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ABSTRACT
Epigenetic modifications might be associated with serum triglycerides (TG) levels. This study aims to 
systematically review the studies on the relationship between the methylation of specific cytosine-
phosphate-guanine (CpG) sites and serum TG levels. This systematic review and meta-analysis study 
was conducted according to the PRISMA 2020 (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) statement. A systematic literature search was conducted in Medline database 
(PubMed), Scopus, and Cochrane library up to end of 2020. All observational studies (cross-sectional, 
case-control, and cohort) were included. Studies that assessed the effect of DNA methylation of 
different CpG sites of ABCG1, CPT1A, and SREBF1 genes on serum TG levels were selected. The 
National Institutes of Health (NIH) checklist was used to assess the quality of included articles. 
Among 2790 articles, ten studies were included in the quantitative analysis and fourteen studies 
were included in the systematic review. DNA methylation of ABCG1 gene had significant positive 
association with TG levels (β = 0.05, 95% CI = 0.04, 0.05, P heterogeneity < 0.001). There was significant 
inverse association between DNA methylation of CPT1A gene and serum TG levels (β = -0.03, 95% 
CI = -0.03, -0.02, P heterogeneity < 0.001). DNA methylation of SREBF1 gene was positively and 
significantly associated with serum TG levels (β = 0.03; 95% CI = 0.02-0.04, P heterogeneity < 0.001). 
DNA methylation of ABCG1 and SREBF1 genes has positive association with serum TG level, whereas 
this association is opposite for CPT1A gene. The role of epigenetic factors should be considered in 
some populations with high prevalence of hypertriglyceridemia. Arch Endocrinol Metab. 2022;66(3):407-19
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INTRODUCTION 

Elevated level of serum triglycerides (TG) is one of 
the major components of the metabolic syndrome. 

It is associated with adverse health effects including 
cardiovascular disease (CVD), obesity, and insulin 
resistance (1-3). Some evidence has recommended that 
hypertriglyceridemia should be managed in any severity 
(1,4). The prevalence of hypertriglyceridemia has large 
variations in different population and is highly influenced  
by different variables such as gender and age (5,6). 

Approximately one fifth of adult females and about one 
third of adult males have hypertriglyceridemia in Spain 
(6). A cross-sectional study reported that the mean TG 
level has decreased from 2007 to 2014 in the US (7). 
Based on cross-sectional studies in Indian population 
over 20-year period, prevalence of hypertriglyceridemia 
has increased from 25.7% to 32.8% (8). Some factors 
including lifestyle, environmental and genetic factors 
influence on serum lipid profiles (9).  The role of 
epigenetic factors needs to be clarified in this regard.
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Epigenetic processes are natural and require 
for functions of various organisms. However, their 
improper occurrence will have detrimental impacts on 
health and behavioral. Epigenetic  changes are DNA 
changes without any effect on DNA sequences but 
impact on gene expression and activity (9,10). Several 
types of epigenetic processes have been identified 
that DNA methylation is one of the most important 
epigenetic changes. The covalent transfer of a methyl 
group to cytosine-guanine (CpG) dinucleotides of DNA 
by DNA methyltransferase leads to DNA methylation 
(11,12). CpG dinucleotides are often located in 
regulatory parts of genes, so they can regulate genes 
expression (13).

Several studies have assessed the relationship between 
DNA methylation at different loci of different genes 
with serum TG levels, and had inconsistent findings. 
Some results did not show significant association 
between DNA methylation and TG levels (11,13), 
whereas some of them confirmed this association 
(1,9,14-16). Different sample size, gene, method, and 
design might explain inconsistent findings. There are 
several epigenetic changes that might affect TG levels; 
some genes including ABCG1, CPT1A and SREBF1 
have been assessed more than others. The contradictory 
findings of various studies show the importance of 
providing a holistic overview. Therefore, this systematic 
review and meta-analysis aims to provide a summary 
of the literature that have evaluated the relationship 
between methylation of different CpGs of ABCG1, 
CPT1A, SREBF1 genes and serum TG levels. 

METHODS
Search strategy

The current systematic review and meta-analysis 
study was conducted according to the PRISMA 2020 
(Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) statement (17). The protocol was 
registered on PROSPERO (ID: CRD42020202332). 
A systematic literature search was conducted in 
Medline database (PubMed), Scopus, and Cochrane 
library up to end of July 2020. Databases were searched 
daily for any newly published articles up to end of 
December 2020, and updated till September 2021. 
The following search terms were used: (Triglyceride 
OR TG OR Triacylglycerol OR Hypertriglyceridemia) 
AND (Epigenetic OR Epigenomic OR methylation 
OR “DNA methylation” OR acetylation OR “DNA 

acetylation”). The search string for each database was 
summarized in the supplementary file 1. 

Two reviewers (SMT and MHB) independently 
reviewed and screened the appropriate published papers 
based on title, abstract, and full text. In addition, the 
reference lists of related review articles were checked 
to find undetected relevant studies.  Any discrepancy 
related to eligible records was resolved by the third 
reviewer (RK). 

Inclusion criteria

Only English-language articles and human studies were 
included. We included studies that extracted DNA 
from blood samples and measured DNA methylation. 
All observational studies (cross-sectional, case-control, 
and cohort) on individuals over 18 years of age that 
assessed the effect of epigenetic changes on serum TG 
levels were included without restriction of gender, race, 
ethnicity, and year of publication. 

Exclusion criteria

Those papers with the following criteria were excluded: 
duplicate publications and studies that assessed the 
effect of hypertriglyceridemia on epigenetic changes.

Data extraction

The number of studies on some genes including 
ABCG1, CPT1A, and SREBF1 were greater than 
others. So, we selected them for the meta-analysis. 
Data extraction was conducted by two reviewers (SMT 
and MHB) independently and was checked by the 
third reviewer (RK). The following information was 
extracted from eligible studies: first author, publication 
year, study design, sample size, age, body mass index 
(BMI), the gene(s) and loci and type of tissue sample.

Quality assessment

In order to evaluate the risk of bias of 14 included 
studies in the systematic review, two reviewers 
(SMT, MHB) independently assessed the quality of 
the articles by National Institutes of Health (NIH) 
Quality Assessment Tool (18). All included studies had 
cohort and cross-sectional design. Any disagreement 
was resolved by consulting with the third researcher 
(RK). The scale consist of 14 questions. Each item 
was answered as “yes”, “no”, “not applicable” or “not 
reported”. Table 1 shows the quality assessment of 
included articles.
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Table 1. Quality assessment of included studies by The National Institutes of Health (NIH) Quality Assessment Tool 

Author, year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Quality 
Rating

Truong et al. (2017) (1) Yes Yes Yes Yes Yes No No NA Yes No Yes NA NA Yes Good 

Braun et al. (2017) (12) Yes Yes Yes Yes No Yes No NA Yes Yes Yes NA No Yes Good

Campanella et al. (2018) (23) Yes Yes Yes Yes No Yes No NA Yes Yes Yes NA No Yes Good 

Dayeh et al. (2016) (19) Yes Yes Yes Yes No No No NA No No Yes NA NA Yes Fair

Pfeiffer et al. (2015) (15) Yes Yes Yes Yes No Yes No NA Yes Yes Yes NA No Yes Good

Guay et al. (2016) (11) Yes Yes No Yes No No No NA Yes No No NA No Yes Fair

Peng et al. (2014) (13) Yes Yes  Yes Yes No No No NA Yes No Yes NA NA Yes Good

Wei & Wu (2018) (10) Yes Yes Yes Yes No No No NA Yes No Yes NA NA Yes Good 

Sayols-Baixeras et al. (2016) (9) Yes Yes Yes Yes No No No NA Yes Yes Yes NA No Yes Good 

Irvin et al. (2014) (16) Yes Yes Yes Yes No No No NA Yes Yes Yes NA No Yes Good 

Romanescu et al. (2018) (30) Yes Yes Yes Yes No No No NA Yes No Yes NA NA Yes Good 

Hedman et al. (2017) (14) Yes Yes Yes Yes No No No NA Yes Yes Yes NA No Yes Good 

Gagnon et al. (2014) (31) Yes Yes No Yes No No No NA Yes Yes Yes NA No Yes Fair 

Lai et al. (2016) (24) Yes Yes Yes Yes No No No NA Yes Yes Yes NA No Yes Good 

NA: not applicable.

Statistical analysis

The β-coefficient values of selected studies were applied 
for pooled analysis. The potential heterogeneity across 
studies was evaluated using the Cochran’s Q-test and 
was expressed using the I2 index. The pooled results 
were calculated by the random-effects model. 

Subgroup analyses based on CpG sites were 
performed to seek the sources of heterogeneity. In 
addition, meta-regression was used for assessing 
the mean age, mean BMI, sample size and the year 
of publication of studies as the possible source 
of heterogeneity. The sensitivity analyses were 
performed by excluding one study at a time to gauge 
the robustness of our results. Publication bias was 
evaluated by Funnel plot and Egger’s test. The possible 
publication bias was adjusted using the trim and fill 
method. Statistical analyses were conducted using the 
STATA 12.0 software (STATA Corp, College Station, 
Texas, USA). P < 0.05 was considered as significance 
level.

RESULTS
Study selection

The flow diagram for the process of study selection is 
shown in Figure 1. The initial search recognized 2,790 
articles and 2510 of them remained after excluding 
duplicates. After screening the title and abstracts, 

2,426 articles were excluded, and 84 articles remained 
for further assessment. The full texts of remaining 
studies were reviewed carefully by two researchers. Any 
discrepancy was resolved by the third reviewer. Finally, 
14 articles were included in the systematic review, and 
10 of them were included in the meta-analysis. 

Study characteristics

Fourteen eligible studies were included in the systematic 
review. Table 2 shows the general characteristics of the 
included studies.

All the selected studies were conducted among 
individuals over 18 years of age, and their designs 
were cohort, cross-sectional and pooled analysis of 
cohorts. The sample tissue for all of them was blood 
cells. There was a wide difference in sample size. It 
varied from 37 to 4,261. Some studies conducted 
more than one assessment including discovery 
set, replication set and a pooled analysis of both. 
Methylation of CpG site in ABCG1 gene (cg06500161, 
cg27243685, cg07397296, ABCG1-CPG3, 
cg01881899, cg02370100, cg01176028), CPT1A 
gene (cg00574958, cg17058475, cg09737197, 
cg01082498, cg26989316) and SREBF1 gene 
(cg11024682, cg20544516, cg08129017) were 
assessed. Methylation at seven CpG sites in ABCG1, five 
CpG sites in CPT1A and three CpG sites in SREBF1 
genes showed significant association with TG.
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Records identi�ed through 
datase searching: PubMed 632,

Scopus 1937, Cochrane library 221
(n = 2,790)

Duplicated records 
(n = 280) 

Records after duplicates removed
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In
cl

ud
ed

El
ig

ib
ili

ty
Sc

re
en

in
g

Id
en

ti�
ca

tio
n

Records screened
(n = 2510)

Records excluded (n = 2426)
Irrelevant articles ( n = 2129)
Books and reviews ( n = 260)
Non-English articles (n = 37)

Full-text articles assessed 
for eligibility (n = 84)

Full-text articles excluded, with 
reasons  (n = 70)

Irrelevant articles (n = 7)
Studies on other genes (n = 51)

Animal studies (n = 6)
Studies on children (n =6)

Studies included in systematic 
review (n = 14)

Studies included in 
meta-analysis (n = 10)

Studies excluded for 
meta-analysis (n = 4)

Insuf�cient data (n = 4)

Figure 1. Literature search for the meta-analysis.

Table 2. Characteristics of included studies according to gene methylation sites and serum triglycerides level

Author & year Country Study design

Study characteristics Gene & 
Methylation 

sites2

Adjustment Main findings QR3

Study name
Population 
(male%)

Age1 BMI1

Truong et al. 
(2017) (1)

Canada Cross-sectional Discovery set n = 199 (47%) 39.6 ± 16.9 26.8 ± 6.1 1 Age, sex, and cell type 
proportions

Positive association Good

Replication set n = 324 (22%) 44.1 ± 14.3 24.2 ± 4.4

Braun et al. 
(2017) (12)

Netherland Cohort Discovery set n = 725 (46%) 59.9 ± 8.2 27.6 ± 4.6 1, 7, 8, 12 Age, sex, current 
smoking, leukocyte 
proportions, lipid-lowering 
medication use, adjusted 
for waist circumference 
and other serum lipids

Negative association for 
CPT1A and positive 
association for SREBF1 & 
ABCG1 

Good

Replication set n = 760 (42%) 67.7 ± 5.9 27.8 ± 4.2

Campanella et al. 
(2018) (23)

USA Pooled analysis 
of Cohorts

NA n = 1941 (30%) NA NA 1, 2, 7, 12 Sex, age, and status such 
as cancers, MI, BMI & 
WHR

Negative association for 
CPT1A and  positive 
association for SREBF1 & 
ABCG1 

Good

Dayeh et al. 
(2016) (19)

Finland Cohort NA n = 209 NA NA 1 Age, gender, fasting 
glucose, and family 
relation

Positive association Fair

Pfeiffer et al. 
(2015) (15)

Germany Cohort Discovery set (KORA 
F4 study)

n = 1776 (49%) 60.8 ± 8.9 28.2 ± 4.8 1, 2, 3, 7, 12, 
13

Age, sex, BMI, smoking, 
alcohol, lipid-lowering 
drugs, physical activity, 
history of MI, current 
hypertension, HbA1c 
levels, C-reactive protein, 
and white blood cell count

Negative association for 
CPT1A positive 
association for ABCG1 & 
SREBF1 

Good

Replication set 
(KORA F3 study)

n = 499 (52%) 52.9 ± 9.6 27.2 ± 4.5

Replication set 
(InCHIANTI study)

n = 472 (45%) 71.2 ± 16 27 ± 4.3
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Author & year Country Study design

Study characteristics Gene & 
Methylation 

sites2

Adjustment Main findings QR3

Study name
Population 
(male%)

Age1 BMI1

Guay et al. (2014) 
(11)

Canada Cross-sectional In women n = 37 39.6 ± 2 24.7 ± 0.8 ABCG1-CPG3 Age, waist circumference, 
and fasting blood TG

Positive association in 
women but no association 
in men

Fair

In men n = 61 46.3 ± 1.7 27.3 ± 0.5

Peng et al. (2014) 
(13)

China Cross-sectional NA n = 139 (64%) NA NA ABCG1 Age, sex, smoking, lipid 
level, history of 
hypertension, and history 
of diabetes

No significant association Good

Wei & Wu. (2018) 
(10)

USA Cross-sectional NA n = 995 NA NA 1, 7, 8, 10  Age, sex, study center, 
family relations

Negative association for 
CPT1A and positive 
association for ABCG1  

Good

Sayols-Baixeras  
et al. (2016) (9)

Spain Cohort Discovery set n = 645 (49%) 63.2 ± 11.7 26.9 ± 4.1 1, 2, 4, 5, 7, 
12

age, gender, smoking 
exposure, batch effect, 
estimated cell count and 
surrogate variables

Negative association for 
CPT1A and positive 
association for ABCG1 & 
SREBF1  

Good

Replication set n = 2542 (46%) 66.3 ± 8.9 28.2 ± 5.4

Irvin et al. (2014) 
(16)

USA Cohort Discovery set n = 991 (48%) 48.8 ± 16 NA 7, 8, 9, 10 Age, gender, study site, 
cell purity, pedigree

Negative association 

Results of cg00574958 
methylation were 
replicated, and same 
association observed

Good

Replication set n = 1261 (40%) NA NA

Romanescu et al.

(2018) (30)

USA Cross-sectional NA n = 995 NA NA 7, 8, 9, 10, 11 NA Significant association Good

Hedman et al. 
(2017) (14)

USA Pooled analysis 
of Cohorts 

Discovery set n = 2306 (47%) NA NA 1, 2, 6, 7, 8, 
9, 12, 14

Both discovery and 
replication sets, were 
analyzed in two models:

– primary model: age, 
sex, white cell counts and 
batch effects

– secondary model:  
primary model + BMI

Negative association for 
CPT1A and  positive 
association for ABCG1 & 
SREBF1 

- cg08129017 & 
cg01176028 were novel 
CpGs, had not found 
before

Good

Replication set n = 1955 NA NA

Gagnon et al. 
(2014) (31)

France Cross-sectional MARTHA study n = 327 (21%) 44.1 ± 14.2 NA 7, 8 Age, gender, cell type, 
batch, and chip effects

Negative association Fair

F5L-pedigrees study n = 199 (47%) 39.6 ± 16.9 NA

Lai et al. (2016) 
(24)

USA Cross-sectional Discovery set n = 653 (48%) 48 ± 16.2 28.2 ± 5.6 1, 7, 8, 9, 10, 
12

age, sex, study site, 
baseline TG

Negative association 
between CPT1A and 
TG-AUC, and positive 
association between 
ABCG1 & SREBF1, and 
TG-AUC

* This study assesses the 
TG-AUC

Good

Replication set n = 326 (48%) 48.8 ± 16.9 28.3 ± 5.8

NA: not available; N: number; TG: triglyceride; ABCG1: ATP-binding cassette sub-family G member-1 protein gene; CPT1A: carnitine palmitoytransferase-1A gene; SREBF1: sterol regulatory element-binding gene; 
CpGs: cytosine-guanine dinucleotides, BMI: body mass index, WHR: waist to hip ratio, MI: myocardial infarction; HbA1c: glycated hemoglobin A; PPL: postprandial lipemia; FH: familial hypercholesterolemia; AUC: 
area under the whole curve.
1 Values are mean ± SD (for age and BMI)
2 Methylation sites: ABCG1: cg06500161 (1), cg27243685 (2), cg07397296 (3), cg02370100 (4), cg01881899 (5), cg01176028 (6), CPT1A: cg00574958 (7), cg17058475 (8), cg09737197 (9), cg01082498 
(10), cg26989316 (11), SREBF1: cg11024682 (12), cg20544516 (13), cg08129017 (14).
3 Quality Rating; we assess the quality of articles using the NIH checklist.

Association between DNA methylation of the ABCG1 
gene and serum TG levels 

The findings of meta-analysis on 8 studies showed 
that DNA methylation of ABCG1 gene had significant 
positive association with serum TG levels (β = 0.05; 
95% CI [0.04, 0.05]) using random effect model. 
There was significant heterogeneity (P < 0.001), with I2 
values of 95%. Therefore, the subgroup analysis, meta-
regression and sensitivity analysis were used to explore 
the potential sources of heterogeneity (Figure 2).

Subgroup analysis

Results of subgroup analysis based on CpG sites 
showed that DNA methylation of ABCG1 gene  in 
CpG site cg06500161 (β = 0.05; 95% CI [0.04, 0.06]; 
I2 = 95.8%), cg27243685 (β = 0.04; 95% CI [0.03, 
0.05]; I2 = 95.1%) and others CpG sites (cg07397296, 
cg01881899, cg02370100, ABCG1-CpG3) (β = 
0.04; 95% CI [0.03, 0.05]; I2 = 65.5%) was positively 
and significantly associated with serum TG levels. 
Only one paper had the relevant effect size for each 
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of the following sites, cg07397296, cg01881899, 
cg02370100, ABCG1-CPG3. So we considered these 
sites as one group. The heterogeneity was significant 
for each three groups of CpGs (Figure 2).

Meta regression

Meta regression identified the mean age (β [standard 
error]: -0.002 [0.001]; p = 0.029) as the main source 
of the heterogeneity (R2 = 12.78%). It explained 92.65% 
of the heterogeneity. Mean BMI, sample size and the 
publication year of studies did not lead to heterogeneity 
(Supplementary file 2; figures S1, S2, and S3). 

Sensitivity analysis

Results of sensitivity analysis showed that the pooled 
effect size (β) and heterogeneity did not influence 
after excluding studies one by one. After excluding 
the study of Guay and cols. (11), which was 
conducted among women, the pooled effect size for 
studies did not change significantly (β = 0.045 [95% 
CI: 0.038, 0.052]; I2 = 95.2%). Furthermore, with 
excluding the study with unadjusted effect size (19), 
the pooled effect size for studies did not change 
significantly (β = 0.045 [95% CI: 0.038, 0.051];  
I2 = 95.1%). 

Figure 2. Associations of methylation of the ABCG1 and triglycerides levels by CpG sites.
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Publication bias

Funnel plot showed asymmetry. The P-value for Egger’s 
test was < 0.0001, which revealed obvious publication 
bias among studies. Therefore, trim and fill analysis 
was performed and the pooled effect size was obtained  
(β = 0.033 (95% CI: 0.026, 0.039); number of trimmed 
studies: 10).

Association between DNA methylation of the CPT1A 
gene and serum TG levels 

Results of meta-analysis on 7 studies indicated that 
the DNA methylation of CPT1A gene had significant 
inverse association with serum TG levels (β = -0.03 [95% 
CI: -0.03, -0.02]) using the random effects model. The 
heterogeneity was significant (I2 = 93.5%; P < 0.001). 

Figure 3 shows subgroup analysis based on CpG sites. 
The pooled estimates (β’s) were negative and significant 
for CpGs of cg00574958 (β = -0.04; 95% CI [-0.05, 
-0.03]; I2 = 95.3%), cg17058475  (β = -0.02; 95% 
CI [-0.03, -0.01]; I2 = 89.7%) and other CpG sites 
(cg01082498, cg09737197) (β = -0.01; 95% CI [-0.02,-
0.01]; I2 = 90.7%). Two studies had the relevant effect 
size for cg09737197, and one study had the relevant 
effect size for cg01082498, so we considered these sites 
as one group. The heterogeneity was significant for each 
three groups of CpGs (p < 0.001). The results of meta-
regression analysis showed that mean age, mean BMI, 
sample size and the year of publication had no significant 
effect on the association between DNA methylation of 
CPT1A gene and serum TG levels (p > 0.05) (Figure 3).

Figure 3. Associations of methylation of the CPT1A and triglycerides levels by CpG sites.
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Results of sensitivity analysis showed that the 
pooled effect size (β) was not influenced after excluding 
studies one by one. Funnel plot was asymmetry. The 
P-value for Egger’s test was < 0.001, thus there was 
obvious publication bias among these studies. Trim and 
fill analysis were applied, but no studies were filled. It 
showed that the publication bias had a non-significant 
effect on the results.

Association between DNA methylation of the SREBF1 
gene and serum TG levels 

The findings of meta-analysis on 5 studies showed that 
DNA methylation of SREBF1 gene was positively and 
significantly associated with serum TG levels (β = 0.03; 
95% CI [0.02, 0.04]). The heterogeneity was significant 
(I2 = 90.4%; P < 0.001). The subgroup analysis based 
on CpG sites showed that pooled estimates for CpGs of 
cg11024682 (β = 0.04; 95% CI [0.03, 0.05, I2 = 91.5%]) 

Figure 4. Associations of methylation of the SREBF1 and triglycerides levels by CpG sites.

and also for other group (cg20544516, cg08129017) 
(β = 0.02; 95% CI [0.01, 0.03, I2 = 84.6%]) were 
positive and significant  (Figure 4). One study had the 
relevant effect size for cg20544516, and one study 
had the relevant effect size for cg08129017. So, we 
considered these sites as one group. The heterogeneity 
was significant for both groups. The results of meta-
regression analysis indicated that mean age, mean 
BMI, sample size and year of publication had no 
significant association with the effect of SREBF1 gene 
on serum TG levels (p > 0.05). Results of sensitivity 
analysis showed that the pooled effect size (β) was not 
influenced after dropping studies one by one. Funnel 
plot was asymmetry. The P-value for Egger’s test was 
0.001. Therefore, there was publication bias among 
these studies. So, trim and fill analysis was performed 
and the pooled effect size obtained (β = 0.015 [95% CI: 
0.007, 0.023]); number of trimmed studies: 6).
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DISCUSSION

The present meta-analysis investigated the association 
between DNA methylation of different CpG sites 
of ABCG1, CPT1A, SREBF1 and serum TG levels. 
Higher methylation of ABCG1 and SREBF1 genes, and 
lower methylation of CPT1A gene were significantly 
associated with higher serum TG levels. These 
findings can explain the reason of the large variations 
in the prevalence of hypertriglyceridemia in different 
populations.

DNA methylation of ABCG1 gene

ABCG1 gene is located on chromosome 21 and encodes 
ATP-binding cassette sub-family G member-1 protein 
and controls macrophage lipoprotein lipase (LPL) activity. 
LPL controls the level of circulating blood lipids such as 
TG. Therefore, circulating TG could be affected by the 
level of ABCG1 expression (20-22). However, there is 
no finding about a direct effect of ABCG1 gene on TG 
level (15). Studies showed a negative association between 
ABCG1 methylation and its expression (14,15,23). 
Several studies indicated significant association between 
the methylation level at different sites of ABCG1 gene 
including cg06500161 (1,9,10,12,14,15,19,23-25), 
cg27243685 (9,14,15,23), cg07397296 (15), ABCG1-
CPG3 (11), cg01881899 (9), cg02370100 (9), 
cg01176028 (14) and circulating TG levels. Different 
individual including healthy people (15,19), patients 
with familial hypercholesterolemia (11) and patients 
with venous thromboembolism (1) were included in 
studies, and this might be an underlying factor of diverse 
findings in different studies.

 The current meta-analysis showed that methylation 
in cg06500161 and cg27243685 sites has greater 
impact on serum TG levels. Most of the included 
studies revealed significant positive association 
between ABCG1 methylation and serum TG levels 
(1,9,12,14,15,19,23). While, one study on 139 
individuals with coronary heart disease in China, did 
not show any significant association between ABCG1 
methylation and serum TG level (13). Another 
study on patients with familial hypercholesterolemia 
found significant association between ABCG1 DNA 
methylation and HDL-C, LDL-C and TG levels only 
in women (11). 

Study on 3296 participants from six cohorts in 
the Netherland suggested that the levels of blood TG 
influenced on the ABCG1 methylation. They did not 

observe any causal effects of DNA methylation on 
lipid profiles (26). Studies demonstrated an association 
between higher ABCG1 methylation and an increased 
risk of coronary heart disease, type 2 diabetes, and 
metabolic syndrome (13,15,19,27). Two population-
based cohorts  on 2306 individuals indicated that 
higher methylation at cg27243685 site of ABCG1 
gene increased the serum TG level and was associated 
with an increased risk of coronary heart disease (14).

DNA methylation of CPT1A gene

Fatty acid oxidation in mitochondria provides an 
essential source of energy. A large portion of dietary 
fatty acid consists of long-chain fatty acids. However, 
they cannot simply enter to mitochondria and 
require special proteins to transfer them through 
the outer and inner mitochondria membrane. 
Carnitine palmitoytransferase-1 (CPT1) and carnitine 
palmitoytransferase-2 (CPT2) transfer long-chain fatty 
acids into mitochondria. CPT2 exists in all tissues. 
However, CPT1 is expressed mostly in three specific 
tissues including liver (CPT1A), muscle (CPT1B) and 
brain (CPT1C) (22,28). CPT1A gene, which located 
on chromosome 11, encodes CPT1A protein mostly 
in liver and some tissues such as heart, pancreas, 
endothelium, lung, skeletal muscle, and kidney (29). 
The level of methylation at five sites of CPT1A gene 
including cg00574958 (9,10,12,14-16,23-25,30,31), 
cg17058475 (10,12,14,16,24,30,31), cg09737197 
(14,16,24,30), cg01082498 (10,16,24,30) and 
cg26989316 (30) had significant and inverse 
relationship with serum TG levels. Increasing the 
level of CPT1A methylation leads to decrease its 
expression. Thus increase the expression of CPT1A 
causes hypertriglyceridemia (12,16). DNA methylation 
mechanisms are reversible and new therapeutic 
approaches for treatment of hypertriglyceridemia can 
be used through modulating CPT1A expression (31). 
According to the present meta-analysis, methylation of 
cg00574958 and cg17058475 affects circulating TG 
levels more than other sites.

Dekkers and cols. suggested that blood TG level had 
causal effect on the level of CPT1A methylation but not 
vice versa (26). Another study on 992 participants in 
USA showed that both CPT1A methylation and blood 
TG levels might have reciprocal causal effect. However, 
because of the small sample size and lack of strong genetic 
instruments, they could not determine the direction 
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association between CPT1A methylation and serum TG 
levels (25). It is suggested that CPT1A expression might 
act as a useful biomarker for CVD (28). 

DNA methylation of SREBF1 gene

SREBF1 (sterol regulatory element-binding 
transcription factor 1) gene is located on chromosome 
17 and encodes sterol regulatory element binding 
proteins (SREBPs) (22). SREBP-1a and SREBP-1c 
are two isoforms of SREB proteins that are encoded 
by SRBF1 gene. SREBF-1a modulates the expression 
of cholesterol and fatty acid biosynthesis genes, 
andSREBF-1c regulates the expression of fatty acid, 
phospholipid, and TG biosynthetic genes. Studies 
demonstrated that variation in lipid profiles could be 
related to these proteins (32,33). According to the 
current literature, the level of methylation at three loci of 
SREBF1 gene including: cg11024682 (9,12,14,15,23-
25), cg20544516 (15) and cg08129017 (14) has 
significant and positive association with serum TG 
level. There is an inverse association between SREBF1 
methylation and its expression. Thus, decreasing 
the expression of SREBF1 might be the reason of 
hypertriglyceridemia (9,23). The current meta-analysis 
shows the effect of cg11024682 on serum TG levels is 
greater than other sites of SREBF1. Likewise, a study 
on 1,408 men and 1888 women of six cohorts showed 
that higher serum TG levels was correlated with higher 
methylation of cg11024682 (26). MicroRNA33b 
(MIR33b) is encoded by cg20544516 site on SREBF1 
gene. MIR33b suppress several genes such as ABCG1 
and CPT1A that they contribute to oxidation and 
transport of fatty acid (15,34,35). 

Recent studies demonstrated that the methylation 
of ABCG1, CPT1A, and SREBF1 genes was associated 
with some cardio-metabolic risk factors including total 
cholesterol and insulin levels, as well as anthropometric 
indices of general and abdominal obesity. Therefore, 
study on these genes can be important in prevention of 
non-communicable diseases (12,15,23).

According to the current findings, DNA methylation 
affects gene expression and new therapeutic pathways could 
be appeared for management of hypertriglyceridemia. 
Some medications including fenofibrate might affect 
serum TG levels through altering DNA methylation 
(36). However, a study with short-time follow up could 
not confirm these findings (37).

The present study has some limitations. First, the 
selection bias was unavoidable. Second, heterogeneity 
existed in our meta-analysis, and it could not be solved 
by applying any statistical method, differences in the 
genetic methods, age, BMI, or race of participants 
in various studies might be the reasons of this 
heterogeneity. The main strength of our study is its 
novelty; to the best of our knowledge, no previous 
systematic reviews and meta-analysis have specifically 
evaluated the relationship between methylation of 
different CpGs of some genes and serum TG levels. 
Meta-regression analysis was used to find potential 
variables as the main source of the heterogeneity.

In conclusion, the results of the present meta-
analysis show that methylation of ABCG1 and SREBF1 
genes have positive association with serum TG levels, 
whereas this association is inverse for methylation of 
CPT1A gene. DNA methylation on cg06500161 
and cg27243685 at ABCG1 gene, cg00574958 and 
cg17058475 at CPT1A gene and cg11024682 at 
SREBF1 gene are correlated with serum TG levels more 
than other CpGs. Although there are several studies 
that assessed the effect of DNA methylation on serum 
TG levels, but limited experience exists on the impact 
of serum TG levels on DNA methylation.  Further 
studies with long follow up periods are needed to assess 
the causal effect of DNA methylation on serum TG 
levels and vice versa. 

The role of epigenetic factors should be considered 
as one of underlying factors for the considerable 
variations in the prevalence of hypertriglyceridemia 
among different populations.
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SUPPLEMENTARY FILE 1

Search strategy:
A comprehensive systematic literature search was conducted in Medline database 
(PubMed), Scopus, and Cochrane library up end of July 2020, and we daily checked 
databases for any new publications up to end of 2020. We used the following search line 
for Medline database, and 632 papers were found:
(Triglyceride[Title/Abstract] OR TG[Title/Abstract] OR Triacylglycerol[Title/
Abstract] OR Hypertriglyceridemia[Title/Abstract]) AND (Epigenetic[Title/
Abstract] OR Epigenomic[Title/Abstract] OR methylation[Title/Abstract] OR 
“DNA methylation”[Title/Abstract] OR acetylation[Title/Abstract] OR “DNA 
acetylation”[Title/Abstract])
We searched the Scopus database and Cochrane library within Title, Abstract, and 
Keywords, using the following search string: 
(Triglyceride OR Triacylglycerol OR Hypertriglyceridemia) AND (Epigenetic OR 
Epigenomic OR methylation OR “DNA methylation” OR acetylation OR “DNA 
acetylation”)
We found 1937 and 221 papers in Scopus and Cochrane library, respectively.

Figure S1. Meta-regression plot of the impact of age, BMI, year and sample size of studies on the association between ABCG1 gene and TG levels, the 
size of the circles is depended on the weight of the study in the fitted random-effects meta-regression model.
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Figure S2. Meta-regression plot of the impact of age, BMI, year and sample size of studies on the association between CPT1A gene and TG levels, the 
size of the circles is depended on the weight of the study in the fitted random-effects meta-regression model.

Figure S3. Meta-regression plot of the impact of age, BMI, year and sample size of studies on the association between SREBF1 gene and TG levels, the 
size of the circles is depended on the weight of the study in the fitted random-effects meta-regression model.
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