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TAIWAN BIOBANK (TWB)

From 2012 to 2020, TWB has recruited 122,071
community-based volunteers

Ages: 30-70
During 2016-2021, TWB researchers randomly

selected 2,474 TWB participants and submitted
their blood samples for DNAm quantification.

[1lumina Infinilum MethylationEPIC BeadChip
(Illumina, Inc., San Diego, CA)

~860,000 CpG sites
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PHENOAGE

The third National Health and Nutrition
Examination Survey (NHANES III)

Levine et al. (Aging, 2018) used a Cox
regularized regression model to regress the
hazard of aging-related mortality on 42
clinical markers and chronological age



Table 1. Phenotypic aging measures and Gompertz coefficients.

Variable

Albumin

Creatinine

Glucose, serum

C-reactive protein (log)
Lymphocyte percent
Mean (red) cell volume
Red cell distribution width
Alkaline phosphatase
White blood cell count

Age

Liver g/L -0.033
Kidney umol/L 0.0095
Metabolic mmol/L 0.1953
Inflammation mg/dL 0.0954
Immune % -0.0120
Immune fL 0.0268
Immune % 0.3306
Liver U/L 0.0019
Immune 1000 cells/ul. 0.0554
Years 0.0804

Levine et al. (Aging, 2018)

513 CpG sites
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Among the 513 CpGs, 226 (44.1%) were significantly
associated with chronological age in the TWB (p <
0.05/513 =9.7x107).

Table S1 -The Levine et al.'s 513 CpGs

A 5] C D E b G H I

1 1CpG Chrom{Map.Info Gene.Symbol [Entrez.ID |Weight  |Univariate. Age.Correlation.Levine |Regression.Coef TWB |P.value. TWB
2 |Intercept NA |NA NA 60.664 [NA NA NA

3 [cgl5611364 3 25806427|0XSM 54995] 63.12415 0.003807203 1.06E-05 0.39518332
4 1cgl 7605084 12 53177758 HEM1 3071] -44.0094 -0.02916914 -1.64E-05]  0.222610451
S |cg26382071 17 6485627| TXNLS 84817 40.42085 0.002996738 6.92E-06| 0.510282217
6 |cgl2743894 1] 30301513|Cllorf46 120534 36.78818 -0.008386638 -8.94E-07] 0.933755645
7 lcgl9287114 9] 107046432 |SLC44A1 23446| -36.4938 -0.118250325 I.16E-05] 0.448366716
8 |cgl12985418 18 17574536 MIBI 57534] -35.9001 -0.073728082 0.33E-06] 0.591580989
9 1cgl9398783 4 38460973 | TLR10 81793| 35.83308 -0.073112025 4.01E-06] 0.719761433
10 |cg 15963417 12]  101835430|PAH 5053] -34.6984 0.049223907 2.43E-05]  0.188869117
11 |cg2718788]1 22 40796291 INAGA 4668| -33.5456 -0.475052242 -0.00058973 8.64E-34
12 1c209892203 17 62391602|CACNG4 27092| -33.4823 0.130255717 5.35E-05 2.92E-14

CpG = Age + sex + BMI + smoking + drinking + ...




Among the 513 CpGs, 226 (44.1%) were significantly
associated with chronological age in the TWB (p <
0.05/513 =9.7x107).

Among the 226 CpGs, 223 (98.7%) exhibited the same
direction of the correlations shown by Levine et al.

This suggests that many of the 513 aging-related CpGs
identified by Levine et al. can be well replicated in the
TWB.

Among the 513 CpGs, 102 (19.9%) showed different
directions from the correlations of Levine et al.

However, 89 of these 102 sites (87.3%) were not

significantly associated with chronological age in the
TWB (p > 0.05).



PhenoAge = @ + Y223 & X;
&, = 60.664, @, = 63.124, etc.

Xj: B-value according to L, where M
M+U

1s the methylated intensity and U 1s
the unmethylated intensity. Therefore,

f-values ranged from O to 1.
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Weighted methylation average

Average epigenetic
age acceleration at
chronological age
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Figure 6. Histogram of epigenetic age acceleration
(EAA)

EAA: residuals from regressing methylation age on
chronological age. In this way, EAA will be robust to
various normalization methods and measurement

platforms.
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GrimAge is based on 1,030 CpGs that are
associated with DNAm-based biomarkers for 7

plasma proteins and smoking pack-years.
Lu AT et al. Aging (Albany NY) 2019;11: 303-327
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Males Females p-value

Total 1,243 (50.2%) 1,231 (49.8%)

Age (years) 50.3+11.3 49.3+10.8 0.0246
Drinking 147 (11.8%) 24 (1.9%) 7.78-22
Smoking 235 (18.9%) 48 (3.9%) 2.0E-31
HEILAR RS 595 (47.9%) 497 (40.4%) 2.0E-4
Educational attainment 5.840.9 5.440.9 1.6E-22
BMI (kg/m”) 25.2+43.4 23.5+3.7 2.3E-32
Body fat percentage (%) 22.945.4 31.84+6.5 4.5E-228
Waist circumference (cm) 87.9+9.3 80.5+9.8 6.8E-76
Hip circumference (cm) 98.2+6.7 95.6+6.9 2.1E-20
Waist-hip ratio 0.89+0.06 0.84+0.07 1.3E-90

Educational attainment ranges from 1 to 7: 1 “illiterate”, 2 “no formal
education but literate”, 3 “primary school graduate”, 4 “junior high
school graduate”, 5 “senior high school graduate”, 6 “college
graduate”, and 7 “Master’s or higher degree”.
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Males | Females _
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PhenoEAA ~ underweight + overweight + obesity + smoking +
place + drinking + exercise + education

EAA: epigenetic age acceleration @
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Males | Females _

BMI < 18.5 kg/m2 b -1.00 0.03
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GrimEAA ~ underweight + overweight + obesity + smoking +
place + drinking + exercise + education

EAA: epigenetic age acceleration °




BMI
Body fat percentage
Waist circumference
Hip circumference

Waist-hip ratio

95% C.I.
[0.096, 0.616]
[0.042, 0.583]
[0.167, 0.687]
[-0.150, 0.372]
[0.341, 0.862]

PhenoEAA

P-value
0.007
0.024
0.001
0.404
6.3E-6

95% C.I.
[0.317, 0.883]
[0.225, 0.795]
[0.170, 0.736]
[0.064, 0.624]
[0.063, 0.634]

P-value
3.3E-5
4.7E-4

0.002
0.016
0.017

PhenoEAA ~ BMI + smoking + place + drinking + exercise + education
PhenoEAA ~ BFP + smoking + place + drinking + exercise + education

PhenoEAA ~ WC + smoking + place + drinking + exercise + education
PhenoEAA ~ HC + smoking + place + drinking + exercise + education

PhenoEAA ~ WHR + smoking + place + drinking + exercise + education



Z-SCORE TRANSFORMATION

Probability of Cases
in portions of the curve

Standard Deviations

From The Mean

Cumulative %

Z 5cores

T Scores

By Heds 1 at English Wikipedia - Transferred from
en.wikipedia to Commons by Abdull., Public Domain,
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X S
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The Z is the mean of the sample.
I
Normal | S is the standard deviation of the sample.
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https://commons.wikimedia.org/w/index.php?curid=2799839




GrimEAA

BMI 0.199 [0.034, 0.365] 0.018 0.305 [0.162, 0.448] 3.1E-5

Body fat percentage 0.213  [0.042,0.384] 0.015 0.251 [0.107, 0.396] 6.7E-4
Waist circumference 0.277  [0.112, 0.442] 0.001 0.280 [0.137, 0.423] 1.3E-4
Hip circumference 0.006 [-0.172,0.160] 0.940 0.159 [0.017, 0.301] 0.028
Waist-hip ratio 0.481  [0.317, 0.645] 1.2E-8 0.271 [0.126, 0.415] 2.4E-4

GrimEAA ~ BMI + smoking + place + drinking + exercise + education
GrimEAA ~ BFP + smoking + place + drinking + exercise + education
GrimEAA ~ WC + smoking + place + drinking + exercise + education
GrimEAA ~ HC + smoking + place + drinking + exercise + education
GrimEAA ~ WHR + smoking + place + drinking + exercise + education



SUMMARY

Prevention of abdominal obesity is associated
with a lower risk of EAA in men

Prevention of general obesity 1s associated
with a lower risk of EAA in women
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