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Abstract

Aging is a process of gradual functional decline throughout the lifecycle. This study
utilizes a dataset of methylation data from 860,000 CpG sites, alongside biochemical
blood indices and questionnaire data related to associated diseases, to analyze
methylation sites significantly correlated with aging. The sites that exhibit a strong
correlation with age align with known chromosomal and gene distributions. Based on
this, we constructed an age prediction model, Model Age (Random Forest,
estimators=200), and compared the actual age with the methylation age predicted by
the model. Using regression lines, the data was categorized into "epigenetically young"
and "epigenetically old" groups. Validation results indicated significant differences in
specific biochemical blood indices between these two categories. We will further
explore the relationship with diseases and examine whether the results from Taiwanese
subjects are consistent with international findings. This research utilizes epigenetic
methylation information to reveal physiological changes during the aging process and
predict potential disease risks, providing personalized diagnostic and treatment
strategies for aging-related blood diseases and promoting the development of precision
medicine.
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Real Age vs. Predicted Age. with x=y line
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CREATININE Level

Box Plot of CREATININE Levels for Epigenecally young and old Groups
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"td A ~ Model_Age © A i* & 30 RIHCARIE S # - 4

P B T 7 Model Age 7oA EESIERIBNCA] A7 B RIER R ST E S A
Body o B oy & @”VﬂLi‘Wﬁﬁﬁﬂmﬁiﬁﬁoiawﬁ%ﬁﬁiﬁ
%apkﬁﬁ4mrP”A%fdeﬂ%;+mﬁﬁ - AT e A
3 I8 o

\\

(-) 2 #F»EHHI (SVM)

21 5RE 2 P ddicent Fe 2B AaupES A BP9 LR KRG DA
“I?»é\:lﬁ;: ﬁr}ﬁﬂ(fr;Iﬁ‘\ﬁﬁxx /%;.f'_f

o

LS

A1~ 2 ppade (RSB e k) S EFS BRI REE S &
(25 5% f p L)

Testing Cost Linear Polynomial RBF
Testing Cost 1 6.95E+01 8.14E+01 5.85E+01
Testing Cost 2 7.23E+01 8.62E+01 5.13E+01
Testing Cost 3 8.74E+01 9.32E+01 5.94E+01
Testing Cost 4 8.23E+01 8.35E+01 5.86E+01
Testing Cost 5 7.85E+01 8.01E+01 5.68E+01
Testing Cost 6 6.89E+01 8.86E+01 5.68E+01
Testing Cost 7 7.73E+01 8.66E+01 5.90E+01
Testing Cost 8 7.53E+01 8.14E+01 6.55E+01
Testing Cost 9 6.68E+01 7.77E+01 5.61E+01
Testing Cost 10 8.32E+01 7.46E+01 5.35E+01

Average Testing Cost 7.62E+01 8.33E+01 5.76E+01

(=) %18 &+ (Random Forest)

£ 2RI A b Ml NE S SR BCR PRl S A B ¢ LI h S ik
5200 pF > B 2 B [ ] e lics A g B4 o

220 R AR AR L RE S A (KPR p T EliE)

Testing Cost 100 200 400 600 800
Testing Cost 1 3.65E+01 3.29E+01 3.45E+01 3.63E+01 3.74E+01
Testing Cost 2 4.19E+01 3.24E+01 3.94E+01 4.24E+01 4.15E+01
Testing Cost 3 4.23E+01 3.24E+01 3.53E+01 3.74E+01 3.30E+01
Testing Cost 4 3.74E+01 3.92E+01 3.56E+01 3.59E+01 3.86E+01
Testing Cost 5 3.38E+01 3.66E+01 3.55E+01 3.52E+01 3.49E+01
Testing Cost 6 3.97E+01 3.42E+01 2.95E+01 3.57E+01 3.59E+01
Testing Cost 7 3.74E+01 3.61E+01 3.38E+01 3.66E+01 3.57E+01
Testing Cost 8 3.67E+01 3.48E+01 3.61E+01 3.85E+01 3.58E+01
Testing Cost 9 3.64E+01 3.82E+01 3.94E+01 3.40E+01 3.91E+01

Testing Cost 10 3.52E+01 3.88E+01 4.05E+01 3.60E+01 3.52E+01

Average Testing Cost 3.77E+01 3.56E+01 3.60E+01 3.68E+01 3.67E+01
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(=) ###3) (Linear Regression )

Z 3 RIAMMEEA RS A FIE L AP RS > F RIS AT
TIEHEAHE S
L3 @7 REY FERAEL RS A (AELEFp AU
Testing Cost 0.001 0.005 0.1
Testing Cost 1 3.81E+06 6.44E+05
Testing Cost 2 3.85E+06 6.50E+05
Testing Cost 3 3.66E+06 5.13E+05
Testing Cost 4 3.26E+06 5.18E+05
Testing Cost 5 2.87E+06 4.48E+05
Testing Cost 6 3.10E+06 4.95E+05 NAN
Testing Cost 7 3.78E+06 4.83E+05
Testing Cost 8 3.63E+06 4.97E+05
Testing Cost 9 3.82E+06 5.07E+05
Testing Cost 10 4.20E+06 5.30E+05
Average Testing Cost 3.60E+06 5.29E+05
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LI ERARM LT A A F R TR
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3 4r CpG F 28

(27 E%p (7HE)

%*\»4‘1031'13Q’ﬁ¢1§%ﬁ? 7
chr cpglD gene gene region CpG region
CHR5S cg00059225 GLRAI;GLRAI 1stExon;5'UTR Island
CHR14 cg00107187 TMEMI179 IstExon Island
CHR3 cg00201234 FBLN2 5'UTR Island
CHR18 cg00399483 DCC Body Island
CHR5S cg00911351 PCDHGA3;PCDHGA7; Body;Body;TSS200;Bo Island
PCDHGB4;PCDHGAA4; dy;Body;Body;Body;B
PCDHGA1;PCDHGAS;  ody;Body;Body;Body
PCDHGBI1;PCDHGAZ2;
PCDHGB2;PCDHGB3;P
CDHGAG6
CHR20 cg01293143 TCEA2 TSS200 N_Shore
CHR12 cg01820374 LAG3 Body N_Shore
CHR7 cg02008154 TBX20;TBX20 1stExon;5'UTR Island
CHRS cg02154186 PNMAZ2;PNMA2 5'UTR;1stExon Island
CHR17 cg02228185  ASPA;ASPA IstExon;Body
CHR6 cg02844545 GCM2;GCM2 1stExon;5'UTR Island
CHR22 cg02994956 NEFH IstExon Island
CHR20 cg03440846  ACSS2 TSS1500 N_Shore
CHR14 cg03734874 TMEMI179 TSS1500 Island
CHR19 cg03975694  ZNF540;ZNF540 5'UTR;1stExon S_Shelf
CHR7 cg04084157 VGF TSS200 Island
CHR7 cg04528819 KLF14 IstExon Island
CHRI1 cg04977528 HEYL 3'UTR
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chr cpglD gene gene region CpG region
CHR19 cg05508084  ZNF667;ZNF667 5'UTR;Body Island
CHR7 cg05822532 ELN IstExon
CHR2 cg06092815 SPHKAP TSS200 Island
CHR3 cg06156376  SHOX2;SHOX?2 1stExon;5'UTR Island
CHRI10 cg06291867 HTR7 IstExon Island
CHR19 cg06572160 KCNC3 IstExon Island
CHRI10 cg06908778  SPAG6 Body Island
CHRI15 cg07306253  DNAJC17;C150rf62;C1  Body;1stExon;5S'UTR
Sorf62
CHR19 cg07408456 PGLYRP2 TSS1500
CHRI1 cg07533148  TRIMS8 IstExon Island
CHRI10 cg07621046  Cl100rf82 TSS200 Island
CHR17 cg08468689 GHDC;GHDC TSS200;TSS1500
CHR19 cg08668790  ZNF154 TSS200 S Shore
CHRO9 cg08686553 CDKN2A;CDKN2A 3'UTR;Body S Shore
CHR16 cg08872742  CDHS TSS1500
CHR9 cg08909157  DOCKS;C901f66;C90rf6  Body;1stExon;5'UTR S_Shore
6
CHRI1 cg09809672 EDARADD;EDARADD TSS1500;5'UTR;1stEx N_Shore
;EDARADD on
CHR3 cgl0031651 LRRC2;TDGF1 TSS200;Body S_Shelf
CHR4 cgl10235817 ADRA2C IstExon Island
CHRI16 cgl0917602 HSD3B7 S'UTR
CHRS5 cgll1136562 ARAP3 S'UTR
CHRS cgl1981599 GATA4 Body Island
CHR13 cgl2111714  ATP8A2 Body Island
CHR6 cgl12457773 NRSNI1;NRSN1 5'UTR;1stExon Island
CHR7 cgl2782180 LEP TSS1500 Island
CHR14 cgl3282837 TCL1A TSS200 Island
CHRS cgl3434842 GATA4 Body S_Shore
CHRI11 cgl3547237 Cllorf68;DRAP1 TSS1500;Body S_Shore
CHR6 cgl3603171 MOXDI1 TSS1500 S_Shore
CHRI13 cgl3614181 Cl3orfl5 TSS1500 Island
CHR3 cgl3921352 FAMI19A4 TSS200 Island
CHR3 cgl4456683  ZIC1 TSS200 Island
CHR10 cgl4614211 MKX S'UTR Island
CHRI10 cgl4826456 ADRBI IstExon Island
CHR16 cgl5201635 SMPD3 TSS1500 Island
CHR4 cgl5425280  GRIA2 TSS1500 Island
CHRS cgl5747595 TSPYLS IstExon Island
CHR12 cgl5784615 LTBR Body S _Shore
CHR2 cgl16232126  SLCSAT7;SLC5A7 IstExon;5'UTR Island
CHR9 cgl6386080 CDK20 Body N_Shore
CHR19 cgl6464322 HNRNPL TSS1500 S_Shore
CHR6 cgl6867657 ELOVL2 TSS1500 Island
CHRI15 cgl7113968 DNAJC17;C150rf62 Body;TSS1500
CHRI18 cgl7227156 BRUNOL4 TSS200 Island
CHRI1 cgl7241310 BARHL2 TSS200 Island
CHR19 cgl7471102 FUT3 S'UTR
CHR18 cgl7589341 SLCI14Al1 TSS200
CHR19 cgl7861230 PDE4C Body Island
CHR13 cgl18236477 ATP8A2 Body Island
CHR2 cgl8327056 KCNK3 TSS1500 N_Shore
CHR3 cgl18328933 ABHDI14B;ABHD14B; IstExon;Body;5'UTR; N_Shore
ABHD14B;ABHDI14A TSS1500
CHRI15 cgl19095568 DNAJC17;C150rf62 Body;TSS200
CHR19 cgl9246110 ZNF671;ZNF671 IstExon;5'UTR Island
CHR?7 cgl9594666 LEP TSS200 Island
CHR17 cgl9761273  CSNKID TSS1500 S Shore
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chr cpglD gene gene region CpG region
CHR?7 cgl9831077 WDRS86 TSS1500 S_Shore
CHR5S cgl9885761 CPLX2;CPLX2 5'UTR;1stExon Island
CHR6 cg20134215 MCHR2 S'UTR Island
CHR13 cg20366906 PCDHS8 IstExon Island
CHRO9 cg20616414 WNK2 IstExon Island
CHR12 cg20792062 KCNAS5;KCNAS 5'UTR;1stExon Island
CHR15 cg21296230 GREMI S'UTR Island
CHR6 cg21572722 ELOVL2 TSS1500 Island
CHRI15 cg21801378 BRUNOLG6 IstExon Island
CHRI11 cg21992250 SLCI5A3;SLCI15A3 IstExon;Body Island
CHRX cg23282949 RENBP TSS1500
CHRS cg23290344 NEFM;NEFM TSS1500;1stExon Island
CHR5S cg23563234 PCDHGB7;PCDHGB3;P 1stExon;Body;Body;B  Island
CDHGAG6;PCDHGA10; ody;Body;Body;Body;
PCDHGA3;PCDHGA7;  5'UTR;Body;Body;Bod
PCDHGB6;PCDHGB7;P  y;Body;Body;Body;Bo
CDHGAS8;PCDHGB4;P dy;Body;Body;Body
CDHGB2;PCDHGAA4;P
CDHGA9;PCDHGAL;P
CDHGA2;PCDHGBI;P
CDHGAS5;PCDHGBS
CHR4 cg24199834  POU4F2;POU4F2 IstExon;5'UTR Island
CHRS cg24646414 GATA4 S'UTR Island
CHR2 cg24768561 AGAPI TSS1500 Island
CHR5 cg25044651 LVRN IstExon Island
CHR4 cg25148589  GRIA2;GRIA2 IstExon;5'UTR N_Shore
CHR6 cg25511429  NRNI TSS1500 N Shore
CHR15 €g25700533  DNAJC17;C150rf62 Body;TSS200
CHR17 cg25809905 ITGA2B TSS1500
CHRS €g25903363 HR 3'UTR
CHR9 cg26349275 CDKN2A Body S_Shore
CHR17 cg26628907 MED24 Body
CHRI1 €g26669793  PRRXI1 Body S_Shelf
CHR17 €g27210390 TOMIL1 Body S_Shore
CHR2 cg27320127 KCNKI2 TSS1500 Island
CHR19 cg27389185  ZNF540 TSS200 S Shore
CHR11 cg27409364 KCNCI1 IstExon Island
CHR2 cg27553955 KCNG3 1stExon Island

ATt 103 B Bhen A B lcdy 0 A WA D ERALI A F > A 6
EREAFIRSEAF A TERE CpG RHAF > F 1A RERF 6o

5103 Bimghend § fL T b (A2 Y f’r—%’fg 7 L)

chr percentage
CHR19 9.71%
CHR6 6.80%
CHR7 6.80%
CHRS 6.80%
CHR2 5.83%
CHR3 5.83%
CHRS 5.83%
CHRI15 5.83%
CHR17 5.83%
CHRI1 4.85%
CHRO9 4.85%
CHRI10 4.85%
CHR4 3.88%
CHR13 3.88%
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CHR11 2.91%

CHR12 2.91%
CHR14 2.91%
CHR16 2.91%
CHR18 2.91%
CHR20 1.94%
CHR22 0.97%
CHRX 0.97%
CHR21 0.00%

% 6~103 BB FRFLF LG (A7 1’;—%5’, 7 )

CpG region percentage
Island 58.25%
other 17.48%

S Shore 12.62%
N Shore 8.74%
S Shelf 2.91%

#7103 B =87 CpG T i A F vt b (AAT G I H f 7 EIR)

gene region percentage

TSS1500 19.42%

1stExon 15.53%

Body 13.59%

TSS200 12.62%

1stExon;5'UTR 7.77%

5'UTR 7.77%

5'UTR;1stExon 4.85%

IstExon;Body 1.94%

3'UTR 1.94%

Body;1stExon;5'UTR 1.94%

Body; TSS200 1.94%

1stExon;Body;5'UTR;TSS1500 0.97%

IstExon;Body;Body;Body;Body;Body;Body; 0.97%

5'UTR;Body;Body;Body;Body;Body;Body;
Body;Body;Body;Body

3'UTR;Body 0.97%

5'UTR;Body 0.97%

1stExon;Body;Body;Body;Body;Body;Body;5 0.97%
'UTR;Body;Body;Body;Body;Body;Body;Bo

dy;Body;Body;Body

Body;TSS1500 0.97%

TSS1500;1stExon 0.97%

TSS1500;5'UTR;1stExon 0.97%

TSS1500;Body 0.97%

TSS200;Body 0.97%

TSS200;TSS1500 0.97%
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A 22
[20] - % 8 & & 24
B L ERP -

ik p ¥ Fi R E FA‘}«'—?}“V ;
fbj%@;ié 2R E

Z 45

%?hﬁ%f?“
¥ B Fo2

% 8264 1'-#];,%::1'13_‘131 2 (ﬂrxlﬂz‘xr—‘ﬂ-‘g 7RI )
P E LR REEfrr ¥ B o
FEL S ¢ F HBAIC FEBEL ot Ssad fEiK
HbAlc 4.0-6.0% TR s SRRl IR BN 5o
RETHNIGE o
7R B FASTING_ LR RO R SR
Glu-AC GLUCOSE itk e
70-100mg/dL
¢ Rk F BUN TRERL NI a8 KE
BUN 7-25mg/dL FR TS TR TR
% % oapi g veps | SGOT ERE A AR Bff"‘*fv’vﬁ*% HEp g™
AST (GOT) 8-31U/L WEOFEIE AT R A
a&z%vm&%pwo
i VifL i Vi SGPT SRS 0 BRERE T o L ;};«7 LES
ALT (GPT) 0-41U/L FE AR RPRE L o
o TR RBC g ’%‘@ﬁ;}]i:ﬁ BB E Vi s
RBC g M 421-59 PR X Kf‘ L A S R N
44 3.78-5.25 PN [ e )};5
10%/ulL
A PLATELET ﬁﬁ@riﬁﬁﬁ#%bmiﬁ #x
PLT 150-378 10%/uL EREBTN SR L %k R 4
P BT A G e ek AR
BE P HMAARR -
b Fev ALBUMIN AR dOFREE o AL RBER
Alb 3.5-5.7g/dL T BB E T oA s Mok o KT
i HT AR
#.B "% 2w | ANTI HBC AB Bt (>1S/CO) 4 7 % & % B 4%+

o FRY Negative /|- 3+ 1 N
Anti-HBc Positive = »+ %3t |
S/CO
B A%+ 4 & FL | ANTI HBS AB Bitd 73 &% BAP+L -

kg Negative -] > 10.00
Anti-HBs mlU/mL
Positive = 5 3%
10.00 mIU/mL
F1.C A W38 gl ANTI HCV_AB Bitda g g3 CAPMFL -

Positive = 3+ 3 |
S/CO

Anti-HCV Negative /|- 3+ 1

Positive + *+ & 3% |

S/CO
B A% e dk HBEAG B4 7 B AL %41 HE o
HBeAg Negative | *¢ 1
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P LR R fen ¥ i i
B AP 4 & fm HBSAG i TtaER % BAPFL -
TE A Negative /|- 3+ 1
HBsAg Positive = >t £+ ]
S/CO
Fi URIC_ACID TR A Y > BERE T i
U.A 7+ 4.4-7.6mg/dL RO R THA R AT A E P
+ 1+ 2.3-6.6mg/dL PR TR R
VUi i CREATININE M#Aﬁﬁ#’&mma?Qé?ﬁ
CRE 0.6-1.3mg/dL fo LA HTIR 0 PR G SR TR
B AT VAR o
Rkt % T BILIRUBIN Rl A fRAY 0 BERE T A 5
TRil 0.3-1.0mg/dL o PEE IR TR 0 RMPIRF
g o
G WAL LDL C B R AR PEFIE o BB T A
(3% "= F ) /] %% 130mg/dL PR P BUSPIRE L o
LDL-C
B %A A v HDL C ~ A ETN BB KT b
€119 + 3% 40mg/dL BB i o
HDL-C
BE R T _CHO R P PR D e B R F T A
T-CHO /] *% 200mg/dL Boun B AR RMEPIREF L -

E HCT I AN T LU REE St Ay
Het 7 14 39.6-51.5% ARk S s TR SR 0 BT i
4 44 34.8-46.3% SRE A AL o
5 ¢ % HB :Lﬁﬂﬁ%;im}n? E R Y
Hb g # 13.1-17.2g/dL B AR MOK S A TRH SR 0 R

4 44 11.0-15.2g/dL Tah R & o
6o Tk WBC oS- 304 BE R T A s
WBC 3.25-9.16 103/uL JAl A N R }};«7 jnl SN T
ﬁ 522 ﬂb ,-{'L‘ "#‘47”

He 3o fj\ microALB a5 :}ﬁ % gt:_a_ﬁkr’?s TN
Micro-albumin /] >% 30mg/L Vil

5 VAL RS & GAMMA_GT SRR R BCERGE T AL S P e
y-GT 9-64U/L T FF B PMpIRE A -
EIEUEERSF AFP RPFRAere S2A 0 BERE ¥ A 5

AFP

-] %+ 20ng/mL

R R LR RMBIRE A -

= et fin
TG

TG
-] %+ 150mg/dL

g o BERE T A S v f
PR UTIR o RSPIRE L T ALY R
Z LA
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