEH

Agy A 28 dez olojd F Qle Ao r A4AXY [1-3]. o529
T A3 AAkrisk factors)® LI BT F 9 =2 Y, =2
d4%F Fd2HE e 9w ™% AW (high-density lipoprotein
(HDL)) ZHAHES tAS o] A3Eol7| % et [4].

vs SRAGGSERA ARE B B4 Aol W=, 2011-
2016 AT S ES 2011 HRFOlA 33.3%, oAbellA] 31.7% S+
gl vl&l] 2016 el A A 37.2%, AAFANA 36.6%= FUteHE A IS
BT [5]. obAlo A9 9] ditEF7 - ES etttk Afolrt EA 3}
AARE, A= 11.9%CE 22 B7= 37.1%(2 o)A oh7hA] BaLs]

At [6]. =9 UAEZ T SR EC o A= SIS G S AL

2008 2017 ARE o] &3ste] FsE wf Qlow, oAdel A
2008l 20.5%°NA 2017d° 18.7% F+Oo= otA¥H AL HIA T

G2 749 2008 24.5% oYl FrHHEC] 2017 28.1%7FA] 73S
Lol BRuEArt [7]. FUATFGEFALA A 20203 o] 27FEE 2019 = H]

AZEAANNE 188k, T, HIE, RFHAHEEFT 1093 FHE
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Recommended level of physical activity in men

70
=~ o
« el
BT 60
5 3
T £ 55
2
2=
R 50
o 2
o1 RN
< 45
40
2009 2610 2011 2012 2013 slope  p-value
KNHANES 697 62.9 56.1 60.3 63.2 -1.82 0.2283
e KCHS 68.1 64.0 63.5 62.9 63.5 -1.14 0.0962
KNHANES  ewiliem KCHS
Recommended level of physical activity in women
70
o 65
SE
e 60 -
= 3 i
= 2 sb — -
% 2 50
g L
< & 45
40
2009 2010 2011 2012 2013 slope  p-value
KNHANES  62.1 558 50.6 493 50.9 -3.07 0.0435
ol K CHS 60.9 55.9 55.4 543 55.1 -1.39 0.0926

KNHANES e illows CHS

Figure 1. Age-standardized prevalence trends for men and women participating in

recommended level of physical activity in Korea

KNHANES: Korea National Health and Nutrition Examination Survey, KCHS:

Korea Community Health Survey

(Adopted from [Park J, Shin A, Lee M, et al. Prevalence of Participating in
Physical Activity From 2 Korean Surveillance Systems: KNHANES and KCHS. J
Phys Act Health. 2018;15(10):763-773. doi:10.1123/jpah.2017-0428]) [14]
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HT F3E AA4 +d 2@ 9 fERA dgsEs AR,
o7 AIZE AlAEFo] 3 10 MET (metabolic equivalent of task) A]ZFF
S7FE w wEeh B AP 6% A [17], Bk T AP 13%
Aot om (18], AT HA fd2S 8% EE HAshs o

eSS [19] (Table 1). tiAtESw3 Ad3d dixpd ke ojz2 <l

¢
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Table 1. Summary of previous systematic review and meta-analysis studies regarding to association between physical activity and risk of

cardiometabolic diseases

Exposure Outcome Nu@ber of Sample size Findings Reference
Including Study (cases)
10 MET hour/week Incident hypertension 29 studies 330,222 Pooled relative risk Liu et al., Hypertension,
increment of LTPA (67,98) 0.94 (0.92 - 0.96) 2017 [17]
10 MET hour/week Incident type 2 diabetes 78 studies 1,261,991 Pooled relative risk Smith et al., Diabetologia,
increment of LTPA mellitus (675,496) 0.87 (0.84 - 0.89) 2016 [18]
10 MET hour/week Incident metabolic 18 studies 76,699 Pooled relative risk Zhang et al., Metabolism,
increment of LTPA syndrome (13,871) 0.92 (0.89 - 0.96) 2017 [19]
Waist circumference
-3.4cm (p<0.01)
Fasting glucose
-0.15 mmol/L (p = 0.03)
Aerobic exercise vs non Metabolic syndrome 11 studies Sf/li:lsd:::tsh\::th HDL cholesterol Wewege et al.,
exercise criteria (RCT >4weeks) 9D 0.05 mmol/L (p =0.02) Atherosclerosis. 2018 [20]
Triglycerides
-0.29 mmol/L (p < 0.01)

Diastolic blood pressure
-1.6 mmHg (p =0.01)




Number of Sample size

Exposure Outcome Including Study (cases) Findings Reference
HDL cholesterol
4.6 mg/dL (0.8 —8.3)
regular ziqulatic exercitse Vs N o ret - LDL cholesterol ff:ihrashi fc I\FIlf)hgamz J2019
eroscler Thromb.
contro gqup no serum lipid profile 110.1 mg/dL (202 — -0.03)
exercising [21]
Total cholesterol
-8.5 mg/dL (-16.5 —-0.5)
Objectivel d Clustering of Skrede et al., Obes Rev.
ectively measure o ) . .
) MVPZ o cardiometabolic risk 30 studies 37,800 0.014 ( -0.024 — -0.004) 2019 [22]
factors
Systolic blood pressure
-4.02 mm Hg (-5.92 —-2.11)
Diastolic blood pressure
Mid-term resistance ) L -1.73 mm Hg (-2.88 —-0.57)
Card tabol k Ashton et al., Br J Sport
exercise training vs non- Arclomerabotc T 173 RCT 6,169 Suion et e, BESSports

exercising control

factors

Fasted insulin
-0.59 pU/mL (-0.97 — -0.21)

Insulin resistance
-1.22 pU/mL (-2.29 — -0.15)

Med. 2020 [23]




Number of

Sample size

Exposure Outcome Including Study (cases) Findings Reference
Fasting blood glucose
- 0.11 mmol/L (-1.67 —-0.33)
Systolic blood pressure
- 4.44 mmHg (-6.82 —-2.06)
High intensity interval ) ) ) Serrablo-Torrejon et al.,
Metabol Diastolic blood .
training vs non-exercising ctabolic syndrome 10 RCT 529 1astoTic Hloot pressute BMC Endocr Disord.

clinical biomarkers
control

-3.60 mmHg (5.43—-178) 4]

Waist circumference
-2.26 cm (-3.12 — 1.40)

HDL cholesterol
0.02 mmol/L (0.00 — 0.05)

MET; metabolic equivalent of task LTPA; leisure time physical activity, RCT: randomized controlled trial, ,MetS: metabolic syndrome, T2D: type 2 diabetes

mellitus, HDL: high-density lipoprotein, LDL: low-density lipoprotein, MVPA: moderate to vigorous physical activity,



1.1.3. AAZE7 Omeis A7
HT d&%F  dHeoly #4 7Y #dEE,  F4A(genome),
AL Al (metabolome), ¥ Al (proteome) HIOJEH &  ¥TF ofyzl A%}

sk HAEY FAPEE Kok ARl A EMO] S (microbiome) S

B

gt e ey X(omics) HOlEE°l °l& ZhssHAl I [27]
th A4 g (metabolomics) 2] 0% AlA|Eso] tARAle] mA & FITFE
gelgt AFol dieto] HHE AAZA FAd nFEATEo] FIHAL,
A A EF0] lactate, pyruvates XT3 UF TCA cycle "7 A= 2
medium to long-chain fatty acids A%, ketone 7|9, acylcarnitines A< 2]
QAR S 3= ] Aol AW ol WAAIE F7HAI7IE A @l
o] HuEJTE [28-30] (Table 2). wWHAo| lipid¥#  thAFA
glycerophopholipids?} sphingolipids AlF 2] tAAlE, Zglal @FAt#A
HARAIRL bile acids AlAe] tAAIES AALEH o ARE=
HolAW AA| &gl oaf FHaEE Aol Qe Aox Erwt [28-

30] (Table 2).



Table 2. Summary of review articles regarding to association between physical activity and metabolome

Number of

Exposure type (No. of study) Specimen Tncluding studics Summary Reference
High-Intensity and Plasma, 24 Plasma medium- and long-chain fatty acids 1 Sakaguchi et al., Metabolites,
Long-Duration (15) Serum, Fatty acid oxidation products? 2019 [28]
Saliva Ketone bodiest
Triacylglycerol esters|
High-intensity, Plasma TCA cyclet
short-duration (2) Bioenergetics pathways?
Moderate-intensity, Plasma Energy metabolism 1
short-duration (1) (lipolysis, glycolysis, TCA cycle intermediates,
and catecholamines)
Moderate-intensity, Plasma Free fatty acids?
long-duration (2) Acylcarnitines?
Branched chain amino acids?
Mono- and diacylglycerols|
TCA intermediates?
High- and Moderate-Intensity, Plasma Glycolytic-related metabolites 1,
Long-Duration (2) Lipid related metabolites. |
Cross-Section Elite Athletes (1) Serum Higher metabolites related to oxidative stress,

fatty acid metabolism, steroid biosynthesis,
and energy metabolism

10 N = L



Number of

Exposure type (No. of study) Specimen Including studics Summary Reference
Chronic Training, Urine Hippuric acid|
Low-, Moderate-, and Hypoxanthine|
High-Intensity (1) Creatinine?
Dimethylamine?

Chronic Training, Serum
High-Intensity (1)

3-methylxanthine?

Lactate|

Pyruvate 1
Methylguanidine
Citrate?

Glucoset

Valinef,

Taurine?

Trimethylamine N-oxidet
Choline-containing compounds 1

Histidines 1

Acetoacetate/acetone T
Hlycoprotein acetyls |

Lipids |

11



Number of

Exposure type (No. of study) Specimen Including studics Summary Reference
Within 24 h after endurance Blood, 27 Carbohydrate and TCA cycle intermediate Schranner et al., Sports Medicine,
or resistance exercise Urine, Lactate 1 2020 [29]
Sweat Glycerol (blood)t
Pyruvate 1
Formate (urine)|
Malate (blood)?

Fumarate (urine)t
Succinate(blood) 1

Free fatty acid 1
Acycarnitine 1

Lipids, steroid, bile acid |
Ketone bodiest

Amino acids
Alanine?
Glycine|
Histidine|
Methionine|
Proline|
Valine|
Isoleucine|
Phenylalanine|
Threonine|
Tryptophan |
Tyrosine|
Leucine|
Lysine|

12



MA ol 23t microbiome®] F&FS FH7Ish7] 3 AT=E%

oherst gApQle =z Sy o] 2tk (Table 3). Microbiome®] 3 Q%%

J
N,
N,

2
M
rlo

559 Axl 43t A (a-diversity)S 1 #ko]l F5
Aoz dHA Qle=d, 1 FAY AFEE FI]  a-diversityZ}
AADET o] AWdS Bt Aol Bl o™, microbiome?
ofe] AEEE FF T Actinobacteria -(phylum) Verrucomicrobia -,
Akkermensia <7(genera) 5 <5 microbiome - (taxa)¥} FS AT o]
Slirol EAEAT [31, 32] HF HITols AA T Addo] Q=
microbiome¥} THARA S AbolS] AdAAl & FdAM F omics TF
AAAEET #AZE BuA st AlEs: JAPH Aok [31]
SstAIRE thARAS] W QI7F i tiHAIEZRE ¥ short chain fatty
acids A9 thARAlCl g o] L3, microbiome¥} ThARAl Akol o] #A=

Gs] ATR#AERT BT Q7] witel multi-omics ol A
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Table 3. Summary of previous studies regarding to association between physical activity and microbiome

Bio-specimen

Study design Sample size type Groups Summary of results Reference
[In Athletes]
a diversity 1
Cross 86 malc Rugby players Unweighted UniFrac distance Clarkel et al.., 2014,
sectional (mean age: 29) Feces Health male BMI<25 in PCoA Gur microbiota
) Healthy male BMI>28 Bacteroidetes | [33]
Akkemansiaceae/
Akkemansia 1
Exercise frequency
Cross 1493 - II\{IZ;]: r(a few time a month) [Ex.ercis.e regularly] McFadzpan, 2014,
. Feces ) . a diversity 1 Med Sci Sports Exerc
sectional men and women - Occasion (2-3 times a week) Firmicutes 1 [34]
- Regularly (3-5 times a week)
- Daily
Active [Actiye vs Sedentary]
40 premenopausal - (=3 hour/week) o,p dlve.rsny - (0.5) Bressa et al., 2017,
Cross Bacteroidetes |(n.s)
sectional women Feces Sedentary Firmicutes 1(n.s) PloS one
(age 18-40) - (< 3 days/ week for ) [35]

Significant difference of composition

inut i . .
30minutes exercisc) in 11 genus and 4 species

14



Bio-specimen

Study design Sample size type Groups Summary of results Reference
[Metabolites]
Feces- amino acid?
microbiome antibiotic biosynthesist
¢ carbohydrate metabolism?
Cross 86 malc Feces- Rugby players SCFA levels in faeces? Bartoq et all., 2017,
tional (mean age: 29) metabolit Health male BMI<25 Gut microbiota
sectiona can age: ctabotites Healthy male BMI>28 [Correlations] [36]
Urine - Roseburia — acetate &butyrate (+)
. Family XIII Incertae Sedis — isobu-
metabolites
tyrate,
isovaleric acid, and valeric acid (+)
[Microbiome in the lean group]
Bacteroidetes |
Firmicutes 1
Feces- [Mlcrob}ome in the obese group]
. . Bacteroidetes 1
Cr T Microbiome Firmicutes |
-ross ove 20 females Allen et al., 2018,
mtervention 12 males Feces - Lean Med Sci Sports Exerc
(6 weeks — . Obese [Metabolites] P
6 weeks) (age 20-45) Metabolites SCFA in lean 1 [37]
(SCFA target)
[Correlations]
Bacteroidetes — SCFA(-) in the lean
group

Firmicutes — SCFA(+) in the lean
group

15



Bio-specimen

Study design Sample size type Groups Summary of results Reference
[After the half marathon]
40 fecal metabolites
o 16 males, Before the half marathon were significantly changed. Zhao et ?1’ 20.18’
gn y g
Longitudinal 4 females Feces Lo Front Microbiol
) After the half marathon organic acids components T
(mean age: 31.3) B [38]
nucleic acids components |
No change in a diversity
[During exercise intervention |
19 overweight . Akkermansia 1 Munukka et al, 2018,
12-week 6 week control period . . .
Intervention women Feces 6 week exercise intervention Proteobac.terla L Front Microbiol
(mean age: 36.8) Jaccard distance [39]
of genus level b-diversity 1
[During exercise program]
. Randomly allocated to Clos.trldlqm difficile | . .
Randomized . Oscillospira 1 Taniguchi et al, 2018,
33 males 5 week exercise program or . . L - .
Cross-over Feces . No difference in A o diversity Physiological Reports
. (age 62-76) 5 week control period . )
trial b/w exercise & control period [40]
Cross over . .
Negative correlation b/w
A o diversity and A SBP,DBP
12-weck 32 women T_rlzr%li/[r;luscle training Morita et al., 2019,
. > 65 years old Feces . . - Bacteroides 1 in AE Nutrients
Intervention Aerobic exercise training
(mean age: 70) [41]

- (AE)

16



Bio-specimen

Study design Sample size type Groups Summary of results Reference
[Higher step count] Langsetmo et al,
373 men . Cetobacterium
Cross > Sdays wearing Armband . 2019,
. > 65 years old Feces . o o0 Coprobacillus | .
sectional i with 90% wearing time . J Nutr Health Aging
(mean age: 84) Adlercreutzia | [42]
Erysipelotrichaceae CC-115 |
Body builders . N
(high protein, high fat, No difference of o,p diversity
low carbohydrate and .
low dietary fiber diet) [Regardlp g athlete type Jang et al, 2019,
Cross 45 men o Body builders]
) Feces Elite distance runners . . J Int Soc Sports Nutr
sectional (20-29 years old) Faecalibacterium 1,
-(low carbohydrate and S [43]
. . Sutterellat Clostridium 1
low dietary fiber diet) ! . .
Haemophilus 1, Eisenbergiella {
Health men . )
) . Bifidobacterium |, Parasutterella |
without regular exercise
88 men and Habitual living (CON)
Active commuting by bike [VIG vs CON in 3month]
6-month women . . Kern et al, 2019,
. (BIKE) a diversity 1
randomized (20-45 years) Feces Leisure-time exercise B diversity changed in Int J obes
controlled trial overweight/obese Y g [44]

(25-35 kg/m2)

- Moderate intensity (MOD)
- Vigorous intensity (VIG)

all exercise group

17
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Al EEutae T AESAQ VIHE 2w O o]
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MFel Aeto g oloj A gt} [25-27, 45]. 2008 Lund 9 Dumeauxi=
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AT vl pathway A e F@etAl ste= AEE AT EokE
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HoZo g AlA"H ddlor] 2= BAs

Fgab wabAel Wil @ % glrk [49]
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) £% FAATE FA QALY WBG Giel, oAAY
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Inter-relationships

o) AL ) S

B0l LA &FH
A A Abol oA
WAL e #Aash=r1?

olz\kz]g;‘_‘;. ,k}:o _q]
A3 BAN EF o Fo uht
G EA Gl

Changes over time

F9 JdAARES] W}
AAEF P Wl uhet
4= o Rerd g

Integration
multi-omics

FEFARAE
AR B9 Wiy} AL A
T A v g wistel

7 ol sl

Cardiometabolic
diseases

/

Clinical parameters

A

Changes in
Clinical parameters

Physical activity

Changes in
Physical activity

—p

Exercise Changes in
intervention ~  Clinical parameters
\ \ Changes in
e Metabolome
Changes in
Microbiome

Figure 2. Scheme of systems epidemiological approach for the effect of physical

activity on the prevention of cardiometabolic diseases
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2. A7 W % 2%

21. AAEEFY HEE dAHEE 2 AFNAMY

PEARE &

MAEY 2 FFH BA 37t

o

2 A9 &2 [Park, J; Choi, J.; Kim, J.E.; Lee, M.; Shin, A.; Lee, J.K;
Kang, D.; Choi, J.Y. Network of biomarkers and their mediation effects on the

associations between regular exercise and the incidence of cardiovascular &

metabolic diseases. Scientific reports 2021, 11, 12802, doi:10.1038/s41598-021-

92312-x]°l &% = St}

2.1.1. 97 9y

2.1.1.1. A=}

2+ AFeeE A F1A4 9 EA T (Korean Genome and Epidemiology
Study (KoGES))el FA¥ FZE A+ T 3 ¢l TAZHE

-

3% E(Health Examinees study (HEXA))7} ©]-&% St TA7|RE F 3 E=
40414 6941 Akolo]l Al FUE 2004WH-E 2013WAF0] =] 3871
We 0 AREANE S Bal BAse] THEJTN-173,345), 7IEEA}

Azt BBl AT Fel B WA EH Fol zAEOM,

rin

FAZARE 201292 2017 Afole] o] FolFTE  [50, 51]. K
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HAERFE AT Fol FAMel Age wekon, qedista ¥
st A {7 Ao US| HE AT HAdS EeEth(Institutional

Review Board, IRB No. 0608-018-179).

RS FA AP} o Fol A A e AR A 915 LN=77,197),
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HEXA
N= 173,208

Excluded N=33,864
- Subjects who withdrew from the HEXA
- Centers participating in a pilot study
- Centers lacking of mter-compatibility with other centers
- Centers participating in cohort less than two years
- Centers no longer participating in the cohort

A4

HEXA-Gem
N=139,344

Excluded N=77,193
- Subjects who have missing regular exercise

N=62,151

information at baseline (N= 5,850)
- Lost during follow up (= 71,343)

Excluded N=45,098
- Subjects who had chronic diseases
at basehne (N=13,938)
- Subjects who have missing in information of

A4

Y

Including subjects in the study
N=17,053

chronic diseases at baseline (N=40)
- Subjects who have missing in the
clinical parameters (N=31,120)

Figure 3. Inclusion and exclusion criteria of study population in the HEXA study
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, 571 % (mmHg), ©]¢7] ¥ (mmHg)

2171 28] EAge WRe At ddEdE gEEAN by

O

bl 91X @ gl 31k 99 BUE FEOZ Ao) 0.dem w9174
=gatgh 99olEde ddel XS M WS BAE Avhs

AdelM EdE FHOZE Aol 0lem S97HA Ak s}

i

ddol=d H](Waist-hip ratio, WHR)= 4% 3gl=d e JHol=4

A]

Jdo
&

o] g3slo] AALeFA T FE(Grip strength)y> Z°o] 2t 5 90L- =
FHiOlA kg SR E SAsIoH, &5 SR s ol Eeaitth

A A v (Body fat mass (kg)), FHAHE(Percent of body fat (%)),

r

S %F(Muscle mass (kg)), AlZZF(Cell mass (kg)), 712 ZF(Mineral mass

(kg)), AA W =F(Lean body mass (kg)), WA F(Protein mass (kg)),

AR eF(Visceral fat mass (kg)E< At 54 7|71E o] &3t
dojRrt. 8AIZE o] T AElelA A Ho]l o]Folxlorn, &
MZZRE A7)53 ddd JAXE dF Q4 AA(Blood urea

nitrogen (BUN)(mg/dl)), =L#lo}E]d(Creatinine (mg/dl)), 2AF (Uric acid

25 ___;rx_-l! _CI_':I - -I_-]i



(mg/dl)), A ATH A EQ F ZF |~ = (Total cholesterol (mg/dl)), 11U %=
Aol =9 A H| = (high-density lipoprotein (HDL) cholesterol (mg/dl)), # = %=
Aol Z# A E E(low-density lipoprotein  (LDL) cholesterol (mg/dl)),
3 A vk (triglyceride (mg/dl)), Fx=¥e A ¥l 1 = (fasting blood
sugar (mg/dl)), &%= 24l (hemoglobin Alc (HbAlc) (%)), H7]e##

Q1 &H-ul(albumin (g/dl)), ©FATFEAF ofn| 7] Hd Y G4 (aspartate

5

aminotransferase (AST) (IU/L)), gdebd oluly FHo]  J A(alanine
aminotransferase (ALT) (IU/L)), &Z#] <QIAHZ3] & A (alkaline phosphatase
(ALP) (IU/L)), #Zvt=Febd EWAFNETLOLA|(y -glutamyl transpeptidase
(7 -GTP) (IU/L)), & 2] F%(total bilirubin (mg/dl)), 27 2] F¥(direct
bilirubin (mg/dl)), 7+ W8] FH(indirect bilirubin (mg/dl)), & sH& B
A %1 AT S(red blood cell (million/ 1)), 3l &2 241 (hemoglobin (g/dl)),
& vFE 2 % (hematocrit (%)), B 27" &% (mean corpuscular volume
(MCV) (fL)), F+ 4 &+ &4 4 (mean corpuscular hemoglobin (MCH) (pg)),
Pt A5 A F 5 (mean corpuscular hemoglobin concentration (MCHC)
(z/dl)), A3 F(platelet count (thousand/ x1)), ¥ 5T X 3EQ] C-reactive
protein (CRP) (mg/dl) ¥ W&~ <*(white blood cell count (thousand/ /1)),
Oy 9% Z2E $k(mgd) S0 iRt & 42719 ddARE 2

A Ao ¥ 38+ tH(Table 4).

3 y _17
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Table 4. List of clinical parameters used in the HEXA study

DA E (9]

Pulse (beats/minute)
Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

R=7

o
ki
D
=5

Waist circumference (cm)
Hip circumference (cm)
Waist hip ratio, WHR
Body fat mass (kg)
Percent of body fat (%)

Visceral fat mass (kg)

Lean body mass (kg)
Muscle mass (kg)
Cell mass (kg)
Protein mass (kg)

Mineral mass (kg)

>,
N
ofr
D)
=4

Blood urea nitrogen; Bun (mg/dL)
Creatinine (mg/dL)

Uric acid (mg/dL)

AAES A%

Total Cholesterol (mg/dL)
High density lipoprotein (mg/dL)

Low density lipoprotein (mg/dL)

Triglyceride (mg/dL)
Fx AE Fasting glucose (mg/dL)
HbAlc (%)
75 A% Albumin (g/dL)

Aspartate aminotransferase; AST (IU/L)

Alanine aminotransferase; ALT (IU/L)

27



= AFAE (F2D)
s A% Alkaline phosphatase; ALP (IU/L)

y-glutamyl transpeptidase; y GTP (IU/L)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)

Indirect bilirubin (mg/dL)

Red blood cell count (Millions/uL)

Hemoglobin (g/dL)

Hematocrit (%)

Mean corpuscular volume; MCV (fL)

Mean corpuscular hemoglobin; MCH (pg)

Mean corpuscular hemoglobin concentration; MCHC (g/dL)

Platelet (Thousands/uL)

Q
N
>
=]

C-reactive protein; CRP (mg/dL)

White blood cell count (Thousands/ul)

Grip strength (Kg)

Calcium level in blood (mg/dL)
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o]-g-sto] At skl thkg/m’).

2.1.1.5. SAEA

B S22 SAS 9.4 (SAS Inc., Cary, North Carolina, United States)%}
RAZEo](ver4.0.005 &3l FH3t. 2 Aol AEH
PAAZEY HAE LT} Aol AAEEE WHA7]7] A8 R
AT ESoo]  “gstat’packages  ©]&35to] UAAEES normal score
transformation A ZTF ¥ Ao EdE thAFAQl 17,053 3 7| HFERAF
AR el A A dAHo] Qlof AlelE 450988 HolH Atole] E &
gelstz] 9l R AZE S “stddiff’packages &3l standardized

differencesE T-3}% 31, standardized differences #k©] 0.2 o]l 79

—n

dlo]E] Afele] EEo] Sl Aoz u#sSlth [52].
Wilcox rank-sum 737 ¥} chi-square 44 S F3Fo] P Afo] g

7157 Apolek AR AelE A stk BTN Ededs
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AES FQl STk 1) ZINEERAR AR ML R AR s R
o F-o} FA AL Al AL Adw Ak A 91 F Ate] o] AW,
2) ZIHbEAR Aol ARSI FATAE AAolAY] Adw
AL g vk 913 Alo] o] ¥4 Hazard ratios (HR) 9} 95% 212 -7+
R A2ZE o9 “survival” packageS 3 A=3A T}

) 7] 4] (mediation  analysis)< =7~ H]#H ¥  FJALES

7Ifke = sho] sl on, ZINkRAL Al o] R ARl s o

T tHFigure 4). Wi/lEAo®  Ea AEd HHEHY 95%

: SELL



Clinical parameters
at baseline

Regular exercise
at baseline

Indirect effect: B-C

A

Figure 4. The conceptual diagram of mediation analysis

Direcreffect: 4

CMD at foliow-up

Direct effect of regular exercise on the risk of cardiometabolic diseases (CMD) is

path A. Indirect effect of regular exercise on the risk of CMD mediated by each

clinical parameters is path B and C
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R A E9o{e]  “peor” packages ©]&3sto] &4 &5 o] 1

H ol % Aol deolE FiE A AkEddth R
A EQOS  “DiffCorr” packager= =& ol 1w H|FY OF
Zyzyol Al AbZ¥ partial  correlations Afole  FAIAFCO=RE  f{u|st
differential ~ correlations  7-5F7]  $18te] o] &E AT} Differential
correlations®] p-valueZ7} 0.05 ®|RFO % {-2]5H A partial correlation
coefficients©] At gko] 0.1 o]Fd Wl MEHAAS Fall A123 H3ioH
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2.1.2. 97 23

Aol EgE A 45,0088 7] 543 VIREERAE AR OlA
A A" R Qs AL WA= VIR 54 Abolds=
T =Eol FAHA B THAppendix 1), HU Afole] 7]

T

S35} QAL FEAA FAUIF Aol Helue] BE EHS

24 7boll w2 =353 th(Appendix  2-Appendix  3). B oA oA

FHAQ $F o] ofie] wWE 7B S40 HEE vk Yep
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Table 5. Characteristics of the study population at baseline according to participation in regular exercise (HEXA study)

Men Women
Participation in regular exercise Participation in regular exercise
No (reference) Yes No (reference) Yes
N= 2,154 (40.0%) N=3,236 (60.0%) N=5,431 (46.6%) N=6,232 (53.4%)
% % OR* (95% CI) % % OR* (95% CI) p for heterogeneity
Age, Mean + SD (years) 52.9+8.40 54.8+8.01 51.4+7.72 52.4+7.15
4044 22.6 13.9 1.00 (Reference) 23.8 15.8 1.00 (Reference)
4549 13.7 12.1 140 (1.14-1.72) 17.4 193 1.78 (1.57-2.02) 0.0514
50-54 19.2 20.5 1.82 (1.51-2.19) 24.6 272 1.83 (1.63-2.06) 0.9610
55-59 18.8 21.8  2.00 (1.65-2.43) 17.0 20.1 2.07 (1.81-2.36) 0.7740
60-64 16.6 18.9 1.90 (1.54-2.33) 11.7 123 1.87 (1.60-2.17) 0.9017
65-69 9.2 129 223 (1.74-2.85) 5.5 53 1.80 (1.48-2.19) 0.1813
Education
<Middle school 23.7 16.5 1.00 (Reference) 32.7 30.6 1.00 (Reference)
High school 423 383 140 (1.19-1.64) 44.6 47.8 1.17 (1.07-1.29) 0.0585
>College 334 45.1 1.74 (1.44-2.10) 22.3 21.3  1.15 (1.01-1.31) 0.0004
Unknown 0.3 0.2 0.3 0.3
Income (¥10,000)
<200 25.3 18.7 1.00 (Reference) 27.9 22.6  1.00 (Reference)
200-400 45.2 433 1.38 (1.18-1.62) 43.0 44.4 1.32 (1.19-1.47) 0.6519
>400 27.1 36.2 1.71 (1.42-2.06) 26.3 31.3  1.62 (1.44-1.83) 0.6340
Unknown 2.5 1.9 2.8 1.7
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Men Women

Participation in regular exercise Participation in regular exercise
No (reference) Yes No (reference) Yes
N= 2,154 (40.0%) N=3,236 (60.0%) N=5,431 (46.6%) N=6,232 (53.4%)
% % OR* (95% CI) % % OR* (95% CI) p for heterogeneity
Marital status
Living with spouse 92.6 94.8 1.00 (Reference) 87.3 90.1 1.00 (Reference)
Living alone 7.2 52 1.03 (0.80-1.31) 12.6 9.9 1.02 (0.90-1.16) 0.9441
Unknown 0.2 0.1 0.1 0.1
Current occupation
Office 31.9 39.2 1.00 (Reference) 18.6 144 1.00 (Reference)
Manual 54.7 384 0.76 (0.66-0.87) 33.2 21.2  0.84 (0.74-0.96) 0.3019
Unemployed/House wives 11.9 209 1.64 (1.34-2.01) 47.5 63.8 1.82 (1.62-2.05) 0.3865
Soldier/etc. 1.2 1.3 097 (0.58-1.63) 0.4 04 1.04 (0.57-1.89) 0.8630
Unknown 0.3 0.2 0.3 0.3
BMI, kg/m?
<18.5 1.5 1.0 0.73 (0.43-1.22) 3.0 2.0 0.66 (0.52-0.85) 0.7300
18.5-23 314 28.8 1.00 (Reference) 44.5 46.6 1.00 (Reference)
23-25 30.8 31.2  1.05 (0.91-1.22) 24.8 27.1  1.02 (0.93-1.12) 0.7480
25-30 334 369 1.17 (1.01-1.35) 24.8 22.6  0.87 (0.79-0.96) 0.0008
>30 2.8 2.1 0.87 (0.60-1.26) 2.9 1.8 0.61 (0.47-0.79) 0.1234
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Men Women

Participation in regular exercise Participation in regular exercise
No (reference) Yes No (reference) Yes
N= 2,154 (40.0%) N=3,236 (60.0%) N=5,431 (46.6%) N=6,232 (53.4%)
% % OR* (95% CI) % % OR* (95% CI) p for heterogeneity

Smoking

Never 26.7 33.6 (Reference) 96.9 97.9 1.00 (Reference)

Former 36.3 437 0.95 (0.82-1.09) 0.9 0.8 0.93 (0.62-1.42) 0.9253

Current 36.9 227 0.55 (0.47-0.64) 2.1 1.2 0.62 (0.46-0.83) 0.4750

Unknown 0.1 0.1 0.1 0.1
Drinking

Never 20.4 18.2 (Reference) 67.3 63.8 1.00 (Reference)

Former 6.2 6.5 1.15 (0.89-1.50) 1.5 1.4 1.19 (0.87-1.62) 0.8693

Current 73.4 752 131 (1.13-1.52) 31.0 346 138 (1.27-1.50) 0.5495

Unknown 0.0 0.2 0.1 0.2

 Adjusted for age, education, income, marital status, job, BMI, smoking status, and drinking status
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Table 6. Direct and indirect effects of regular exercise on the risk of cardiometabolic diseases (HEXA study)

(A) Men
Direct effect Indirect effect
Class Mediators HR (95% CI) Proportion (%) HR (95% CI) Proportion (%)
Obesity-related Waist hip ratio 0.8949 (0.7636-1.0484) 80.53 0.9735 (0.9563-0.9883) 19.47
Body composition Lean body mass 0.8806 (0.7518-1.0312) 92.28 0.9894 (0.9784-0.9976) 7.72
Muscle mass 0.8812 (0.7523-1.0319) 92.40 0.9897 (0.9785-0.9980) 7.60
Cell mass 0.8814  (0.7524-1.0321) 92.46 0.9898 (0.9785-0.9984) 7.54
Protein mass 0.8816 (0.7526-1.0323) 92.18 0.9894  (0.9781-0.9979) 7.82
Mineral mass 0.8772 (0.7490-1.0272) 95.27 0.9935 (0.9845-0.9997) 4.73
Lipid Triglyceride 0.9025 (0.7706-1.0567) 76.21 0.9685 (0.9495-0.9852) 23.79
Glucose level HbAlc 0.8922 (0.7616-1.0449) 83.91 0.9784  (0.9579-0.9977) 16.09
Liver function Albumin 0.8642 (0.7378-1.0119) 93.64 1.0100  (1.0005-1.0221) 6.36
ALP 0.8695 (0.7424-1.0181) 95.25 1.0070  (1.0001-1.0171) 4.75
v-GTP 0.8879 (0.7582-1.0395) 87.49 0.9832 (0.9676-0.9967) 12.51
Hematology Red blood cell count 0.8839 (0.7546-1.0351) 92.94 0.9907 (0.9796-0.9993) 7.06
Inflammation CRP 0.8889 (0.7588-1.0409) 87.78 0.9837 (0.9698-0.9950) 12.22
White blood cell count 0.8853 (0.7554-1.0372) 90.55 0.9899 (0.9785-0.9987) 7.44

Age as time scale and adjusted for education level, income, marital status, occupation, smoking status, drinking status, and BMI

ALP: alkaline phosphatase, y-GTP: y-glutamyl transpeptidase, CRP: C-reactive protein
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(B) Women

Direct effect

Indirect effect

Class Mediators HR (95% CI) Proportion (%) HR (95% CI) Proportion (%)
Blood pressure Pulse 0.9511 (0.8599-1.0517) 88.91 0.9938 (0.9874-0.9992) 11.09
Obesity-related Waist circumference 0.9539 (0.8623-1.0549) 86.21 0.9925 (0.9854-0.9986) 13.79
Hip circumference 0.9362 (0.8463-1.0353) 89.65 1.0076 (1.0029-1.0138) 10.35
Waist hip ratio 0.9535 (0.8621-1.0544) 83.63 0.9907 (0.9840-0.9961) 16.37
Renal function Uric acid 0.9427 (0.8524-1.0423) 92.27 1.0050 (1.0010-1.0102) 7.73
Lipid HDL cholesterol 0.9554 (0.8638-1.0565) 80.12 0.9887 (0.9816-0.9946) 19.88
Triglyceride 0.9750 (0.8816-1.0780) 41.80 0.9654 (0.9525-0.9774)* 58.20
Liver function v-GTP 0.9576 (0.8658-1.0589) 81.80 0.9904 (0.9829-0.9969) 18.20
Direct bilirubin 0.9531 (0.8618-1.0540) 88.95 0.9941 (0.9881-0.9991) 11.05
Indirect bilirubin 0.9421 (0.8518-1.0419) 91.93 1.0052 (1.0005-1.0110) 8.07
Hematology Hemoglobin 0.9396 (0.8496-1.0391) 89.24 1.0075 (1.0022-1.0140) 10.76
Hematocrit 0.9392 (0.8492-1.0386) 88.08 1.0085 (1.0032-1.0151) 11.92
MCV 0.9504 (0.8593-1.0509) 92.58 0.9959 (0.9912-0.9993) 7.42
Platelet count 0.9552 (0.8636-1.0564) 84.03 0.9913 (0.9847-0.9969) 15.97
Inflammation CRP 0.9547 (0.8632-1.0556) 80.31 0.9887 (0.9814-0.9946) 19.69
White blood cell count 0.9506 (0.8595-1.0512) 90.47 0.9947 (0.9893-0.9989) 9.53

Age as time scale and adjusted for education level, income, marital status, occupation, smoking status, drinking status, BMI, and menopause status

*: FDR p-value <0.05; HDL: high density lipoprotein, y-GTP: y-glutamyl transpeptidase, MCV: mean corpuscular volume, CRP: C-reactive protein
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Figure 5. Networks of clinical parameters showing their associations with regular
exercise and risk of cardiometabolic diseases (HEXA study)

Networks were constructed based on the differential correlations between partial
correlation coefficients of the exercise and non-exercise groups adjusted for age.
Twenty-six nodes and 31 edges in men (A) and 21 nodes and 21 edges in women
(B). A: positive associations with regular exercise, V : negative associations with
regular exercise, red nodes: positive associations with the risks of one or more
chronic diseases, blue nodes: negative associations with the risks of one or more

chronic diseases. Yellow circle: significant mediators. Solid edges: higher
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correlations in the exercise group, dotted edges: higher correlations in the non-
exercise group, red edges: positive correlations, blue edges: negative correlations

DBP: diastolic blood pressure, HDL: high density lipoprotein-cholesterol, LDL:
low density lipoprotein-cholesterol, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, MCV: mean corpuscular volume, MCH: mean corpuscular
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP: C-

reactive protein
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Ansan-Ansung (1* wave)

N= 10,030

Excluded N=6,068
Subjects who had chronic diseases history at 3™ wave
(N=4,142)

" Subjects who have missing information on chronic diseases at 3™ wave
(N=127)
Subjects who have missing information on regular exercise at 37 wave
(N=1,765)
Subjects who have missing information on clinical parameters at 3*¢ wave
(N=34)

37 wave (baseline) . 4% wave (1% follow-up) . 5t wave (2% follow-up)
N=3962 N=3328 N=2,668
hd ¥

Excluded N=634 Excluded N=660

Subjects who have missing information on Subjects who have missing information on
regular exercise (N=624) regular exercise (IN=653)

Subjects who have missing information on Subjects who have missing information on
clinical parameters at 3 wave (N=10) clinical parameters at 3 wave (N=7)

Figure 6. Inclusion and exclusion criteria of the study population in community based cohort study (Ansan Ansung cohort study)
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31 wave (baseline)

Regular exercise

4% wave (1% follow-up)

(NO)

Difference of
clinical parameters

Generalized linear model

Regular exercise

5t wave (2% follow-up)

(YES)

Regular Regular
exercise [ exercise
(NO) . (NO)

\\\\\ Regular
" exercise
(YES)
Regular Regular
exercise exercise
(YES) (YES)
Regular
¥ exercise
Regular P (NO)
/ e’g]rg)se u Regular
exercise
// (NO)
Regular Regular
exercise exercise
(YES) (YES)
A wrnve o 378
A Clinical parameters (%) w}:m@
3% wave

N/N/N

N/N/Y

NY/Y l

Y/N/N

Y/Y/N

YIY/Y I

Generalized linear model

Generalized linear model

Figure 7. Study scheme, and categorization of change patterns in regular exercise

(Ansan Ansung cohort study)
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A 7bA] S = seet JHol=w HIQl Waist-hip ratio WHR)+=
=449 slgEdet dPol=d 2R FaFl vty 54 77 25
AT A EEQ A A WE(Body fat percentage (%)), =5-X 5 (Visceral fat
percentage (%)), H|®F A5 (Obesity  degree (%)),  AlXEuH

=7 X (Intracellular  fluid (L)), A>x2]9 =7 X|(Extracellular fluid (L)),

rﬁ

1wl 2] ZF(Protein mass (kg)), 7124 &F(Mineral mass (kg)), | %] U=F(Body fat
mass (kg)), HTEFBody water (L)), TFF(Muscle mass (kg)),
A A2 (Lean body mass (kg)E°] =HE Ut 8A7F olAte] FE

FHielA AEE dANEERFEH Gavd AdEE

o

&5 8 G (Fasting
blood sugar (mg/dl)), 3|E==ZWAlc (Hemoglobin Alc (HbAlc) (%)),
TEAEFHA(pIUml), AAEST Ax=2Q F Zd AHE(Total cholesterol
(mg/dl), 1EE  AE®  ZFYAH E(high-density lipoprotein  (HDL)

cholesterol (mg/dl)), A %= X9 = A = (low-density lipoprotein (LDL)
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cholesterol (mg/dl)), &7 AW (triglyceride (mg/dl))o] 578 = ATt & 23709]
WPAREE B4 ZHSchTable 7). BAAEY Frhastge 57)
AR QAAES 37 AR QAR Aol 37 AR
AGAEZ e 5 100e #oto] AL ek tH(Aclinical parameters (%) =

(5th wave — 3rd wave) x 100 / 3rd wave).
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Table 7. List of clinical parameters used in the Ansan Ansung cohort study

S

5 PEAE (29))

ki
ey
22
N
e

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

o,
2
ki
X
ke

Waist circumference (cm)
Hip circumference (cm)
Waist hip ratio WHR

Body fat mass (kg)

Body fat percentage (%)
Visceral fat percentage (%)

Obesity degree (%)

A A& Intracellular fluid (L)
Extracellular fluid (L)
Protein mass (kg)
Mineral mass (kg)
Total body water (L)
Muscle mass (kg)

Lean body mass (kg)

oft
kr
N
Exl

Fasting Glucose (mg/dL)
HbAlc (%)

Fasting Insulin (uW[U/ml)

IAES A% Total cholesterol (mg/dL)
High-density lipoprotein cholesterol; HDL (mg/dL)
Low-density lipoprotein cholesterol; LDL (mg/dL)

Triglyceride (mg/dL)
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Table 8. Characteristics of study population at baseline (3™ wave) by participation in regular exercise (Ansan Ansung cohort study)

Participation in regular exercise

Women

Participation in regular exercise

No (N=1,169) Yes (N=716) No (N=1,344) Yes (N=733)
N (%) N (%) p-value N (%) N (%) p-value
Age, Mean + SD 55.3+8.61 52.4+7.55 <0.0001* 54.9 +8.67 52.0+7.34 <0.0001*
40-44 71 (6.1) 57 (8.0) <0.0001° 93 (6.9) 66 (9.0) <0.0001°
45-49 322 (27.5) 282 (39.4) 402 (29.9) 296 (40.4)
50-54 244 (20.9) 152 (21.2) 250 (18.6) 155 (21.2)
55-59 164 (14.0) 95 (13.3) 174 (13.0) 91 (12.4)
60-64 125 (10.7) 56 (7.8) 163 (12.1) 58 (7.9)
65-69 153 (13.1) 48 (6.7) 172 (12.8) 46 (6.3)
70-74 90 (7.7 26 (3.6) 90 (6.7) 21 (2.9
Education
<Middle school 546 (46.7) 182 (25.4) <0.0001° 811 (60.3) 345 (47.1) <0.0001°
High school 425 (36.4) 318 (444 345 (25.7) 297 (40.5)
>College 160 (13.7) 213 (29.8) 74 (5.5) 68 (9.3)
Unknown 38 (3.3) 3 (0.4) 114 (8.5) 23 (3.1
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Men

Participation in regular exercise

Women

Participation in regular exercise

No (N=1,169) Yes (N=716) No (N=1,344) Yes (N=733)
N (%) N (%) p-value N (%) N (%) p-value
Income(¥10,000)
<200 629 (53.8) 213 (29.8) <0.0001° 865 (64.4) 313 (42.7) <0.0001°
200-400 387 (33.1) 310 (43.3) 342 (25.5) 276 (37.7)
>400 145 (12.4) 191 (26.7) 123 (9.2) 135 (18.4)
Unknown 8 (0.7) 2 (0.3) 14 (1.0) 9 (1.2)
Marital status
Living with spouse 1,119 (95.7) 700 (97.8) 0.0499° 1,125 (83.7) 650 (88.7) 0.0057°
Living alone 48 (4.1) 16 (2.2) 217 (16.2) 81 (11.1)
Unknown 2 (0.2) 0 (0.0 2 (0.2) 2 (0.3)
Current occupation
Office 238 (20.4) 302 (42.2) <0.0001° 97 (7.2) 66 (9.0) <0.0001°
Manual 842 (72.0) 347 (48.5) 774 (57.6) 218 (29.7)
Unemployed/House wives 80 (6.8) 65 (9.1) 432 (32.1) 437 (59.6)
Soldier/etc. 9 (0.8) I (0.1 41 (3.1 12 (1.6)
Unknown 0 (0.0) 1 (0.1)
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Participation in regular exercise

Women

Participation in regular exercise

No (N=1,169) Yes (N=716) No (N=1,344) Yes (N=733)
N (%) N (%) p-value N (%) N (%) p-value
BMI
<18.5 42 (3.6) 8 (1.1) <0.0001° 26 (1.9) 6 (0.8) 0.0360°
18.5-23 443  (37.9) 206 (28.8) 479 (35.6) 235 (32.1)
23-25 341 (29.2) 229 (32.0) 349  (26.0) 221 (30.2)
25-30 326 (27.9) 261 (36.5) 432 (32.1) 247 (33.7)
>30 17 (1.5 12 (1.7 58 (4.3) 24 (3.3)
Smoking
Never 288 (24.6) 210 (29.3) <0.0001° 1,300 (96.7) 715 (97.5) 0.4727°
Former 355 (30.4) 293  (40.9) 11 (0.8) 6 (0.8)
Current 525 (44.9) 213 (29.8) 33 (2.5) 12 (1.6)
Unknown I (0.1 0 (0.0)
Drinking
Never 250 (21.4) 138 (19.3) 0.5252° 977 (72.7) 464 (63.3) <0.0001°
Former 82 (7.0 54 (7.5) 21 (1.6) 11 (1.5)
Current 837 (71.6) 524 (73.2) 346 (25.7) 258 (35.2)

2 Wilcoxon test

b Chi-square test
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Table 9. Distribution of clinical parameters at baseline (3™ wave) by participation in regular exercise in men (Ansan Ansung cohort study
p Yy P p gu

Participation in regular exercise

No Yes
N=1,169 N=716

LSMean (95%CL) LSMean (95%CL) Beta SE p-value p-fdr.adj
SBP 106.91 (98.56-115.26) 105.92  (97.54-114.30) -0.9894 0.5306 0.0624 0.1664
DBP 70.82  (65.07-76.58) 70.16  (64.38-75.94) -0.6638 0.3656 0.0696 0.1671
Waist circumference 82.89 (79.72-86.05) 82.02 (78.84-85.19) -0.8702 0.2010  <0.0001 0.0003
Hip circumference 89.46 (87.22-91.69) 89.66 (87.42-91.91) 0.2082 0.1419 0.1426 0.2139
Waist hip ratio 0.93  (0.89-0.96) 0.91 (0.88-0.95) -0.0115 0.0023  <0.0001 <0.0001
Intracellular fluid 22.95 (21.35-24.55) 23.18 (21.58-24.79) 0.2327 0.1015 0.0220 0.0878
Extracellular fluid 11.20 (10.29-12.11) 11.22  (10.30-12.13) 0.0125 0.0578 0.8293 0.8530
Protein mass 12.44 (11.55-13.33) 12.53 (11.63-13.42) 0.0877 0.0566 0.1216 0.1989
Mineral mass 2.73 (2.57-2.88) 2.74 (2.59-2.90) 0.0167 0.0098 0.0865 0.1831
Body fat mass 13.17 (11.53-14.81) 13.04 (11.40-14.69) -0.1317 0.1041 0.2063 0.2970
Total body water 34.17 (31.72-36.61) 3441 (31.96-36.87) 0.2430 0.1554 0.1181 0.1989
Muscle mass 46.64 (43.30-49.98) 46.97 (43.62-50.33) 0.3316 0.2124 0.1186 0.1989
Lean body mass 49.32  (45.82-52.82) 49.69 (46.18-53.20) 0.3742 0.2224 0.0926 0.1853
Body fat percentage 20.54 (18.15-22.93) 20.31 (17.91-22.71) -0.2281 0.1520 0.1335 0.2090
Visceral fat percentage 0.91 (0.89-0.92) 0.90 (0.89-0.92) -0.0028 0.0010 0.0040 0.0223
Obesity degree 113.58 (111.55-115.60) 113.46 (111.43-115.49) -0.1208 0.1285 0.3473 0.4534
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Participation in regular exercise

No Yes
N=1,169 N=716

LSMean (95%CL) LSMean (95%CL) Beta SE p-value p-fdr.adj
Fasting blood sugar 94.01 (87.10-100.91) 93.55 (86.62-100.48) -0.4567 0.4387 0.2980 0.4126
HbAlc 522 (4.93-5.51) 523 (4.94-5.53) 0.0112 0.0187 0.5495 0.6381
Fasting Insulin 6.97 (4.36-9.57) 6.68 (4.06-9.30) -0.2848 0.1658 0.0860 0.1831
Total cholesterol 180.72 (155.57-205.86) 180.68 (155.44-205.92) -0.0379 1.5979 0.9811 0.9811
HDL cholesterol 34.73  (26.87-42.59) 36.15 (28.26-44.05) 1.4270  0.4996 0.0043 0.0223
LDL cholesterol 120.77 (96.78-144.76) 121.37 (97.28-145.45) 0.5989 1.5245 0.6945 0.7576
Triglyceride 126.12  (50.76-201.49) 115.80 (40.15-191.46) -10.3188 4.7894 0.0313 0.1128

Adjusting for age, education, income, marital status, job, BMI, smoking, and drinking
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Table 10. Distribution of clinical parameters at baseline (3" wave) by participation in regular exercise in women (Ansan Ansung cohort study)

Participation in regular exercise

No Yes
N=1,169 N=716

LSMean (95%CL) LSMean (95%CL) Beta SE p-value p-fdr.adj
SBP 110.10 (104.81-115.40) 110.11 (104.80-115.42) 0.0084  0.5513 0.9879 0.9879
DBP 73.34  (69.78-76.90) 73.09  (69.52-76.66) -0.2501  0.3708 0.5002 0.5899
Waist circumference 78.53 (76.13-80.92) 77.34 (74.94-79.75) -1.1842  0.2494  <0.0001 <0.0001
Hip circumference 91.40 (89.85-92.95) 91.65 (90.09-93.20) 0.2452  0.1617 0.1296 0.2029
Waist hip ratio 0.86 (0.83-0.89) 0.84 (0.81-0.87) -0.0157  0.0030  <0.0001 <0.0001
Intracellular fluid 18.49 (17.73-19.26) 18.73  (17.96-19.49) 0.2324  0.0794 0.0035 0.0283
Extracellular fluid 9.20 (8.77-9.62) 9.26 (8.83-9.68) 0.0636  0.0440 0.1489 0.2233
Protein mass 10.09 (9.67-10.51) 10.20 (9.77-10.62) 0.1061  0.0441 0.0163 0.0369
Mineral mass 232 (2.25-2.39) 234 (2.27-2.41) 0.0186  0.0075 0.0139 0.0369
Body fat mass 17.76  (16.93-18.60) 17.69 (16.85-18.52) -0.0787  0.0866 0.3636 0.4675
Total body water 27.69 (26.53-28.85) 27.98 (26.82-29.15) 0.2930  0.1212 0.0157 0.0369
Muscle mass 37.76  (36.18-39.35) 38.17 (36.58-39.76) 0.4067  0.1651 0.0139 0.0369
Lean body mass 40.06 (38.40-41.73) 40.51 (38.84-42.17) 0.4414  0.1732 0.0109 0.0369
Body fat percentage 29.90 (28.51-31.28) 29.67 (28.28-31.06) -0.2286  0.1440 0.1127 0.1845
Visceral fat percentage 0.90 (0.89-0.91) 0.90 (0.88-0.91) -0.0050  0.0011  <0.0001 0.0001
Obesity degree 119.74 (118.37-121.12) 119.47 (118.09-120.85) -0.2701  0.1432 0.0595 0.1071
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Participation in regular exercise

No Yes
N=1,169 N=716

LSMean (95%CL) LSMean (95%CL) Beta SE p-value p-fdr.adj
Fasting blood sugar 87.06 (83.37-90.75) 86.88 (83.18-90.58) -0.1794  0.3840 0.6404 0.6987
HbAlc 5.44 (5.28-5.61) 5.42 (5.25-5.59) -0.0200  0.0173 0.2467 0.3416
Fasting Insulin 9.19 (7.67-10.72) 8.80 (7.28-10.33) -0.3885  0.1586 0.0144 0.0369
Total cholesterol 201.63 (186.79-216.46) 205.86  (190.98-220.73) 4.2265 1.5446 0.0063 0.0322
HDL cholesterol 47.35 (42.76-51.93) 48.70 (44.10-53.29) 1.3505  0.4774 0.0047 0.0283
LDL cholesterol 134.99 (121.71-148.28) 138.38 (125.06-151.70) 3.3893 1.3835 0.0144 0.0369
Triglyceride 96.45 (65.61-127.28) 93.88 (62.96-124.80) -2.5659  3.2106 0.4243 0.5267

Adjusting for age, education, income, marital status, job, BMI, smoking, drinking and menopause status
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sholl wE AR E(Figure 8-Figure 9, Appendix 12-Appendix
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=S A &E IFNNN)Ol vlE AEHFH o=

H3ke A-(Y/Y/N or YNN), #5ET F29 F7Fge] g A=
stoldk = Qlolth. F7FA o2 37|(baseline)ol A TFH A %S §HA

gt ets 5o Fojske FeE H3sE $A S -9 (N/N/Y or N/Y/Y)

2 Aashla, ZUlaHE ARE FUAHE, DL SdaH ) 2

L

=718k th(Figure 9). ©l& oA 37](baseline)ol|l A +& 202 &3
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THAS % FHPHEFEHACR &% Fo = IFYYYH
A&H 07 5o oA k= IFWINN)ol wE thadate] 7)E
54 &S 371 AlA(baseline)oll A o] F A Al -5 o] offte] wE
Zpol o} M=t AFES  H I =dl(Appendix 18), 37| A] 7 (baseline)
VlFom Y FAEE AR A % BEH W PFFN/NN vs N/NY
vs N/YY, =& Y/Y/Y vs Y/YN vs YN/N)OIAE e 718 54 9]
2pol 7 A YEFYA] 99 tH(Appendix  19-Appendix 20). ©|& st A 3R
¢lato]  AAl e W3zt AR Jf IFelA AP A wmEt

YERA] S=the 28 8183 th(Appendix 21-Appendix 22)
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Men
No exercise at baseline Exercise at baseline

105 » Waist circumference 0.05 -

0.02 Hip circumference 051

=011 Body fat mass 241 @

026 - Body fat percentage 2 e

0.53 o Visceral fat percentage 102 &

Fasting blood sugar 553 @ 898 @ 776 @

21.24 . Fasting Insulin 3246 .
-37.95 . LDL 527 @

114 @ Triglyceride 19.57 .

N-Y-Y N-N-Y N-N-N Y-Y-Y Y-Y-N Y-N-N

Figure 8. Relative changes in clinical parameters from the baseline to the 2nd follow-up according to

patterns and changes in regular exercise behavior in men (p<0.05) (Ansan Ansung cohort study)
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Women

No exercise at baseline Exercise at baseline
065 o 112 e \ 148 @ Intracellular fluid -083 @
2061 ® 089 ‘ 125 @ Protein mass 069 ®
092 ® Mineral mass 054 »
062 o 057 8 ‘ -126 @ Total body water 070 ®
125 ® Muscle mass 072 e
-123 ® Lean body mass 0.70
633 @ Total cholesterol 390 @ s @ 397 @
LDL ss1 @ 1058 ' 11.93 ‘
8.69 ‘ Triglyceride 2090 .
N-Y-Y N-N-Y N-N-N Y-Y-Y Y-Y-N Y-N-N

Figure 9. Relative changes in clinical parameters from the baseline to the 2nd follow-up according to patterns

and changes in regular exercise behavior in women (p<0.05) (Ansan Ansung cohort study)
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Aty A7 &8 A9 AYIEFYH SUE E S T(Institutional
Review Board, IRB No. 1812-129-997).

o A iEe eI F 3Ee ddAgT|ioR

olojx= F 6L FTAATE IFHU A ML 57

(L
o
i

HAASe o A4 SEYs AHdA AAEE §4seE



HEASoNA THE ol wEs 7had ATstEs A7 sklon,

2
oX,
2
ofo
H

m
°
>

AEleX s A2EHR f59 % ZZIH

i
M
)
)
o,
i)
2
e
2
'
ki
)
>
k)
2
>
o
i
2
o)
P
2!
g

(@]

E

A== gt hdA 71 RS sl Ade3inh 20200d 2€ 714
AT FoE IIstE gAdAE 204 FhR EHFEH &% FAV)
A ZE oy, FELU vlolelA FAalo® Q] 2020 2¥ 299 HLE]

AEA AT Adgel wel £% AAe olgo] A7

Aol ZFete] dhozRY ST AAAELL A E4=

. A2l &



ActiGraph wearing at 3rd and 7th week
(arbitrarily selected two weeks)

ActiGraph wearing at 3rd and 7th week
(arbitrarily selected two weeks)

Exercise period

Enrollment
(2019.9.26)

Daily life period

3 month
(2019.12.16 & 2020.1.8)

6% month
(2020.3.28)

- Informed consent

- Sample collection
(Feces, Blood)

- Anthropometry & Blood
pressure measurement

- Questionnaire

- Sample collection
(Feces, Blood)

- Anthropometry & Blood
pressure measurement

- Questionnaire

- Sample collection
(Feces, Blood)

- Anthropometry & Blood
pressure measurement

- Questionnaire

Figure 10. Study design of exercise intervention
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23.12. AASE 57
A A S5 AT A](Global  physical — activity — questionnaire)E &5}
YRS Ha A7 ek Folahil o= AATE A7 dF 2A

O] _‘?—,401 ﬁ E]— Il ]'E(VlgOI'OUS) Oﬂ 7]‘%‘%3’4’ =7 LE(moderate) Oﬂ 7]’%%

3FakeE 7k 1Y TS EAE 225 TH(ActiGraph  GT3X+;
ActiGraph LLC, Pensacola, FL). 7[5l 8% 3z nHFH=&

olgstol HgaAoM, thPATNA A EE FY 5 el 2

5< Agsta el FHaA 10r3F oY FAESEE Faskgith
7t dolEE 30HzE FAEYUI, Actlife SZESo)(ver. 6.12.1;

ActiGraph LLC)E AFE3l9] 60% epoch (AAR Q7)) @Y= &5
7heEel  FFHAT  Trolano Fo] 2008l AlIHE  duElEE
7IdEo. 2 slo] 600l activity count’t 002 T|E¥H Ag v &
AlZEo 2 AYstslal, tha9 activity count Z]=el weEl S AEE
Aolstgitt: #HAEE(0-99  counts/minute), AFE E-5(100-2,019
counts/minute), Td% &  (2,020-5,998  counts/minute), L7} %

2-5(=5,999 counts/minute) [54]. AA#A o7 S TuHE 5o T4

o,

Ft

o

o AIZF2 &4 2,020 counts ©]S] activity counts®H-E] A4k
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activity (MVPA)) A7+ £57|7F 3FAkel 75721 9 S35 &%

AZrel Hgo R AArstdal, wEMAR AR F
TULZE  FE AMVPAS ARV 3FAeE 7FA S
FTIUHE SF AR Hro® A4S thminutes/week).

2.3.1.3. A4

252 "ol AE-2 SST tube, EDTA tube, heparin tube®l] | & = ST},
3 (serum)? EH(plasma) AME2> AAEEE F3 Alow, FA 0]
3= w7kx] 80 C o W% R+l SST tube$t EDTA tubeS =3

e A2

il
flo

AR A o] AFE3F AL, heparin tubeE E3 A E

A E2 targeted metabolomics 2] o] AF-&-3FI T

=
=745 them). EDTA tube®] A8 AMEZFH dudd A% F el
hemoglobinAlc(HbAlc) (mg/dl) %25 =733, SST tubeoll Al Lozl
g3 MEZ2HE, dd(glucose) (mg/dl), HDL & ~HE (mgdl), LDL
FYAESmgdl), T ZFUAHZmgd), Z=AALmgd)e FES
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2.3.1.5. Targeted metabolomics 2]

Aeosta oF| Ak E A A oA AbsoluteIDQ p 180 kit2} Bile acids kit
(BIOCRATES Life Sciences AG, Innsbruck, Austria)E ©]|-&3}o] &40 2 H ¥
targeted metabolomics 2] A& 4 35T} Agilent 1200 series high-
performance liquid chromatography (HPLC) *] 2~ (Agilent Technologies, Santa
Clara, CA, USA)°] “&2zF¥l API 4000 QTRAP (Applied Biosystems/MDS Sciex,
Foster City, CA, USA)E ©]-83}%] Mass spectrometric analysisE 53§ &} 31 T},

Ar "= AMED 10 pl® AFE-SESATE AbsolutelDQ pl80 kiti= flow

o
=

1o

injection analysis (FIA)E -&3ll amino acids, biogenic amines, 7|

of
ol

A =& AeFsletal, liquid  chromatography  (LC)E
glycerophospholipids (phosphatidylcholines), sphingolipids (sphingomyelins),
acylcarnitines, hoxose 7|2 tAMAE s} st F 188719 tiAlAl&
AFsted 4 2o bile acids kiti= H5AF Al Q(cholic acids)®] 207}4]

3k 4 9l targeted metabolomics  kit®]TF. MetIDQ

off

QA E A
A Z E9Jo|(Biocrates) S ©]-838te] thAMAl Ay AFTFE AT
ML Fulel 2AL AxdA AR wek FHESA A3t
Fok % 33 o] o]Fojormw 7t gAHAnit F 339
HES zHA =, 23] o] limit of detection (LOD) W]|¥He] e 2zt
AR 7L AR odAke] 30% oldellA EiE A9, sld oAbl

Ao Agetdlth. HEXC®E 21719 amino  acids, 12712

3 y _17
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acylcarnitines, 70711 2] phosphatidylcholines (PCs), 971 ] biogenic amines,
147119 sphingomyelins, 170 2] hexose, 157} 2] cholic acidsE X &3}o], &
14270 ¢] thAMAIE & Aol ARgSkith 29E dAMAIE & LOD vwh

&k

o

Zti= A5, LD0O2 #o =z A &35kt

2.3.1.6. A 4! 16sRNA gene sequencing

V] 8 = (microbiome) = A 8H7] flke] GRS RAFE Aol o]
Folgnh A AE AEYA AEA AdS vzl A= e
& 4 Q)+ 7] E(Norgen BioTek Corp, Cat. 45660) [55]2 S 3t 5 77}sh
of 2AIZE ol 2 A s o AES Aol o] Foi =
Al G &1l "ol AFAR wiEESIoH, £40] FHEHY] 74
80 C oA d%F R3S TE 16sRNA gene sequencing 2] vl 2 Al
A FAERT, Aap= o2 2tk DNA F%°)& DNeasyPowerSoil Kit
(Qiagen, Hilden, Germany)E AF&3lSlitt. F%% DNAi  QuantIT
PicoGreen (Invitrogen)= AFg-3to] %3} akqlth.  Sequencing  library+
[llumina 16S Metagenomic Sequencing Library®] >~ 2 EFof we} A 25 Q)
a3, V3%} V4 J9s SEA 7= AFESFI T Polymerase chain reaction
(PCR) =% gDNA (2 ng)°ll 5x reaction buffer®}, 1 mM2] dNTP mix, 500
nM2] universal F/R PCR primerﬂ— Herculase II fusion DNA polymerase= AHE
o 2 3]'911:]'(Agilent Technologies, Santa Clara, CA). 12} PCRY cycle%
95Tl A 33t D7t F 95TollA 30%, 55CelA 30%, 72CellA 30%

A 25 cycle®] 3P E S final extension THAl= 72 CTollA] oF 5837F %
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= 3E

At F3%o] AF2%¥ Illumina adapter overhang sequences$} universal
primer pairi= th3 3} 7t} V3-F: 5-TCGTCGGCAGCGTCAGATGTGTATAA

GAGACAGCCTACGGGNGGCWGCAG-3', V4-R: 5'-GTCTCGTGGGCTCGGA

GATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-3".

A WA PCR A= AMPure beads (Agencourt Bioscience,
Beverly, MA)= A3} 31, A ¥ 2 pl7} Indexed Primers ©]-8-3Fo]
& zhelrde] 75 8l PCR S E3H 22k PCR TF2] 32 1
A PCR 5% 9] 273 5dd AiellA 10 cycleo] M3 H et mpxt71A]
% PCR Z¥=2 AMPure beadsE Sall gAsAtE HF A9 A=
2 gPCR Quantification Protocol Guide (KAPA Library Quantification kits for
[llumina Sequecing platforms)®] Wz} qPCRe &3 A=sisisl
TapeStation D1000 ScreenTape (Agilent Technologies, Waldbronn, Germany)=
F3 H7F=St}h. Paired-end (2x300 bp) sequencing<- MiSeq™ platform
(Illumina, San Diego, USA)= &3l 3= St} 400 bp v R H= 500 bp ©|
Aol A9 Zdol= HEE 311, CD-HIT-OTUS AH&3lY] low-quality
reads®} chimeric readsE A A & 97% o]l A& FAFERE clustering
st F 9 operational taxonomic unit (OUT):% %L%L(assignment)é}?i‘:]'.

34 ghid(Taxonomic assignment)<- reference DB (NCBI 16S Microbial)

M

o] BLAST + (v2.9 0)ZFE A=Y 7 =& /714 ARE Fasho]

o] 7ol At}

2.3.1.7. A4

T .
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T Hf AAEF Al TH(minutes/week), DA 3%, microbiome®] 3}
O (a-diversityy WHyES  Hd £ RFHEAE 7]EsQlh
Microbiome®] @ -diversity *] 3% & (number of species, Chaol index, Shannon
index, Simpson index)¥} Ztl] & Q % (relative abundance)= R A3ZE §J]o] 2]

vegan package® E3 AR, AT 52 AP} £5717 F, 1

A

al
DB 5 Al Al Abel 9] Apol & AAsH7] flste] A B
)3 A= paired t-test®, microbiome®] «-diversity A EEol A=
Welch's t-tests AF23FA T Microbiome?] relative abundance®} thA}A] <]

gt Al Al ARo]e] xbo] A elli=  Wilcoxon signed rank testE

AL o) TS K3 false discovery rate p-values €913} T}

Al AR AtolellA] microbiome®] B -diversitys  &Qletiz R
A E Q]9 vegan packages &3l Bray-Curtis dissimilaritys AF&3F 37,

=3} 3454 (principal coordinate ordination analysis (PCoA))¥} & Tz

>,

Ak 2] (permutational multivariate analysis of variance (PERMANOVA))=
TR AV FE FAHCR FoeA WIe dYAR

AR,  128]31 microbiomes % W 3SFgk AFolo]  Spearman correlation
coefficientsE A4t 33, A#AAAIE FAHORE  F3Hp<0.05)

correlations< Cytoscape (ver3.7.2) AXESolE F3 UHEHA=R

K

Ashont

7 b )
75 M =T



23.2. 97 A3

Bt ol

1474 2]

e FAAT

671

AT 5 A

24.9(*+3.88)31 T}

-
R

46.3(+5.33)41%13, Fa BMI

=

2 (GPAQ) 2.

h=
A

= A A A 2E

185.9( £ 168.7)°]1 %1

3t

102.5%-(£82.3) 0%

ok
o}

& ¢H(SBP, DBP)Z} HbAlc, LDL

BIESNIE]

=
=

7t

o oAl =

5
T

o 4d8ENT 9]

-
AL

/B]'

]
=

0

%] 91 tH(Table 12).

s

HbAlco| A" 3

o, BAH foge

%}\

H

ol
;OO
ﬁO

76



Table 11. Basic characteristics of subjects in the intervention study

Variables N (%)
Age, Mean + SD (years) 46.3 +£5.33
40-44 5(35.7)
45-49 6 (42.9)
50-54 1(7.1)
55-59 2 (14.3)
Body mass index, Mean + SD (years) 24.9 +3.88
<25 6 (42.9)
>25 6 (42.9)
Missing 2 (14.3)
Education
<Middle school 2 (14.3)
High school 6 (42.9)
>College 6 (42.9)
Income (¥10,000)
<200 1(7.1)
200-400 4 (28.6)
>400 9 (64.3)
Marital status
Living with spouse 12 (85.7)
Living alone 2 (14.3)
Current occupation
Office 8(57.1)
Unemployed/House wives 6 (42.9)
Smoking
Never 10 (71.4)
Former 2 (14.3)
Current 1(7.1)
Unknown 1(7.1)
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Variables N (%)

Drinking

Never 1(7.1)
Former 4 (28.6)
Current 7 (50.0)
Unknown 2 (14.3)
Disease history
No 12 (85.7)
Yes 2 (14.3)
Physical activity questionnaire Mean + SD (minutes/week) 345.0 £298.01
<150mn/wk 2 (14.3)
150-300mn/wk 6 (42.9)
>300 6 (42.9)
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Table 12. Changes in physical activity and clinical parameters during the intervention study

Baseline Exercise period After exercise Daily life period After daily life
MVPA, Mean + SD (minutes/week) 185.9 + 168.73* 102.5 + 82.30
Median (Q1 —Q3) 122.0 (74.0 — 178.0)® 79.25 (59.0 — 122.5)
Clinical parameters
SBP (mmHg) 135.9 £ 15.49° 127.6 £ 11.40 129.7 + 15.62
DBP (mmHg) 89.9 +8.92° 82.0+9.53 84.6 +8.80
Grip strength (kg) 28.0+2.36 27.5+2.38 27.4+2.75
Flexibility (cm) 14.6 +11.48 13.94+10.20 12.5+9.93
Glucose level (mg/dL) 100.6 + 13.60 104.0 + 8.96 100.1 £ 15.33
HbAlc (mg/dL) 111.9 +£8.28° 105.6 £9.51°¢ 108.2 +8.26
Total cholesterol (mg/dL) 211.6 £31.77 207.1 £39.56 209.8 +39.01
Triglyceride (mg/dL) 168.2 +£136.67 191.4 +£233.12 111.1+48.78
LDL cholesterol (mg/dL) 134.0 +37.34° 118.5+38.84 125.0 +£36.14
HDL cholesterol (mg/dL) 65.4+20.14 62.9 £ 19.56 65.2+18.69

a: Significant difference between “Exercise period” and “Daily life period” by paired t-test (p<<0.05)

b: Significant difference between “Exercise period” and “Daily life period” by Wilcoxon signed rank sum test (p<0.05)
c: Significant difference between “Baseline” and “After exercise” by paired t-test (p<0.05)

d: Significant difference between “After exercise” and “After daily life” by paired t-test (p<0.05)
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80 ,-?245 -:‘:3|- 1_'_“ 'ch]I_ 7L



Table 13. Changes in metabolites that were statistically significant during the intervention study

Class Exercise period p-vale* FDR-p Daily life period p-vale* FDR-p
Biogenic amines Acetyl-ornithine | 0.0081 0.0381
Creatinine | 0.0215 0.0663 Creatinine 1 0.0046 0.0732
Putrescine 1 0.0398 0.0991
Serotonin 0.0005 0.0058 Serotonin | 0.0005 0.0347
Taurine 1 0.0105 0.0436 Taurine | 0.0024 0.0693
Total dimethyl-arginine | 0.0105 0.0436 Total dimethyl-arginine 1 0.0061 0.0788
Amino acids Arginine 1 0.0479 0.1836
Aspartate 7 0.0025 0.0209 Aspartate | 0.0005 0.0347
Glutamine | 0.0005 0.0058 Glutamine 0.0134 0.1059
Glutamate 1 0.0118 0.0467 Glutamate | 0.0105 0.0877
Glycine | 0.0479 0.1152
Histidine | 0.0398 0.0991 Histidine 1 0.0061 0.0788
Ornithine | 0.0002 0.0058 0.0024 0.0693
Phenylalanine | 0.0061 0.0319 Phenylalanine 1 0.0266 0.1571
Proline 1 0.0175 0.1240
Tryptophan | 0.0046 0.0286 Tryptophan 0.0024 0.0693
Monosaccharides Hexose | 0.0327 0.0893
Acylcarnitines Cco 1t 0.0012 0.0578
Cle6 | 0.0012 0.0133
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Class Exercise period p-vale* FDR-p Daily life period p-vale* FDR-p
Cl18:2 ] 0.0215 0.0663
Glycerophospholipids lysoPC a C16:0 | 0.0017 0.0173
(Phophatidylcholines) lysoPC a C16:1 | 0.0215 0.0663
lysoPC a C18:0 | 0.0266 0.0771
lysoPC a C18:1 | 0.0034 0.0221
lysoPC a C18:2 | 0.0134 0.0489
lysoPC a C20:4 | 0.0002 0.0058 lysoPC a C20:4 1 0.0327 0.1682
PCaa C28:1 1 0.0046 0.0732
PC aa C32:0 | 0.0079 0.0381
PC aa C32:3 1 0.0266 0.1571
PC aa C34:2 | 0.0024 0.0209
PC aa C36:2 | 0.0266 0.0771
PC aa C36:4 | 0.0005 0.0058 PC aa C36:4 1 0.0191 0.1295
PC aa C38:3 1 0.0171 0.1240
PC aa C38:4 | 0.0034 0.0221 PC aa C38:4 1 0.0081 0.0817
PC aa C38:6 | 0.0097 0.0430
PC aa C40:4 1 0.0360 0.1682
PC aa C40:5 1 0.0426 0.1682
PC ae C32:1 ] 0.0134 0.0489
PCae C34:1 ] 0.0392 0.0991
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Class Exercise period p-vale* FDR-p Daily life period p-vale* FDR-p
PC ae C36:2 | 0.0327 0.0893
PC ae C38:3 1 0.0330 0.1682
PC ae C38:4 | 0.0005 0.0058 PC ae C38:4 1 0.0398 0.1682
PC ae C40:3 | 0.0398 0.0991 PC ae C40:3 1 0.0046 0.0732
PC ae C40:4 | 0.0134 0.0489 PC ae C40:4 1 0.0398 0.1682
PC ae C40:6 | 0.0398 0.0991
PCaeC42:3 | 0.0277 0.0786
PC ae C44:6 | 0.0211 0.0663
Sphingolipids SM (OH) C14:1 | 0.0026 0.0209 SM (OH) C14:1 1 0.0277 0.1571
(Sphingomyelins) SM (OH) C16:1 | 0.0061 0.0319
SM (OH) C22:1 | 0.0033 0.0221 SM (OH) C22:1 1 0.0215 0.1387
SM (OH) C22:2 | 0.0005 0.0058 SM (OH) C22:2 1 0.0081 0.0817
SM (OH) C24:1 1 0.0398 0.1682
SM C16:0 | 0.0002 0.0058 SM C 16:0 1 0.0359 0.1682
SMC1e6:1] 0.0002 0.0058 SM C 16:1 1 0.0081 0.0817
SM C18:0 | 0.0026 0.0209 SM C 18:0 1 0.0360 0.1682
SMC18:1] 0.0005 0.0058
SM C 20:2 | 0.0171 0.0607
SM C 24:0 | 0.0030 0.0221 SM C 24:0 1 0.0424 0.1682
SM C24:1 | 0.0002 0.0058
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Class Exercise period p-vale* FDR-p Daily life period p-vale* FDR-p
Bile acids Cholic acid | 0.0108 0.0436
Chenodeoxycholic acid | 0.0061 0.0319
Glycocholic acid | 0.0215 0.0663
Glycochenodeoxycholic acid |  0.0215 0.0663
Glycodeoxycholic acid | 0.0086 0.0393
Glycolithocholic acid | 0.0440 0.1078
Glycoursodeoxycholic acid | 0.0005 0.0058 Glycoursodeoxycholic acid 1 0.0105 0.0877
Tauromuricholic acid | 0.0051 0.0300 Tauromuricholic acid 1 0.0408 0.1682
Tauroursodeoxycholic acid | 0.0063 0.0319 Tauroursodeoxycholic acid 1 0.0037 0.0732
Ursodeoxycholic acid] 0.0254 0.0766 Ursodeoxycholic acid 1 0.0105 0.0877

*Wilcoxon signed rank test (p<0.05)

Bold: FDR-p<0.05

Abbreviations: lysoPC = lyso-phosphatidylcholine; PC aa= diacyl phosphatidylcholine; PC ae = acyl-alkyl phosphatidylcholine; SM = sphingomyelin
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FUPAE  FQ S (richness)?t 5 S(evenness)E U EM =

AER a-diversity RIFES 571 A5 4G Aol A
o3k 2pol= WX kkal(Table 14), Al 7] A1 Aol 2] B-diversity =

FAACR fFolstA] &S thFigure 11). = A71ZF &<t microbiome 9]
relative abundance W 3}E F(genus) oA #HESIG S W, =F7|3F
A3ol= 671 genus, LAFAAE7IZF AFol= 4719 genus7} Alol&

P

o
R=
2
|

FANCE  f8

Oft

BRAT, oEEde B

2 3k ThH(Appendix 24- Appendix 25).
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Table 14. Changes of a-diversity of microbiome during the intervention study

Baseline After exercise  After daily life  p-value! p-value?
Number of species  108.3 £26.43 101.3+2291  95.2+26.38 0.2065  0.2737
Chaol 113.6 £29.08 107.6+25.81 102.2+28.59 0.3839  0.3899
Shannon 2.70+£0.43 2.57+0.42 2.47+0.45 0.3501  0.2405
1/Simpson 8.41+3.72 6.87+2.93 6.99 +3.40 0.0818  0.7922

pl: Paired Welch’s t-test between “Baseline” and “After exercise”

p2: Paired Welch’s t-test between “After exercise” and “After daily life”
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* Baseline
* After exerci_se
0.4 * After daily life
R? p-value
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Figure 11. Principal coordinate ordination (PCoA) using Bray—Curtis dissimilarity
between “Baseline”, “After exercise”, and “After daily life” (Intervention study)

Permutational multivariate analysis of variance (PERMANOVA) was performed to

analyze beta diversity

87 2 A28k



&7 AFeA FAACR {3 WzE KAl
HEAE(ES, HbAle, LDL FHAHIE) w®skgd vsdd=

BASHLE Fo4d5 Zhe 40709 tiAMAl s ®skgh Alol o A

r
=

skl a, FAIF R Fost AdIA(p<0.05)F 7IHtOZE U ES IS
skl ekl th(Figure 12). %571 & 571 @(SBP)2] W3k= cholic
acids ZAlE<Q]  glycoursodeoxycholic acid (GUDCA)S H3}el k9
FHHAE Blow, oyl ESkDBP)Y  Wste]  AF%  total
dimethylarginine (DMA)S] W 3}ol= <ol A#A#A, SM (OH) C22:19
Hslel= 59 AAAAIE EATE HbAlc® W3li= cholic acid (CA)Y
Hskel kel A#aArE #l¥gity. LDL  ZHEAHIES A9,
sphingomyelins 7] & ¢] T ARA] 37K 9 sk H 3}ah= RO =

UEFsk TH(Figure 12).

88 J'A! _CI:I_ 1_-_]5 =]



ASBP APC ag C32:1
AGUBCA— 1 peae Ca0:4
AlysoPC a C16: 0
AP(, ae C384 / \»
o ApC W OB /
ATUDCA—-.. g o 18 ; Ahsul’CaClB 1
- —. APL aaC\Z | A e 3
f AthA Hb / APC aa'C38:6 /

AACOrT— _ATaurme | ;

i Al\{‘ an ms t

ﬁ(;[q;{\__ 4 /AF rp : o i o
\ ;:— —4 "J"*Q'Asp' Al}_sn_PCa C20: ASMICT6:1
L7 < NI TR e N ailie
// C,I)G(\l‘ ./ ASerotonin ; |
| e \ S L e
AlvsoPC a Cls 2 < APCan C34 2/ \ _L;ff_f,_ﬁ,\f-— |
5 AGrr— |
\ \
- AY 7. ,
ke ASMCIS.I _ asm (Oma“ /
T qMﬁﬁu .
AHBATC Xl oo Y
ASM (OH) C16:1 \ \\ -

\ / Nl F
., N St

ASM C18:0 2
ASM €C24:0

ACL6

__ATotal DMA

ADRP
/

_ASML(QH) C22:1

o ASM,CMI

- AEDL

/TASM [GH) cn2 5

Figure 12. Network based on the Spearman correlation between changes in

biomarkers during exercise period (Intervention study)

Blue edges represents negative correlation,

red edges represents positive

correlation. Threshold: Spearman correlation coefficient p<0.05 (42 nodes, 87

edges).

hemoglobin Alc, LDL:

low-density lipoprotein-cholesterol,

SBP: systolic blood pressure, DBP: diastolic blood pressure, HbAlc:

Ac-Orn: acetyl-

ornithine, Total DMA: total dimethyl-arginine, Asp: aspartate, Gln: glutamine, Glu:

glutamate, Phe: phenylalanine, Trp: tryptophan, lysoPC: lyso-phosphatidylcholine,

PC aa= diacyl phosphatidylcholine, PC ae: acyl-alkyl phosphatidylcholine, SM:

cholic acid, CDCA:
GUDCA:

sphingomyelin, CA:

glycodeoxycholic  acid,

glycoursodeoxycholic

chenodeoxycholic acid, GDCA:

acid, TUDCA:

tauroursodeoxycholic acid, TMCA ab: tauromuricholic acid (sum of alpha and

beta)
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T EHES, HDL ZFUAHES AA LDL FdAHEY F

oA E/HA ddHs THe olFAH o] LA HEAX
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Ayew Aol g, oF Aole AVWAT FHAY £EL
sA g 2Eun #4490 £58 s 1Edd BAHow
felal Atk AL ouan, 5 eFow AW FAALY Paw
Qe ARE dAABel  ofwEE BHN  FHAWH,  HDL
ZU2HE, LDL S AEE Aol dAIZE 5 98 H= AstA
At AAE Vs AR g *Fdd o7 AN
¥4 post-heparin  plasma lipoprotein lipase &2 T7l= A3
o] Fo A ™ lipoprotein lipasei= lipoprotein = U7/l Z Sl 7l-EslE
S 9ge vk dEA A [56]. A WA ATtelM ZINbA
Aol A Al 5 Folrk HDL FHlAHEI o] AR S

A d(Appendix 4), +E°l °st HDL ZFdHXEE F7F 94
lipoprotein lipase”} ¥odhi= F O 2 o AX| ™ [56] wheba] o] 7] 50]

MENS FAA FAAYT HDL o2 Abolo] 29 JuuAE

FK

ol

SRE oS =

N

ojt}, %07 <3 HDL Fu|AHE2 F71= liver

X receptor £} ATP-binding cassette transporter A-1°] 2]t 7] % A O]'ﬂoi
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812 ™, reverse cholesterol transport pathways &3 LDL ZdAHES
ro® olFAA A= ¥% LDL TH2HEYR F FYU HES

a7 FAAR 7o m oa & qls Flolth [57-60].

3.3 AR 9 AR Aol FAF 71A

FTAATANA 3712 2] 5717t &<t phosphatidylcholines, sphingomyelins,
bile acids AlE 2] A Zo] dHA 0w HATE G 5 Uik o]
QA2 438 E 371e 5 vl SUbeke AEe B,
ojgigl A= o dy=¥ dudEs AL ¢ AAH [29, 61, 62].

Phosphatidylcholines, sphingomyelins 7] ] thAMA =

flo
o>,
e
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o
o
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o

A& Fo] AFFES HolH, bile acids AL UAMANES AT T
A AR F] Aol S-S HolFE old ATFEEFE [63, 64],
+&C % <3 phosphatidylcholines, sphingomyelins, bile acids #Q

AR ES Hart AEd bS8 e S0l e o=

olel, mletE A FE HwagS W glutamine®] TAFTHE AES

BolE AT AbE Qglen [e6], ol9k #AH AHony LEeh:
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EQF THFE glutamine®] §Jo] fHadAY, e tE A O RN

rl

glutamine®] 7} F71el7] wlim o= AQkE w} Qlth [67]. Lo,
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SAACE T3 AHRAAE et e HEAIE S5t & 7
ATt

ol Aol A bile acids TSl AAAERE LHZ 7a-hydroxy-
4-cholesten-3-one (C4)¥} AL A 3 Alolo] AAAHS Hsh

#Jo] gl o [64], bileacids =7 T BN H ks AS HoE

2
-1

S Q9T [71-73] 4, bile acids9 Pk, Tel3 FHAT Aol o)

re
)
o,
o

HolFE AT A9l [74] bile acids FSTFH WL T

%] Zk(coronary artery stenosis)©|U =2} (plaque) HA f o] SIS
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A5 F3l [75], bile acids HAMAI S dF, 22jar EF 53 Alo]e

o

A-gE #AAZE AF= 5l = 5 Stk Bile acids® $A 2 IFolA
ZUAHE o] 32 E(catabolism)oll o]al o] FolA|™ o]E A FHIE bile
acidsi= nuclear receptorq] farnesoid X receptor (FXR)$2} membrane receptor?!
G protein-coupled membrane receptor 5 (TGRS)E &/d 3} sty 23 A&
At F4 A s e ZAoE d#A Utk [76-78]. *FOE
e TFFA 2 HEA ALY A ES] A 7] thaf A= ZFA S
defzl wprh glod, #%& % bile acids WAFAIES] A7 FXR¥

TGR5¥ &2 A 7[AEs &8k €93 s H5e A48=

Mg 571 Bk A% DL FEAHES AL
sphingomyelins A1 2] tjAFA¢l SM (OH) C22:1, SM (OH) C14:1, SM C 24:0
& Adaet 9 sAduE o] FAATE T FIE AT Palau-
Rodriguez 5 olUA AHF A3 AALdsS @7 APt AT
4 SARTE FANNL, AT AFol FAW IFolA o @
sphingomyelins= &R1&} 0w, o] A4 % sphingomyelins$} LDL
FUAHE Atolo foust AHdAE BTt [79]. sl st
sphingomyelins Al tiAbA]l WA ste] ZpAIgE 71 g A UAA EARE
sphingomyelins Al 2] thAAl el T3 d Al (precursor)= &zl
ceramide’} &l 9 FAEE HAAFE AF7E UATH  [80]
Sphingomyelins®] $}/d ¢l = endoplasmic reticulum®l| A Golgi”7} 4| ceramide

transfer proteine 3t ceramidel] HEo] Qs Ao F <z Qlom,
p
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microsomal triglyceride transfer protein®] 2]3ll lipoprotein®] ZH % & &<t
ceramides?}  sphingomyelins=< FA W% X (very low density

lipoproteins (VLDLs))ell A3tect [81]. o]st A&z 34
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Appendix 1. Comparisons between the included and excluded datasets (HEXA

study)
Included dataset ~ Excluded dataset
N=17,053 N=45,098 Standardized
N (%) N (%) difference”

Sex
Men 5,390 (31.6) 15,471 (34.3)

Women 11,663 (68.4) 29,627 (65.7)

Age, mean + SD (years) 52.6£7.75 53.8+7.81 0.151
40-44 3,213 (18.8) 6,508 (14.4) 0.166
45-49 2,833 (16.6) 7,718 (17.1)

5054 4,110 (24.1) 10,174 (22.6)
55-59 3,283 (19.3) 8,638 (19.2)
60-64 2,369 (13.9) 7,428 (16.5)
65-69 1,245 (7.3) 4,632 (10.3)

Education
<Middle school 4,730 (27.7) 14,516 (32.2) 0.107
High school 7,551 (44.3) 18,965 (42.1)
>College 4,719 (27.7) 11,107 (24.6)

Unknown 53 (0.3) 510 (1.1)

Income (¥10,000)
<200 4,073 (23.9) 12,986 (28.8) 0.217
200-400 7,475 (43.8) 17,270 (38.3)
>400 5,130 (30.1) 9,156 (20.3)

Unknown 375 (2.2) 5,686 (12.6)

Marital status
Living with spouse 15,416 (90.4) 40,824 (90.5) 0.010
Living alone 1,620 (9.5) 4,152 (9.2)

Unknown 17 (0.1) 122 (0.3)
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Included dataset Excluded dataset

N=17,053 N=45,098 Standardized
N (%) N (%) difference”
Current occupation
Office 3,859 (22.6) 8,228 (18.2) 0.119
Manual 5,545 (32.5) 13,745 (30.5)
Unemployed/housewife 7,488 (43.9) 21,627 (48.0)
Soldier/etc. 112 (0.7) 253 (0.6)
Unknown 49 (0.3) 1,245 (2.8)
BMI, kg/m?
<18.5 354 (2.1) 679 (1.5) 0.094
18.5-23 6,929 (40.6) 16,713 (37.1)
23-25 4,705 (27.6) 12,855 (28.5)
25-30 4,669 (27.4) 13,551 (30.1)
>30 396 (2.3) 1,276 (2.8)
Unknown 0 (0.0 24 (0.1)
Smoking
Never 13,026 (76.4) 33,311 (73.9) 0.059
Former 2,294  (13.5) 6,927 (15.4)
Current 1,720 (10.1) 4,660 (10.3)
Unknown 13 (0.1) 200 (0.4)
Drinking
Never 8,662 (50.8) 23,871 (52.9) 0.083
Former 512 (3.0) 1,839 (4.1)
Current 7,855 (46.1) 19,224 (42.6)
Unknown 24 (0.1) 164 (0.4)
Regular exercise, mean + SD 180.1 +255.6 170.7 +238.4 0.038
No 7,585 (44.5) 20,759 (46.0) 0.031
Yes 9,468 (55.5) 24,339 (54.0)

* Standardized difference between included dataset and excluded dataset without missing

value
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Appendix 2. Characteristics of the study population at baseline by sex (HEXA

study)
Men Women
N=5,390 N=11,663
N (%) N (%)
Age, Mean + SD (years) 54.0+£8.22 51.9+7.43
40-44 935 (17.4) 2,278 (19.5)
45-49 688 (12.8) 2,145 (18.4)
50-54 1,076 (20.0) 3,034 (26.0)
55-59 1,109 (20.6) 2,174 (18.6)
60-64 969 (18.0) 1,400 (12.0)
65-69 613 (11.4) 632 (5.4)
Education
<Middle school 1,044 (19.4) 3,686 (31.6)
High school 2,149 (39.9) 5,402  (46.3)
>College 2,178 (40.4) 2,541 (21.8)
Unknown 19 (0.4) 34 (0.3)
Income (¥10,000)
<200 1,149 (21.3) 2,924 (25.1)
200400 2,374 (44.0) 5,101 (43.7)
>400 1,753 (32.5) 3,377 (29.0)
Unknown 114 (2.1) 261 (2.2)
Marital status
Living with spouse 5,062 (93.9) 10,354 (88.8)
Living alone 321 (6.0) 1,299 (11.1)
Unknown 7 (0.1) 10 (0.1)
Current occupation
Office 1,956 (36.3) 1,903 (16.3)
Manual 2,421 (44.9) 3,124 (26.8)
Unemployed/housewife 934 (17.3) 6,554 (56.2)
Soldier/etc. 67 (1.2) 45 (0.4)
Unknown 12 (0.2) 37 (0.3)
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Men Women
N=5,390 N=11,663
N (%) N (%)
BMI, kg/m?
<18.5 65 (1.2) 289 (2.5)
18.5-23 1,609 (29.9) 5,320 (45.6)
23-25 1,673 (31.0) 3,032 (26.0)
25-30 1,914 (35.5) 2,755 (23.6)
>30 129 (2.4) 267 (2.3)
Smoking
Never 1,662 (30.8) 11,364 (97.4)
Former 2,197 (40.8) 97 (0.8)
Current 1,527 (28.3) 193 (1.7)
Unknown 4 (0.1) 9 (0.1)
Drinking
Never 1,029 (19.1) 7,633 (65.5)
Former 343 (6.4) 169 (1.5)
Current 4,013 (74.5) 3,842 (32.9)
Unknown 5 (0.1) 19 (0.2)
Regular exercise, Mean + SD 215.0 +£299.8 164.0 +230.6
No 2,154 (40.0) 5,431 (46.6)
Yes 3,236 (60.0) 6,232 (53.4)
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Appendix 3. Distributions of clinical parameters at baseline by sex (HEXA study)

Men Women
N=5,390 N=11,663
Mean (SD) Median (Q1-Q3) Mean (SD) Median (Q1-Q3)

Pulse (beats/minute) 69.95 (9.13) 69.00 (64.00-75.00) 70.83 (8.73) 70.00 (65.00-76.00)
SBP (mmHg) 124.80  (12.73) 125.00  (116.50-132.50) 119.80  (13.66) 120.00  (110.00-130.00)
DBP (mmHg) 77.71 (8.65) 78.50 (71.00-83.00) 73.68 (8.98) 73.00 (68.00-80.00)
Waist circumference (cm) 85.06 (7.43) 85.00 (80.00-90.00) 77.28 (8.02) 77.00 (71.80-82.50)
Hip circumference (cm) 95.66 (5.64) 95.50 (92.00-99.00) 93.04 (5.72) 93.00 (89.50-96.50)
Waist hip ratio 0.89 (0.05) 0.89 (0.86-0.92) 0.83 (0.06) 0.83 (0.79-0.87)
Body fat mass (kg) 16.40 (4.79) 16.30 (13.30-19.40) 17.60 (4.50) 17.20 (14.50-20.20)
Body fat percentage (%) 23.26 (4.44) 23.60 (20.60-26.30) 30.20 (4.29) 30.30 (27.40-33.10)
Visceral fat mass (kg) 52.88 (5.44) 52.50 (49.20-56.20) 39.85 (3.89) 39.60 (37.30-42.20)
Lean body mass (kg) 48.92 (4.95) 48.50 (45.50-51.90) 36.59 (3.49) 36.40 (34.30-38.70)
Muscle mass (kg) 35.78 (3.61) 35.50 (33.30-38.00) 26.58 (2.55) 26.40 (24.90-28.10)
Cell mass (kg) 10.82 (1.08) 10.70 (10.10-11.50) 7.89 (0.73) 7.90 (7.40-8.30)
Protein mass (kg) 3.99 (0.51) 4.00 (3.60-4.30) 3.27 (0.42) 3.20 (3.00-3.50)
Mineral mass (kg) 2.47 (0.95) 2.40 (1.80-3.00) 2.03 (0.81) 1.90 (1.50-2.40)
BUN (mg/dL) 15.12 (3.85) 15.00 (12.40-17.00) 13.88 (3.69) 13.20 (11.00-16.00)
Creatinine (mg/dL) 0.94 (0.16) 0.93 (0.86-1.01) 0.71 (0.14) 0.70 (0.63-0.77)
Uric acid (mg/dL) 5.63 (1.22) 5.60 (4.80-6.40) 4.12 (0.90) 4.10 (3.50-4.70)
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Men Women
N=5,390 N=11,663
Mean (SD) Median (Q1-Q3) Mean (SD) Median (Q1-Q3)

Total cholesterol (mg/dL) 193.37  (33.19) 192.00  (172.00-214.00) 199.64  (33.83) 197.00  (176.00-221.00)
HDL (mg/dL) 49.96 (11.81) 48.00 (41.00-57.00) 57.07 (13.08)  56.00 (48.00-65.00)
LDL (mg/dL) 114.09  (30.81) 113.60 (94.40-133.20) 120.93  (30.66) 118.60 (99.60-140.20)
Triglyceride (mg/dL) 146.61  (102.39)  120.00 (83.00-177.00) 108.23  (69.15)  92.00 (65.00-132.00)
Fasting blood sugar (mg/dL) 95.58 (15.19) 93.00 (87.00-101.00) 90.75 (13.26)  89.00 (84.00-95.00)
HbAlc (%) 5.65 (0.58) 5.60 (5.30-5.80) 5.60 (0.51) 5.50 (5.30-5.80)
Albumin (g/dL) 4.69 (0.25) 4.70 (4.50-4.90) 4.61 (0.24) 4.60 (4.50-4.80)
AST (IU/L) 24.65 (12.00) 22.00 (19.00-27.00) 21.72 (9.14) 20.00 (17.00-23.00)
ALT (IU/L) 25.50 (16.65) 21.00 (16.00-29.00) 18.84 (13.20) 16.00 (13.00-21.00)
ALP (IU/L) 207.90  (76.13)  209.00  (173.00-250.00) 19449  (84.61) 193.00  (146.00-245.00)
v-GTP (IU/L) 44.07 (50.91) 30.00 (21.00-48.00) 21.64 (20.43) 17.00 (13.00-23.00)
Total bilirubin (mg/dL) 0.86 (0.33) 0.80 (0.60-1.00) 0.69 (0.25) 0.70 (0.50-0.80)
Direct bilirubin (mg/dL) 0.28 (0.11) 0.30 (0.20-0.30) 0.21 (0.08) 0.20 (0.20-0.30)
Indirect bilirubin (mg/dL) 0.58 (0.24) 0.50 (0.40-0.70) 0.48 (0.18) 0.50 (0.40-0.60)
Red blood cell count (million/pL) 4.90 (0.36) 4.90 (4.67-5.13) 4.39 (0.31) 4.38 (4.18-4.59)
Hemoglobin (g/dL) 15.30 (1.09) 15.30 (14.70-16.00) 13.22 (1.11) 13.30 (12.70-13.90)
Hematocrit (%) 45.15 (2.95) 45.20 (43.30-47.10) 39.87 (2.86) 40.00 (38.30-41.70)
MCV (fL) 92.3 (4.15) 92.20 (89.80-94.80) 91.01 (5.006) 91.50 (88.90-94.00)
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Men Women
N=5,390 N=11,663
Mean (SD) Median (Q1-Q3) Mean (SD) Median (Q1-Q3)

MCH (pg) 31.28 (1.53) 31.30 (30.40-32.20) 30.17 (2.10) 30.50 (29.50-31.30)
MCHC (g/dL) 33.89 (0.89) 33.90 (33.30-34.40) 33.13 (1.05) 33.20 (32.60-33.80)
Platelet count (thousand/pL) 237.67  (52.46)  233.00  (203.00-269.00) 261.47  (58.93) 257.00  (223.00-296.00)
CRP (mg/dL) 0.15 (0.32) 0.08 (0.05-0.14) 0.13 (0.36) 0.06 (0.04-0.10)
White blood cell count (thousand/puL) 6.03 (1.57) 5.80 (4.94-6.87) 5.43 (1.42) 5.25 (4.46-6.19)
Grip strength (kg) 36.72 (8.40) 36.80 (32.00-41.80) 222 (5.32) 22.35 (19.20-25.30)
Calcium level (mg/dL) 9.20 (0.37) 9.20 (8.90-9.40) 9.15 (0.39) 9.10 (8.90-9.40)

SBP: systolic blood pressure, DBP: diastolic blood pressure, BUN: blood urea nitrogen, HDL: high density lipoprotein-cholesterol, LDL: low density

lipoprotein-cholesterol, HbAlc: hemoglobin Alc, AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, y-GTP: y-

glutamyl transpeptidase, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP:

C-reactive protein
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Appendix 4. Associations between participation in regular exercise and clinical parameters at baseline (HEXA study)

Men Women
Class Clinical parameter beta SE p fdr.adj beta SE p fdr.adj p for heterogeneity
Blood pressure Pulse -0.1584 0.0286 <0.0001 <0.0001 -0.1088 0.0188 <0.0001 <0.0001 0.1473
SBP 0.0090 0.0278  0.7449  0.8233 0.0318 0.0178  0.0750  0.1086 0.4898
DBP 0.0056 0.0278  0.8405  0.8472 0.0136 0.0183  0.4586  0.5351 0.8100
Obesity-related Waist circumference -0.1032  0.0178 <0.0001 <0.0001 -0.0735 0.0115 <0.0001 <0.0001 0.1611
Hip circumference -0.0050 0.0202  0.8036  0.8472 -0.0523  0.0133  0.0001  0.0002 0.0505
Waist hip ratio -0.1564 0.0247 <0.0001 <0.0001 -0.0603 0.0157  0.0001  0.0003 0.0010
Body fat mass -0.0261 0.0135  0.0534  0.0921 0.0025 0.0065  0.6986  0.7722 0.0563
Body fat percentage -0.0511 0.0174  0.0032  0.0097 -0.0357 0.0081 <0.0001 <0.0001 0.4223
Visceral fat mass -0.0270 0.0141  0.0556  0.0921 -0.0128 0.0067  0.0538  0.0807 0.3630
Body composition  Lean body mass 0.0689 0.0209  0.0010  0.0037 0.0779 0.0145 <0.0001 <0.0001 0.7235
Muscle mass 0.0751 0.0213  0.0004  0.0022 0.0808 0.0149 <0.0001 <0.0001 0.8264
Cell mass 0.0808 0.0211  0.0001  0.0011 0.0785 0.0150 <0.0001 <0.0001 0.9292
Protein mass 0.0846 0.0232  0.0003  0.0016 0.0900 0.0163 <0.0001 <0.0001 0.8490
Mineral mass 0.0384 0.0153  0.0118  0.0291 0.0482 0.0103 <0.0001 <0.0001 0.5952
Renal function BUN 0.0607 0.0281  0.0310  0.0592 0.0643 0.0179  0.0003  0.0007 0.9140
Creatinine 0.0765 0.0282  0.0067  0.0176 0.1135 0.0189 <0.0001 <0.0001 0.2758
Uric acid 0.0130 0.0282  0.6446  0.7458 0.0428 0.0182  0.0189  0.0294 0.3746
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Men Women
Class Clinical parameter beta SE P fdr.adj beta SE P fdr.adj p for heterogeneity
Lipids Total cholesterol -0.0127 0.0286  0.6570  0.7458 -0.0043 0.0184  0.8131  0.8613 0.8049
HDL 0.0944 0.0274  0.0006  0.0027 0.0994 0.0182 <0.0001 <0.0001 0.8792
LDL 0.0070 0.0288  0.8076  0.8472 -0.0016 0.0184  0.9309  0.9536 0.8013
Triglyceride -0.1076  0.0271  0.0001 0.0008 -0.1095 0.0179 <0.0001 <0.0001 0.9533
Glucose level Fasting blood sugar 0.0054 0.0282  0.8472  0.8472 -0.0218 0.0184  0.2375  0.2881 0.4192
HbAlc -0.0619 0.0277  0.0253  0.0507 -0.0208 0.0177  0.2401  0.2881 0.2112
Liver function Albumin 0.0535 0.0281  0.0572  0.0921 0.0327 0.0188  0.0822 0.1114 0.5384
AST 0.0256 0.0284  0.3665  0.4527 0.0467 0.0180  0.0095  0.0160 0.5303
ALT -0.0493  0.0267  0.0649  0.0974 -0.0245 0.0178  0.1679  0.2203 0.4396
ALP 0.0570 0.0286  0.0462  0.0843 -0.0001 0.0177  0.9976  0.9976 0.0896
v-GTP -0.0649 0.0264  0.0139  0.0308 -0.0590 0.0181 0.0011  0.0022 0.8538
Total bilirubin 0.0895 0.0285  0.0017  0.0059 0.0917 0.0189 <0.0001 <0.0001 0.9487
Direct bilirubin 0.0438 0.0287  0.1267  0.1773 0.0468 0.0189  0.0132  0.0213 0.9304
Indirect bilirubin 0.0951 0.0285  0.0008  0.0035 0.0914 0.0189 <0.0001 <0.0001 0.9138
Hematology Red blood cell count -0.0672  0.0273  0.0139  0.0308 0.0226 0.0188  0.2290  0.2881 0.0067
Hemoglobin -0.0350 0.0276  0.2055  0.2697 0.0529 0.0186  0.0045  0.0082 0.0083
Hematocrit -0.0225 0.0279  0.4192  0.5030 0.0632 0.0186  0.0007  0.0014 0.0106
MCV 0.0782 0.0273  0.0042  0.0116 0.0481 0.0184  0.0087  0.0153 0.3606
MCH 0.0523 0.0277  0.0592  0.0921 0.0323 0.0185  0.0819 0.1114 0.5482
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Men Women

Class Clinical parameter beta SE p fdr.adj beta SE p fdr.adj p for heterogeneity
MCHC -0.0310 0.0286  0.2783  0.3542 -0.0118 0.0189  0.5314  0.6033 0.5754
Platelet count -0.0440 0.0285  0.1224  0.1772 -0.0568 0.0186  0.0023  0.0043 0.7068
Inflammation CRP -0.0834 0.0278  0.0027  0.0087 -0.0806 0.0177 <0.0001 <0.0001 0.9323
White blood cell count  -0.0632  0.0275  0.0217  0.0456 -0.0752 0.0186  0.0001  0.0001 0.7178
Others Grip strength 0.0996 0.0272  0.0003  0.0016 0.1085 0.0181 <0.0001 <0.0001 0.7853
Calcium level 0.0398 0.0287  0.1649  0.2235 -0.0042 0.0184  0.8203  0.8613 0.1968

Adjusted for age, education level, income, marital status, occupation, smoking status, drinking status, and BMI (+ menopause for women)

SBP: systolic blood pressure, DBP: diastolic blood pressure, BUN: blood urea nitrogen, HDL: high density lipoprotein-cholesterol, LDL: low density
lipoprotein-cholesterol, HbAlc: hemoglobin Alc, AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, y-GTP: y-
glutamyl transpeptidase, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP:

C-reactive protein
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Appendix 5. Associations between participation in regular exercise and risk of each cardiovascular & metabolic disease (HEXA study)

Men Women
No. of cases No. of cases
Nonparticipants  Participants Nonparticipants Participants
Diseases HR*  (95% CI) HR* (95% CI)

(N=2,154) (N=3,236) (N=5,431) (N=6,232)
Diabetes 80 (3.7) 95 (2.9) 0.83 (0.60-1.16) 124 (23) 106 (1.7) 0.77 (0.58-1.03)
Hypertension 153 (7.1) 212 (6.6) 0.96 (0.76-1.21) 270 (5.0) 312 (5.0) 1.01 (0.84-1.20)
Dyslipidemia 177  (8.2) 232 (7.2) 0.86 (0.69-1.08) 603 (11.1) 699 (11.2) 0.95 (0.84-1.07)

Any cardiovascular & metabolic disease

no. of disease > 1 339 (15.8) 458 (14.2) 0.88 (0.75-1.03) 866 (16.0) 993 (16.0) 0.95 (0.86-1.05)
no. of disease > 2 63 (3.4 70 (2.5) 0.73 (0.49-1.08) 121 (2.6) 119 (2.2) 0.88 (0.66-1.18)

* Age as a time scale and adjusted for education level, income, marital status, occupation, smoking status, drinking status, BMI, and diseases reciprocally

(+menopause status for women)
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Appendix 6. Associations between clinical parameters and the risk of each cardiovascular & metabolic disease (HEXA study)

(A) Men

Diabetes Hypertension Dyslipidemia No. of disease > 1 No. of disease > 2
Class Clinical parameters HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI)
Blood pressure Pulse 1.25 (1.07-1.46) 1.06 (0.95-1.19) 0.94 (0.85-1.05) 1.06 (0.98-1.15) 1.02 (0.84-1.24)
SBP 1.08 (0.91-1.29) 2.96 (2.63-3.34) 0.91 (0.81-1.01) 1.60 (1.47-1.73) 2.29 (1.86-2.82)
DBP 1.03 (0.86-1.22) 244 (2.16-2.74) 0.94 (0.84-1.06) 1.48 (1.37-1.61) 1.77 (1.45-2.17)
Obesity-related Waist circumference 1.47 (1.13-1.91) 0.99 (0.83-1.18) 1.11 (0.93-1.32) 1.13  (1.00-1.28) 1.25 (0.92-1.71)
Hip circumference 1.02 (0.81-1.29) 0.84 (0.71-0.98) 1.00 (0.86-1.17) 0.90 (0.81-1.01) 0.94 (0.71-1.23)
Waist hip ratio 1.36 (1.13-1.64) 1.13  (0.99-1.29) 1.07 (0.95-1.22) 1.18 (1.08-1.29) 1.25 (1.00-1.56)
Body fat mass 1.51 (1.08-2.10) 0.93 (0.74-1.17) 1.06 (0.84-1.33) 1.05 (0.89-1.23) 1.43  (0.95-2.15)
Body fat percentage 1.33 (1.03-1.72) 1.01 (0.84-1.20) 1.08 (0.91-1.28) 1.07 (0.95-1.21) 1.46 (1.06-1.99)
Visceral fat mass 1.58 (1.14-2.20) 0.94 (0.76-1.17) 1.02 (0.82-1.26) 1.05 (0.90-1.22) 1.40 (0.95-2.06)
Body composition Lean body mass 0.97 (0.77-1.20) 0.84 (0.72-0.98) 0.88 (0.76-1.01) 0.86 (0.78-0.96) 0.76  (0.59-0.98)
Muscle mass 1.00 (0.80-1.24) 0.86 (0.74-0.99) 0.86 (0.74-0.99) 0.88 (0.79-0.97) 0.75 (0.59-0.97)
Cell mass 1.03 (0.82-1.27) 0.86 (0.74-1.00) 0.86 (0.75-1.00) 0.88 (0.80-0.98) 0.77 (0.60-0.99)
Protein mass 0.97 (0.80-1.18) 0.87 (0.76-1.00) 0.87 (0.77-0.99) 0.89 (0.81-0.97) 0.77 (0.61-0.96)
Mineral mass 1.17 (0.86-1.59) 0.82 (0.67-1.01) 0.81 (0.67-0.99) 0.85 (0.74-0.98) 0.76  (0.54-1.09)
Renal function BUN 1.09 (0.92-1.28) 0.98 (0.87-1.09) 1.01 (0.90-1.12) 1.02 (0.94-1.10) 1.00 (0.83-1.21)
Creatinine 0.95 (0.81-1.11) 0.93 (0.83-1.05) 1.05 (0.94-1.17) 0.98 (0.91-1.06) 0.95 (0.78-1.15)
Uric acid 0.92 (0.79-1.08) 1.01 (0.90-1.12) 1.11 (1.00-1.24) 1.03 (0.95-1.11) 1.08 (0.89-1.30)
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Diabetes Hypertension Dyslipidemia No. of disease > 1 No. of disease > 2

Class Clinical parameters HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI)
Lipids Total cholesterol 1.08 (0.92-1.27) 1.15 (1.03-1.29) 1.79 (1.61-1.99) 1.44 (1.33-1.55) 1.83 (1.51-2.22)
HDL 0.90 (0.76-1.05) 1.11 (0.98-1.24) 0.91 (0.82-1.02) 0.96 (0.89-1.04) 0.88 (0.72-1.08)
LDL 0.99 (0.85-1.15) 1.09 (0.97-1.21) 1.42 (1.27-1.57) 1.23  (1.14-1.33) 1.38 (1.14-1.66)
Triglyceride 1.38 (1.16-1.64) 1.04 (0.92-1.17) 1.58 (1.41-1.77) 1.35 (1.25-1.47) 1.91 (1.55-2.34)
Glucose level Fasting blood sugar 4.73 (3.93-5.69) 0.94 (0.84-1.06) 1.01 (0.90-1.12) 1.34 (1.24-1.45) 2.23 (1.82-2.73)
HbAlc 5.59 (4.64-6.73) 0.91 (0.81-1.03) 1.15 (1.02-1.29) 1.43  (1.32-1.55) 2.85 (2.31-3.51)
Liver function Albumin 1.09 (0.93-1.27) 1.15 (1.02-1.28) 1.18 (1.06-1.32) 1.18 (1.09-1.28) 1.28 (1.05-1.56)
AST 1.08 (0.92-1.27) 1.20 (1.08-1.35) 1.03 (0.93-1.15) 1.10 (1.02-1.19) 1.39 (1.15-1.69)
ALT 1.46 (1.22-1.75) 1.16 (1.03-1.32) 1.15 (1.02-1.29) 1.21 (1.11-1.31) 1.75 (1.42-2.14)
ALP 1.26 (1.06-1.49) 1.08 (0.96-1.22) 1.06 (0.95-1.19) 1.13 (1.04-1.22) 1.41 (1.16-1.73)
v-GTP 1.49 (1.25-1.79) 1.27 (1.12-1.44) 1.21 (1.07-1.36) 1.29 (1.19-1.41) 1.95 (1.59-2.40)
Total bilirubin 1.04 (0.88-1.23) 1.04 (0.92-1.17) 0.95 (0.85-1.06) 0.99 (0.92-1.07) 1.07 (0.88-1.30)
Direct bilirubin 1.05 (0.89-1.24) 1.00 (0.90-1.13) 0.82 (0.73-0.91) 0.91 (0.84-0.98) 0.90 (0.74-1.09)
Indirect bilirubin 1.03 (0.87-1.22) 1.06 (0.95-1.19) 1.03 (0.92-1.14) 1.04 (0.96-1.12) 1.14 (0.94-1.38)
Hematology Red blood cell count 1.33 (1.13-1.57) 1.12 (1.00-1.26) 1.11 (0.99-1.24) 1.17 (1.08-1.27) 1.53 (1.26-1.86)
Hemoglobin 1.22 (1.04-1.44) 1.19 (1.06-1.33) 1.07 (0.96-1.19) 1.17 (1.08-1.26) 1.47 (1.21-1.78)
Hematocrit 1.16 (0.98-1.37) 1.18 (1.05-1.32) 1.09 (0.98-1.22) 1.15 (1.07-1.25) 1.49 (1.23-1.80)
MCV 0.79 (0.67-0.93) 1.07 (0.95-1.20) 0.96 (0.86-1.07) 0.96 (0.89-1.04) 0.92 (0.76-1.12)
MCH 0.89 (0.75-1.06) 1.08 (0.96-1.22) 0.94 (0.84-1.05) 0.99 (0.92-1.07) 0.95 (0.78-1.15)
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Diabetes Hypertension Dyslipidemia No. of disease > 1 No. of disease > 2

Class Clinical parameters HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI)
MCHC 1.18 (1.00-1.38) 1.03 (0.93-1.16) 0.98 (0.88-1.09) 1.06 (0.98-1.15) 1.04 (0.86-1.26)
Platelet count 1.06 (0.90-1.24) 0.95 (0.85-1.06) 1.13 (1.01-1.25) 1.02 (0.95-1.10) 1.13  (0.94-1.37)
Inflammation CRP 1.42 (1.19-1.68) 1.23  (1.09-1.38) 1.09 (0.97-1.22) 1.21 (1.12-1.31) 1.56 (1.27-1.92)
White blood cell count 1.56 (1.31-1.86) 1.03 (0.92-1.16) 1.12 (1.00-1.26) 1.17 (1.08-1.27) 1.47 (1.20-1.79)
Others Grip strength 1.02 (0.87-1.21) 0.94 (0.84-1.06) 1.01 (0.90-1.13) 1.00 (0.93-1.09) 0.86 (0.71-1.04)
Calcium level 1.10 (0.94-1.29) 1.03 (0.92-1.15) 1.15 (1.03-1.28) 1.09 (1.01-1.17) 1.23  (1.02-1.49)

Age as time scale and adjusted for education level, income, marital status, occupation, smoking status, drinking status, BMI, and diseases (diabetes,

hypertension, and dyslipidemia, reciprocally)

SBP: systolic blood pressure, DBP: diastolic blood pressure, BUN: blood urea nitrogen, HDL: high density lipoprotein-cholesterol, LDL: low density

lipoprotein-cholesterol, HbAlc: hemoglobin Alc, AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, y-GTP: y-

glutamyl transpeptidase, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP:

C-reactive protein
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(B) Women

Diabetes Hypertension Dyslipidemia no. of disease > 1 no. of disease > 2
Class Clinical parameters HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI)
Hypertension Pulse 1.10 (0.96-1.27) 1.10 (1.00-1.20) 1.03 (0.97-1.09) 1.06 (1.01-1.11) 1.11 (0.96-1.29)
SBP 1.23  (1.04-1.45) 3.71 (3.36-4.10) 1.03  (0.96-1.10) 1.51 (1.43-1.60) 3.01 (2.55-3.54)
DBP 1.35 (1.15-1.57) 3.32 (3.01-3.66) 1.03  (0.96-1.09) 1.49 (1.42-1.57) 2.74 (2.34-3.20)
Obesity Waist circumference 1.53 (1.19-1.96) 1.12  (0.96-1.30) 1.05 (0.96-1.16) 1.11 (1.02-1.20) 1.28 (1.00-1.63)
Hip circumference 0.89 (0.72-1.09) 0.93 (0.82-1.06) 0.83  (0.76-0.90) 0.87 (0.81-0.93) 0.71 (0.58-0.87)
Waist hip ratio 1.44 (1.22-1.72) 1.13  (1.02-1.26) 1.15 (1.07-1.24) 1.17 (1.10-1.24) 1.49 (1.25-1.78)
Body fat mass 1.59 (1.03-2.44) 1.02 (0.78-1.32) 0.99 (0.83-1.18) 1.03 (0.89-1.20) 1.18 (0.77-1.82)
Body fat percentage 1.24 (0.89-1.73) 0.97 (0.79-1.19) 1.15 (1.00-1.33) 1.10 (0.98-1.24) 1.22 (0.87-1.72)
Visceral fat mass 1.48 (0.96-2.27) 0.94 (0.73-1.21) 1.02 (0.86-1.21) 1.02 (0.88-1.17) 1.18 (0.77-1.79)
Body composition Lean body mass 1.09 (0.90-1.31) 1.05 (0.93-1.17) 0.89 (0.82-0.96) 0.95 (0.89-1.01) 0.95 (0.79-1.15)
Muscle mass 1.08 (0.90-1.29) 1.04 (0.94-1.17) 0.89 (0.82-0.95) 0.94 (0.89-1.01) 0.95 (0.80-1.14)
Cell mass 1.12  (0.94-1.34) 1.03 (0.92-1.14) 0.90 (0.84-0.97) 0.95 (0.90-1.01) 0.97 (0.82-1.16)
Protein mass 1.06 (0.90-1.25) 1.04 (0.94-1.15) 0.89 (0.84-0.96) 0.95 (0.89-1.00) 0.95 (0.81-1.12)
Mineral mass 1.19 (0.91-1.56) 1.03 (0.88-1.22) 0.86 (0.77-0.96) 0.93 (0.85-1.02) 091 (0.70-1.19)
Renal function BUN 1.06 (0.91-1.23) 0.97 (0.89-1.07) 0.99 (0.94-1.06) 0.99 (0.94-1.04) 1.04 (0.89-1.21)
Creatinine 0.92 (0.80-1.06) 1.02 (0.93-1.11) 0.99 (0.94-1.05) 0.99 (0.94-1.04) 0.98 (0.85-1.13)
Uric acid 1.08 (0.93-1.24) 1.11 (1.01-1.21) 1.11 (1.04-1.18) 1.11 (1.06-1.17) 1.18 (1.02-1.36)
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Diabetes Hypertension Dyslipidemia no. of disease > 1 no. of disease > 2
Class Clinical parameters HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI)
Dyslipidemia Total cholesterol 1.16 (1.00-1.35) 1.01 (0.92-1.10) 2.00 (1.88-2.13) 1.62 (1.54-1.71) 2.07 (1.78-2.41)
HDL 0.74 (0.63-0.86) 0.94 (0.86-1.03) 0.92 (0.87-0.98) 0.89 (0.85-0.94) 0.85 (0.73-0.99)
LDL 0.95 (0.83-1.10) 1.01 (0.92-1.10) 1.88 (1.76-2.00) 1.54 (1.46-1.62) 1.71 (1.47-1.99)
Triglyceride 1.74 (1.49-2.02) 1.10 (1.00-1.21) 1.44 (1.35-1.54) 1.38 (1.31-1.46) 1.91 (1.64-2.22)
Diabetes Fasting blood sugar 5.44 (4.58-6.47) 1.01 (0.92-1.11) 1.10 (1.03-1.16) 1.28 (1.21-1.34) 1.81 (1.55-2.11)
HbAlc 7.33 (6.10-8.82) 0.97 (0.88-1.07) 1.19 (1.12-1.28) 1.37 (1.30-1.45) 2.09 (1.78-2.45)
Liver function Albumin 1.15 (1.00-1.33) 1.01 (0.93-1.10) 1.10 (1.04-1.16) 1.11  (1.06-1.17) 1.06 (0.91-1.22)
AST 1.37 (1.19-1.59) 0.98 (0.89-1.07) 1.01 (0.95-1.08) 1.03 (0.98-1.09) 1.21 (1.04-1.40)
ALT 1.97 (1.69-2.30) 1.00 (0.91-1.10) 1.13  (1.06-1.20) 1.16 (1.10-1.22) 1.51 (1.30-1.76)
ALP 1.45 (1.23-1.72) 1.25 (1.12-1.38) 1.05 (0.98-1.12) 1.16 (1.09-1.22) 1.36 (1.16-1.61)
v-GTP 1.96 (1.68-2.28) 1.10 (1.00-1.20) 1.14 (1.07-1.21) 1.20 (1.13-1.26) 1.58 (1.36-1.84)
Total bilirubin 0.96 (0.83-1.11) 1.05 (0.96-1.15) 0.98 (0.92-1.04) 1.00 (0.95-1.05) 1.00 (0.86-1.15)
Direct bilirubin 0.96 (0.83-1.10) 1.04 (0.96-1.14) 0.82 (0.78-0.87) 0.88 (0.83-0.92) 0.87 (0.75-1.01)
Indirect bilirubin 0.97 (0.84-1.12) 1.05 (0.96-1.14) 1.07 (1.00-1.13) 1.06 (1.01-1.11) 1.05 (0.91-1.22)
Hematology Red blood cell count 1.75  (1.51-2.02) 1.26 (1.15-1.38) 1.09 (1.03-1.15) 1.20 (1.14-1.26) 1.51 (1.31-1.75)
Hemoglobin 1.52 (1.31-1.75) 1.15 (1.05-1.26) 1.07 (1.01-1.14) 1.15 (1.09-1.21) 1.38 (1.19-1.60)
Hematocrit 1.48 (1.28-1.71) 1.18 (1.08-1.29) 1.07 (1.01-1.14) 1.14 (1.09-1.20) 1.40 (1.21-1.61)
MCV 0.77 (0.66-0.90) 0.92 (0.84-1.01) 0.96 (0.90-1.02) 0.92 (0.87-0.97) 0.85 (0.73-0.99)
MCH 0.87 (0.75-1.01) 0.92 (0.84-1.01) 0.97 (0.91-1.03) 0.94 (0.89-0.99) 091 (0.78-1.06)
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Diabetes Hypertension Dyslipidemia no. of disease > 1 no. of disease > 2

Class Clinical parameters HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI) HR  (95% CI)
MCHC 1.13  (0.98-1.31) 0.93 (0.85-1.01) 1.04 (0.98-1.11) 1.03 (0.98-1.08) 1.03 (0.89-1.19)
Platelet count 1.04 (0.90-1.20) 1.07 (0.98-1.17) 1.19 (1.12-1.27) 1.15 (1.10-1.21) 1.26 (1.09-1.47)
Inflammation CRP 1.53 (1.31-1.80) 1.14 (1.03-1.26) 1.09 (1.02-1.17) 1.15 (1.09-1.22) 1.35 (1.15-1.58)
White blood cell count 1.43  (1.24-1.65) 0.98 (0.90-1.07) 1.06 (1.00-1.13) 1.07 (1.01-1.12) 1.26 (1.09-1.45)
Others Grip strength 0.87 (0.75-1.01) 0.97 (0.88-1.06) 1.06 (0.99-1.12) 1.02 (0.97-1.07) 0.92 (0.80-1.07)
Calcium level 1.17 (1.01-1.36) 0.98 (0.89-1.07) 1.11 (1.05-1.18) 1.10 (1.05-1.16) 1.12 (0.96-1.29)

Age as time scale and adjusted for education level, income, marital status, occupation, smoking status, drinking status, BMI, menopause status, and diseases

(diabetes, hypertension, and dyslipidemia, reciprocally)

SBP: systolic blood pressure, DBP: diastolic blood pressure, BUN: blood urea nitrogen, HDL: high density lipoprotein-cholesterol, LDL: low density

lipoprotein-cholesterol, HbAlc: hemoglobin Alc, AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, y-GTP: y-

glutamyl transpeptidase, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP:

C-reactive protein
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Appendix 7. Networks of clinical parameters showing the associations with regular
exercise and the risk of diabetes (HEXA study)

Networks were constructed based on the differential correlations between the
partial correlation coefficients of the exercise and non-exercise groups adjusted for
age. Twenty-six nodes and 31 edges in men (A) and 21 nodes and 21 edges in
women (B). A: positive associations with regular exercise, V : negative
associations with regular exercise, red nodes: positive associations with risks of
one or more chronic diseases, blue nodes: negative associations with risks of one or

more chronic diseases. Solid edges: higher correlations in the exercise group,
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dotted edges: higher correlations in the non-exercise group, red edges: positive
correlations, blue edges: negative correlations

DBP: diastolic blood pressure, HDL: high density lipoprotein-cholesterol, LDL:
low density lipoprotein-cholesterol, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, MCV: mean corpuscular volume, MCH: mean corpuscular
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP: C-

reactive protein
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Appendix 8. Networks of clinical parameters showing associations between
regular exercise and risk of dyslipidemia (HEXA study)
Networks were constructed based on the differential correlations between the
partial correlation coefficients of the exercise and non-exercise groups adjusted for
age. Twenty-six nodes and 31 edges in men (A) and 21 nodes and 21 edges in
women (B) are shown. A: positive associations with regular exercise, V: negative
associations with regular exercise, red nodes: positive associations with the risks of
one or more chronic diseases, blue nodes: negative associations with the risks of
one or more chronic diseases. Solid edges: higher correlations in the exercise
group; dotted edges: higher correlations in the non-exercise group, red edges:
positive correlations, blue edges: negative correlations
DBP: diastolic blood pressure, HDL: high density lipoprotein-cholesterol, LDL:
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low density lipoprotein-cholesterol, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, MCV: mean corpuscular volume, MCH: mean corpuscular
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP: C-

reactive protein
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Appendix 9. Networks of clinical parameters showing the associations with

regular exercise and risk of hypertension (HEXA study)

Networks were constructed based on the differential correlations between the

partial correlation coefficients of the exercise and non-exercise groups adjusted for

age. Twenty-six nodes and 31 edges in men (A) and 21 nodes and 21 edges in

women (B). A: positive associations with regular exercise, V: negative

associations with regular exercise, red nodes: positive associations with risks of

one or more chronic diseases, blue nodes: negative associations with risks of one or

more chronic diseases. Solid edges: higher correlations in the exercise group,

dotted edges: higher correlations in the non-exercise group, red edges: positive

correlations, blue edges: negative correlations

DBP: diastolic blood pressure, HDL: high density lipoprotein-cholesterol, LDL:
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low density lipoprotein-cholesterol, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, MCV: mean corpuscular volume, MCH: mean corpuscular
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, CRP: C-

reactive protein
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Appendix 10. Characteristics of study population in the Ansan Ansung cohort study

at baseline (3™ wave) by sex

Total Men Women
N=3,962 N=1,885 N=2,077
N (%) N (%) N (%) p-value

Age, Mean + SD 54.1+8.34 542 +8.34 53.9+8.34 0.1693*

40-44 287 (7.2) 128 (6.8) 159 (7.7) 0.4467°

45-49 1,302 (32.9) 604 (32.0) 698 (33.6)

50-54 801 (20.2) 396 (21.0) 405 (19.5)

55-59 524 (13.2) 259 (13.7) 265 (12.8)

60-64 402 (10.1) 181 (9.6) 221 (10.6)

65-69 419 (10.6) 201 (10.7) 218 (10.5)

70-74 227 (5.7) 116 (6.2) 111 (5.3)
Education

<Middle school 1,884 (47.6) 728 (38.6) 1,156 (55.7) <0.0001°

High school 1,385 (35.0) 743 (39.4) 642 (30.9)

>College 515 (13.0) 373 (19.8) 142 (6.8)

Unknown 178 (4.5) 41 (2.2) 137 (6.6)
Income(¥10,000)

<200 2,020 (51.0) 842 (44.7) 1,178 (56.7) <0.0001°

200-400 1,315  (33.2) 697 (37.0) 618 (29.8)

>400 594 (15.0) 336 (17.8) 258 (12.4)

Unknown 33 (0.8) 10 (0.5) 23 (1.1)

Marital status

Living with spouse 3,594  (90.7) 1,819 (96.5) 1,775 (85.5) <0.0001°

Living alone 362 9.1) 64 (3.4) 298 (14.4)
Unknown 6 0.2) 2 (0.1) 4 (0.2)
Current occupation
Office 703 (17.7) 540 (28.7) 163 (7.9) <0.0001°
Manual 2,181 (55.1) 1,189 (63.1) 992 (47.8)
Unemployed/
1,014 (25.6) 145 (7.7) 869 (41.8)
House wives
Soldier/etc. 63 (1.6) 10 (0.5) 53 (2.6)
Unknown 1 (0.0) 1 (0.1) 0 (0.0)
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Total Men Women
N=3,962 N=1,885 N=2,077
N (%) N (%) N %) p-value
BMI
<18.5 82 (2.1) 50 (2.7) 32 (1.9 <0.0001°
18.5-23 1,363 (34.4) 649 (34.4) 714 (34.4)
23-25 1,140 (28.8) 570  (30.2) 870 (27.4)
25-30 1,266  (32.0) 587 (31.1) 679 (32.7)
>30 111 (2.8) 29 (1.5) 82 (4.0)
Smoking
Never 2,513 (63.4) 498 (26.4) 2,015 (97.0) <0.0001°
Former 665  (16.8) 648 (344) 17 (0.8)
Current 783  (19.8) 738 (39.2) 45 (2.2)
Unknown 1 (0.0) 1 (0.1) 0 (0.0
Drinking
Never 1,829 (46.2) 388 (20.6) 1,441 (69.4) <0.0001°
Former 168 4.2) 136 (7.2) 32 (1.5
Current 1,965 (49.6) 1,361 (72.2) 604 (29.1)
Regular exercise
No 2,513  (63.4) 1,169 (62.0) 1,344  (64.7) 0.0788°
Yes 1,449  (36.6) 716 (38.0) 733 (35.3)

* Wilcoxon test
b Chi-square test
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Appendix 11. Distribution of clinical parameters by sex in the Ansan Ansung cohort study at baseline (3™ wave)

Men (N=1,885)

Women (N=2,077)

Mean (SD) Median (Q1 -Q3) Mean (SD) Median (Q1 -Q3) p-value *
SBP 111.04 (11.00) 110 (103-119) 108.58 (12.28) 108  (99-117) <0.0001
DBP 75.70 (7.44) 76 (70-81) 72.80 (8.15) 73 (68-79) <0.0001
Waist circumference 83.50 (7.40) 83.5 (78.8-88.3) 81.52  (9.05) 81 (75-87.2) <0.0001
Hip circumference 91.35 (5.11) 91.5 (88-94.5) 91.38 (5.12) 91 (88-94.7) 0.8252
Waist hip ratio 0.91 (0.06) 0.91 (0.88-0.95) 0.89 (0.09) 0.89 (0.83-0.95) <0.0001
Intracellular fluid 24.65 (2.99) 24.6  (22.7-26.5) 18.61 (2.11) 18.6 (17.2-20) <0.0001
Extracellular fluid 12.00 (1.42) 11.9 (11-12.9) 9.12 (1.04) 9.1 (8.4-9.8) <0.0001
Protein mass 13.35 (1.58) 13.3 (12.3-14.4) 10.10 (1.13) 10.1 (9.3-10.8) <0.0001
Mineral mass 2.88 (0.27) 2.88 (2.7-3.06) 2.32 (0.19) 2.32 (2.19-2.45) <0.0001
Body fat mass 13.55 (4.52) 13.2 (10.4-16.3) 17.57 (4.83) 17.3  (14.2-20.4) <0.0001
Total body water 36.65 (4.33) 36.6 (33.8-39.5) 27.73  (3.10) 27.6  (25.6-29.7) <0.0001
Muscle mass 49.99 (5.91) 49.9 (46.1-53.9) 37.83 (4.23) 37.7 (35-40.6) <0.0001
Lean body mass 52.88 (6.19) 52.8 (48.8-56.9) 40.16 (4.43) 40 (37.2-43) <0.0001
Body fat percentage 20.02 (4.75) 19.9 (16.7-23.3) 30.02 (5.19) 30.4 (26.5-33.5) <0.0001
Visceral fat percentage 0.90 (0.04) 0.9 (0.87-0.92) 0.90 (0.05) 0.9 (0.87-0.93) 0.0500
Obesity degree 111.47 (13.04) 112 (103-120) 119.85 (15.23) 118 (109-129) <0.0001
Fasting blood sugar 91.25 (8.95) 90 (85-96) 87.70 (8.19) 87 (82-92) <0.0001
HbAlc 5.38 (0.38) 54 (5.1-5.6) 541 (0.37) 54 (5.2-5.6) 0.0101
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Men (N=1,885)

Women (N=2,077)

Mean (SD) Median (Q1 -Q3) Mean (SD) Median (Q1 -Q3) p-value *
Fasting Insulin 6.77 (3.43) 6.1 (4.9-7.9) 7.51 (3.39) 6.9 (5.6-8.6) <0.0001
Total cholesterol 186.77 (32.35) 185 (164-207) 192.83 (32.92) 190 (170-213) <0.0001
HDL cholesterol 43.56 (10.55) 42 (36-49) 46.30 (10.07) 45 (39-52) <0.0001
LDL cholesterol 115.63 (30.80) 115 (97.2-135.6) 123.67 (29.22) 121.8 (103.8-142.2) <0.0001
Triglyceride 137.85 (97.41) 114 (81-164) 11432 (67.89) 98 (72-137) <0.0001

2 Wilcoxon rank sum test
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Appendix 12. Relative changes in clinical parameters between at baseline (3™ wave) and at 2nd follow-up (5" wave) in men by patterns of

participation in regular exercise (Ansan Ansung cohort study)

Patterns of participation in regular exercise

Not participating in regular exercise consistently Participating in regular exercise consistently
N=576 N=332

LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
SBP 4.99 (4.09-5.89) 5.67 (4.47-6.86) 0.6780 0.7688  0.3780 0.7359
DBP 2.85 (1.97-3.72) 3.65 (2.49-4.81) 0.8050 0.7476  0.2819 0.6483
Waist circumference 1.05 (0.63-1.47) 0.05 (-0.51-0.62) -0.9966  0.3623  0.0061 0.1393
Hip circumference 0.02 (-0.25-0.29) -0.51  (-0.87--0.15) -0.5290  0.2324  0.0230 0.1767
Waist hip ratio 1.06 (0.69-1.44) 0.57 (0.08-1.07) -0.4896 03194  0.1256 0.4128
Intracellular fluid -0.83  (-1.19--0.48) -0.70  (-1.17--0.22) 0.1374  0.3051  0.6527 0.9670
Extracellular fluid 0.09 (-0.27-0.46) -0.40 (-0.88-0.08) -0.4907 0.3093  0.1130 0.4128
Protein mass -0.53  (-0.84--0.22) -0.59  (-0.99--0.18) -0.0520 0.2640  0.8438 0.9670
Mineral mass -0.47  (-0.72--0.21) -0.55 (-0.88--0.22) -0.0829  0.2149  0.6999 0.9670
Body fat mass 4.66 (3.10-6.22) 241 (0.34-4.48) -2.2549 13329  0.0911 0.4128
Total body water -0.57 (-0.88--0.26) -0.61 (-1.02--0.20) -0.0439  0.2653  0.8688 0.9670
Muscle mass -0.53  (-0.85--0.22) -0.52  (-0.93--0.10) 0.0156  0.2673  0.9535 0.9670
Lean body mass -0.53  (-0.83--0.22) -0.59  (-0.99--0.18) -0.0614  0.2610  0.8142 0.9670
Body fat percentage 4.03 (2.77-5.28) 2.22  (0.55-3.88) -1.8115 1.0734  0.0918 0.4128
Visceral fat percentage 1.03  (0.85-1.21) 1.02  (0.79-1.26) -0.0089 0.1525  0.9533 0.9670
Obesity degree 0.40 (0.02-0.77) 0.39  (-0.11-0.88) -0.0132  0.3201  0.9670 0.9670
Fasting blood sugar 7.26 (6.37-8.14) 5.53 (4.36-6.70) -1.7299  0.7567  0.0225 0.1767
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Patterns of participation in regular exercise

Not participating in regular exercise consistently

Participating in regular exercise consistently

N=576 N=332

LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
HbAlc 342 (2.86-3.99) 2.88 (2.14-3.63) -0.5401 0.4808  0.2615 0.6483
Fasting Insulin 36.90 (30.51-43.30) 32.46 (23.99-40.93) -4.4448 5.4616  0.4160 0.7359
Total cholesterol 4.69 (3.43-5.96) 4.28 (2.60-5.95) -0.4182 1.0780  0.6981 0.9670
HDL cholesterol 0.14  (-1.53-1.81) 1.34  (-0.87-3.55) 1.2046 1.4271  0.3988 0.7359
LDL cholesterol 6.68 (3.15-10.21) 6.87 (2.19-11.55) 0.1909 3.0185  0.9496 0.9670
Triglyceride 24.53  (19.31-29.75) 19.57  (12.65-26.49) -4.9625 4.4595  0.2661 0.6483

* LSmeans of relative changes (%)

Adjusting for age

146



Appendix 13. Relative changes in clinical parameters between at baseline (3rd wave) and at 2nd follow-up (5th wave) in women by patterns of

participation in regular exercise (Ansan Ansung cohort study)

Patterns of participation in regular exercise

Not participating in regular exercise consistently

Participating in regular exercise consistently

N=645 N=303

LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
SBP 6.68 (5.73-7.62) 5.66 (4.27-7.06) -1.0164 0.8690  0.2424 0.4646
DBP 4.57 (3.67-5.47) 3.29 (1.97-4.61) -1.2793  0.8231  0.1205 0.2771
Waist circumference 0.15  (-0.29-0.59) 0.24  (-0.41-0.88) 0.0827 0.4032  0.8375 0.9549
Hip circumference 0.33  (0.06-0.60) 0.39 (-0.01-0.78) 0.0584 0.2483  0.8142 0.9549
Waist hip ratio -0.13  (-0.54-0.28) -0.11  (-0.72-0.50) 0.0193  0.3781  0.9593 0.9841
Intracellular fluid -1.48  (-1.77--1.19) -0.83  (-1.26--0.40) 0.6567 0.2665  0.0139 0.1385
Extracellular fluid -0.81  (-1.13--0.49) -0.46  (-0.93-0.01) 0.3495 0.2923  0.2321 0.4646
Protein mass -1.25  (-1.53--0.96) -0.69 (-1.12--0.27) 0.5527 0.2638  0.0364 0.1385
Mineral mass -0.92  (-1.14--0.71) -0.54  (-0.85--0.22) 0.38069 0.1956  0.0482 0.1385
Body fat mass 1.63  (0.47-2.80) 0.54 (-1.17-2.26) -1.0901 1.0683  0.3078 0.5445
Total body water -1.26  (-1.54--0.97) -0.70  (-1.12--0.28) 0.5536  0.2626  0.0353 0.1385
Muscle mass -1.25  (-1.54--0.96) -0.72  (-1.14--0.29) 0.5332  0.2628  0.0427 0.1385
Lean body mass -1.23 (-1.51--0.95) -0.70  (-1.11--0.28) 0.5325  0.2592  0.0402 0.1385
Body fat percentage 2.03 (1.15-2.92) 0.68 (-0.62-1.98) -1.3565 0.8091  0.0940 0.2401
Visceral fat percentage 0.87 (0.66-1.07) 0.86 (0.56-1.16) -0.0037 0.1861  0.9841 0.9841
Obesity degree -0.13  (-0.54-0.28) 0.11 (-0.49-0.71) 0.2391 0.3732  0.5219 0.7061
Fasting blood sugar 6.43 (5.68-7.19) 6.08 (4.96-7.19) -0.3558  0.6946  0.6086 0.7776
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Patterns of participation in regular exercise

Not participating in regular exercise consistently

Participating in regular exercise consistently

N=645 N=303

LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
HbAlc 4.01 (3.47-4.56) 434 (3.54-5.14) 0.3223  0.4983  0.5180 0.7061
Fasting Insulin 27.76  (21.87-33.65) 3248 (23.80-41.16) 4.7246  5.4075  0.3825 0.6284
Total cholesterol 6.38 (5.10-7.66) 3.94 (2.06-5.83) -2.4377 1.1740  0.0381 0.1385
HDL cholesterol -0.25  (-1.73-1.24) -0.47  (-2.65-1.72) -0.2195 1.3604 0.8719 0.9549
LDL cholesterol 9.68 (7.69-11.67) 5.81 (2.88-8.74) -3.8682  1.8279  0.0346 0.1385
Triglyceride 24.17  (19.62-28.73) 20.90 (14.19-27.60) -3.2780  4.1788  0.4330 0.6639

* LSmeans of relative changes (%)

Adjusting for age
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Appendix 14. Relative changes in clinical parameters between at baseline (3" wave) and at 2™ follow-up (5" wave) by changes in regular

exercise behavior in men who did not participate in regular exercise at baseline (Ansan Ansung cohort study)

Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up) in men

No/No/No No/ No/ Yes No / Yes / Yes
N=576 N=98 N=83

LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj

SBP 5.01 (4.12-5.89) 524 (3.10-7.37) 542 (3.08-7.76) 0.2112  0.5908  0.7208 0.7895
DBP 2.66 (1.82-3.51) 3.44 (1.39-5.48) 249 (0.24-4.73) 0.0755 0.5663  0.8939 0.9346
Waist circumference 1.05 (0.61-1.49) 0.57 (-0.49-1.64) 0.14  (-1.02-1.31) -0.4610 0.2943  0.1177 0.2707
Hip circumference 0.05 (-0.22-0.32) -0.38  (-1.03-0.28) -0.60 (-1.32-0.12) -0.3428 0.1807  0.0582 0.1913
Waist hip ratio 1.04 (0.65-1.43) 0.93 (-0.01-1.88) 0.75 (-0.28-1.78) -0.1387  0.2611  0.5954 0.7608
Intracellular fluid -0.92  (-1.29--0.54) 0.01 (-0.88-0.91) -0.77  (-1.76-0.21) 0.2355 0.2488  0.3441 0.6596
Extracellular fluid 0.07 (-0.30-0.44) 0.29 (-0.61-1.19) -0.08 (-1.07-0.91) -0.0168  0.2500  0.9464 0.9464
Protein mass -0.60 (-0.91--0.28) 0.16 (-0.61-0.93) -0.57 (-1.41-0.27) 0.1543  0.2131  0.4691 0.6690
Mineral mass -0.52  (-0.77--0.27) 0.06 (-0.56-0.67) -0.48 (-1.15-0.19) 0.1259  0.1695  0.4579 0.6690
Body fat mass 452 (2.93-6.11) -0.86 (-4.71-2.99) -0.11  (-4.32-4.11) -2.9006  1.0655  0.0066 0.0509
Total body water -0.63  (-0.95--0.31) 0.11 (-0.67-0.88) -0.58  (-1.43-0.27) 0.1617 0.2140  0.4502 0.6690
Muscle mass -0.60 (-0.91--0.28) 0.11 (-0.66-0.87) -0.55 (-1.39-0.29) 0.1536  0.2128  0.4706 0.6690
Lean body mass -0.59  (-0.90--0.28) 0.09 (-0.67-0.85) -0.56  (-1.39-0.27) 0.1436  0.2101  0.4945 0.6690
Body fat percentage 398 (2.69-5.27) -0.97 (-4.10-2.15) 0.26  (-3.17-3.68) -2.4521  0.8656  0.0047 0.0509
Visceral fat percentage 1.01 (0.83-1.18) 0.50 (0.08-0.93) 0.53  (0.06-1.00) -0.2888  0.1181  0.0147 0.0844
Obesity degree 0.32  (-0.05-0.69) -0.18  (-1.09-0.72) -0.37  (-1.37-0.62) -0.3768  0.2500  0.1323 0.2765
Fasting blood sugar 7.26 (6.28-8.24) 5.62  (3.24-8.00) 8.71 (6.11-11.32) 0.2747 0.6587  0.6767 0.7801
:l'\-\.-l'i £ 1| ’,-E
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Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up) in men

No/No/No No/ No/ Yes No / Yes / Yes
N=576 N=98 N=83
LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
HbAlc 3.40 (2.82-3.99) 391 (2.50-5.32) 4.78 (3.24-6.32) 0.6542 0.3895  0.0935 0.2389
Fasting Insulin 37.12  (30.57-43.68) 20.52  (4.65-36.38) 21.24 (3.86-38.61) -9.6023  4.3874  0.0289 0.1109
Total cholesterol 4.68 (3.37-5.98) 6.66 (3.50-9.82) 0.08 (-3.38-3.54) -1.4779  0.8765  0.0922 0.2389
HDL cholesterol 0.16 (-1.54-1.85) 3.40 (-0.70-7.50) -2.55  (-7.04-1.94) -0.4712  1.1357  0.6784 0.7801
LDL cholesterol 6.71 (-4.41-17.83) 14.57 (-12.34-41.49) -37.95 (-67.43--8.47) -16.5492  7.4591  0.0268 0.1109
Triglyceride 24.28 (19.03-29.53) 12.24  (-0.47-24.95) 4.14  (-9.79-18.06) -10.4460  3.5140  0.0030 0.0509

* LSmeans of relative changes (%)

Adjusting for age
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Appendix 15. Relative changes in clinical parameters between at baseline (3" wave) and at 2™ follow-up (5" wave) by changes in regular

exercise behavior in women who did not participate in regular exercise at baseline (Ansan Ansung cohort study)

Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up) in women

No/No/No No/ No/ Yes No / Yes / Yes
N=645 N=127 N=114

LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
SBP 6.75 (5.81-7.69) 535 (3.23-7.48) 4.86 (2.61-7.11) -1.0214  0.5855  0.0814 0.1993
DBP 449 (3.59-5.38) 2.83  (0.80-4.85) 2.86 (0.71-5.00) -0.9575  0.5582  0.0867 0.1993
Waist circumference 0.10 (-0.35-0.56) 0.39 (-0.63-1.41) -0.36  (-1.44-0.72) -0.1425  0.2813  0.6126 0.7045
Hip circumference 0.35 (0.06-0.65) 0.53  (-0.15-1.20) 0.78  (0.06-1.49) 0.2044  0.1858  0.2716 0.4852
Waist hip ratio -0.20  (-0.65-0.25) -0.02  (-1.03-0.99) -0.95 (-2.02-0.12) -0.2793  0.2787  0.3164 0.4852
Intracellular fluid -1.54  (-1.83--1.26) -1.12 (-1.76--0.47) -0.65 (-1.33-0.04) 0.4450  0.1785  0.0128 0.1477
Extracellular fluid -0.84  (-1.16--0.52) -0.40 (-1.12-0.31) -0.68  (-1.44-0.07) 0.1399  0.1965  0.4767 0.6315
Protein mass -1.29  (-1.58--1.01) -0.89  (-1.54--0.25) -0.61 (-1.29-0.07) 0.3532  0.1775  0.0469 0.1751
Mineral mass -0.96 (-1.17--0.75) -0.66 (-1.14--0.19) -0.51  (-1.02--0.01) 0.2354  0.1310  0.0727 0.1993
Body fat mass 1.50 (0.36-2.63) 2.07 (-0.50-4.63) 0.62 (-2.10-3.33) -0.2670  0.7063  0.7055 0.7375
Total body water -1.30  (-1.59--1.02) -0.87  (-1.51--0.23) -0.62  (-1.30-0.06) 0.3583  0.1766  0.0427 0.1751
Muscle mass -1.30  (-1.58--1.01) -0.91 (-1.55--0.26) -0.63  (-1.30-0.05) 0.3452  0.1765  0.0508 0.1751
Lean body mass -1.28  (-1.56--1.00) -0.87 (-1.51--0.24) -0.62  (-1.29-0.05) 0.3407  0.1742  0.0509 0.1751
Body fat percentage 1.96 (1.12-2.81) 1.88  (-0.02-3.79) 0.68 (-1.34-2.70) -0.5449  0.5250  0.2995 0.4852
Visceral fat percentage 0.85 (0.66-1.04) 1.00 (0.57-1.43) 0.71 (0.26-1.17) -0.0287  0.1186  0.8085 0.8085
Obesity degree -0.18  (-0.57-0.21) 0.08  (-0.80-0.96) -0.06  (-0.99-0.87) 0.0952  0.2417  0.6936 0.7375
Fasting blood sugar 6.41 (5.67-7.14) 539 (3.74-7.05) 6.07 (4.32-7.82) -0.3118  0.4559  0.4942 0.6315



Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up) in women

No/No/No No/ No/ Yes No / Yes / Yes
N=645 N=127 N=114
LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
HbAlc 4.00 (3.34-4.66) 599 (4.51-7.47) 424 (2.68-5.81) 0.4405 0.4086  0.2813 0.4852
Fasting Insulin 2791 (22.41-33.41) 27.30  (14.91-39.70) 22.30 (9.17-35.42) -2.4323 34156  0.4766 0.6315
Total cholesterol 6.16 (4.89-7.43) 526 (2.39-8.12) 2.85 (-0.18-5.88) -1.5261  0.7887  0.0533 0.1751
HDL cholesterol -0.29  (-1.78-1.20) -0.74  (-4.08-2.61) 1.30  (-2.24-4.85) 0.5836  0.9223  0.5270 0.6380
LDL cholesterol 9.42 (7.44-11.40) 9.89 (5.43-14.35) 5.73 (1.01-10.46) -1.4473  1.2293  0.2394 0.4852
Triglyceride 23.92  (19.50-28.34) 9.65 (-0.30-19.61) 8.69 (-1.85-19.23) -8.7539 27448  0.0015 0.0340

* LSmeans of relative changes (%)

Adjusting for age
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Appendix 16. Relative changes in clinical parameters between at baseline (3" wave) and at 2™ follow-up (5" wave) by changes in regular

exercise behavior in men who participated in regular exercise at baseline (Ansan Ansung cohort study)

Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up)

Yes / Yes / Yes Yes / Yes / No Yes / No/ No
N=332 N=90 N=93

LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
SBP 5.66 (4.55-6.77) 4.57 (2.44-6.71) 5.13  (3.03-7.23) -0.3734  0.5828  0.5220 0.9379
DBP 4.02 (2.86-5.18) 4.66 (2.44-6.88) 4.14  (1.95-6.33) 0.1347  0.6067  0.8243 0.9379
Waist circumference 0.02 (-0.51-0.56) 0.45 (-0.58-1.49) 0.86 (-0.15-1.88) 0.4203  0.2817  0.1363 0.8568
Hip circumference -0.58  (-0.91--0.24) -0.60 (-1.25-0.05) -0.48 (-1.12-0.16) 0.0384 0.1772  0.8286 0.9379
Waist hip ratio 0.62  (0.19-1.05) 1.07 (0.24-1.89) 1.33  (0.52-2.15) 0.3692 0.2262  0.1032 0.8568
Intracellular fluid -0.51 (-0.88--0.15) -0.89  (-1.58--0.19) -0.60 (-1.29-0.08) -0.0892  0.1901 0.6390 0.9379
Extracellular fluid -0.31  (-0.68-0.06) -0.36  (-1.08-0.35) -0.13  (-0.83-0.57) 0.0687 0.1945  0.7241 0.9379
Protein mass -0.43  (-0.78--0.09) -0.77  (-1.43--0.10) -0.39  (-1.05-0.26) -0.0268  0.1815  0.8827 0.9379
Mineral mass -0.42  (-0.70--0.13) -0.60 (-1.14--0.05) -0.38  (-0.92-0.16) -0.0073  0.1494  0.9611 0.9611
Body fat mass 2.66 (0.87-4.44) 3.83  (0.41-7.26) 2.67 (-0.71-6.04) 0.1606  0.9360  0.8639 0.9379
Total body water -0.46 (-0.81--0.12) -0.75  (-1.41--0.09) -0.43  (-1.08-0.22) -0.0234  0.1806  0.8971 0.9379
Muscle mass -0.37  (-0.72--0.01) -0.71  (-1.40--0.03) -0.46 (-1.13-0.21) -0.0860  0.1861 0.6442 0.9379
Lean body mass -0.44  (-0.78--0.10) -0.72  (-1.37--0.06) -0.44  (-1.08-0.21) -0.0367 0.1787  0.8374 0.9379
Body fat percentage 2.28 (0.78-3.78) 3.57 (0.69-6.45) 3.37 (0.53-6.20) 0.6425 0.7865  0.4143 0.9379
Visceral fat percentage 1.08 (0.83-1.32) 1.11  (0.65-1.57) 1.29 (0.83-1.74) 0.0962  0.1260  0.4457 0.9379
Obesity degree 0.56  (0.09-1.04) 0.52  (-0.39-1.43) 0.35 (-0.55-1.25) -0.0982  0.2485  0.6929 0.9379
Fasting blood sugar 549 (4.35-6.64) 8.98 (6.78-11.18) 7.76  (5.59-9.93) 1.4456  0.6031 0.0169 0.3886
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Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up)

Yes / Yes / Yes Yes / Yes / No Yes / No/ No
N=332 N=90 N=93
LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
HbAlc 2.89 (2.11-3.67) 4.74 (3.25-6.24) 3.57 (2.09-5.04) 0.5421 0.4096  0.1863 0.8568
Fasting Insulin 31.42  (23.64-39.20) 52.71 (37.78-67.64) 38.10 (23.38-52.81) 5.7267 4.0927  0.1623 0.8568
Total cholesterol 434 (2.77-5.91) 529 (2.28-8.30) 3.30 (0.34-6.27) -0.3230  0.8227  0.6948 0.9379
HDL cholesterol 1.34  (-0.72-3.40) 1.12  (-2.82-5.07) -1.00  (-4.89-2.89) -1.0423  1.0777  0.3339 0.9379
LDL cholesterol 6.48 (2.75-10.20) 14.79 (7.64-21.94) 8.02 (0.98-15.07) 1.7755 19577  0.3649 0.9379
Triglyceride 19.77  (13.81-25.73) 15.17 (3.74-26.61) 16.70  (5.43-27.97) -1.9407  3.1231 0.5346 0.9379

* LSmeans of relative changes (%)

Adjusting for age
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Appendix 17. Relative changes in clinical parameters between at baseline (3" wave) and at 2™ follow-up (5" wave) by changes in regular

exercise behavior in women who participated in regular exercise at baseline (Ansan Ansung cohort study)

Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up)

Yes / Yes / Yes Yes / Yes / No Yes / No/ No
N=303 N=86 N=121

LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
SBP 524 (3.99-6.49) 5.28 (2.93-7.63) 3.66 (1.68-5.64) -0.7211  0.5848  0.2181 0.4447
DBP 3.50 (2.30-4.70) 4.94 (2.69-7.19) 2.58 (0.68-4.48) -0.3004  0.5624  0.5935 0.6500
Waist circumference 0.32  (-0.31-0.96) 0.43 (-0.76-1.61) 0.72  (-0.27-1.72) 0.1917 0.2948  0.5157 0.6243
Hip circumference 0.27 (-0.08-0.63) -0.11  (-0.78-0.56) 0.04 (-0.53-0.60) -0.1409  0.1671 0.3997 0.5407
Waist hip ratio 0.08 (-0.46-0.63) 0.54 (-0.49-1.56) 0.68 (-0.19-1.54) 0.3101  0.2557  0.2259 0.4447
Intracellular fluid -0.53  (-0.94--0.12) -0.80 (-1.57--0.03) -1.06 (-1.71--0.41) -0.2669  0.1922  0.1655 0.4447
Extracellular fluid -0.27  (-0.71-0.16) -0.75  (-1.57-0.07) -0.12  (-0.81-0.57) 0.0312  0.2048  0.8790 0.8790
Protein mass -0.43  (-0.83--0.04) -0.82  (-1.56--0.07) -0.71  (-1.34--0.08) -0.1600  0.1858  0.3896 0.5407
Mineral mass -0.35  (-0.65--0.05) -0.59  (-1.15--0.03) -0.58 (-1.05--0.11) -0.1255  0.1391 0.3675 0.5407
Body fat mass 0.84 (-0.81-2.50) 1.72 (-1.39-4.82) 3.45 (0.84-6.07) 1.2687  0.7731 0.1014 0.4447
Total body water -0.45  (-0.86--0.04) -0.80 (-1.57--0.02) -0.57  (-1.23-0.08) -0.0854  0.1932  0.6585 0.6884
Muscle mass -0.46  (-0.86--0.06) -0.79  (-1.54--0.05) -0.76  (-1.39--0.13) -0.1663  0.1862  0.3723 0.5407
Lean body mass -0.45  (-0.86--0.03) -0.79  (-1.57-0.00) -0.96 (-1.62--0.30) -0.2641  0.1950  0.1762 0.4447
Body fat percentage 0.75 (-0.48-1.97) 1.58 (-0.72-3.88) 2.75  (0.82-4.69) 0.9899  0.5729  0.0846 0.4447
Visceral fat percentage 0.90 (0.59-1.20) 1.16 (0.58-1.74) 1.29 (0.81-1.78) 0.2043  0.1440  0.1567 0.4447
Obesity degree 0.28 (-0.34-0.91) 0.44 (-0.74-1.62) 1.02  (0.03-2.02) 0.3513 0.2936  0.2320 0.4447
Fasting blood sugar 6.08 (5.05-7.11) 6.01 (4.08-7.94) 6.68 (5.05-8.30) 0.2675 0.4810  0.5784 0.6500
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Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up)

Yes / Yes / Yes Yes / Yes / No Yes / No/ No
N=303 N=86 N=121
LSMean* (95%CL) LSMean* (95%CL) LSMean* (95%CL) Beta SE  p-value p-fdr.adj
HbAlc 445 (3.72-5.19) 426 (2.88-5.64) 5.03 (3.87-6.20) 0.2500 0.3436  0.4672 0.5969
Fasting Insulin 30.61 (22.86-38.37) 32.82  (18.27-47.37) 19.13  (6.86-31.39) -5.0690  3.6281 0.1630 0.4447
Total cholesterol 4.77 (3.02-6.51) 8.11 (4.84-11.39) 8.97 (6.21-11.73) 2.2090 0.8157  0.0070 0.1608
HDL cholesterol -0.36  (-2.42-1.71) 3.40 (-0.48-7.28) -2.93  (-6.20-0.34) -0.8603  0.9716  0.3763 0.5407
LDL cholesterol 6.77 (4.01-9.52) 10.58 (5.42-15.75) 11.93  (7.58-16.29) 2.6881 1.2875  0.0373 0.4291
Triglyceride 22.35 (15.80-28.91) 22.76  (10.46-35.06) 33.41 (23.04-43.78) 5.0925  3.0662  0.0974 0.4447

* LSmeans of relative changes (%)

Adjusting for age
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Appendix 18. Characteristics of study population at baseline by patterns of participation in regular exercise (Ansan Ansung cohort study)

Men Women
No exercise Regular exercise No exercise Regular exercise
consistently consistently consistently consistently
N=576 N=332 N=645 N=303
N (%) N (%) p-value N (%) N (%) p-value
Age, Mean + SD 55.7+8.60 522+7.16 <0.0001* 55.7+8.74 51.6+6.81 <0.0001*
40-44 32 (5.6) 22 (6.6) <0.0001 " 35 (54 27 (8.9) <0.0001 "
45-49 148 (25.7) 136 (41.0) 176 (27.3) 122 (40.3)
50-54 123 (21.4) 74 (22.3) 122 (18.9) 73 (24.1)
55-59 76 (13.2) 47 (14.2) 81 (12.6) 35 (11.6)
60-64 69 (12.0) 25 (7.5) 90 (14.0) 27 (8.9)
65-69 81 (14.1) 18 (5.4) 95 (14.7) 14 (4.0)
70-74 47 (8.2) 10 (3.0 46 (7.1) 5 (1.7
Education
<Middle school 285  (49.5) 64 (19.3) <0.0001 " 402 (62.3) 136 (44.9) <0.0001 "
High school 207 (35.9) 144 (43.4) 155 (24.0) 130 (42.9)
>College 69 (12.0) 124 (37.4) 30 47 35 (11.6)
Unknown 15 (2.6) 0 (0.0 58 (9.0) 2 (0.7)
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Men Women

No exercise Regular exercise No exercise Regular exercise
consistently consistently consistently consistently
N=576 N=332 N=645 N=303
N (%) N (%) p-value N (%) N (%) p-value

Income(¥10,000)

<200 335 (58.2) 82 (24.7) <0.0001 " 430 (66.7) 124 (40.9) <0.0001 "

200-400 177  (30.7) 146 (44.0) 157 (24.3) 116 (38.3)

>400 60 (10.4) 103 (31.0) 49 (7.6) 60 (19.8)

Unknown 4 (0.7) 1 (0.3) 9 (14 3 (1.0
Marital status

Living with spouse 549  (95.3) 325 (97.9) 0.0487° 537 (83.3) 276 (91.1) 0.0015°

Living alone 27 (4.7) 7 (2.1 107  (16.6) 27 (8.9

Unknown 1 (0.2) 0 (0.0
Current occupation

Office 91 (15.8) 167 (50.3) <0.0001° 42 (6.5) 29 (9.6) <0.0001°

Manual 448 (77.8) 137 (41.3) 396 (61.4) 82 (27.1)

Unemployed/House wives 32 (5.6) 27 (8.1) 192 (29.8) 187 (61.7)

Soldier/etc. 5 (0.9 0 (0.0 15 (2.3) 5 (1.7

Unknown 0 (0.0 1 (0.3)
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Men

No exercise

Regular exercise

Women

No exercise

Regular exercise

consistently consistently consistently consistently
N=576 N=332 N=645 N=303
N (%) N (%) p-value N (%) N (%) p-value
BMI
<18.5 24 (4.2) 4 (1.2) <0.0001 ® 12 (1.9) 3 (1.0 0.2362°
18.5-23 235 (40.8) 83 (25.0) 232 (36.0) 95 (31.4)
23-25 149  (25.9) 114 (34.3) 158 (24.5) 93  (30.7)
25-30 160 (27.8) 127  (38.3) 217 (33.6) 102 (33.7)
>30 8 (14 4 (1.2) 26 (4.0 10 (3.3)
Smoking
Never 139 (24.1) 107 (32.2) <0.0001 ® 633  (98.1) 296 (97.7) 0.5777°
Former 167 (29.0) 151 (45.5) 4 (0.6) 1 (0.3)
Current 269 (46.7) 74 (22.3) 8 (1.2) 6 (2.0
Unknown 1 (0.2) 0 (0.0
Drinking
Never 123 (21.4) 57 (17.2) 0.1509°® 485 (75.2) 190  (62.7) 0.0004 ®
Former 41 (7.1) 18 (5.4) 8 (1.2) 5 (1.7
Current 412 (71.5) 257 (77.4) 152 (23.6) 108 (35.6)
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Men

No exercise

Regular exercise

Women

No exercise

Regular exercise

consistently consistently consistently consistently
N=576 N=332 N=645 N=303
N (%) N (%) p-value N (%) N (%) p-value
Menopause status

Pre-menopause 47 (7.3) 29 (9.6) 0.0794
Changed pre to post 26 (4.0 22 (7.3)
Post menopause 231 (35.8) 103 (34.0)
Unknown 341 (52.9) 149 (49.2)

2 Wilcoxon test

b Chi-square test
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Appendix 19. Characteristics of study population at baseline by changes in regular exercise behavior among who did not participate in regular

exercise at baseline (Ansan Ansung cohort study)

Men

(baseline / 1% follow-up / 2" follow-up)

Women

(baseline / 1% follow-up / 2" follow-up)

No/No/No/ No/No/ Yes No/ Yes / Yes No/No/No/ No/No/ Yes No/ Yes / Yes
N=576 =08 N=83 N=645 N=127 N=114
N (%) N (%) N (%) p-value N (%) N (%) N (%) p-value

Age, Mean + SD 55.7+8.60 55.0+7.94 52.0+6.57 0.0009° 55.7+8.74 53.4+£838 52.5+7.29 0.0002*

40-44 32 (5.6) 5 (.1 6 (7.2) 0.0509° 35 (54 9 (7.1) 11 (9.7) 0.0037°

45-49 148 (25.7) 26 (26.5) 29 (349 176 (27.3) 48 (37.8) 40 (35.1)

50-54 123 (21.4) 19 (19.4) 24 (28.9) 122 (18.9) 25 (19.7) 23 (20.2)

55-59 76 (13.2) 20 (20.4) 12 (14.5) 81 (12.6) 17 (13.4) 20 (17.5)

60-64 69 (12.0) 13 (13.3) 5 (6.0) 90 (14.0) 10 (7.9) 9 (7.9

65-69 81 (14.1) 11 (11.2) (8.4) 95 (14.7) 8 (6.3) 10 (8.8)

70-74 47 (8.2) 4 @41 0 (0.0 46 (7.1) 10 (7.9) 1 (0.9
Education

<Middle school 285 (49.5) 42 (42.9) 24 (28.9) 0.0045° 402 (62.3) 76 (59.8) 73 (64.0) 0.4692°

High school 207 (35.9) 39 (39.8) 40 (48.2) 155 (24.0) 36 (28.4) 31 (27.2)

>College 69 (12.0) 15 (15.3) 18 (21.7) 30 (4.7 10 (7.9) 9 (7.9

Unknown 15 (2.6) 2 (2.0 1 (1.2 58 (9.0) 5 (39 1 (0.9
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Men

(baseline / 1% follow-up / 2" follow-up)

Women

(baseline / 1% follow-up / 2" follow-up)

No/No/No/ No/No/ Yes No/ Yes / Yes No/No/No/ No/No/ Yes No/ Yes / Yes
N=576 N=98 N=83 N=645 N=127 N=114
N (%) N (%) N (%) p-value N (%) N (%) N (%) p-value
Income(¥10,000)
<200 335 (58.2) 43 (43.9) 26 (31.3) <0.0001° 430 (66.7) 80 (63.0) 56  (49.1) 0.0001°
200-400 177 (30.7) 35 (35.7) 39 (47.0) 157 (24.3) 25 (19.7) 43 (37.7)
>400 60 (10.4) 19 (19.4) 17 (20.5) 49 (7.6) 21 (16.5) 14 (12.3)
Unknown 4 (0.7 1 (1.0) 1 (1.2 9 (14) 1 (0.8) 4 (0.9
Marital status
Living with spouse 549  (95.3) 97 (99.0) 79 (95.2) 0.2390° 537 (83.3) 109 (85.8) 96 (84.2) 0.7866°
Living alone 27 (4.7) 1 (1.0) 4 4.8 107 (16.6) 18 (14.2) 18 (15.8)
Unknown 1 (0.2) 0 (0.0 0 (0.0
Current occupation
Office 91 (15.8) 32 (32.7) 31 (37.4) <0.0001° 42 (6.5) 13 (10.2) 16 (14.0) 0.0521°
Manual 448 (77.8) 60 (61.2) 45 (54.2) 396 (61.4) 71 (55.9) 54 (47.4)
Unemployed/House wives 32 (5.6) 6 (6.1) 6 (7.2) 192 (29.8) 40 (31.5) 41 (36.0)
Soldier/etc. (0.9) 0 (0.0) 1 (1.2 15 (2.3) 3 24 3 (2.6)
Unknown 0 (0.0 0 (0.0 0 (0.0
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Men

(baseline / 1% follow-up / 2" follow-up)

Women

(baseline / 1% follow-up / 2" follow-up)

No/No/No/ No/No/ Yes No/ Yes / Yes No/No/No/ No/No/ Yes No/ Yes / Yes
N=576 N=98 N=83 N=645 N=127 N=114
N (%) N (%) N (%) p-value N (%) N (%) N (%) p-value

BMI

<18.5 24 (4.2) 1 (1.0) 0 (0.0 0.0012° 12 (1.9) 0 (0.0 1 (0.9 0.0257°

18.5-23 235 (40.8) 42 (42.9) 17 (20.5) 232 (36.0) 54 (42.5) 28 (24.6)

23-25 149 (25.9) 29  (29.6) 35 (422) 158 (24.5) 27 (21.3) 39 (34.2)

25-30 160 (27.8) 26 (26.5) 31 (37.4) 217 (33.6) 44 (34.7) 38 (33.3)

>30 8 (1.4) 0 (0.0 0 (0.0 26 (4.0) 2 (1.6) 8 (7.0)
Smoking

Never 139 (24.1) 31 (31.6) 19 (22.9) 0.0040° 633 (98.1) 122 (96.1) 111 (97.4) 0.6864°

Former 167 (29.0) 36 (36.7) 37 (44.6) 4 (0.6) 2 (1.6) 1 (0.9

Current 269 (46.7) 31 (31.6) 27 (32.5) 8 (1.2) 3 24 2 (L.8)

Unknown 1 (0.2) 0 (0.0) 0 (0.0
Drinking

Never 123 (21.4) 25 (25.5) 17 (20.5) 0.1560° 485 (75.2) 87 (68.5) 80 (70.2) 0.4206°

Former 41 (7.1) 2 (2.0 2 (24 8 (1.2) 1 (0.8) 2 (L.8)

Current 412 (71.5) 71 (72.5) 64 (77.1) 152 (23.6) 39 (30.7) 32 (28.1)
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Men Women
(baseline / 1% follow-up / 2" follow-up) (baseline / 1% follow-up / 2" follow-up)
No/No/No/ No/No/ Yes No/ Yes / Yes No/No/No/ No/No/ Yes No/ Yes / Yes
N=576 N=98 N=83 N=645 N=127 N=114
N (%) N %) N (%) p-value N (%) N (%) N (%) p-value
Menopause status

Pre-menopause 47 (7.3) 8 (6.3) 7 (6.1) 0.0969°
Changed pre to post 26 (4.0) 8 (6.3) 10 (8.8)

Post menopause 231 (35.8) 34 (26.8) 31 (27.2)

Unknown 341 (52.9) 77 (60.6) 66 (57.9)

@ Kruskal-wallis test

b Chi-square test
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Appendix 20. Characteristics of study population at baseline by changes in regular exercise behavior among who participated in regular exercise

at baseline (Ansan Ansung cohort study)

Men
(baseline / 1% follow-up / 2" follow-up)

Women

(baseline / 1% follow-up / 2" follow-up)

Yes/ Yes/Yes/ Yes/Yes/No/ Yes/No/No/ Yes/ Yes /Yes/ Yes/Yes/No/ Yes/No/No/
N=332 N=90 N=93 N=303 N=86 N=121
N (%) N (%) N (%) p-value N (%) N (%) N (%) p-value

Age, Mean + SD 522+7.16 52.9+7.85 53.7+8.69 0.2086° 51.6 +£6.81 52.6+7.82 525+7.81  0.3603*

40-44 22 (6.6) 4 (44 7 (7.5 0.3479° 27 (8.9 5 (5.8) 8 (6.6) 0.4711°

45-49 136 (41.0) 35 (38.9) 37 (39.8) 122 (40.3) 39 (45.4) 50 (41.3)

50-54 74 (22.3) 19 (21.1) 13 (14.0) 73 (24.1) 14 (16.3) 25 (20.7)

55-59 47 (14.2) 15 (16.7) 9 9.7 35 (11.6) 11 (12.8) 16 (13.2)

60-64 25 (7.5) 5 (5.6) 11 (11.8) 27 (8.9) 8 (9.3) 7 (5.8)

65-69 18 (5.4) (8.9) 10 (10.8) 14 (4.6) 4 &7 9 (74

70-74 10 (3.0) 4 (44 6 (6.5 5 1.7 (5.8) 6 (5.0
Education

<Middle school 64 (19.3) 30 (33.3) 31 (33.3) <0.0001° 136 (44.9) 42 (48.8) 64 (52.9) 0.0974°

High school 144 (43.4) 39 (43.3) 48 (51.6) 130 (42.9) 30 (34.9) 44  (36.4)

>College 124 (37.4) 19 (21.1) 14 (15.1) 35 (11.6) 10 (11.6) 5 &1

Unknown 0 (0.0 2 (22 0 (0.0 2 (0.7) 4 &7 8 (6.6)
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Men Women

(baseline / 1% follow-up / 2" follow-up) (baseline / 1% follow-up / 2" follow-up)
Yes/ Yes/Yes/ Yes/Yes/No/ Yes/No/No/ Yes / Yes / Yes/ Yes/Yes/No/ Yes/No/No/
N=332 N=90 N=93 N=303 N=86 N=121
N (%) N (%) N (%) p-value N (%) N (%) N (%) p-value
Income(¥10,000)
<200 82 (24.7) 26 (28.9) 39 (419 0.0081° 124 (40.9) 38 (44.2) 58 (47.9)  0.6670°
200-400 146 (44.0) 43 (47.8) 38 (40.9) 116 (38.3) 33 (38.4) 42 (34.7)
>400 103 (31.0) 21 (23.3) 16 (17.2) 60 (19.8) 13 (15.1) 20 (16.5)
Unknown 1 (0.3) 0 (0.0) 0 (0.0) 3 (L0) 2 (23) 1 (0.8)
Marital status
Living with spouse 325 (97.9) 87 (96.7) 93  (100) 0.2459%* 276 (91.1) 80 (93.0) 104 (86.0) 0.2506°
Living alone 7 (2.1 3 (33 0 (0.0) 27 (8.9) 6 (7.0 16 (13.2)
Unknown 0 (0.0 0 (0.0) 1 (0.8)
Current occupation
Office 167 (50.3) 30 (33.3) 28  (30.1) 0.0013° 29 (9.6) 6 (7.0 10 (8.3) 0.6247°
Manual 137  (41.3) 50 (55.6) 57 (61.3) 82 (27.1) 26 (30.2) 41 (33.9)
Unemployed/House wives 27 (8.1) 10 (11.1) 8 (8.6) 187 (61.7) 51 (59.3) 69 (57.0)
Soldier/etc. 0 (0.0) 0 (0.0) 0 (0.0) 5 (L.7) 3 (39 1 (0.8)
Unknown 1 (0.3) 0 (0.0) 0 (0.0)
21N
: 1
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Men

(baseline / 1% follow-up / 2" follow-up)

Women

(baseline / 1% follow-up / 2" follow-up)

Yes/ Yes/Yes/ Yes/Yes/No/ Yes/No/No/ Yes / Yes / Yes/ Yes/Yes/No/ Yes/No/No/
N=332 N=90 N=93 N=303 N=86 N=121
N (%) N (%) N (%) p-value N (%) N (%) N (%) p-value
BMI
<18.5 4 (1.2) 2 (22 2 (L.2) 0.0859° 3 (1.0 0 (0.0 0 (0.0 0.7783°
18.5-23 83 (25.0) 22 (24.4) 35 (37.6) 95 (314 32 (37.2) 34 (28.1)
23-25 114 (34.3) 25 (27.8) 33 (35.5) 93 (30.7) 26 (30.2) 36 (29.8)
25-30 127 (38.3) 41 (45.6) 22 (23.7) 102 (33.7) 26 (30.2) 47 (38.8)
>30 4 (1.2) 0 (0.0 1 (L. 10 (3.3) 2 (23) 4 (3.3)
Smoking
Never 107 (32.2) 24 (26.7) 29 (31.2) 0.0256°* 296 (97.7) 86 (100) 116 (95.9) 0.4281°
Former 151 (45.5) 40 (44.4) 29 (31.2) 1 (0.3) 0 (0.0 1 (0.8)
Current 74 (22.3) 26 (28.9) 35 (37.6) 6 (2.0 0 (0.0 4 (33
Unknown 0 (0.0 0 (0.0 0 (0.0
Drinking
Never 57 (17.2) 17 (18.9) 24 (25.8) 0.0174% 190 (62.7) 67 (77.9) 71 (58.7) 0.0469°
Former 18 (5.4) 11 (12.2) 11 (11.8) 5 1.7 4 (1.2) 1 (0.8)
Current 257 (77.4) 62 (68.9) 58 (62.4) 108 (35.6) 18 (20.9) 49 (40.5)
3] 1
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Men
(baseline / 1% follow-up / 2" follow-up)

Women

(baseline / 1% follow-up / 2" follow-up)

Yes/ Yes/Yes/ Yes/Yes/No/ Yes/No/No/ Yes / Yes / Yes/ Yes/Yes/No/ Yes/No/No/
N=332 N=90 N=93 N=303 N=86 N=121
N (%) N (%) N (%) p-value N %) N (%) N (%) p-value
Menopause status
Pre-menopause 29 (9.6) 9 (10.5) 5 41 0.1775°
Changed pre to post 22 (7.3) 7 (8.1) 7 (5.8)
Post menopause 103 (34.0) 23 (26.7) 33 (27.3)
Unknown 149 (49.2) 47 (54.7) 76  (62.8)

@ Kruskal-wallis test

b Chi-square test
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Appendix 21. Relative changes in clinical parameters between at baseline and at 2nd follow-up by changes in patterns of participation in regular

exercise in men (Ansan Ansung cohort study)

Participation in regular exercise (baseline / 1% follow-up / 2™ follow-up) in men

No /No/No No /No/ Yes No /Yes/ Yes Yes /No/ No Yes / Yes / No Yes / Yes / Yes
N=576 N=98 N=83 N=93 N=90 N=332
LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL)
SBP 498 (4.10-5.85) 522 (3.12-7.32) 547  (3.19-7.76) 521  (3.05-7.36) 4.62  (2.43-6.81) 5.67 (4.53-6.82)
DBP 2.89 (2.02-3.75) 3.64 (1.56-5.72) 2.64 (0.37-4.90) 3.79  (1.65-5.92) 434  (2.17-6.51) 3.72  (2.59-4.86)
Waist circumference 1.01  (0.58-1.44) 0.53  (-0.50-1.56) 0.09 (-1.03-1.22) 0.92  (-0.14-1.98) 0.51  (-0.57-1.59) 0.09  (-0.48-0.65)
Hip circumference 0.01  (-0.26-0.27) -0.42  (-1.06-0.22) -0.66  (-1.36-0.04) -0.43  (-1.09-0.23) -0.54  (-1.21-0.12) -0.51  (-0.86--0.16)
Waist hip ratio 1.04 (0.67-1.41) 0.93  (0.05-1.82) 0.76  (-0.20-1.73) 1.34  (0.43-2.25) 1.07  (0.14-1.99) 0.61 (0.13-1.10)
Intracellular fluid -0.81  (-1.14--0.47) 0.12  (-0.69-0.93) -0.67  (-1.56-0.21) -0.77  (-1.60-0.07) -1.05  (-1.90--0.20) -0.67  (-1.11--0.23)
Extracellular fluid 0.11  (-0.23-0.46) 0.34 (-0.48-1.17) 0.02  (-0.88-0.91) -0.18  (-1.02-0.66) -0.43  (-1.29-0.43) -0.39  (-0.84-0.06)
Protein mass -0.51  (-0.81--0.21) 0.25  (-0.47-0.96) -0.47  (-1.25-0.31) -0.52  (-1.25-0.22) -0.90  (-1.65--0.15) -0.57  (-0.96--0.17)
Mineral mass -0.45  (-0.69--0.21) 0.13  (-0.45-0.71) -0.39  (-1.02-0.24) -0.48  (-1.07-0.11) -0.70  (-1.30--0.10) -0.53  (-0.85--0.22)
Body fat mass 4.59  (3.08-6.10) -0.81 (-4.44-2.82) -0.11  (-4.06-3.84) 2.54  (-1.18-6.27) 3.74  (-0.05-7.52) 2.58 (0.60-4.57)
Total body water -0.54  (-0.84--0.24) 0.20 (-0.52-0.91) -0.48  (-1.27-0.30) -0.56  (-1.30-0.18) -0.88  (-1.63--0.13) -0.60  (-0.99--0.20)
Muscle mass -0.51  (-0.81--0.21) 0.20  (-0.53-0.92) -0.45  (-1.23-0.34) -0.58  (-1.33-0.16) -0.84  (-1.60--0.09) -0.50  (-0.90--0.11)
Lean body mass -0.50  (-0.80--0.21) 0.18  (-0.53-0.89) -0.46  (-1.23-0.31) -0.56  (-1.29-0.16) -0.84  (-1.58--0.11) -0.57  (-0.96--0.18)
Body fat percentage 392 (2.68-5.16) -1.03  (-4.01-1.95) 0.20 (-3.05-3.44) 345  (0.39-6.51) 3.66 (0.55-6.77) 2.36  (0.73-4.00)
Visceral fat percentage 1.02  (0.84-1.20) 0.52  (0.09-0.95) 0.55  (0.08-1.02) 1.26  (0.82-1.71) 1.09  (0.64-1.54) 1.05  (0.82-1.29)
Obesity degree 0.40  (0.03-0.77) -0.10  (-0.99-0.80) -0.27  (-1.24-0.70) 0.24  (-0.68-1.15) 0.40 (-0.53-1.33) 0.44  (-0.05-0.92)
Fasting blood sugar 7.29  (6.34-8.23) 5.63  (3.36-7.91) 8.65 (6.17-11.12) 7.69  (5.35-10.02) 894 (6.57-11.31) 549 (4.25-6.73)
HbAlc 345 (2.86-4.04) 394 (2.52-5.36) 472 (3.17-6.26) 346 (2.00-4.91) 4.67 (3.19-6.15) 2.86 (2.08-3.64)
Fasting Insulin 37.01  (30.66-43.35) 20.16 (4.91-35.42) 19.85  (3.25-36.46) 37.85  (22.19-53.50) 5290 (36.98-68.83) 32.09 (23.74-40.44)
Total cholesterol 4.73  (3.46-6.00) 6.72  (3.67-9.77) 0.15  (-3.17-3.47) 324  (0.11-6.37) 521 (2.03-8.40) 426 (2.59-5.93)
HDL cholesterol 020 (-1.45-1.85) 345 (-0.52-7.42) -2.47  (-6.79-1.85) -1.05  (-5.12-3.03) 1.06  (-3.08-5.20) 1.26  (-0.91-3.44)
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LDL cholesterol 6.54  (-2.28-15.37)
Triglyceride 24.51  (19.51-29.52)

14.30
12.35

(-6.91-35.52)
(0.32-24.38)

-38.67
3.66

(-61.76--15.57)
(-9.43-16.76)

8.09
16.12

(-13.69-29.86)
(3.77-28.46)

15.04
14.84

(-7.11-37.19)
(2.28-27.40)

6.94
19.70

(-4.67-18.55)
(13.12-26.29)

* LSmeans of relative changes (%)

Adjusting for age
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Appendix 22. Relative changes in clinical parameters between at baseline and at 2™ follow-up by changes in patterns of participation in regular

exercise in women (Ansan Ansung cohort study)

Participation in regular exercise (baseline / 1% follow-up / 2" follow-up) in women

No /No/No No /No/ Yes No /Yes/ Yes Yes /No/ No Yes / Yes / No Yes / Yes / Yes
N=645 N=127 N=114 N=121 N=86 N=303
LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL) LSMean*  (95%CL)
SBP 6.58  (5.66-7.50) 5.13  (3.08-7.18) 4.61 (2.45-6.78) 395  (1.85-6.06) 5.57 (3.08-8.07) 559 (4.25-6.93)
DBP 4.58  (3.70-5.46) 2.87 (0.91-4.83) 2.88  (0.81-4.95) 241  (0.40-4.42) 4.77  (2.39-7.15) 3.38  (2.10-4.66)
Waist circumference 0.12  (-0.33-0.57) 0.38  (-0.62-1.38) -0.38  (-1.43-0.68) 0.70  (-0.33-1.72) 0.40 (-0.82-1.62) 0.32  (-0.33-0.97)
Hip circumference 0.31  (0.03-0.60) 048 (-0.15-1.11) 0.73  (0.06-1.39) 0.11  (-0.54-0.76) -0.04  (-0.81-0.73) 0.35  (-0.06-0.76)
Waist hip ratio -0.14  (-0.57-0.28) 0.02  (-0.93-0.97) -0.92  (-1.92-0.09) 0.58  (-0.40-1.55) 0.44  (-0.72-1.59) 0.00 (-0.62-0.62)
Intracellular fluid -1.46  (-1.75--1.17) -0.98  (-1.62--0.33) -0.48  (-1.16-0.20) -1.21  (-1.87--0.55) -0.94  (-1.73--0.16) -0.73  (-1.15--0.31)
Extracellular fluid -0.80  (-1.11--0.49) -0.31  (-1.01-0.39) -0.57  (-1.31-0.17) -0.19  (-0.90-0.53) -0.81  (-1.66-0.04) -0.39  (-0.85-0.06)
Protein mass -1.22 (-1.51--0.94) -0.77  (-1.40--0.13) -0.46  (-1.13-0.21) -0.84  (-1.49--0.19) -0.94  (-1.71--0.17) -0.61  (-1.02--0.20)
Mineral mass -0.91  (-1.12--0.70) -0.57  (-1.04--0.10) -0.41  (-0.90-0.09) -0.67  (-1.15--0.18) -0.68  (-1.25--0.11) -0.48  (-0.78--0.17)
Body fat mass 1.56  (0.41-2.70) 2.09 (-0.46-4.64) 0.62 (-2.07-3.32) 335  (0.73-5.97) 1.61  (-1.49-4.71) 0.78  (-0.89-2.44)
Total body water -1.23  (-1.52--0.95) -0.75  (-1.39--0.11) -0.48  (-1.15-0.20) -0.70  (-1.35--0.04) -0.92  (-1.69--0.14) -0.62  (-1.04--0.20)
Muscle mass -1.23  (-1.51--0.94) -0.78  (-1.41--0.15) -0.48  (-1.15-0.19) -0.88  (-1.53--0.23) -0.91  (-1.68--0.14) -0.63  (-1.04--0.22)
Lean body mass -1.21  (-1.50--0.93) -0.75  (-1.39--0.12) -0.48  (-1.15-0.20) -1.07  (-1.73--0.42) -0.90  (-1.67--0.12) -0.61  (-1.03--0.20)
Body fat percentage 1.97  (1.12-2.82) 1.83  (-0.07-3.72) 0.60  (-1.40-2.60) 2.75  (0.80-4.69) 1.57  (-0.73-3.88) 0.80  (-0.44-2.04)
Visceral fat percentage 0.85  (0.65-1.05) 1.00  (0.55-1.44) 0.71  (0.24-1.18) 1.29  (0.84-1.75) 1.16  (0.62-1.70) 0.90 (0.61-1.19)
Obesity degree -0.16  (-0.57-0.25) 0.13  (-0.78-1.04) 0.00  (-0.96-0.96) 0.98  (0.05-1.92) 0.40 (-0.71-1.50) 0.22  (-0.37-0.81)
Fasting blood sugar 641 (5.67-7.14) 536  (3.73-6.98) 6.02 (4.30-7.74) 6.68 (5.01-8.35) 6.01  (4.03-7.99) 6.11  (5.05-7.18)
HbAlc 4.01 (3.39-4.62) 6.05 (4.69-7.41) 433  (2.89-5.77) 5.03  (3.63-6.42) 426 (2.60-5.91) 4.39  (3.50-5.28)
Fasting Insulin 27.65  (22.15-33.14) 26.18  (13.94-38.42) 20.81 (7.88-33.74) 19.59  (7.04-32.14) 3323 (18.35-48.11) 31.90 (23.91-39.89)
Total cholesterol 6.58  (5.33-7.84) 5.60 (2.80-8.39) 3.16 (0.21-6.11) 8.24  (5.38-11.11) 7.38  (3.98-10.78) 4.11  (2.28-5.93)
HDL cholesterol -0.31  (-1.78-1.17) -0.73  (-4.01-2.55) 1.32 (-2.15-4.79) -2.90  (-6.27-0.46) 343 (-0.56-7.42) -0.35  (-2.49-1.79)
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LDL cholesterol 10.04  (8.07-12.00)
Triglyceride 2432 (19.83-28.81)

10.31
10.38

(5.93-14.69)
(0.39-20.37)

6.08
9.56

(1.45-10.70)
(-1.00-20.12)

10.86
32.71

(6.37-15.35)
(22.46-42.96)

9.50
22.08

(4.18-14.82)
(9.93-34.23)

5.88
21.34

(3.02-8.73)
(14.82-27.87)

* LSmeans of relative changes (%)

Adjusting for age
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Appendix 23. Consent form for participation in the exercise intervention study
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Appendix 24. Difference of relative abundance between ‘baseline (time 1)’ and
‘after exercise (time 2)’ in genus level (Intervention study)
(Wilcoxon signed rank test p<0.05)

* None of them were statistically significant after adjusting multiple comparisons
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Appendix 25. Difference of relative abundance between ‘baseline (time 1)’ and
‘after exercise (time 2)’ in genus level (Intervention study)
(Wilcoxon signed rank test p<0.05)

* None of them were statistically significant after adjusting multiple comparisons
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Abstract

Background:

A number of studies have shown that physical activity reduces the risk of
cardiometabolic diseases including type 2 diabetes, hypertension, and dyslipidemia.
However, traditional epidemiology has a major limitation called the “black box”
paradigm in that it cannot fully understand complex biological mechanisms.
Recently, high-throughput data including genome, metabolome, and microbiome
have become available for epidemiological studies as omics techniques have been
developed. The availability of these multi-omics biomarkers and the need for
understanding biological processes lead to new concepts of systems epidemiology.
We aimed to conduct this study following the systems epidemiological approach to
understanding the biological process of the effect of physical activity on the
prevention of cardiometabolic diseases. First, we examined the indirect effect of
clinical parameters as mediators between physical activity and risk of
cardiometabolic diseases and visualized the complex relationships between
physical activity, various clinical parameters, and risk of cardiometabolic disease
through the network. Second, we examined whether the changes in clinical
parameters over time differ according to changes in physical activity behavior.
Finally, we examined the changes in clinical parameters, metabolites, and the
microbiome during physical activity intervention, and visualized integrated

relationships at the multi-omics level through a network.

Methods:

The first study included 17,053 subjects aged 40-69 years in the Healt}n_
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Examinees-Gem (HEXA-G) study from 2004 to 2012. Participation or not in
regular exercise at baseline and diagnosis of type 2 diabetes, hypertension, and
dyslipidemia at follow-up were investigated by questionnaires. Anthropometric
measures and laboratory tests from blood were conducted and data on 42 clinical
parameters were collected. We examined the mediation effect of clinical
parameters using mediation analyses. Clinical parameter networks were
constructed based on the significant differential correlations (p < 0.05) between the
exercise and non-exercise groups in men and women, respectively.

The second study was conducted using a community-based cohort (Ansan
Ansung cohort) from the 3™ wave to the 5 wave. A total of 3,962 men and women
aged 40-69 were included and all analyses were performed in men and women,
respectively. Participation or not in regular exercise was investigated by
questionnaire like as HEXA-G study. According to the combination of regular
exercise in each of the 3", 4" and 5™ waves (3/4™/5™), two groups of no changes
in behavior (N/N/N, Y/Y/Y) and 4groups showed changes in behavior were
defined. Twenty-three clinical parameters were obtained by anthropometric
measurements and laboratory tests from blood. The relative changes (%) in clinical
parameters were calculated from the 3™ wave to the 5™ wave. The relative changes
in clinical parameters according to the patterns and changes in regular exercise
behavior were examined by the LSmeans and the general linear model.

The third study included 14 middle-aged women who completed a
physical activity intervention. The intervention was conducted with an exercise
period of 3 months and a daily life period of 3 months. The amount of objective
physical activity was measured by an accelerometer for 2 weeks each during the

exercise period and daily life period. Blood collection, fecal collection,
b
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measurements of blood pressure, and test of exercise ability were performed three
times: at the enrollment, after exercise period, and after daily life period. Glycemic
indicators and lipid-related markers were obtained from blood, and the
concentration of 208 blood metabolites was measured through targeted
metabolomics. Microbiome data was obtained from fecal samples by 16s rRNA
sequencing. The difference in biomarkers before and after the intervention period
was examined by the Wilcoxon rank-sum test. The integrated relationship between
biomarkers in omics level was examined by Spearman correlation coefficient and

visualized via the network.

Results:

We observed significant mediators in 14 and 16 of the clinical parameters in men
and women, respectively from the first study. Among the mediators, triglyceride
level was a noteworthy mediator in decreasing the risk of CMD with exercise,
explaining 23.79% in men and 58.20% in women. A group in which TG is linked to
low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL)
cholesterol was commonly observed in men and women through the clinical
parameter network. Body composition-related markers were likely to play major
roles in men, while obesity-related markers seemed to be key factors in women.

In the second study, when comparing the group that did not exercise
consistently (N/N/N), and the group that did exercise consistently (Y/Y/Y), there
was a difference of changes in waist circumference, hip circumference, and fasting
blood glucose in men, and changes in 6 body composition-related markers and 2
lipid-related markers showed differences in women. When the regular exercise

group changed into the non-exercise behavior, the fasting blood glucose was
3
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greater increased in men, and the lipid-related markers were more increased in
women. Conversely, when the non-exercise group changed into participating in
regular exercise, body fat-related markers, fasting insulin, lipid-related markers
were increased less or decreased in men, and body composition-related markers
decreased less in women. Noteworthy, the triglycerides increased less when the
non-exercise behavior changed into a regular exercise in both men and women.

In the intervention study, physical activity decreased during the daily life
period compared with the exercise period. After the exercise period, blood pressure,
HbAlc, and LDL cholesterol were reduced, and they tended to increase again after
the daily life period. During the exercise period, 40 metabolites showed significant
changes, and they were correlated with changes in clinical parameters such as

blood pressure, HbAlc, and LDL cholesterol in the network.

Conclusion:

This study used various biomarkers including omics to understand the
understanding the biological processes of the effect of physical activity on the
prevention of cardiometabolic diseases in terms of systems epidemiology.
Moreover, not only the potential mechanisms centered on lipid-related markers but
also relationships between clinical parameters and metabolites could be suggested
by visualization of the integrated relationship between biomarkers in the network.
The network analysis which used in this study can be applied to data obtained from
untargeted metabolomics or whole-genome sequencing of the microbiome and

contribute to identifying novel biomarkers or suggesting more detailed mechanisms.

Keywords: Systems epidemiology, Physical activity, Biomarkers, Network
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