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Supplementary Table 1 Characteristics of 115 studies of pesticide exposure and DNA methylation. 

Ref. Year Type of pesticide Type of study Genes Main conclusion 

M. J. Mass1 1997 Arsenic Human p53 

Exposure of human lung adenocarcinoma A549 cells to sodium 

arsenite or sodium arsenat, produced significant dose-

responsive hypermethylation within a 341-base pair fragment of 

the promoter of p53. 

H. Jin2 2001 Arsenic Human p15 p15 gene failed to express in molt4 after methylation. 

H. Tong3 2002 Arsenic trioxide Human p15 

As2O3 could activate the expression of p15 gene by 

demethylation or/and by inhibiting DNMT3A and DNMT3B 

gene. 

J. Q. Li4 2004 Arsenic trioxide Human p16 
As2O3 could induce p16 gene re-expression in human myeloma 

cell line U266 through DNA demethylation. 

W. Y. Au5 2005 Arsenical Human CDKN2B 
Both acquisition and loss of CDKN2B methylation happened at 

relapse, with acquisition more frequent. 

H. Y. Fu6 2005 Arsenical Human p16 
Hypermethylation of CpG island of p16 gene was observed in 

54.8% of the MM patients in our group. 

H. Y. Fu7 2007 Arsenical Human 
DNMT 1, 

DNMT3A, 3B 

As2O3 can activate and up-regulate the expression of p16 gene 

which inhibits the proliferation of U266 cell through inducing 

the G(0) - G(1) arrest by demethylation or/and by inhibiting 

DNMT 1, DNMT3A and 3B gene. 

J. A. Rusiecki8 2008 Organochlorine Human Alu, LINE-1 

Statistically significant inverse linear relationships mainly for 

the Alu assay for p,p'-DDT (1,1,1-trichloro-2,2-bis(p-

chlorophenyl)ethane; β = -0.26), p,p'-DDE [1,1-dichloro-2,2-

bis(p-chlorophenyl) ethylene;  β = -0.38], β-

hexachlorocyclohexane (β = -0.48), oxychlordane (β = -0.32), 

α-chlordane (β = -0.75), mirex (β = -0.27). 
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M. M. Wang9 2008 Arsenical Human 

U266, 

RPMI8226，socs-

1 

The results indicated that hypermethylation of CpG island of 

socs-1 gene was observed without expression of socs-1 in 

myeloma cell lines U266, RPMI8226. 

D. Desaulniers10 2009 organochlorine 

Animal (female 

Sprague-

Dawley rats) 

 

p16 

The high-dose groups (except OCP) generally decreased the 

methylation of CpG sites (position -63 to -29) in the promoter 

of the tumor suppressor gene p16(INK4a). 

J. L. Hu11 2009 Arsenical Human RASSF1A 
After the effect of As2O3, the methylation of RASSF1A gene 

became weaker by increasing the concentration of As2O3. 

Y. Shutoh12 2009 Organochlorine 
Animal (male 

young rats) 

Global DNA 

methylation 

There was no significant difference in methylation in the 0.06 

and 60 mg/kg/day groups, compared with controls. 

Y. Wang13 2009 Tributyltin 

Animal 

(Sebastiscus 

marmoratus) 

DNMT1 
TBT, TPT, and a mixture of the two significantly induced DNA 

hypomethylation in the fish livers in a dose-dependent manner. 

L. Yang14 2009 Arsenical Human SHP-1 
As2O3 can effectively cause demethylation and inhibit the 

growth of tumor by reactivating the SHP-1 gene transcription. 

L. Yang15 2009 Arsenical Human SHP-1 

As2O3 led to progressive demethylation and re-expression of 

SHP-1 in T2 cells, as well as down-regulation of 

phosphorylated c-kit. 

A. M. Zama16 2009 Methoxychlor Animal (Rats) ERβ 
Developmental exposure to MXC led to significant 

hypermethylation in the ERβ promoter regions. 

H. Y. Fu17 2010 Arsenical Human 
CDKN2B, 

CDKN2A 

The CDKN2B promoter was hypermethylated in Molt4 and 

MUTZ-1 cells, while the CDKN2A promoter was 

hypermethylated in U937, U266 and CA46 cells. 
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K. Y. Kim18 2010 Organochlorine Human 
Global DNA 

methylation 

Low-dose exposure to POPs, in particular OC pesticides, was 

associated with global DNA hypomethylation in apparently 

healthy Koreans. 

T. Y. Yang19 2010 Organochlorine Human p16 

Only p16 gene methylated in the liver treated with 

hexachlorobenzene (HCB) and tetrachlorodibenzo-p-dioxin 

(TCDD) by using methylation specific PCR (MSP). 

R. Ruiz-Ramos20 2010 Organochlorine Human 
Global DNA 

methylation 

Only among MTHFR677 TT carriers, non-significant negative 

associations were observed between DDE and DDT with global 

DNA methylation, respectively. 

S. F. Shen21 2010 Arsenical Human hdpr1 As2O3 could reverse hypermethylation of hdpr1 gene. 

H. R. Zhou22 2010 Arsenical Human p16 
The As2O3 may up-regulate the expression of p16 gene, recover 

the activity of p16 gene. 

A. C. Gore23 2011 Organochlorine 
Animal 

(Fischer rats) 
Esr1 

EB-treated rats had significantly higher percentage of 

methylation at three CpG sites in the Esr1 promoter compared 

with control rats. 

N. Holland24 2011 Pesticide Human Alu, LINE-1 
Over 2,500 CpG sites that were differentially methylated by age 

and >70 CpG sites displaying sex-specific differences. 

S. Özden25 2011 Organochlorine 
Animal (male 

rat) 
p16 

Only p16 gene was found to be partially methylated in the liver 

treated with HCB and TCDD by using methylation-specific 

PCR (MSP). 

C. Stouder26 2011 Organochlorine 
Animal (male 

mice) 

Meg3, Mest, 

Snrpn, Peg3 

MXC treatment of adult mice decreased the percentages of 

methylated CpGs of Meg3 and increased those of Mest, Snrpn, 

and Peg3 in the sperm DNA. 

X. Zhang27 2011 Organophosphorus Human 
Global DNA 

methylation 

Significant differences in genomewide DNA methylation 

patterns in relation to exposure to three pesticides (i.e., fonofos, 

parathion, and terbufos). 
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M. B. Hossain28 2012 Arsenical 

Human (202 

women) 

 

p16, MLH1 

Log-transformed urinary arsenic concentrations were positively 

associated with methylation of p16 and MLH1, but not with 

LINE1. 

L. Hou29 2012 Dicarboximide Animal (mice) 
Global DNA 

methylation 

VCZ-induced genome-wide epigenetic changes on F1 mice 

sperm DNA by global methylation profiling 

L. Lind30 2012 Organochlorine Human 
Global DNA 

methylation 
High levels of pp-DDE were related to DNA hypermethylation. 

M. Manikkam31 2012 
Pyrethroid, Insect 

repellents 
Animal (rats) 

Global DNA 

methylation 

Analysis of the pesticide lineage F3 generation sperm 

epigenome identified 363 differential DNA methylation regions 

(DMR) termed epimutations. 

V. Tsang32 2012 Arsenical 
Animal (male 

mouse) 
2,931 genes 

The combined folate-iAs exposure changed the CpG island 

methylation in 2,931 genes. 

P. Yousefi33 2012 Arsenical Human Alu and LINE-1 

Weak yet consistent inverse relationships between prenatal 

DDT/E exposure and Alu and LINE-1 methylation in cord 

blood DNA, however these associations did not reach statistical 

significance 

X. Zhang34 2012 Organophosphate Human 712 genes 

These three pesticides induced similar methylation changes in 

the promoter regions of 712 genes, while also exhibiting their 

own OP-specific methylation alterations. 

X. Zhang35 2012 Diazinon Human 984 genes 
1069 CpG sites in 984 genes with significant methylation 

changes in diazinon-treated cells. 

L. Bastos Sales36 2013 Tributyltin 

Animal 

(Murine) and 

human 

Global DNA 

methylation 

A further decrease in global methylation status was found for 

cells treated with TRO and TBT. 

K. Huen 

Northcote37 
2013 Organochlorine Human 

Global DNA 

methylation 

Prenatal exposures to organochlorines and PBDEs were related 

to global hypomethylation. 
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L. Lind38 2013 Organochlorine 
Human (524 

subjects) 

Global DNA 

methylation 

High levels of the PCB126 congener, the OCDD, and the 

pesticide metabolite p,p'-DDE were related to DNA 

hypermethylation. 

K. Huen39 2014 Organochlorine 

Human (358 

newborns and 

children) 

Alu 

Associations of POPs with LINE-1 methylation were only 

identified after examining the co-exposure of DDT/E with 

PBDEs simultaneously. 

H. Itoh40 2014 Organochlorine 
Human (399 

women) 

Global DNA 

methylation 

Global methylation level was significantly decreased by 0.33-

0.83% per quartile category for serum o,p'-

dichlorodiphenyltrichloroethane (o,p'-DDT), p,p'-DDT, p,p'-

dichlorodiphenyldichloroethylene, trans-nonachlor, 

oxychlordane, hexachlorobenzene, β-hexachlorocyclohexane. 

M. Tellez-

Plaza41 
2014 Arsenical Human 

Global DNA 

methylation 

Arsenic exposure and metabolism were consistently associated 

with both epigenetic markers in cross-sectional and prospective 

analyses. 

S. Y. Park42 2015 Organochlorine Human 
Global DNA 

methylation 
Hypermethylation decreased as OCPs increased (Ptrend=0.02). 

H. S. Shin43 2015 Organophosphorus Animal (mice) H19 
H19 methylation level of liver and thymus showed decreased 

pattern in a dose-dependent manner in males. 

H. Xing44 2015 
Organophosphorus, 

Triazine 
Animal (carp) 

Global DNA 

methylation 

A significant global DNA hypomethylation in the common carp 

exposed to atrazine (ATR), chlorpyrifos (CPF) and their 

mixture was observed compared to the control fish. 

C. Consales45 2016 Organochlorine Human Satα 

The only significant effect in the adjusted results was a sporadic 

negative association between the methylation level of Satα and 

p, p’-DDE serum levels in Warsaw, where for each unitary 

increase of the (ln) p,p’-DDE concentration, Satα methylation 

level decreased by 6.3%. 
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H. Eyvani46 2016 Arsenical Human 
RBL1 (p107), 

CHFR and p16 

Only promoters of RBL1 (p107), CHFR and p16 genes were 

aberrantly methylated in three cell lines. 

B. B. Green47 2016 Arsenical 
Human (343 

individuals) 
LYRM2 

Placenta arsenic levels were associated with 163 differentially 

methylated loci, with 11 probes within the LYRM2 gene 

reaching genome-wide significance. 

N. Holland48 2016 Organophosphate Human PON1-108 

The PON1-108 that affects birth outcomes and 

neurodevelopment was strongly associated with PON 

methylation. 

G. Kostka49 2016 Organochlorine Animal (rat) p53, p16 
DDT induced alternations in methylation of the promoter region 

in both p53 and p16 genes. 

D. Van Der 

Plaat50 
2016 Pesticides 

Human (1561 

participants) 

Global DNA 

methylation 

The top CpG (cg02286193 near ESRRB) was hypomethylated 

in highly exposed subjects and the other CpGs were 

hypermethylated. 

K. Declerck51 2017 pesticides 
Human (48 

children) 
PON1 192R-allele 

A specific methylation profile was observed in prenatally 

pesticide exposed children carrying the PON1 192R-allele. 

M. Kajta52 2017 Organochlorine Animal (mice) 
Global DNA 

methylation 

Prenatally administered DDT accumulated in mouse brain as 

determined with gas chromatography and tandem mass 

spectrometry, led to global DNA hypomethylation, and altered 

the levels of methylated DNA in specific genes. 

M. 

Kwiatkowska53 
2017 Organophosphorus Human 

Global DNA 

methylation and 

p53 

We also observed a decrease in global DNA methylation level 

at 0.25 mM of glyphosate.  Glyphosate at 0.25 mM and 0.5 

mM increased p53 promoter methylation. 

M. H. Lee54 2017 organochlorine 
Human (444 

Koreans) 
Alu, LINE-1 

Significant inverse associations between p,p’-DDE, cis-

Heptachlor epoxide and Alu assay in men, p,p′-DDE was 

positively associated with LINE-1 assay in women 
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F. 

Moghaddaskho55 
2017 Arsenical Human 

RBL1 (p107), 

RASSF1A, and 

cyclin D2 

Only promoters of RBL1 (p107), RASSF1A, and cyclin D2 

were aberrantly methylated in studied breast cancer cell lines. 

P. Phookphan56 2017 Arsenical Human 
COX2, EGR1, and 

SOCS3 

When compared to unexposed children, arsenic-exposed 

children had hypomethylation at all 3 CpG sites of COX2, 

EGR1, and SOCS3. 

J. A. Rusiecki57 2017 Pesticide 
Human (695 

males) 
GSTp1, MGMT 

Non-specific HPEEs may contribute to increased DNAm in 

GSTp1, and in some groups, reduced DNAm in MGMT and 

LINE-1. 

Y. Wang58 2017 Arsenical Human SFRP1 
Following treatment with As2O3 for 48 h, the SFRP1 gene was 

demethylated 

S. E. Wirbisky-

Hershberger59 
2017 Triazine 

Animal 

(zebrafish) 

Global DNA 

methylation 

An embryonic atrazine exposure decreases global methylation 

levels and the expression of dnmt4 and dnmt5. 

A. B. Benitez-

Trinidad60 
2018 

Occupational 

pesticide 

Human (190 

individuals) 
LINE-1 

Occupational pesticide exposure and external factors appears to 

modify the DNA methylation pattern measured through LINE-

1. 

C. Giuliani61 2018 Herbicide Human CYP1A1 
Past environmental exposure to dioxin (AO/TCDD) shapes the 

DNA methylation profile of regions in CYP1A1 gene. 

D. Hernandez-

Cortes62 
2018 Organophosphate Animal (mice) Ogg1 

The results showed that Me-Pa significantly decreased the 

global DNA methylation pattern and significantly increased the 

methylation of two CpG sites within Ogg1 promoter and one 

CpG site within Nrf2 promoter. 

V. F. S. Kahl63 2018 Pesticides Human 
Global DNA 

methylation 

Global DNA methylation was significantly decreased in 

tobacco farmers. 
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V. F. S. Kahl64 2018 Pesticide mixtures Human 

Global DNA 

methylation and 

p16 

Exposed group showed significantly shorter telomeres and 

DNA hypomethylation, as well as p16 hypermethylation. 

S. Kim65 2018 Organochlorine 

Human 

(109 Korean 

mother-child 

pairs) 

IGF2 

Higher levels of p,p′-dichlorodiphenyltrichloroethane (p,p′-

DDT) in maternal serum were associated with hypermethylation 

of insulin-like growth factor 2 (IGF2). In multiple-POP models, 

a significant and positive association between DDTs and IGF2 

methylation was also observed. 

J. Y. Lee66 2018 Organochlorine 

Human (364 

healthy Korean 

subjects) 

CDH1 

Serum concentrations of OCPs or PCBs compounds were 

higher in CDH1 methylation-positive subjects than in 

methylation-negative ones. 

Y. K. Leung67 2018 Organochlorine 
Human (72 

participants) 

The cord blood 

DNA 

In males-only, methylation changes was seen for p,p’-DDE in 

and 1,473 CpG sites. 

K. C. Paul68 2018 Organophosphate Human 
Global DNA 

methylation 

Among the 70 CpGs located in 41 genes, 14 were also 

differentially methylated in saliva samples. 

Y. Song69 2018 Organochlorine Animal (rats) H19 and Gtl2 

Gestational exposure to p,p’-DDE impaired the testis histology 

and decreased the sperm fertility with H19 and Gtl2 

hypomethylation in F1 offspring. 

D. A. Van Der 

Plaat70 
2018 

Occupational 

pesticide 

Human (1561 

subjects) 

Global DNA 

methylation 

In total for all analyses, high pesticide exposure was genome-

wide significantly associated with differential DNA methylation 

of 31 CpGs annotated to 29 genes. 

X. Yu71 2018 Organochlorine 
Human (24 

subjects) 
BRCA1 

The DNA methylation level of the identified CpGs of BRCA1 

increased with increased exposure to 

dichlorodiphenyltrichloroethane (DDT) and the level of gene 

expression in the identified CpGs of BRCA1 decreased with 

increased exposure to Dichlorodiphenyltrichloroethane (DDT). 



10 

 

M. 

Abolhassani72 
2019 

Organochlorine 

and 

organophosphorous 

Human (72 

participants) 
p16 

significantly hypermethylation of p16 promoter in CRC 

patients. 

A. L. Gomez73 2019 Organophosphorus 
Animal (rats 

) 
ESR1 

GBH also altered the abundance of ESR1 transcript variants by 

hypermethylation of ESR1 promoters. 

J. Goodrich74 2019 Organophosphorus 
Human (1000 

infants) 

Global DNA 

methylation 

Profenofos and vinclozolin were associated with methylation at 

<10 sites. 

J. F. Herrera-

Moreno75 
2019 

Occupational 

pesticide 

Human (288 

participants) 

Global DNA 

methylation 

Decreased DNA methylation of the CDKN2B gene was 

observed in pesticide-exposed groups compared to the non-

exposed group. 

M. Huang76 2019 
Bipyridinium 

herbicides 
Human 

Global DNA 

methylation 

The results of global DNA methylation revealed a significant 

decrease in PQ-exposed groups. 

K. T. Kelsey77 2019 Agent Orange 
Human (37 

participants) 
H19 

36 gene regions, including the region of the imprinted gene H19 

to have altered DNA methylation associated with high exposure 

compared to the low exposure group. 

S. Kim78 2019 Organochlorine 
Human (106 

Korean mother) 
DIO3 and MCT8 

In utero exposure to DDTs may influence the DNA methylation 

of DIO3 and MCT8 genes in the placenta, in a sexually 

dimorphic manner. 

J. Kochmanski79 2019 Organochlorine 
Animal 

(Mouse) 
Nr4a2 and Lmx1b 

Significant, sex-specific differentially methylated CpGs 

(DMCs) and regions (DMRs) by developmental dieldrin 

exposur, including DMCs at the Nr4a2 and Lmx1b genes. 

D. Mahna80 2019 Pyrethroid Animal (mice) p53 

The gene promoter region of p53 gene show alteration in 

methylation status in the test animal sample as compared to the 

control. 

K. Okamura81 2019 Arsenical Animal (mice) TMEM54, CD74 
DNA methylation levels of regions around the transcriptional 

start sites of Tmem54 and Cd74 were decreased and the 
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expression of these genes were significantly increased in the 

hepatic tumors of F2 males of the arsenite group.   

D. M. Paredes-

Céspedes82 
2019 Pesticides Human WRAP53α 

An association between %5mC of the WRAP53α gene with 

micronutrient intake and pesticide exposure in mestizo sprayers, 

whereas changes in %5mC of the WRAP53α gene was 

associated with body mass index in the indigenous group. 

N. V. Barzi83 2020 Organophosphorus 
Animal 

(mouse) 
Caspase9 

The percentage of Caspase9 DNA methylation in embryos 

collected from the CPF group was higher compared to the 

others. 

Y. He84 2020 Arsenical Human PANDAR 
Arsenic metabolism ability and exposure affected the 

expression of PANDAR, DNA damage, and DNA methylation. 

J. C. Nwanaji-

Enwerem85 
2020 Agent Orange 

Human (37 

male) 
FOXK2 

Significant negative associations of dioxin level and DNAm-

age sperm with methylation levels of FOXK2 - a gene 

previously reported to be hypomethylated in infertile men. 

M. Ouidir86 2020 Organochlorine 

Human (260 

pregnant 

women) 

TUSC3 

Higher PFUnDA was associated with increased methylation at 

3 CpG sites (cg13996963, cg12089439, cg18145877) annotated 

to TUSC3, and increased methylation at those 3 CpG sites was 

correlated with decreased expression of TUSC3 in the placenta. 

L. Sai87 2020 Organophosphorus Animal (rat) PIK3CD 

High methylation gene PIK3CD may play a key role in 

epigenetic regulation of multiple pathways, such as Ras 

signaling pathway, AGE-RAGE signaling pathway in diabetic 

complications, HIF-1 signaling pathway, VEGF signaling 

pathway, and glioma and Fc epsilon RI signaling pathway in 

rats exposed to CPF. 



12 

 

M. Teng88 2020 
Conazole 

fungicides 

Animal 

(zebrafish) 

Global DNA 

methylation 

Propiconazole disrupted the steroidogenic pathway and caused 

changes in global DNA methylation that induced reproductive 

toxicity. 

A. I. Vester89 2020 Pyrethroid Animal (male) Nr3c1 

There was a significant increase in average percent methylation 

of a CpG site at chr18: 39489427 (Nr3c1) in males exposed to 

deltamethrin and CORT compared to unexposed males. 

E. Woźniak90 2020 Organophosphorus Human 
Global DNA 

methylation 

The obtained results have revealed significant reduction of 

global DNA methylation level in PBMCs exposed to 

glyphosate. 

H. C. Wu91 2020 Organochlorine 
Human (316 

daughters) 

CCDC85A, 

CYP1A1 and 

ZFPM2 

We observed DDT DMRs in three genes, CCDC85A, CYP1A1 

and ZFPM2. 

H. Ergun92 2021 Organochlorine Animal (rat) 
Global DNA 

methylation 
DNA methylation could be modified by exposure to glyphosate 

C. Maurice93 2021 Organochlorine Animal (rat) 
Global DNA 

methylation 

Developmental exposure to an environmentally relevant Arctic 

POPs mixture impaired sperm quality and pregnancy outcomes 

across two subsequent, unexposed generations and altered 

sperm DNA methylation. 

M. R. Rytel94 2021 Agent Orange Human 
SLC9A3, LYNX1, 

and TNRC18 

3 CpGs in the adipose tissue (contained within SLC9A3, 

LYNX1, and TNRC18) were marginally significantly 

hypomethylated, and 1 CpG in whole blood (contained within 

PTPRN2) was marginally significantly hypermethylated with 

high TCDD burden. 

A. Saad-

Hussein95 
2021 

Occupational 

pesticide 

Human (100 

pesticides 

XRCC1, PON1, 

GSTP1 and GST 

The results of this study revealed that most genotypes in 

XRCC1, PON1, GSTP1 and GST genes were associated with 

LINE-1 hypomethylation among UE group.   
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exposed 

workers) 

F. Salimi96 2021 Organochlorine Human MGMT 
The results indicated that OCPs lead to PTC development 

through MGMT gene promoter hypermethylation. 

M. S. Vidali97 2021 Organochlorine Human 
Global DNA 

methylation 

Extensive dose-dependent hypomethylation was observed, even 

at low concentrations, in stimulated PBMC treated with PCB-

118 and PCB-153 as well as a small but statistically significant 

hypomethylation in HCB-treated stimulated cells. 

W. Wang98 2021 Organochlorine 
Animal 

(mouse) 

Global DNA 

methylation 

Insecticides pose risks of developmental toxicity through DNA 

methylation. 

R. Golestanian99 2022 Organophosphorus Human C/EBP 

Treatment with 10 µM Diazinon significantly increased the 

CYP3A4 gene transcription by approximately 27-fold, which 

was correlated with the hypermethylation of 3 CpGs in C/EBP 

binding sites, including-5998,-5731 and-5725. 

Y. Huang100 2022 Others 
Animal 

(mouse) 
mBOs 

The results of RRBS-Seq sequencing showed that the 

methylation modification at DMR level in Rotenone-treated 

mBOs group was significantly higher than that in Ctrl group. 

A. Katić101 2022 Pyrethroid Animal (rat) Igf2 and H19 

Exposure to α-cypermethrin had no effect on the average CpG 

methylation levels within the differentially methylated regions 

(DMRs) of the Igf2 and H19 imprinted genes under these 

experimental conditions. 

K. Larsen102 2022 Organophosphorus Animal (pig) IL18 

In a CpG island of the promoter for IL18, we observed 

significantly reduced DNA methylation for certain individual 

CpG positions. 
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R. M. Lucia103 2022 Organophosphorus 

Human (392 

postmenopausal 

women) 

MSH4, KCNA6, 

ABAT, and 

NDUFAF2/ERCC8 

Four regions, within the promoters of the MSH4, KCNA6, 

ABAT, and NDUFAF2/ERCC8 genes, were associated with 

glyphosate levels, along with an association between ESR1 

promoter hypomethylation and AMPA. 

D. M. Paredes-

Céspedes104 
2022 Pesticides 

Human (190 

Huichol 

indigenous 

persons) 

CDKN2B 

The farmer group presented a higher methylation percentage of 

CDKN2B than the non-farmer group, but no differences in 

CDKN2A were observed between groups.   

A. Rafeeinia105 2022 Organochlorine Human ABL1 

OCPs, especially alpha-hexachlorocyclohexane, beta-

hexachlorocyclohexane, gamma-hexachlorocyclohexane, 2,4 

dichlorodiphenyldichloroethylene, and 4,4 

dichlorodiphenyltrichloroethane may induce methylation at the 

ABL1 promoter level. 

S. Wang106 2022 Organophosphorus 
Animal 

(zebrafish) 

Global DNA 

methylation 

Long-lasting DNA methylation changes in genome after 

embryonic ATZ exposure. 

C. H. Chang107 2023 Organophosphate 

 

Human PON1 
A negative association between urinary OP metabolites and 

PON1 promoter mean methylation levels was found.  

Z. R. Guler108 2023 Neonicotinoid Human 
Global DNA 

methylation 

Global DNA methylation significantly increased after 

imidacloprid exposure at 100 μM, and thiamethoxam exposures 

at 200 µM and 500 μΜ. 

A. Katić109 2023 Pyrethroid Animal (rat) LINE-1 

We observed not statistically significant decrease in DNA 

methylation levels of all three CpG sites within repetitive 

element LINE-1 with increasing concentrations of α-

cypermethrin. 
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T. Mehtiyev110 2023 Organophosphorus Human 

H3K27me3, 

H3K9me3, and 

H3K9ac 

Glyphosate at concentrations ranging from 50–250 μM and 

AMPA at concentrations ranging from 50–500 μM significantly 

increased global levels of DNA methylation and global histone 

modifications, including H3K27me3, H3K9me3, and H3K9ac. 

M. D. P. 

Navarrete-

Meneses111 

2023 Pyrethroid Human BMMCs, PBMCs 

We found that permethrin does not induce DNA 

hypermethylation but can induce hypomethylation, and that 

malathion generated both types of events. 

A. Rafeeinia112 2023 Organochlorine Human 
CDKN2B and 

MGMT 

The rise in the OCP levels was associated with an increase in 

methylation at the promoter level of CDKN2B and MGMT as 

well as a decrease in the relative expression of H4K16ac and 

H3K4me3. 

F. Salimi113 2023 Organochlorine Human TSHR, p16 
Further TSHR methylation and less p16 methylation were 

observed in PTC than in BTN. 

C. S. Silva114 2023 Arsenical 
Animal 

(zebrafish) 

Global DNA 

methylation 

Sodium arsenite significantly reduced global DNA methylation 

in the zebrafish larvae. 

S. Stößer115 2023 Arsenical Human 
Global DNA 

methylation 

Chronic low-dose arsenite exposure can lead to global 

hypomethylation. 
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Supplementary Table 2 Characteristics of 65 studies of DNA methylation and T2D. 

Ref. Year Type of study Genes Main conclusion 

E. Walaszczyk116 2018 Review 

ABCG1, LOXL2, 

TXNIP, SLC1A5 

and SREBF1 

Methylation changes of the CpGs located in SREBF1, ABCG1 and CPTA1, 

LOXL2, TXNIP were associated with type 2 diabetes. 

H. R. Elliott117 2017 Human 
Global DNA 

methylation 

Around half of known type 2 diabetes SNPs are associated with variation in 

DNA methylation. 

A. González-Izquierdo118 2017 Human 538 genes 

Comparing DNA methylation levels between IR and IS, 982 CpG sites were 

identified with significant differences between both groups.  These 

differentially methylated CpGs (DMCpGs) were associated with 538 genes. 

B. A. Hidalgo119 2017 Human 
Global DNA 

methylation 

In combined multiethnic analysis, methylation at a total of 208 cytosine guanine 

dinucleotides (CpGs) were significantly associated with FG, 761 CpGs with 

logFI, and 109 CpGs with HbA1c. 

Q. Huang120 2017 Human PTPN1 
The results indicated a significant correlation between PTPN1 promoter 

methylation and the risk of T2D. 

S. Rodríguez-Rodero121 2017 Human HOOK2 
HOOK2, demonstrated a significant correlation between differentially 

hypermethylated regions on the gene body and the presence of type 2 diabetes. 

J. Thongsroy122 2017 Human 
Global DNA 

methylation 
The DM group possess the lowest Alu methylation. 

P. Volkov123 2017 Human 

NR4A3, PARK2, 

PID1, SLC2A2, 

and SOCS2 

457 genes, including NR4A3, PARK2, PID1, SLC2A2, and SOCS2, that had 

both DMRs and significant expression changes in T2D islets. 

F. Barajas-Olmos124 2018 Human 
Global DNA 

methylation 

Analysis of DNA methylation profiles revealed several loci with differential 

methylation between individuals with and without T2D, in all tissues. 
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H. Elliott125 2018 Human KCNQ1 
Only in KCNQ1 did methylation show any evidence of being on a causal 

pathway to disease. 

A. S. Norhashimah126 2018 Animal (mice) PTX3 
Only PTX3 gene showed different DNA methylation levels between NDC and 

T2D. 

R. Ortiz127 2018 Human FKBP5 FKBP5 methylation may be a marker of higher metabolic risk in T2DM. 

J. Shen128 2018 Human 9698 genes 
A total of 9,698 genes were demonstrated to be differentially methylated in 

obese patients with T2D compared with non-obese healthy controls. 

C. Wang129 2018 Human 
MFSD1 and 

ARHGEF1 

Major facilitator superfamily domain containing 1 (MFSD1) was found to be a 

methylation associated gene at hypermethylation site of cg16289538 in Han 

group. Rho guanine nucleotide exchange factor 1 (ARHGEF1) was the 

susceptible gene corresponding to the methylation sites of cg18800192 and 

cg00759295 in Kazak group. 

L. Yin130 2018 Human PTEN 
PTEN methylation in T2DM patients was significantly lower than that in NGT 

groups. 

S. Yu131 2018 Human 3'GC 
Methylation level of the 3'GC was higher in T2DM patients than in non-T2DM 

individuals. 

A. Arpón132 2019 Human 
Global DNA 

methylation 

This study demonstrated the association between DNA methylation in some 

specific CpGs and HOMA-IR values. 

A. Cardona133 2019 Human 
Global DNA 

methylation 
One MVP, cg00574958 at CPT1A, with a possible direct causal role in T2DM. 

S. Garcia-Calzon134 2019 Human TXNIP 

The methylation loci cg19696031 of the TXNIP gene in whole blood is strongly 

associated with HbA1c and blood glucose levels in a population of newly-

diagnosed, drug-naïve T2D individuals. 

K. A. C. Meeks135 2019 Human TXNIP 
The most strongly associated DMP-cg19693031, TXNIP showed 

hypomethylation in T2D cases compared with controls. 
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M. Ouni136 2019 Human IGFBP-2 
A methylation score based on seven type 2 diabetes-related CpGs in the IGFBP-

2 gene was associated with higher type 2 diabetes risk. 

X. Chen137 2020 Human 

IRS1, PRKCE, 

FTO, 

PPARGC1A, 

KCNQ1, 

ATP10A, GHR, 

CREB1, 

PRKAR1A and 

HNF1B 

10 top type 2 diabetes mellitus-related differentially methylated genes, including 

IRS1, PRKCE, FTO, PPARGC1A, KCNQ1, ATP10A, GHR, CREB1, 

PRKAR1A and HNF1B. 

Z. N. Wang138 2020 Human TXNIP 

We found that cg19693031 in TXNIP gene was the lowest P-value site in the 

association analysis between DNA methylation and fasting plasma glucose and 

HbA1c. 

D. Zhang139 2021 Human TXNIP 
TXNIP methylation is associated with T2DM incidence in a Chinese 

population. 

K. Cao140 2021 
Human, animal 

(mice) 
ND6 

With the observation of specific ND6 hypermethylation in both T2DM patients 

and insulin resistant mice. 

R. H. Chung141 2021 Human G6PC2 

Our analysis results suggest that rs2232326 and rs2232328 in G6PC2 may affect 

DNA methylation at CpGs near the gene and that the methylation may have 

downstream effects on fasting glucose.   

S. M. Hafez142 2021 Human IGFBP-1 
DNA methylation levels of the IGFBP-1 gene are higher in T2D patients than in 

healthy control. 

N. Hizon143 2021 Human 
Global DNA 

methylation 
We identified 2,982 differentially methylated CpGs 

H. Kim144 2021 Human 
BMP8A, 

NBPF20, STX18, 

We identified 8 DMSs (each at BMP8A, NBPF20, STX18, ZNF365, CPT1A, 

and TRIM37, and 2 at TXNIP) that were significantly associated with the risk of 
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ZNF365, CPT1A, 

TRIM37, TXNIP 

T2D (P<9.0×10-8), including 3 that were previously known (DMSs in TXNIP 

and CPT1A). 

Z. Wang145 2021 Human TXNIP 
cg19690313 on TXNIP correlates with HbA1c and fasting plasma glucose 

levels. 

R. K. Abdulzahra146 2022 Human PRKCZ 
Around 36% of T2DM patients showed a PRKCZ methylation, whereas, about 

0% PRKCZ methylation was in the control group. 

P. Baca147 2022 Human 
Global DNA 

methylation 

We identified 11 120 DMCs and 96 DMRs distributed across all chromosomes, 

with the greatest density of epigenomic alterations at the MHC locus. 

F. Chen148 2022 Human TRIM67 

Placental DNA methylation levels in the TRIM67 promoter region were 

markedly elevated in GDM and were associated with blood glucose and lipid 

levels during healthy pregnancy. 

F. P. Chilunga149 2022 Human 
Global DNA 

methylation 

We identified three differentially methylated positions (DMPs) for homeostatic 

model assessment of insulin resistance (HOMA-IR) at 5% FDR. 

A. Domingo-Relloso150 2022 Human 

SREBF1, 

ABCG1 and 

HDAC1 

Our results suggest that differences in peripheral blood DNA methylation are 

related to cross-sectional markers of glucose metabolism and insulin activity. 

E. Fraszczyk151 2022 Human 
Global DNA 

methylation 

The meta-analysis identified 76 CpG sites that were differentially methylated in 

individuals with incident type 2 diabetes compared with control individuals. 

Y. He152 2022 Human FURIN 
The hypermethylation levels in FURIN promoter were associated with an 

increased risk for incident diabetes in Chinese adults. 

D. L. Juvinao-Quintero153 2022 Human DHCR24 

We found strong evidence of causality of DNAm at cg25536676 (DHCR24) on 

T2D, where an increase in transformed residuals of DNAm at this site were 

associated with 43% higher risk of T2D. 

M. S. Ravari154 2022 Human IL-6 and GPX1 
The DNA methylation levels of the IL-6 and GPX1 promoter in the peripheral 

blood are not related to the occurrence of T2D. 
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C. Sarnowski155 2022 Human CPT1A 
DNA methylation at cg00574958 (CPT1A) was significantly associated with 

clinical diagnosis of cognitive status and two AD biomarker measures. 

M. Touré156 2022 Human CD36 
The CD36 gene methylation was significantly 1.36 times more frequent in obese 

and obese diabetic compared to lean control. 

H. H. Tsai157 2022 Human cg19693031 
Summarily, methylation at cg19693031 was inversely associated with fasting 

blood glucose in a dose-dependent manner. 

W. J. Wang158 2022 Human 

CYP1A2, 

GFRA1, HDAC4, 

LIMS2, NAV3, 

PAX6, UPK1B, 

DPP10, CPLX1, 

CSMD2, 

GPR133, 

NRXN1, PCSK9, 

PENK, PRDM16, 

PTPRN2, TNXB 

We validated 7 hypermethylated (CYP1A2, GFRA1, HDAC4, LIMS2, NAV3, 

PAX6, UPK1B) and 10 hypomethylated (DPP10, CPLX1, CSMD2, GPR133, 

NRXN1, PCSK9, PENK, PRDM16, PTPRN2, TNXB) genes reported in 

previous epigenome-wide association studies. 

P. Xu159 2022 Human 

IGFBP-1, 

IGFBP-2, MC4R, 

SOCS3, 

chemerin, 

CAMTA1, 

PIK3R5 and 

TNF-α 

Methylation changes of many key molecules, such as IGFBP-1, IGFBP-2, 

MC4R, SOCS3, chemerin, CAMTA1, PIK3R5 and TNF-α, which play an 

important role in the pathogenesis of GDM. 

K. Ziarniak160 2022 Animal (rat) Kiss1r Kiss1r promoter was hypermethylated in the liver, suggesting gene silencing. 

P. Firdous161 2023 Human HNF1α 
The expression of HNF1α was found to be upregulated (p value 0.0349*) in 

majority of MODY (60%) and T1D (72%) cases 
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N. S. Hasan162 2023 Human IGFBP1 
There was DNA hyper methylation levels of IGFBP1 gene at each of the six 

CpG sites in T2DM patients than control. 

D. L. Juvinao-Quintero163 2023 Human DHCR24 
We identified one CpG mapping to a gene related to the metabolism of lipids 

(DHCR24) as a novel causal biomarker for risk of type 2 diabetes. 

T. Rönn, J. K. Ofori164 2023 Human RHOT1 RHOT1 methylation in blood is associated with future T2D. 

H. Seo, J. H. Park165 2023 Human 

PDE1C, DIP2C, 

FLJ90757, 

PRSS50, and 

TDRD9 

A DMR associated with PDE1C showed hypermethylation, whereas DMRs 

associated with DIP2C, FLJ90757, PRSS50, and TDRD9 showed 

hypomethylation. 

H. O. Smail166 2023 Human TCF7L2 
Hypermethylation of DNA in the promoter region in diabetic and prediabetic 

groups compared to the healthy controls. 

J. Thongsroy167 2023 Human Alu 
Alu methylation in type 2 DM patients progressively decreases with increasing 

HbA1c levels. 

W. Wang168 2023 Human SLC6A18 
Three CpGs mapped to SLC6A18 gene were validated in a community 

population, with a hypermethylated direction in diabetic patients. 

X. Wang169 2023 Human ChREBP Peripheral blood ChREBP methylation is elevated in T2DM patients. 

X. Wang170 2023 Human 
Global DNA 

methylation 

Among the 12 patients in the exploratory cohort, we identified 5178 

hypomethylated and 4787 hypermethylated regions involving 1613 genes in the 

Tibetan group. 

 

  



22 

 

Reference 

1. Mass MJ, Wang L. Arsenic alters cytosine methylation patterns of the promoter of the tumor suppressor gene p53 in human lung cells: A model for a mechanism of 

carcinogenesis. Mutation Research - Reviews in Mutation Research 1997;386(3):263-77. doi: 10.1016/S1383-5742(97)00008-2 

2. Jin H, Lou F, Yu L. p15 gene expression in acute lymphoblastic leukemia cell line Molt4 induced by arsenic trioxide. Zhonghua xue ye xue za zhi = Zhonghua xueyexue zazhi 

2001;22(1):24-26. 

3. Tong H, Lin M. Arsenic trioxide induced p15INK4B gene expression in myelodysplastic syndrome cell line MUTZ-1. Zhonghua xue ye xue za zhi = Zhonghua xueyexue 

zazhi 2002;23(12):638-41. 

4. Li JQ, Li Y, Shi YJ, et al. Re-expression of p16 gene in myeloma cell line U266 by arsenic trioxide. Ai zheng = Aizheng = Chinese journal of cancer 2004;23(6):626-30. 

5. Au WY, Fung AT, Ma ES, et al. Serial studies of methylation of CDKN2B and CDKN2A in relapsed acute promyelocytic leukaemia treated with arsenic trioxide. British 

Journal of Haematology 2005;131(5):632-35. doi: 10.1111/j.1365-2141.2005.05818.x 

6. Fu HY, Shen JZ. Hypermethylation of CpG island of p16 gene and arsenic trioxide induced p16 gene demethylation in multiple myeloma. Zhonghua nei ke za zhi [Chinese 

journal of internal medicine] 2005;44(6):411-14. 

7. Fu HY, Sheng JZ, Sheng SF, et al. n-MSP detection of p16 gene demethylation and transcription in human multiple myeloma U266 cell line induced by arsenic trioxide. 

Zhongguo shi yan xue ye xue za zhi / Zhongguo bing li sheng li xue hui = Journal of experimental hematology / Chinese Association of Pathophysiology 2007;15(1):79-

85. 

8. Rusiecki JA, Baccarelli A, Bollati V, et al. Global DNA hypomethylation is associated with high serum-persistent organic pollutants in Greenlandic inuit. Environmental 

Health Perspectives 2008;116(11):1547-52. doi: 10.1289/ehp.11338 

9. Wang MM, Zhu Q, Ren ZH, et al. [Arsenic trioxide induces socs-1 gene demethylation in myeloma cell lines]. Zhongguo shi yan xue ye xue za zhi / Zhongguo bing li sheng 

li xue hui = Journal of experimental hematology / Chinese Association of Pathophysiology 2008;16(5):1064-68. 

10. Desaulniers D, Xiao GH, Lian H, et al. Effects of mixtures of polychlorinated biphenyls, methylmercury, and organochlorine pesticides on hepatic DNA methylation in 

prepubertal female sprague-dawley rats. International Journal of Toxicology 2009;28(4):294-307. doi: 10.1177/1091581809337918 

11. Hu JL, Zhang YF, Qiu ZD, et al. [Induced RAS association domain family gene 1A gene expression by arsenic trioxide in nasopharyngeal carcinoma cell]. Zhonghua er bi 

yan hou tou jing wai ke za zhi = Chinese journal of otorhinolaryngology head and neck surgery 2009;44(10):866-70. 

12. Shutoh Y, Takeda M, Ohtsuka R, et al. Low dose effects of dichlorodiphenyltrichloroethane (DDT) on gene transcription and DNA methylation in the hypothalamus of 

young male rats: Implication of hormesis-like effects. Journal of Toxicological Sciences 2009;34(5):469-82. doi: 10.2131/jts.34.469 

13. Wang Y, Wang C, Zhang J, et al. DNA hypomethylation induced by tributyltin, triphenyltin, and a mixture of these in Sebastiscus marmoratus liver. Aquatic Toxicology 



23 

 

2009;95(2):93-98. doi: 10.1016/j.aquatox.2009.06.008 

14. Yang L, Luo JM, Li Y, et al. [As2O3 induces demethylation and up-regulates transcription of SHP-1 gene in human lymphoma cell line T2 cells]. Zhonghua zhong liu za 

zhi [Chinese journal of oncology] 2009;31(6):423-27. 

15. Yang L, Luo JM, Wen SP, et al. [Effect of As2O3 on demethylation of SHP-1 gene in human lymphoma cell line T2]. Ai zheng = Aizheng = Chinese journal of cancer 

2009;28(3):249-54. 

16. Zama AM, Uzumcu M. Fetal and neonatal exposure to the endocrine disruptor methoxychlor causes epigenetic alterations in adult ovarian genes. Endocrinology 

2009;150(10):4681-91. doi: 10.1210/en.2009-0499 

17. Fu HY, Shen JZ, Wu Y, et al. Arsenic trioxide inhibits DNA methyltransferase and restores expression of methylation-silenced CDKN2B/CDKN2A genes in human 

hematologic malignant cells. Oncology Reports 2010;24(2):335-43. doi: 10.3892/or-00000864 

18. Kim KY, Kim DS, Lee SK, et al. Association of low-dose exposure to persistent organic pollutants with global DNA hypomethylation in healthy Koreans. Environ Health 

Perspect 2010;118(3):370-4. doi: 10.1289/ehp.0901131 [published Online First: 2010/01/13] 

19. Yang TY, Hsu LI, Chen CJ. Methylation markers of arsenic associated urothelial carcinoma in peripheral blood leukocyte. Drug Metabolism Reviews 2010;42:282-83. doi: 

10.3109/03602532.2010.506057 

20. Ruiz-Ramos R, Torres-Sanchez L, La Merrill M, et al. Global DNA methylation in relation to DDT exposure and genetical susceptibility among pregnant women in Morelos, 

Mexico. Toxicology Letters 2010;196:S48-S49. doi: 10.1016/j.toxlet.2010.03.197 

21. Shen SF, Shen JZ, Fu HY, et al. [Mechanism of As(2)O(3) on hdpr1 gene demethylation in Jurkat cell line]. Zhongguo shi yan xue ye xue za zhi / Zhongguo bing li sheng li 

xue hui = Journal of experimental hematology / Chinese Association of Pathophysiology 2010;18(6):1484-88. 

22. Zhou HR, Shen JZ, Fu HY, et al. [Arsenic trioxide reverses hypermethylation of p16 and activates its transcription in malignant lymphoma cell line CA46]. Zhongguo shi 

yan xue ye xue za zhi / Zhongguo bing li sheng li xue hui = Journal of experimental hematology / Chinese Association of Pathophysiology 2010;18(2):403-09. 

23. Gore AC, Walker DM, Zama AM, et al. Early life exposure to endocrine-disrupting chemicals causes lifelong molecular reprogramming of the hypothalamus and premature 

reproductive aging. Molecular Endocrinology 2011;25(12):2157-68. doi: 10.1210/me.2011-1210 

24. Holland N, Yosefi P, Aguilar R, et al. Prenatal exposures to environmental pollutants and epigenetics in children. Environmental and Molecular Mutagenesis 2011;52:S15. 

doi: 10.1002/em.20693 

25. Özden S, Turgut Kara N, Karakuş G, et al. Promoter DNA methylation profile as an early event in non-genotoxic carcinogenesis. Toxicology Letters 2011;205:S82. doi: 

10.1016/j.toxlet.2011.05.303 

26. Stouder C, Paoloni-Giacobino A. Specific transgenerational imprinting effects of the endocrine disruptor methoxychlor on male gametes. Reproduction 2011;141(2):207-



24 

 

16. doi: 10.1530/REP-10-0400 

27. Zhang X, Wallace A, Du P, et al. Genome-wide study of DNA methylation alterations in response to pesticide exposure in in vitro. Cancer Research 2011;71(8) doi: 

10.1158/1538-7445.AM2011-2006 

28. Hossain MB, Vahter M, Concha G, et al. Environmental arsenic exposure and DNA methylation of the tumor suppressor gene p16 and the DNA repair gene MLH1: Effect 

of arsenic metabolism and genotype. Metallomics 2012;4(11):1167-75. doi: 10.1039/c2mt20120h 

29. Lee SH, Oh T. Genome-wide analysis of epigenetic changes in mouse sperm by maternal exposure to endocrine disruptor vinclozolin. Molecular and Cellular Toxicology 

2012;8(1):43-52. doi: 10.1007/s13273-012-0006-8 

30. Lind L, Nordfors L, Luttrop K, et al. DNA methylation and persistent organic pollutants. Toxicology Letters 2012;211:S40. doi: 10.1016/j.toxlet.2012.03.313 

31. Manikkam M, Tracey R, Guerrero-Bosagna C, et al. Pesticide and insect repellent mixture (permethrin and DEET) induces epigenetic transgenerational inheritance of 

disease and sperm epimutations. Reproductive Toxicology 2012;34(4):708-19. doi: 10.1016/j.reprotox.2012.08.010 

32. Tsang V, Fry RC, Niculescu MD, et al. The epigenetic effects of a high prenatal folate intake in male mouse fetuses exposed in utero to arsenic. Toxicology and Applied 

Pharmacology 2012;264(3):439-50. doi: 10.1016/j.taap.2012.08.022 

33. Balbuena P, Clewell R, Sun B, et al. Mixtures of arsenite and methyl methanesulfonate induce synergistic changes in BCL2, P53, and PH2AX. Environmental and Molecular 

Mutagenesis 2012;53:S58. doi: 10.1002/em.21734 

34. Zhang X, Wallace AD, Du P, et al. DNA methylation alterations in response to pesticide exposure in vitro. Environmental and Molecular Mutagenesis 2012;53(7):542-49. 

doi: 10.1002/em.21718 

35. Zhang X, Wallace AD, Du P, et al. Genome-wide study of DNA methylation alterations in response to diazinon exposure in vitro. Environmental Toxicology and 

Pharmacology 2012;34(3):959-68. doi: 10.1016/j.etap.2012.07.012 

36. Bastos Sales L, Kamstra JH, Cenijn PH, et al. Effects of endocrine disrupting chemicals on in vitro global DNA methylation and adipocyte differentiation. Toxicology in 

Vitro 2013;27(6):1634-43. doi: 10.1016/j.tiv.2013.04.005 

37. Huen Northcote K, Yousefi P, Barcellos L, et al. DNA methylation in mexican-american newborns and nine-year-old children exposed to persistent organic pollutants in 

utero. Environmental and Molecular Mutagenesis 2013;54:S17. doi: 10.1002/em.21814 

38. Lind L, Penell J, Luttropp K, et al. Global DNA hypermethylation is associated with high serum levels of persistent organic pollutants in an elderly population. Environment 

International 2013;59:456-61. doi: 10.1016/j.envint.2013.07.008 

39. Huen K, Yousefi P, Bradman A, et al. Effects of age, sex, and persistent organic pollutants on DNA methylation in children. Environmental and Molecular Mutagenesis 

2014;55(3):209-22. doi: 10.1002/em.21845 



25 

 

40. Itoh H, Iwasaki M, Kasuga Y, et al. Association between serum organochlorines and global methylation level of leukocyte DNA among Japanese women: A cross-sectional 

study. Science of the Total Environment 2014;490:603-09. doi: 10.1016/j.scitotenv.2014.05.035 

41. Tellez-Plaza M, Tang WY, Shang Y, et al. Association of global DNA methylation and global DNA hydroxymethylation with metals and other exposures in human blood 

DNA samples. Environmental Health Perspectives 2014;122(9):946-54. doi: 10.1289/ehp.1306674 

42. Park SY, Kim KS, Lee YM, et al. Persistent organic pollutants and promoter hypermethylation of the O-methylguanine-DNA methyltransferase gene. Biomarkers 

2015;20(2):136-42. doi: 10.3109/1354750X.2014.1002806 

43. Shin HS, Seo JH, Jeong SH, et al. Effect on the H19 gene methylation of sperm and organs of offspring after chlorpyrifos-methyl exposure during organogenesis period. 

Environmental Toxicology 2015;30(12):1355-63. doi: 10.1002/tox.21923 

44. Xing H, Wang C, Wu H, et al. Effects of atrazine and chlorpyrifos on DNA methylation in the brain and gonad of the common carp. Comparative Biochemistry and 

Physiology Part - C: Toxicology and Pharmacology 2015;168:11-19. doi: 10.1016/j.cbpc.2014.11.002 

45. Consales C, Toft G, Leter G, et al. Exposure to persistent organic pollutants and sperm DNA methylation changes in Arctic and European populations. Environmental and 

Molecular Mutagenesis 2016;57(3):200-09. doi: 10.1002/em.21994 

46. Eyvani H, Moghaddaskho F, Kabuli M, et al. Arsenic trioxide induces cell cycle arrest and alters DNA methylation patterns of cell cycle regulatory genes in colorectal 

cancer cells. Life Sciences 2016;167:67-77. doi: 10.1016/j.lfs.2016.10.020 

47. Green BB, Karagas MR, Punshon T, et al. Epigenome-wide assessment of DNA methylation in the placenta and arsenic exposure in the New Hampshire Birth Cohort Study 

(USA). Environmental Health Perspectives 2016;124(8):1253-60. doi: 10.1289/ehp.1510437 

48. Holland N, Huen K, Lizarraga D, et al. Epigenetic markers of early life exposure to environmental agents and health effects in children. Reproductive Sciences 

2016;23(1):86A. doi: 10.1177/1933719116641257 

49. Kostka G, Urbanek-Olejnik K, Liszewska M, et al. The effect of acute dichlorodiphenyltrichloroethane exposure on hypermethylation status and down-regulation of p53 

and p16INK4a genes in rat liver. Environmental Toxicology 2016;31(5):584-92. doi: 10.1002/tox.22071 

50. Van Der Plaat D, De Jong K, Vonk J, et al. Occupational exposure to pesticides is associated with differential DNA methylation. European Respiratory Journal 2016;48 

doi: 10.1183/13993003.congress-2016.PA1211 

51. Declerck K, Remy S, Wohlfahrt-Veje C, et al. Interaction between prenatal pesticide exposure and a common polymorphism in the PON1 gene on DNA methylation in 

genes associated with cardio-metabolic disease risk—an exploratory study. Clinical Epigenetics 2017;9(1) doi: 10.1186/s13148-017-0336-4 

52. Kajta M, Wnuk A, Rzemieniec J, et al. Depressive-like effect of prenatal exposure to DDT involves global DNA hypomethylation and impairment of GPER1/ESR1 protein 

levels but not ESR2 and AHR/ARNT signaling. Journal of Steroid Biochemistry and Molecular Biology 2017;171:94-109. doi: 10.1016/j.jsbmb.2017.03.001 



26 

 

53. Kwiatkowska M, Reszka E, Woźniak K, et al. DNA damage and methylation induced by glyphosate in human peripheral blood mononuclear cells (in vitro study). Food 

and Chemical Toxicology 2017;105:93-98. doi: 10.1016/j.fct.2017.03.051 

54. Lee MH, Cho ER, Lim JE, et al. Association between serum persistent organic pollutants and DNA methylation in Korean adults. Environmental Research 2017;158:333-

41. doi: 10.1016/j.envres.2017.06.017 

55. Moghaddaskho F, Eyvani H, Ghadami M, et al. Demethylation and alterations in the expression level of the cell cycle–related genes as possible mechanisms in arsenic 

trioxide–induced cell cycle arrest in human breast cancer cells. Tumor Biology 2017;39(2) doi: 10.1177/1010428317692255 

56. Phookphan P, Navasumrit P, Waraprasit S, et al. Hypomethylation of inflammatory genes (COX2, EGR1, and SOCS3) and increased urinary 8-nitroguanine in arsenic-

exposed newborns and children. Toxicology and Applied Pharmacology 2017;316:36-47. doi: 10.1016/j.taap.2016.12.015 

57. Rusiecki JA, Beane Freeman LE, Bonner MR, et al. High pesticide exposure events and DNA methylation among pesticide applicators in the agricultural health study. 

Environmental and Molecular Mutagenesis 2017;58(1):19-29. doi: 10.1002/em.22067 

58. Wang Y, Wang Z, Li H, et al. Arsenic trioxide increases expression of secreted frizzled-related protein 1 gene and inhibits the WNT/β-catenin signaling pathway in jurkat 

cells. Experimental and Therapeutic Medicine 2017;13(5):2050-55. doi: 10.3892/etm.2017.4184 

59. Wirbisky-Hershberger SE, Sanchez OF, Horzmann KA, et al. Atrazine exposure decreases the activity of DNMTs, global DNA methylation levels, and dnmt expression. 

Food and Chemical Toxicology 2017;109:727-34. doi: 10.1016/j.fct.2017.08.041 

60. Benitez-Trinidad AB, Medina-Díaz IM, Bernal-Hernández YY, et al. Relationship between LINE-1 methylation pattern and pesticide exposure in urban sprayers. Food and 

Chemical Toxicology 2018;113:125-33. doi: 10.1016/j.fct.2018.01.035 

61. Giuliani C, Biggs D, Nguyen TT, et al. First evidence of association between past environmental exposure to dioxin and DNA methylation of CYP1A1 and IGF2 genes in 

present day Vietnamese population. Environmental Pollution 2018;242:976-85. doi: 10.1016/j.envpol.2018.07.015 

62. Hernandez-Cortes D, Alvarado-Cruz I, Solís-Heredia MJ, et al. Epigenetic modulation of Nrf2 and Ogg1 gene expression in testicular germ cells by methyl parathion 

exposure. Toxicology and Applied Pharmacology 2018;346:19-27. doi: 10.1016/j.taap.2018.03.010 

63. Kahl VFS, Dhillon V, Fenech M, et al. Occupational exposure to pesticides in tobacco fields: The integrated evaluation of nutritional intake and susceptibility on genomic 

and epigenetic instability. Oxidative Medicine and Cellular Longevity 2018;2018 doi: 10.1155/2018/7017423 

64. Kahl VFS, Dhillon VS, Simon D, et al. Chronic occupational exposure endured by tobacco farmers from Brazil and association with DNA damage. Mutagenesis 

2018;33(2):119-28. doi: 10.1093/mutage/gex045 

65. Kim S, Cho YH, Lee I, et al. Prenatal exposure to persistent organic pollutants and methylation of LINE-1 and imprinted genes in placenta: A CHECK cohort study. 

Environment International 2018;119:398-406. doi: 10.1016/j.envint.2018.06.039 



27 

 

66. Lee JY, Lee KM, Lee DH, et al. Association of low-dose exposure to persistent organic pollutants with E-cadherin promoter methylation in healthy Koreans. Biomarkers 

2018;23(3):293-98. doi: 10.1080/1354750X.2017.1417482 

67. Leung YK, Ouyang B, Niu L, et al. Identification of sex-specific DNA methylation changes driven by specific chemicals in cord blood in a Faroese birth cohort. Epigenetics 

2018;13(3):290-300. doi: 10.1080/15592294.2018.1445901 

68. Paul KC, Chuang YH, Cockburn M, et al. Organophosphate pesticide exposure and differential genome-wide DNA methylation. Science of the Total Environment 

2018;645:1135-43. doi: 10.1016/j.scitotenv.2018.07.143 

69. Song Y, Yang L. Transgenerational impaired spermatogenesis with sperm H19 and Gtl2 hypomethylation induced by the endocrine disruptor p,p’-DDE. Toxicology Letters 

2018;297:34-41. doi: 10.1016/j.toxlet.2018.08.015 

70. Van Der Plaat DA, De Jong K, De Vries M, et al. Occupational exposure to pesticides is associated with differential DNA methylation. Occupational and Environmental 

Medicine 2018;75(6):427-35. doi: 10.1136/oemed-2017-104787 

71. Yu X, Zhao B, Su Y, et al. Association of prenatal organochlorine pesticide-dichlorodiphenyltrichloroethane exposure with fetal genome-wide DNA methylation. Life 

Sciences 2018;200:81-86. doi: 10.1016/j.lfs.2018.03.030 

72. Abolhassani M, Asadikaram G, Paydar P, et al. Organochlorine and organophosphorous pesticides may induce colorectal cancer; A case-control study. Ecotoxicology and 

Environmental Safety 2019;178:168-77. doi: 10.1016/j.ecoenv.2019.04.030 

73. Gomez AL, Altamirano GA, Leturia J, et al. Male mammary gland development and methylation status of estrogen receptor alpha in Wistar rats are modified by the 

developmental exposure to a glyphosate-based herbicide. Molecular and Cellular Endocrinology 2019;481:14-25. doi: 10.1016/j.mce.2018.11.005 

74. Goodrich J, Burmeister M, Shao J, et al. Epigenetic Influence of Lead, Pesticides And Iron Deficiency In China on Newborn Blood. European Neuropsychopharmacology 

2019;29:S747. doi: 10.1016/j.euroneuro.2017.06.086 

75. Herrera-Moreno JF, Medina-Díaz IM, Bernal-Hernández YY, et al. Modified CDKN2B (p15) and CDKN2A (p16) DNA methylation profiles in urban pesticide applicators. 

Environmental science and pollution research international 2019;26(15):15124-35. doi: 10.1007/s11356-019-04658-5 

76. Huang M, Huang NN, Li YY, et al. Effects of paraquat on the proliferation of human neural stem cells via DNA methylation. Zhonghua lao dong wei sheng zhi ye bing za 

zhi = Zhonghua laodong weisheng zhiyebing zazhi = Chinese journal of industrial hygiene and occupational diseases 2019;37(3):161-68. doi: 

10.3760/cma.j.issn.1001-9391.2019.03.001 

77. Kelsey KT, Rytel M, Dere E, et al. Serum dioxin and DNA methylation in the sperm of operation ranch hand veterans exposed to Agent Orange. Environmental Health: A 

Global Access Science Source 2019;18(1):1-11. doi: 10.1186/s12940-019-0533-z 

78. Kim S, Cho YH, Won S, et al. Maternal exposures to persistent organic pollutants are associated with DNA methylation of thyroid hormone-related genes in placenta 



28 

 

differently by infant sex. Environment International 2019;130 doi: 10.1016/j.envint.2019.104956 

79. Kochmanski J, Vanoeveren SE, Patterson JR, et al. Developmental dieldrin exposure alters DNA methylation at genes related to dopaminergic neuron development and 

Parkinson's disease in mouse midbrain. Toxicological Sciences 2019;169(2):593-607. doi: 10.1093/toxsci/kfz069 

80. Mahna D, Puri S, Sharma S. Cypermethrin Induced Liver Toxicity: Altered Gene Expression and DNA Methylation. FASEB Journal 2019;33(SUPPL 1):621.9. doi: 

10.1096/fasebj.2019.33.1_supplement.621.9 

81. Okamura K, Nakabayashi K, Kawai T, et al. DNA methylation changes involved in the tumor increase in F2 males born to gestationally arsenite-exposed F1 male mice. 

Cancer Science 2019;110(8):2629-42. doi: 10.1111/cas.14104 

82. Paredes-Céspedes DM, Herrera-Moreno JF, Bernal-Hernández YY, et al. Pesticide Exposure Modifies DNA Methylation of Coding Region of WRAP53α, an Antisense 

Sequence of p53, in a Mexican Population. Chemical Research in Toxicology 2019;32(7):1441-48. doi: 10.1021/acs.chemrestox.9b00153 

83. Barzi NV, Eftekhari Z, Doroud D, et al. DNA methylation changes of apoptotic genes in organogenesis stage of mice embryos by maternal chlorpyrifos induction. 

Environmental Toxicology 2020;35(7):794-803. doi: 10.1002/tox.22915 

84. He Y, Zhang R, Chen J, et al. The ability of arsenic metabolism affected the expression of lncRNA PANDAR, DNA damage, or DNA methylation in peripheral blood 

lymphocytes of laborers. Human and Experimental Toxicology 2020;39(5):605-13. doi: 10.1177/0960327119897101 

85. Nwanaji-Enwerem JC, Jenkins TG, Colicino E, et al. Serum dioxin levels and sperm DNA methylation age: Findings in Vietnam war veterans exposed to Agent Orange. 

Reproductive Toxicology 2020;96:27-35. doi: 10.1016/j.reprotox.2020.06.004 

86. Ouidir M, Mendola P, Buck Louis GM, et al. Concentrations of persistent organic pollutants in maternal plasma and epigenome-wide placental DNA methylation. Clinical 

Epigenetics 2020;12(1) doi: 10.1186/s13148-020-00894-6 

87. Sai L, Jia Q, Zhang Y, et al. Genome-wide analysis of DNA methylation in testis of male rat exposed to chlorpyrifos. Toxicology Research 2020;9(4):509-18. doi: 

10.1093/TOXRES/TFAA050 

88. Teng M, Chen X, Wang C, et al. Life cycle exposure to propiconazole reduces fecundity by disrupting the steroidogenic pathway and altering DNA methylation in zebrafish 

(Danio rerio). Environment International 2020;135 doi: 10.1016/j.envint.2019.105384 

89. Vester AI, Hermetz K, Burt A, et al. Combined neurodevelopmental exposure to deltamethrin and corticosterone is associated with Nr3c1 hypermethylation in the midbrain 

of male mice. Neurotoxicology and Teratology 2020;80 doi: 10.1016/j.ntt.2020.106887 

90. Woźniak E, Reszka E, Jabłońska E, et al. Glyphosate affects methylation in the promoter regions of selected tumor suppressors as well as expression of major cell cycle 

and apoptosis drivers in PBMCs (in vitro study). Toxicology in Vitro 2020;63 doi: 10.1016/j.tiv.2019.104736 

91. Wu HC, Cohn BA, Cirillo PM, et al. DDT exposure during pregnancy and DNA methylation alterations in female offspring in the Child Health and Development Study. 



29 

 

Reproductive Toxicology 2020;92:138-47. doi: 10.1016/j.reprotox.2019.02.010 

92. Ergun H, Cayir A. Exposure to glyphosate and tetrachlorvinphos induces cytotoxicity and global DNA methylation in human cells. Toxicology and Industrial Health 

2021;37(10):610-18. doi: 10.1177/07482337211033149 

93. Maurice C, Dalvai M, Lambrot R, et al. Early-life exposure to environmental contaminants perturbs the sperm epigenome and induces negative pregnancy outcomes for 

three generations via the paternal lineage. Epigenomes 2021;5(2) doi: 10.3390/epigenomes5020010 

94. Rytel MR, Butler R, Eliot M, et al. DNA methylation in the adipose tissue and whole blood of Agent Orange-exposed Operation Ranch Hand veterans: a pilot study. 

Environmental Health: A Global Access Science Source 2021;20(1) doi: 10.1186/s12940-021-00717-y 

95. Saad-Hussein A, Taha MM. Epigenetic study of global gene methylation in PON1, XRCC1 and GSTs different genotypes in rural and urban pesticide exposed workers. 

Journal of Complementary and Integrative Medicine 2021;17(4) doi: 10.1515/jcim-2019-0166 

96. Salimi F, Asadikaram G, Abolhassani M, et al. Organochlorine pesticides induce promoter hypermethylation of MGMT in papillary thyroid carcinoma. Gene Reports 

2021;23 doi: 10.1016/j.genrep.2021.101142 

97. Vidali MS, Dailianis S, Vlastos D, et al. PCB cause global DNA hypomethylation of human peripheral blood monocytes in vitro. Environmental Toxicology and 

Pharmacology 2021;87 doi: 10.1016/j.etap.2021.103696 

98. Wang W, Ito T, Otsuka S, et al. Epigenetic effects of insecticides on early differentiation of mouse embryonic stem cells. Toxicology in Vitro 2021;75 doi: 

10.1016/j.tiv.2021.105174 

99. Golestanian R, Barzegar A, Mianji GR, et al. Evaluation of Alterations in DNA Methylation of CYP3A4 Gene Upstream Regulatory Elements in Gastric Cancer and in 

Response to Diazinon Treatment. Current Drug Metabolism 2022;23(3):242-50. doi: 10.2174/1389200223666220324094645 

100. Huang Y, Liu X, Feng Y, et al. Rotenone, an environmental toxin, causes abnormal methylation of the mouse brain organoid's genome and ferroptosis. International 

Journal of Medical Sciences 2022;19(7):1184-97. doi: 10.7150/ijms.74569 

101. Katić A, Petrić M, Krsnik D, et al. P07-33 Exposure to α-cypermethrin during gestation does not impact de novo DNA methylation pattern in foetal rat testes. Toxicology 

Letters 2022;368:S132. doi: 10.1016/j.toxlet.2022.07.376 

102. Larsen K, Christensen TB, Højberg O, et al. Exposure of pigs to glyphosate affects gene-specific DNA methylation and gene expression. Toxicology Reports 2022;9:298-

310. doi: 10.1016/j.toxrep.2022.02.007 

103. Lucia RM, Huang WL, Pathak KV, et al. Association of Glyphosate Exposure with Blood DNA Methylation in a Cross-Sectional Study of Postmenopausal Women. 

Environmental Health Perspectives 2022;130(4) doi: 10.1289/EHP10174 

104. Paredes-Céspedes DM, Bernal-Hernández YY, Herrera-Moreno JF, et al. Methylation patterns of the CDKN2B and CDKN2A genes in an indigenous population exposed 



30 

 

to pesticides. Human and Experimental Toxicology 2022;41 doi: 10.1177/09603271211063161 

105. Rafeeinia A, Asadikaram G, Karimi-Darabi M, et al. High Levels of Organochlorines Are Associated with Induction of ABL1 Promoter Methylation in Children with 

Acute Lymphoblastic Leukemia. DNA and Cell Biology 2022;41(8):727-34. doi: 10.1089/dna.2022.0232 

106. Wang S, Bryan C, Xie J, et al. Atrazine exposure in zebrafish induces aberrant genome-wide methylation. Neurotoxicology and Teratology 2022;92 doi: 

10.1016/j.ntt.2022.107091 

107. Chang CH, Subramani B, Yu CJ, et al. The association between organophosphate pesticide exposure and methylation of paraoxonase-1 in children with attention-

deficit/hyperactivity disorder. Environment International 2023;171 doi: 10.1016/j.envint.2022.107702 

108. Guler ZR, Yilmaz U, Uzunosmanoglu K, et al. Assessment of Global DNA Methylation in SH-SY5Y Cells Exposed to the Neonicotinoid Insecticides Imidacloprid and 

Thiamethoxam. International Journal of Toxicology 2023;42(4):345-51. doi: 10.1177/10915818231154470 

109. Katić A, Petrina P, Krsnik D, et al. P09-45: Effects of gestational exposure to α-cypermethrin on epigenetic parameters in placentas of Wistar rats. Toxicology Letters 

2023;384:S143-S44. doi: 10.1016/S0378-4274(23)00605-7 

110. Mehtiyev T, Guler ZR, Aktan E, et al. P16-41: The Effects of Glyphosate and its Metabolite Aminomethylphosphonic Acid on Apoptosis and Epigenetic Mechanisms in 

HepG2 Cell Cultures. Toxicology Letters 2023;384:S196-S97. doi: 10.1016/S0378-4274(23)00730-0 

111. Navarrete-Meneses MDP, Salas-Labadía C, Juárez-Velázquez MDR, et al. Exposure to Insecticides Modifies Gene Expression and DNA Methylation in Hematopoietic 

Tissues In Vitro. International Journal of Molecular Sciences 2023;24(7) doi: 10.3390/ijms24076259 

112. Rafeeinia A, Asadikaram G, Moazed V, et al. Organochlorine pesticides may induce leukemia by methylation of CDKN2B and MGMT promoters and histone modifications. 

Gene 2023;851 doi: 10.1016/j.gene.2022.146976 

113. Salimi F, Asadikaram G, Ashrafi MR, et al. Organochlorine pesticides and epigenetic alterations in thyroid tumors. Frontiers in Endocrinology 2023;14 doi: 

10.3389/fendo.2023.1130794 

114. Silva CS, Kudlyk T, Tryndyak VP, et al. Gene expression analyses reveal potential mechanism of inorganic arsenic-induced apoptosis in zebrafish. Journal of Applied 

Toxicology 2023;43(12):1872-82. doi: 10.1002/jat.4520 

115. Stößer S, Lumpp T, Fischer F, et al. Effect of Long-Term Low-Dose Arsenic Exposure on DNA Methylation and Gene Expression in Human Liver Cells. International 

Journal of Molecular Sciences 2023;24(20) doi: 10.3390/ijms242015238 

116. Walaszczyk E, Luijten M, Spijkerman AMW, et al. DNA methylation markers associated with type 2 diabetes, fasting glucose and HbA1c levels: a systematic review and 

replication in a case–control sample of the Lifelines study. Diabetologia 2018;61(2):354-68. doi: 10.1007/s00125-017-4497-7 

117. Elliott HR, Shihab HA, Lockett GA, et al. Role of DNA methylation in type 2 diabetes etiology: Using genotype as a causal anchor. Diabetes 2017;66(6):1713-22. doi: 



31 

 

10.2337/db16-0874 

118. González-Izquierdo A, Carreira MC, Moreno-Navarrete JM, et al. Insulin resistance is associated with a specifc methylation profile of visceral adipose tissue in obese 

patients. Obesity Facts 2017;10:5-6. doi: 10.1159/000468958 

119. Hidalgo BA, Hivert MF, Wessel J, et al. Epigenome-wide association study of measures of fasting glucose, fasting insulin, and hba1c in non-diabetic individuals of 

european, african, and hispanic ancestry in the charge consortium. Circulation 2017;135 

120. Huang Q, Han L, Liu Y, et al. Elevation of PTPN1 promoter methylation is a significant risk factor of type 2 diabetes in the Chinese population. Experimental and 

Therapeutic Medicine 2017;14(4):2976-82. doi: 10.3892/etm.2017.4924 

121. Rodríguez-Rodero S, Menéndez-Torre E, Fernández-Bayón G, et al. Altered intragenic DNA methylation of HOOK2 gene in adipose tissue from individuals with obesity 

and type 2 diabetes. PLoS ONE 2017;12(12):. doi: 10.1371/journal.pone.0189153 

122. Thongsroy J, Patchsung M, Mutirangura A. The association between Alu hypomethylation and severity of type 2 diabetes mellitus. Clin Epigenetics 2017;9:93. doi: 

10.1186/s13148-017-0395-6 [published Online First: 2017/09/09] 

123. Volkov P, Bacos K, Ofori JK, et al. Whole-Genome bisulfite sequencing of human pancreatic islets reveals novel differentially methylated regions in type 2 diabetes 

pathogenesis. Diabetes 2017;66(4):1074-85. doi: 10.2337/db16-0996 

124. Barajas-Olmos F, Centeno-Cruz F, Zerrweck C, et al. Altered DNA methylation in liver and adipose tissues derived from individuals with obesity and type 2 diabetes. 

BMC Medical Genetics 2018;19(1) doi: 10.1186/s12881-018-0542-8 

125. Elliott H, Juvinao-Quintero D, Shihab H, et al. The role of DNA methylation in type 2 diabetes aetiology. Mutagenesis 2018;33(5-6):389. doi: 10.1093/mutage/gey033 

126. Hong T, Gu T, Zhu D, et al. P4HB, a novel molecular in the development of impaired glucose metabolism in NAFLD. Journal of Diabetes Investigation 2018;9:85. doi: 

10.1111/jdi.12939 

127. Ortiz R, Joseph JJ, Lee R, et al. Type 2 diabetes and cardiometabolic risk may be associated with increase in DNA methylation of FKBP5. Clinical Epigenetics 2018;10(1) 

doi: 10.1186/s13148-018-0513-0 

128. Shen J, Zhu B. Integrated analysis of the gene expression profile and DNA methylation profile of obese patients with type 2 diabetes. Molecular Medicine Reports 

2018;17(6):7636-44. doi: 10.3892/mmr.2018.8804 

129. Wang C, Ha X, Li W, et al. Comparative gene expression profile and DNA methylation status in diabetic patients of Kazak and Han people. Medicine (United States) 

2018;97(36) doi: 10.1097/MD.0000000000011982 

130. Yin L, Cai WJ, Chang XY, et al. Analysis of PTEN expression and promoter methylation in Uyghur patients with mild type 2 diabetes mellitus. Medicine (United States) 

2018;97(49):. doi: 10.1097/MD.0000000000013513 



32 

 

131. Yu S, Wang Y, Li X, et al. Methylation in 3' near region of GC gene and its association with the level of vitamin D binding protein and type 2 diabetes mellitus. Nutr Res 

2018;54:52-59. doi: 10.1016/j.nutres.2018.03.016 [published Online First: 2018/06/20] 

132. Arpón A, Milagro FI, Ramos-Lopez O, et al. Epigenome-wide association study in peripheral white blood cells involving insulin resistance. Scientific reports 

2019;9(1):2445. doi: 10.1038/s41598-019-38980-2 

133. Cardona A, Day FR, Perry JRB, et al. Epigenome-wide association study of incident type 2 diabetes in a British population: EPIC-Norfolk study. Diabetes 

2019;68(12):2315-26. doi: 10.2337/db18-0290 

134. Fachim HA, Siddals K, Malipatil N, et al. Weight loss in people with impaired glucose regulation affects caveolin-1 (CAV1) expression and DNA methylation in a 

tissuespecific way. Diabetologia 2019;62:S138. doi: 10.1007/s00125-019-4946-6 

135. Meeks KAC, Henneman P, Venema A, et al. Epigenome-wide association study in whole blood on type 2 diabetes among sub-Saharan African individuals: findings from 

the RODAM study. Int J Epidemiol 2019;48(1):58-70. doi: 10.1093/ije/dyy171 [published Online First: 2018/08/15] 

136. Ouni M, Wittenbecher C, Kuxhaus O, et al. Insulin-like growth factor binding protein 2 (IGFBP-2) and the risk of developing type 2 diabetes. Diabetologie und Stoffwechsel 

2019;14:S43. doi: 10.1055/s-0039-1688231 

137. Chen X, Lin Q, Wen J, et al. Whole genome bisulfite sequencing of human spermatozoa reveals differentially methylated patterns from type 2 diabetic patients. Journal 

of Diabetes Investigation 2020;11(4):856-64. doi: 10.1111/jdi.13201 

138. Wang ZN, Gao WJ, Wang BQ, et al. Correlation between fasting plasma glucose, HbA1c and DNA methylation in adult twins. Beijing da xue xue bao Yi xue ban = Journal 

of Peking University Health sciences 2020;52(3):425-31. doi: 10.19723/j.issn.1671-167X.2020.03.005 

139. Zhang D, Cheng C, Cao M, et al. TXNIP hypomethylation and its interaction with obesity and hypertriglyceridemia increase type 2 diabetes mellitus risk: A nested case-

control study. Journal of Diabetes 2020;12(7):512-20. doi: 10.1111/1753-0407.13021 

140. Cao K, Lv W, Wang X, et al. Hypermethylation of Hepatic Mitochondrial ND6 Provokes Systemic Insulin Resistance. Advanced science (Weinheim, Baden-Wurttemberg, 

Germany) 2021;8(11):2004507. doi: 10.1002/advs.202004507 

141. Chung RH, Chiu YF, Wang WC, et al. Multi-omics analysis identifies CpGs near G6PC2 mediating the effects of genetic variants on fasting glucose. Diabetologia 

2021;64(7):1613-25. doi: 10.1007/s00125-021-05449-9 [published Online First: 2021/04/13] 

142. Hafez SM, Abou-youssef HES, Awad MAK, et al. Insulin-like growth factor binding protein 1 DNA methylation in type 2 diabetes. Egyptian Journal of Medical Human 

Genetics 2021;22(1) doi: 10.1186/s43042-021-00153-0 

143. Hizon N, Wicklow B, Gabbs M, et al. Altered DNA Methylation in Patients With Youth Onset Type 2 Diabetes in the iCARE Cohort. Canadian Journal of Diabetes 

2021;45(7):S35-S36. doi: 10.1016/j.jcjd.2021.09.108 



33 

 

144. Kim H, Bae JH, Park KS, et al. DNA Methylation Changes Associated with Type 2 Diabetes and Diabetic Kidney Disease in an East Asian Population. Journal of Clinical 

Endocrinology and Metabolism 2021;106(10):E3837-E51. doi: 10.1210/clinem/dgab488 

145. Wang Z, Peng H, Gao W, et al. Blood DNA methylation markers associated with type 2 diabetes, fasting glucose, and HbA1c levels: An epigenome-wide association study 

in 316 adult twin pairs. Genomics 2021;113(6):4206-13. doi: 10.1016/j.ygeno.2021.11.005 

146. Abdulzahra RK, Rasheed MN, AL-Haboobi HMR. INFLUENCE OF PRKCZ GENE METHYLATION IN THE PATHOGENESIS OF TYPE 2 DIABETES IN A SAMPLE 

OF IRAQI PATIENTS. Biochemical & Cellular Archives 2022;22(1) 

147. Baca P, Barajas-Olmos F, Mirzaeicheshmeh E, et al. DNA methylation and gene expression analysis in adipose tissue to identify new loci associated with T2D development 

in obesity. Nutrition and Diabetes 2022;12(1) doi: 10.1038/s41387-022-00228-w 

148. Chen F, Fei X, Zhu W, et al. Placental DNA methylation changes in gestational diabetes mellitus. Epigenetics 2022;17(13):2109-21. doi: 10.1080/15592294.2022.2110193 

149. Chilunga FP, Meeks KAC, Henneman P, et al. An epigenome-wide association study of insulin resistance in African Americans. Clin Epigenetics 2022;14(1):88. doi: 

10.1186/s13148-022-01309-4 [published Online First: 2022/07/15] 

150. Domingo-Relloso A, Gribble MO, Riffo-Campos AL, et al. Epigenetics of type 2 diabetes and diabetes-related outcomes in the Strong Heart Study. Clinical Epigenetics 

2022;14(1) doi: 10.1186/s13148-022-01392-7 

151. Fraszczyk E, Spijkerman AMW, Zhang Y, et al. Epigenome-wide association study of incident type 2 diabetes: a meta-analysis of five prospective European cohorts. 

Diabetologia 2022;65(5):763-76. doi: 10.1007/s00125-022-05652-2 

152. He Y, Li Y, Zhang J, et al. FURIN Promoter Methylation Predicts the Risk of Incident Diabetes: A Prospective Analysis in the Gusu Cohort. Frontiers in Endocrinology 

2022;13 doi: 10.3389/fendo.2022.873012 

153. Juvinao-Quintero DL, Sharp GC, Sanderson E, et al. Investigating causality in the association between DNA methylation and prevalent T2D using a bidirectional two-

sample Mendelian Randomization, 2022. 

154. Ravari MS, Moradi Z, Farrokhi E, et al. Association between GPX1 and IL-6 promoter methylation and type 2 diabetes. Gene Reports 2022;26 doi: 

10.1016/j.genrep.2022.101530 

155. Sarnowski C, Hivert MF, Liu C, et al. Epigenomic Signatures of Insulin Resistance Associated with Alzheimer's Disease and Related Traits. Genetic Epidemiology 

2022;46(7):529. doi: 10.1002/gepi.22503 

156. Touré M, Hichami A, Sayed A, et al. Association between polymorphisms and hypermethylation of CD36 gene in obese and obese diabetic Senegalese females. Diabetology 

and Metabolic Syndrome 2022;14(1) doi: 10.1186/s13098-022-00881-2 

157. Tsai HH, Shen CY, Ho CC, et al. Interaction between a diabetes-related methylation site (TXNIP cg19693031) and variant (GLUT1 rs841853) on fasting blood glucose 



34 

 

levels among non-diabetics. Journal of Translational Medicine 2022;20(1) doi: 10.1186/s12967-022-03269-y 

158. Wang WJ, Huang R, Zheng T, et al. Genome-Wide Placental Gene Methylations in Gestational Diabetes Mellitus, Fetal Growth and Metabolic Health Biomarkers in Cord 

Blood. Frontiers in Endocrinology 2022;13:. doi: 10.3389/fendo.2022.875180 

159. Xu P, Dong S, Wu L, et al. Maternal and Placental DNA Methylation Changes Associated with the Pathogenesis of Gestational Diabetes Mellitus. Nutrients 2022;15(1) 

doi: 10.3390/nu15010070 [published Online First: 2023/01/09] 

160. Ziarniak K, Yang T, Boycott C, et al. DNA hypermethylation of Kiss1r promoter and reduction of hepatic Kiss1r in female rats with type 2 diabetes. Epigenetics 

2022;17(13):2332-46. doi: 10.1080/15592294.2022.2119120 

161. Firdous P, Nissar K, Masoodi SR, et al. HNF1α upregulation and promoter hypermethylation as a cause of glucose dysregulation: a case–control study of Kashmiri MODY 

population. Journal of Endocrinological Investigation 2023;46(5):915-26. doi: 10.1007/s40618-022-01953-w 

162. Hasan NS, Gamal El Dine H, Kamel SA, et al. Association of genetic and epigenetic changes of insulin like growth factor binding protein-1 in Egyptian patients with type 

2 diabetes mellitus. Diabetes Research and Clinical Practice 2023;200 doi: 10.1016/j.diabres.2023.110677 

163. Juvinao-Quintero DL, Sharp GC, Sanderson ECM, et al. Investigating causality in the association between DNA methylation and type 2 diabetes using bidirectional two-

sample Mendelian randomisation. Diabetologia 2023;66(7):1247-59. doi: 10.1007/s00125-023-05914-7 

164. Rönn T, Ofori JK, Perfilyev A, et al. Genes with epigenetic alterations in human pancreatic islets impact mitochondrial function, insulin secretion, and type 2 diabetes. 

Nature Communications 2023;14(1):. doi: 10.1038/s41467-023-43719-9 

165. Seo H, Park JH, Hwang JT, et al. Epigenetic Profiling of Type 2 Diabetes Mellitus: An Epigenome-Wide Association Study of DNA Methylation in the Korean Genome 

and Epidemiology Study. Genes 2023;14(12) doi: 10.3390/genes14122207 

166. Smail HO, Mohamad DA. Identification of DNA methylation change in TCF7L2 gene in the blood of type 2 diabetes mellitus as a predictive biomarker in Iraq Kurdistan 

region by using methylation-specific PCR. Endocrine Regulations 2023;57(1):53-60. doi: 10.2478/enr-2023-0007 

167. Thongsroy J, Mutirangura A. Decreased Alu methylation in type 2 diabetes mellitus patients increases HbA1c levels. Journal of Clinical Laboratory Analysis 2023;37(17-

18) doi: 10.1002/jcla.24966 

168. Wang W, Yao W, Tan Q, et al. Identification of key DNA methylation changes on fasting plasma glucose: a genome-wide DNA methylation analysis in Chinese monozygotic 

twins. Diabetology and Metabolic Syndrome 2023;15(1) doi: 10.1186/s13098-023-01136-4 

169. Wang X, Huangfu W, Zhao F. Correlation of ChREBP Gene Methylation with Pathological Characteristics of Type 2 Diabetes Mellitus. Applied Biochemistry and 

Biotechnology 2023 doi: 10.1007/s12010-023-04714-4 

170. Wang X, Liu J, Wang Q, et al. The transcriptomic and epigenetic alterations in type 2 diabetes mellitus patients of Chinese Tibetan and Han populations. Frontiers in 



35 

 

Endocrinology 2023;14 doi: 10.3389/fendo.2023.1122047 

 


