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Supplementary Figure 1. Study design and analysis flowchart 

 

 

 

 

 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                Discovery panel 

 Case-cohort study (ESTHER) 

 N=864 (406 deaths) 

 Weighted Cox regression 

adjusted for age, sex, and batch 

 n=430,363 CpGs (after data pre-processing) 

11,063 CpGs (FDR<0.05) 

 

                Validation panel 

 Cohort study (ESTHER) 

 N=1000 (231 deaths) 

 Cox regression 

             adjusted for age, sex, batch,  leukocyte composition,  

             smoking status, BMI, physical activity, alcohol 

             consumption, systolic blood pressure, total cholesterol,  

             prevalence of hypertension, CVD, diabetes, and cancer. 

 n=11,063 CpGs 

 

58 CpGs (FDR<0.05) 

LASSO regression  

10 CpGs selected 

Risk score 0-10 
 Score=0 aberrant methylation at none of 10 CpGs 

 Score=10 aberrant methylation at all 10 CpGs 

 Score=1-9 aberrant methylation at 1- 9 CpGs 

                   Risk score in relation to 
 All-cause mortality 

 Cardiovascular mortality 

 Cancer mortality 

Validation of risk score in an independent cohort 

(KORA)  

A continuous risk score 

cg01612140*(-0.38253) + cg05575921*(-0.92224) +  

cg06126421*(-1.70129) + cg08362785*( 2.71749) + 

cg10321156*(-0.02073) + cg14975410*(-0.04156) + 

cg19572487*(-0.28069) + cg23665802*(-0.89440) + 

cg24704287*(-2.98637) + cg25983901*(-1.80325) 

Dose-response relationship 

 between risk score and all-cause mortality 

 (ESTHER & KORA)  
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Supplementary Figure 2. Manhattan plots for the discovery (panel a; N=864) and validation (panel b; 

N=1000) analyses. The vertical axis indicates (-log10 transformed) observed P-values (Wald chi-

square test), and the horizontal line marks the threshold of significance. 
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Supplementary Figure 3. CpGs associated with lifestyle factors and prevalent diseases at baseline 

(N=1000). 
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Supplementary Figure 4. Distribution of deceased across the 10 CpGs used to define the risk score in 

ESTHER [panel a; N=1000 (231 deaths)] and KORA study [panel b; N=1727 (61 deaths)]. 
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Supplementary Figure 5. Kaplan-Meier estimates of survival by risk score in the KORA study 

(N=1727). a. Survival curves with respect to death from any causes; b. Survival curves with respect to 

death from cancer; c. Survival curves with respect to death from cardiovascular disease (CVD). Plog-

rank was derived from log-rank test. 
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Supplementary Table 1. Characteristics of the KORA study population at baseline 

Characteristic N (%) / Mean (Standard deviation)  

Male (%) 845 (48.9) 

Age (years) 61.0 (8.9) 

Never/ former / current smokers (%)
a
 721 (41.8) / 754 (43.7) / 250 (14.5) 

Body mass index (kg/m
2
) 28.1 (4.8) 

Physically active (%)
a
 985 (57.1) 

Hypertension (%)
b
 789 (45.8) 

Diabetes (%)
c
 161 (9.3) 

Coronary heart disease (%)
c
 105 (6.0) 

Cancer (%)
c
 154 (8.9) 

Total cholesterol (mg/dl) 221.9 (39.2) 

Systolic blood pressure  124.8 (18.7) 

a
Data missing for 2 subjects; 

b
Data missing for 4 subjects; 

c
Data missing for 1 subject. 
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Supplementary Table 2. Gene functions and related diseases of identified loci 

CpG site Gene name Chr Gene region Gene function and related diseases 

cg03725309 SARS 1 Body SARS (Seryl-TRNA Synthetase) plays a key role in vascular development,
1
 and has been identified as a risk 

gene for coronary artery disease by genome-wide association studies.
2
 Hypermethylation at cg03725309 has 

been observed in type 2 diabetes (T2D) patients.  

cg25763716 VCAM1 1 TSS1500 VCAM1 (vascular cell adhesion molecule 1) plays a role in the adhesion and migration of leukocytes from 

blood to arterial intima and is correlate with the development of atherosclerosis.
3
 VCAM-1 is over-expressed in 

myocardial infarction (MI) and soluble VCAM-1 (sVCAM-1) is a predictive indicator of increased risk of death 

in patients after MI.
4
 In addition, VCAM-1 is involved in tumor invasion via mediating nerve-tumor 

interaction.
5
 

cg25189904 GNG12 1 TSS1500 GNG12 [guanine nucleotide binding protein (G protein), gamma 12] is involved as a modulator or transducer in 

various transmembrane signaling systems. Significant differential GNG12 expression was recorded in 

endometrial cancer.
6
 

cg15459165 LAPTM5 1 Body LAPTM5 (lysosomal protein transmembrane 5) encodes a transmembrane receptor that is associated with 

lysosomes. Aberrant methylation at 5'-UTR of LAPTM5 and inversely correlated its gene expression have been 

observed in lung cancer.
7
 The expression of LAPTM5 is down-regulated through DNA methylation in 

neuroblastoma samples and is associated with regression of neuroblastomas.
8
 An earlier study demonstrated 

repression of LAPTM5 expression by DNA methylation in multiple myeloma.
9
 

cg24397007 FOSL2 2 Body FOSL2 (FOS-Like Antigen 2/ FRA2) has been implicated as a regulator of cell proliferation, differentiation, and 

transformation. Increased methylation of FOSL2 down-regulates the gene expression in Parkinson's disease.
10

 

FOSL2 gene was also found to be involved in breast cancer progression and over-expressed in endometrial 

cancer. 
11,12

 

cg16503724 PLCL2 3 Body Higher methylation of PLCL2 (Phospholipase C-Like 2) and relevant down-regulation of gene expression were 

observed in renal cell carcinoma.
13

 PLCL2 was additionally identified as a susceptibility gene for MI and 

systemic sclerosis.
14,15

 

cg19859270 GPR15 3 1stExon GPR15 (G Protein-Coupled Receptor 15) acts as a chemokine receptor for HIV.
16

 

cg02657160 CPOX 3 Body CPOX (Coproporphyrinogen Oxidase) encodes an enzyme that catalyzes the stepwise oxidative decarboxylation 

of coproporphyrinogen III to protoporphyrinogen IX, a precursor of heme. Disease associated with CPOX is 

hereditary coproporphyria (HCP).
17

 

cg14855367 UTS2D 3 1stExon UTS2D (Urotensin-2 Domain-Containing) is a protein coding gene. Urotensin II can induce endothelial 

independent vasoconstriction and endothelial dependent vasodilatation in vasculature. Urotensin II is regarded 

as a link between hypertension and coronary artery disease.
18

 

cg05575921 AHRR 5 Body AHRR (Aryl-Hydrocarbon Receptor Repressor), known as a tumor repressor, mediates dioxin toxicity.
19,20

 

AHRR methylation in blood was strongly associated with smoking-related diseases, including lung cancer,
21

 

atherosclerosis,
22

 and death from CVD and cancer.
23

   

cg14817490 AHRR 5 Body 

cg21161138 AHRR 5 Body 

cg20732076 TRERF1 6 5'UTR TRERF1 (transcriptional regulating factor 1) encodes a zinc-finger transcriptional regulating protein which 

interacts with CBP/p300 to regulate the human gene CYP11A1. Diseases associated with TRERF1 include 

estrogen resistance and tumor aggressiveness in breast cancer patients.
24,25
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Supplementary Table 2. Continued. 

CpG site Gene name Chr Gene region Gene function and related diseases 

cg25285720 HLA-DMA 6 Body HLA-DMA (major histocompatibility complex, class II, DM alpha) belongs to the HLA class II alpha chain 

paralogues. This class II molecule is a heterodimer consisting of an alpha (DMA) and a beta chain (DMB), both 

anchored in the membrane. It is located in intracellular vesicles. Tumor hypomethylation of HLA-DMA 

associates with longer time to recurrence of high-grade serous epithelial ovarian cancer.
26

                              

cg06126421  6  Cg06126421 is located at an intergenic region of 6p21.33. Smoking-induced hypomethylation of this locus was 

found to be associated with lung cancer incidence,
21

 and death from cancer and CVD.
23

  

cg12510708 NFE2L3 7 Body NFE2L3 (nuclear factor, erythroid 2-Like 3) encodes a protein that heterodimerizes with small 

musculoaponeurotic fibrosarcoma factors to bind antioxidant response elements in target genes. NFE2L3 was 

disclosed to display hypermethylation for estrogen receptor/progesterone receptor (ER/PR) positive breast 

cancer and hypomethylation for ER/PR negative breast cancer.
27

 An association of NFE2L3 methylation with 

T2D was recently reported.
28

  

cg26286961 CSGALNACT1 8 TSS200 CSGALNACT1 (chondroitin sulfate N-acetylgalactosaminyltransferase 1) is a critical glycosyltransferase of 

chondroitin sulfate biosynthesis. CSGALNACT1 is significantly downregulated in the follicular variant of 

papillary thyroid carcinoma (FV-PTC) and high expression of CSGALNACT1 was associated with favorable 

prognosis of multiple myeloma.
29,30

 This gene was suggested to play roles in Kashin-Beck disease and primary 

osteoarthritis.
31

  

cg00285394 SQLE 8 Body SQLE (squalene epoxidase) catalyzes the first oxygenation step in sterol biosynthesis. Expression of SQLE was 

found to be associated with ER+ breast cancer and inversely related to distant metastasis-free survival in stage 

I/II breast cancer patients.
 32,33

 Overexpression of SQLE promotes cell proliferation and migration of the 

hepatocellular carcinoma cells.
34

 SQLE plays roles in lung cancer and prostate cancer.
35,36

 SQLE was also 

identified to belong to a network of coexpressed cholesterol metabolism genes and involved in obesity-related 

T2D and CVD.
37

  

cg01140244 INPP5A 10 Body INPP5A (inositol polyphosphate-5-phosphatase A) was suggested to play a role of tumor suppressor. Loss of 

INPP5A was found to be associated with brain tumors.
38,39

 INPP5A was also identified to be involved in 

development and progression of cutaneous squamous cell carcinoma.
40

 

cg23190089 SLC22A18AS 11 Body SLC22A18AS (solute carrier family 22 member 18 antisense) is the antisense partner of SLC22A18. Gain of 

imprinting of both the genes has been observed in breast cancer and diabetes.
41,42

 The expression of 

SLC22A18AS was found to be methylation dependent.
43

 

cg07123182 KCNQ1OT1 11 TSS1500 KCNQ1OT1 (KCNQ1 opposite strand/antisense transcript 1) is the antisense to the KCNQ1 gene and is a 

unspliced long non-coding RNA. It interacts with chromatin and regulates transcription of multiple target genes 

through epigenetic modifications. The KCNQ1OT1 transcript plays an important role in colorectal/breast 

carcinogenesis and mediates diabetes susceptibility.
42,44-46

 KCNQ1OT1 was also suggested to improve the 

prediction of left ventricular dysfunction.
47

 

cg26963277 KCNQ1OT1 11 TSS1500 

cg18550212 ATL3 11 Body ATL3 (Atlastin GTPase 3) encodes a protein which is required for the proper formation of the network of 

interconnected tubules of the endoplasmic reticulum. It was identified to be associated with neuropathy.
48
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Supplementary Table 2. Continued. 

CpG site Gene name Chr Gene region Gene function and related diseases 

cg25193885 SHANK2 11 Body SHANK2 (SH3 and multiple ankyrin repeat domains 2) encodes a protein that is a member of the Shank family 

of synaptic proteins that has been suggested to play roles in neuropsychiatric disorders.
49

 A recent epigenome-

wide association study (EWAS) identified promoter region of SHANK2 to be differentially methylated in 

prostate cancer tissues compare to normal controls.
50

 Another EWAS disclosed that SHANK2 methylation was 

involved in intellectual disability.
51

 

cg07986378 ETV6 12 Body ETV6 (ETS variant 6) encodes an ETS family transcription factor. This gene is known to be involved in a large 

number of chromosomal rearrangements associated with leukemia and congenital fibrosarcoma.
52

 Genetic 

studies identified a central role for ETV6 in hematopoiesis and malignant transformation.
53

 

cg23665802 MIR19A 13 TSS1500 MIR19A (MicroRNA 19a) is an RNA gene, and is affiliated with the miRNA class. MicroRNAs are involved in 

cancer pathways, regulating gene expression by affecting stability and translation of target mRNAs. MIR19A 

has been suggested functioning as an oncogenic microRNA and is up-regulated in a variety of malignant 

conditions, including lung cancer, colorectal, gastric, breast, bladder, cervical, and esophageal cancer, as well as 

hepatocellular carcinoma, and leukemia.
54-62

 Circulating MIR19A levels was found to be higher in acute MI and 

suggested to be a potential candidate for diagnosis of acute MI.
63

  

cg04987734 CDC42BPB 14 Body CDC42BPB (CDC42 binding protein kinase beta) encodes a member of the serine/threonine protein kinase 

family. CDC42BPB is a key regulator of cancer cell migration and invasion and has been identified as a novel 

potential therapeutic/drug target for cancer, such as colorectal and breast cancer.
64-66

 

cg00310412 SEMA7A 15 Body SEMA7A (semaphorin 7A) encodes a protein that is found on activated lymphocytes and erythrocytes and 

might be involved in immunomodulatory and neuronal processes. It has been suggested that gene products of 

SEMA7A play a role as pooled cerebrospinal fluid biomarkers that were associated with the conversion to 

clinically definite multiple sclerosis.
67

 SEMA7A may also be involved in chronic asthma through regulating 

eosinophil profibrotic functions in the airway, and contribute to liver fibrogenesis.
68,69

  

cg26709988 CRISPLD2 16 5'UTR CRISPLD2 (cysteine rich secretory protein LCCL domain containing 2) was suggested as a target of the 

progesterone receptor and may play an important role in pathogenesis of endometriosis.
70

  

cg23842572 MPRIP 17 Body MPRIP (myosin phosphatase Rho interacting protein) plays a critical role for human cancer cell invasion.
71

 

cg19572487 RARA 17 5'UTR RARA (retinoic acid receptor alpha) has been implicated in regulation of development, differentiation, 

apoptosis, granulopoeisis, and transcription of clock genes. Translocations between this locus and several other 

loci have been found to be associated with hematologic neoplasms, mammary tumorigenesis, as well as 

hepatocellular and thyroid carcinomas.
72-75

 

cg01572694 MIR10A 17 TSS1500 MIR10A (MicroRNA 10a) is an RNA gene, and is affiliated with the miRNA class. MIR10A has been disclosed 

to be involved in development and progression of lung, breast, gastric, pancreatic, colon, brain, bladder, 

cervical, thyroid, esophageal cancer, as well as HCC, melanoma, leukemia.
76-84

 A recent study combining next-

generation sequencing omics data with gene regulatory networks, microRNAs regulatory networks, protein-

protein interaction networks, and epigenetic regulatory networks of methylation suggested that MIR10A 

contributes to the HIV-1 integration and replication stage.
85

  

 



10 
 

Supplementary Table 2. Continued. 

CpG site Gene name Chr Gene region Gene function and related diseases 

cg08546016 TMEM104 17 Body TMEM104 (transmembrane protein 104) is a protein coding gene. 

cg18181703 SOCS3 17 Body SOCS3 (suppressor of cytokine signaling 3) encodes a member of the suppressor of cytokine signaling family. 

The expression of this gene is induced by various cytokines, including IL6, IL10, and interferon (IFN)-gamma. 

Aberrant methylation of SOCS3 plays roles in tumorigenesis, including lung, pancreatic, colorectal, head and 

neck, prostate, cervical, and endometrial cancer, as well as hepatocellular carcinoma, melanoma, glioblastoma, 

and leukemia.
86-96

 Three recent EWAS studies identified that SOCS3 methylation was associated with incidence 

of T2D. 
28,97,98

 

cg03636183 F2RL3 19 Body F2RL3 encodes for the thrombin protease-activated receptor-4 (PAR-4) that plays roles in blood coagulation 

and inflammatory reactions.
99

 PAR4 is over-expressed in various malignant conditions, such as colorectal 

cancer, and prostate cancer. F2RL3 demethylation is strongly predictive for lung cancer incidence and mortality, 

as well as CVD and cancer mortality.
21,23,100

  

cg11341610 CALR 19 Body CALR (calreticulin) is a multifunctional protein that acts as a major Ca
2+

-binding protein in the lumen of the 

endoplasmic reticulum. There is accumulating evidence that CALR plays roles in the development and 

progression of various cancers, e.g., lung, gastric, pancreatic, prostate, ovarian, esophageal cancers, 

neuroblastoma, and leukemia.
101-104

  

cg26470501 BCL3 19 Body BCL3 (B-cell CLL/lymphoma 3) is a proto-oncogene candidate and protects cells from apoptosis. BCL3 is an 

established oncogene in hematologic malignancies, such as B-cell chronic lymphocytic leukemia.
105

 Recent 

studies have shown that it also participates in progression of various solid tumors, including cancers in lung, 

breast, colorectal, and prostate.
106-109

 BCL3 was additionally suggested to be involved in pathogenesis of CVD 

(such as atherosclerosis and MI),
110,111

 and rheumatoid arthritis.
112

 

cg05492306 ERCC1 19 TSS1500 ERCC1(excision repair cross-complementation group 1) encodes a protein that is required for the repair of DNA 

lesions such as those induced by UV light or formed by electrophilic compounds including cisplatin. This gene 

was identified to be involved in malignant conditions, including lung, breast, and gastric cancer, as well as head 

and neck squamous cell carcinoma. 
113-117

 

cg25607249 SLC1A5 19 1stExon SLC1A5 (solute carrier family 1 member 5/ ASCT2) is a high-affinity transporter of glutamine in various 

cancer. It has been demonstrated that SLC1A5 expression is upregulated in lung, colorectal, breast, prostate, 

pancreatic cancer, neuroblastoma, melanoma, and renal cell carcinoma.
118-125

 Differential DNA methylation 

concurrent differentially mRNA expression of SLC1A5 has been observed in pancreatic islets for T2D patients 

compared to non-diabetic controls.
126

  

cg01406381 SLC1A5 19 TSS200 

cg07626482 SLC1A5 19 TSS1500 

cg03707168 PPP1R15A 19 Body PPP1R15A (protein phosphatase 1 regulatory subunit 15A/ GADD34) is a member of a group of genes whose 

transcript levels are increased following stressful growth arrest conditions and treatment with DNA-damaging 

agents. PPP1R15A was found to play roles in neurological diseases, myocardial ischaemia.
127,128

 It has been 

observed that PPP1R15A-deficient mice develop obesity, nonalcoholic fatty liver disease, hepatic carcinoma, 

insulin resistance, and colon cancer.
129,130
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Supplementary Table 2. Continued. 

CpG site Gene name Chr Gene region Gene function and related diseases 

cg25491402 PDE9A 21 Body PDE9A (phosphodiesterase 9A) encodes a protein that plays a role in signal transduction by regulating the 

intracellular concentration of these cyclic nucleotides. PDE9A is involved in stress-induced heart 

disease.
131

 Overexpression of PDE9A was also identified in breast cancer.
132

 DNA hypermethylation of 

PDE9A resulted in reduced mRNA expression in lung tumor tissue.
133

 

cg08362785 MKL1 22 Body MKL1[megakaryoblastic leukemia (translocation) 1/ MRTF-A] encodes a protein that is predominantly 

nuclear and may help to transduce signals from the cytoskeleton to the nucleus. MKL1 was shown to 

enhance lung and breast cancer cell migration and invasion by epigenetic modifications.
134,135

 MKL1 

additionally plays roles in lung and liver fibrosis.
136,137
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Supplementary Table 3. List of CpGs associated with lifestyle factors and prevalent diseases at baseline   

CpG site Gene name 

FDR
a 
 

sex  

(n=23 CpGs) 

age 

(n=23 CpGs) 

smoking status 

(n=48 CpGs) 

alcohol consumption  

(n=6 CpGs) 

diabetes  

(n=5 CpGs) 

Cancer  

(n=5 CpGs) 

cg03725309 SARS  4.25E-08 0.0138 2.24E-05 

  cg25763716 VCAM1  0.0022     

cg13854219    0.0003    

cg25189904 GNG12 2.19E-08  4.47E-25    

cg15459165 LAPTM5   0.0007    

cg19266329  0.0133  5.38E-05 0.0008 0.0014  

cg24397007 FOSL2    0.0002   

cg23079012  9.99E-05  9.59E-24    

cg27241845  2.67E-27  6.50E-23    

cg06905155       0.0080 

cg16503724 PLCL2 0.0232  3.95E-12    

cg19859270 GPR15 0.0029  1.35E-51    

cg02657160 CPOX   1.75E-16    

cg14975410   0.0021 0.0033    

cg05575921 AHRR 2.69E-10  2.18E-135    

cg14817490 AHRR  0.0370 6.35E-52    

cg21161138 AHRR 0.0063  3.01E-69    

cg12513616  2.19E-08  9.42E-18    

cg20732076 TRERF1  0.0283 3.52E-09 0.0230   

cg06126421  5.92E-08 0.0198 1.79E-61    

cg15342087  0.0028  3.84E-40    

cg01612140  6.95E-08  0.0103    

cg25983901   0.0194 0.0015 0.0002   

cg12510708 NFE2L3  0.0021 0.0093    

cg00285394 SQLE 0.0017  0.0021    

cg01140244 INPP5A  0.0022     

cg23190089 SLC22A18AS 0.0014 1.74E-05 2.14E-09  0.0199  

cg07123182 KCNQ1OT1  0.0198 2.58E-17    
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Supplementary Table 3. Continued. 

CpG site Gene name 

FDR
a
 

sex  

(n=23 CpGs) 

age 

(n=23 CpGs) 

smoking status 

(n=48 CpGs) 

alcohol consumption  

(n=6 CpGs) 

diabetes  

(n=5 CpGs) 

Cancer  

(n=5 CpGs) 

cg26963277 KCNQ1OT1 0.0104  1.51E-21    

cg18550212 ATL3  0.0021 0.0277    

cg10321156  6.93E-06  0.0173    

cg25193885 SHANK2 0.0422  0.0372    

cg07986378 ETV6 0.0488  7.51E-20    

cg23665802 MIR19A  0.0004 3.74E-05    

cg04987734 CDC42BPB 0.0169  0.0050    

cg19459791    2.32E-05    

cg00310412 SEMA7A 0.0002  1.62E-20    

cg23842572 MPRIP  0.0370 5.85E-06   

 cg19572487 RARA 4.68E-10 0.0018 7.66E-36    

cg01572694 MIR10A   0.0479    

cg08546016 TMEM104   0.0338    

cg18181703 SOCS3   0.0125  0.0373 0.0303 

cg03636183 F2RL3 0.00012  1.01E-95   0.0145 

cg24704287   0.0030 3.85E-07   0.0117 

cg11341610 CALR 0.0187 0.0026 0.0021    

cg14085840  0.0492  0.0003    

cg26470501 BCL3  0.0038 6.77E-06  0.0199 0.0117 

cg05492306 ERCC1  8.84E-05 2.27E-06    

cg25607249 SLC1A5  0.0407 9.34E-05    

cg01406381 SLC1A5  0.0070 5.85E-06    

cg07626482 SLC1A5   2.32E-05 5.53E-07   

cg03707168 PPP1R15A  0.0030 2.70E-31    

cg08362785 MKL1 1.02E-05 2.05E-07   0.0445  
a
 FDR, False discovery rate; FDR<0.05 in mixed regression analysis with each validated CpG as dependent variable and age (years), sex, smoking status 

(never/former/current smokers), alcohol consumption, body mass index ((<25 kg/m2 / 25.0-<30.0 kg/m2 / ≥30.0 kg/m2), physical activity 

(inactive/low/medium or high), total cholesterol, prevalence of hypertension, cardiovascular disease, diabetes, and cancer as independent variables, 

controlling for batch effects and leukocyte composition. 
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Supplementary Table 4. Cutoff points for defining aberrant methylation for the 10 CpG  

CpG sites      cutoff points 

cg01612140 ≤ 0.33962 

cg05575921 ≤ 0.77332 

cg06126421 ≤ 0.59937 

cg08362785 ≥ 0.67841 

cg10321156 ≤ 0.38737 

cg14975410 ≤ 0.44420 

cg19572487 ≤ 0.48629 

cg23665802 ≤ 0.29927 

cg24704287 ≤ 0.30730 

cg25983901 ≤ 0.48522 
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Supplementary Table 5. Sex-specific associations of risk score with all-cause mortality in the ESTHER study and KORA study 

Group Mortality score
a 
 Ntotal Cases PY IR

b
 

HR (95% CI) 

Model 1
c
 Model 2

d
 Model 3

e
 

ESTHER-Men 0 61 4 808.09 0.50 
Ref. Ref. Ref. 

 1 97 23 1217.62 1.89 

 2-5 236 62 2888.82 2.15 1.63 (1.04 – 2.55) 1.51 (0.96 – 2.37) 1.50 (0.93 – 2.43) 

 >5 105 54 1068.33 5.05 3.94 (2.48 – 6.26) 3.32 (2.08 – 5.29) 3.04 (1.76 – 5.25) 

         

ESTHER-Women 0 138 10 1882.60 0.53 
Ref. Ref. Ref. 

 1 145 18 1926.88 0.93 

 2-5 189 43 2412.04 1.78 2.51 (1.56 – 4.05) 2.48 (1.54 – 3.99) 2.67 (1.59 – 4.48) 

 >5 26 16 280.65 5.70 9.17 (4.95 – 16.98) 8.36 (4.50 – 15.51) 8.31 (3.76 – 18.35) 

         

KORA-Men 0 177 1 795.15 0.13 
Ref. Ref. Ref. 

 1 220 3 958.78 0.31 

 2-5 428 36 1810.53 1.99 8.86 (3.15 - 24.9) 7.16 (2.53 - 20.3) 6.17 (2.13 - 17.84) 

 >5 20 4 80.41 4.97 22.28 (5.57 - 89.1) 16.9 (4.19 - 68.19) 10.46 (2.26 - 48.41) 

         

KORA-Women 0 310 4 1367.86 0.29 
Ref. Ref. Ref. 

 1 270 3 1189.13 0.25 

 2-5 294 9 1259.57 0.71 2.61 (0.97 - 7.01) 2.1 (0.78 - 5.66) 1.86 (0.61 - 5.63) 

 >5 8 1 33.91 2.95 10.85 (1.33 - 88.21) 17.73 (2.08 - 151.49) 14.34 (1.02 - 201.11) 

Abbreviations: HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; IR, incidence rate; PY, person-years; Ref., reference 

category.  
a 
Score was based on methylation of 10 CpGs (cg01612140, cg05575921, cg06126421, cg08362785, cg10321156, cg14975410, cg19572487, 

cg23665802, cg24704287, cg25983901) using their respective first quartile values (cg08362785: using its highest quartile) among the 

ESTHER participants as the cutoff points to define aberrant methylation; Score 0-10 refer to simultaneously aberrant methylation at 0 to 10 

CpGs; 
b
Incidence rate per 100 person-years; 

c
Model 1: without adjustment; 

d
Model 2: adjusted for chronological age. 

f
Model 3: like model 2, 

additionally adjusted for smoking status, BMI, physical activity, alcohol consumption, systolic blood pressure, total cholesterol, hypertension, 

and prevalent cardiovascular disease, diabetes, and cancer at baseline. 
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Supplementary Table 6. Associations of the risk score and epigenetic clock (calculated according to 

Horvath’s algorithm) with all-cause and cause-specific mortality in the ESTHER study  

Outcome 
Mortality score

a 
/ 

epigenetic clock
b
 

HR (95% CI) 

Model 1
c
 Model 2

d
 Model 3

e
 

All-cause mortality 0 Ref. Ref. Ref. 

 1 2.04 (1.11 – 3.75) 2.04 (1.11 – 3.75) 2.18 (1.11 – 4.28) 

 2-5 3.18 (1.81 – 5.59) 3.15 (1.78 – 5.55) 3.45 (1.82 – 6.54) 

 >5 7.64 (4.21 – 13.85) 7.55 (4.14 – 13.76) 7.47 (3.72 – 15.00) 

     

 Horvath Δage (per 5 years) 1.14 (1.00 – 1.30) 1.02 (0.90 – 1.16) 0.98 (0.85 – 1.13) 

     

Cancer mortality 0 
Ref. Ref. Ref. 

 1 

 2-5 1.24 (0.72 – 2.11) 1.19 (0.69 – 2.05) 1.19 (0.67 – 2.12) 

 >5 3.12 (1.69 – 5.78) 2.96 (1.58 – 5.54) 2.49 (1.21 – 5.14) 

     

 Horvath Δage (per 5 years) 1.18 (0.95 – 1.47) 1.10 (0.88 – 1.38) 1.04 (0.82 – 1.32) 

     

CVD mortality 0 
Ref. Ref. Ref. 

 1 

 2-5 3.41 (1.82 – 6.40) 3.40 (1.80 – 6.42) 3.99 (1.94 – 8.20) 

 >5 7.19 (3.54 – 14.62) 7.17 (3.48 – 14.74) 9.10 (3.81 – 21.71) 

     

 Horvath Δage (per 5 years) 1.15 (0.93 – 1.43) 1.00 (0.81 – 1.25) 1.00 (0.78 – 1.28) 

Abbreviations: HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; Ref., reference 

category.  
a
Score was based on methylation of 10 CpGs (cg01612140, cg05575921, cg06126421, cg08362785, 

cg10321156, cg14975410, cg19572487, cg23665802, cg24704287, cg25983901) using their respective 

first quartile values (cg08362785: using its highest quartile) among the ESTHER participants as the 

cutoff points to define aberrant methylation; Score 0-10 refer to simultaneously aberrant methylation at 

0 to 10 CpGs; 
b
The epigenetic clock estimated by the difference between DNA methylation calculated 

according to Horvath’s algorithm
138

 and chronological age; 
c
Model 1: adjusted for age and sex; 

d
Model 

2: like model 1, additionally adjusted for the epigenetic clock/risk score; 
e
Model 3: like model 2, 

additionally adjusted for smoking status, BMI, physical activity, alcohol consumption, systolic blood 

pressure, total cholesterol, hypertension, and prevalent cardiovascular disease, diabetes, and cancer at 

baseline. 
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