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Abstract

Background Diabetes mellitus (DM) is a well-established determinant of atherosclerosis and cardiovascular diseases
(CVD). Recently, genome-wide association studies (GWAS) identified several single nucleotide polymorphism (SNP)
significantly correlated with DM. The study aimed to explore the relationships of the top significant DM SNPs with
carotid atherosclerosis (CA).

Methods We used a case—control design and randomly selected 309 cases and 439 controls with and without,
respectively, carotid plaque (CP) from a community-based cohort. Eight recent GWAS on DM in East Asians reported
hundreds of SNPs with genome-wide significance. The study used the top significant DM SNPs, with a p-value < 107'°,
as the candidate genetic markers of CA. The independent effects of these DM SNPs on CA were assessed by multivari-
able logistic regression analyses to control the effects of conventional cardio-metabolic risk factors.

Results Multivariable analyses showed that, 9 SNPs, including rs4712524, rs1150777, rs10842993, rs2858980,
rs9583907, rs1077476, rs7180016, rs4383154, and rs9937354, showed promising associations with the presence of
carotid plague (CP). Among them, rs9937354, rs10842993, rs7180016, and rs4383154 showed significantly independ-
ent effects. The means (SD) of the 9-locus genetic risk score (9-GRS) of CP-positive and -negative subjects were 9.19
(1.53) and 8.62 (1.63), respectively (p <0.001). The corresponding values of 4-locus GRS (4-GRS) were 4.02 (0.81) and.
3.78 (0.92), respectively (p <0.001). The multivariable-adjusted odds ratio of having CP for per 1.0 increase in 9-GRS
and 4-GRS were 1.30 (95% Cl 1.18-1.44; p=4.7 x 107/) and 1.47 (95% Cl 1.74-9.40; p=6.1 x 107), respectively. The
means of multi-locus GRSs of DM patients were similar to those of CP-positive subjects and higher than those of CP-
negative or DM-negative subjects.

Conclusions We identified 9 DM SNPs showing promising associations with CP. The multi-locus GRSs may be used as
biomarkers for the identification and prediction of high-risks subjects for atherosclerosis and atherosclerotic diseases.
Future studies on these specific SNPs and their associated genes may provide valuable information for the preven-
tions of DM and atherosclerosis.
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Background

Atherosclerosis is the gradual constriction of arter-
ies by plaque formation within the artery walls which
can reduce blood flow by>50% [1]. Atherosclerosis is
a disease of slow progression and can be aggravated by
other existing conditions such as hypertension [2]. The
development of atherosclerosis lesions is characterized
by life-long altered lipid accumulation, especially low-
density lipoprotein (LDL), and chronic inflammation
in the arterial wall [1, 3]. The blood vessel endothelium
then responds to blood flow turbulence and activates
the recruitment of circulating immune cells. Penetrating
monocytes are differentiated into macrophages which
take up lipid through phagocytosis and turn into foam
cells in plaques [4]. Later stages of atherosclerosis are
characterized by the formation of unstable plaques which
rupture and result in a local clot [5], leading to more seri-
ous clinical cardiac events such as myocardial infarction
and stroke [6]. Atherosclerosis has been a leading cause
of morbidity and mortality in the world especially in
developed countries while the incidence of this disease
is also increasing in developing countries [7]. In Taiwan,
five of the top ten causes of death are related to athero-
sclerosis [8].

Diabetes mellitus (DM) is a group of metabolic disor-
ders symbolized by chronic hyperglycemia leading to
symptoms such as polyuria, polydipsia, and polyphagia.
DM results from the low level of insulin production and/
or insulin resistance of the target tissues [9]. Based on
the cause of metabolic abnormalities, diabetes is mainly
grouped into 2 types. Type 1 diabetes is caused by the
loss of insulin-producing pancreatic -cells due to auto-
immunity, and is mostly diagnosed in children and ado-
lescents. Type 2 diabetes accounts for about 90% of all
diabetes, which begins with insulin resistance, however,
the severity of the disease increase with a decline in p-cell
function [10]. It is estimated that over 450 million people
have diabetes worldwide and 4.2 million die because of it
annually [11].

DM is a well-known risk determinant of vascular
events [12]. There is a considerable increase in the litera-
ture related to DM and atherosclerosis in recent decades.
Insulin resistance, which is an early preclinical stage of
DM, induces several syndromes, including dyslipidemia,
inflammation, hypertension, endothelial dysfunction,
and vascular smooth muscle cell proliferation, which
are correlated with the development of atherosclerosis
[13]. Our previous community-based study also demon-
strated significant relationships between DM and devel-
opment and severity of carotid atherosclerosis [14]. To
further explore the underlying mechanisms relating DM
to atherosclerosis is scientific relevance. Recently, several
genome-wide association studies (GWAS) in East Asians
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have identified hundreds of single nucleotide polymor-
phisms (SNPs) showing significant associations with
DM [15-22]. It is reasonable to assume that these DM
SNPs may account for the development of atherosclero-
sis. Therefore, we explored the relationships between the
top 43 significant DM SNPs, with a p-value of < 107'¢, and
carotid atherosclerosis by a case—control study which
enrolled 748 community-dwelling middle-aged adults
and elders.

Materials and methods

Study subjects

The study used a case—control design to explore the rela-
tionships between DM SNPs and carotid atherosclerosis.
The study performed stratified random sampling proce-
dure to select study subjects from a community-based
cohort, which enrolled middle-aged adults and elders
from 3 townships in the northern coastal area of Tai-
wan [23]. From September 2010 to May 2013, a total of
1607 residents aged 40-to-74 years voluntarily provided
informed consent and were enrolled. Twenty-seven sub-
jects who lack good quality of recorded carotid ultra-
sound images and another 1 individual who lack blood
pressure data were excluded. Another 40 subjects who
had a positive history of physician-diagnosed myocardial
infarction or had ever received a cardiac catheter or stent
were excluded, leaving a total of 1539 subjects in the
cohort.

Of the cohort members, 409 of them had detectable
extracranial carotid plaques (CP). The study randomly
selected 309 CP-positive individuals as the case group.
The control group was a random sample of 439 individu-
als who had no detectable extracranial carotid plaque.
The study complied with the 1975 Helsinki Declaration
on ethics in medical research and were reviewed and
approved by the institutional review boards of MacKay
Medical College (No. P990001) and MacKay Memorial
Hospital (No. 14MMHIS075).

Measurements of anthropometric attributes

and biochemical profiles

The measurements of anthropometric attributes and bio-
chemical profiles have been described previously [23]. In
brief, we used a digital system (BW-2200; NAGATA Scale
Co. Ltd., Tainan, Taiwan) to measure the subject’s body
weight and height. Waist circumference (WC) was meas-
ured at the level of mid-distance between the bottom of
the rib cage and the top of the iliac crest. Hip circumfer-
ence was the distance around the largest part of the sub-
ject’s hips. Blood pressure was measured three times,
with an interval of 3 min, after 10 min of rest. The aver-
ages of repeated measurements of systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) were used
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for analyses. The fasting blood levels of total cholesterol,
high-density lipoprotein cholesterol (HDL-C), low-den-
sity lipoprotein cholesterol (LDL-C), triglycerides (FTG),
and glucose (FPG) were determined by an autoanalyzer
(Toshiba TBA ¢16000; Toshiba Medical System, Hol-
liston, MA, USA) with commercial kits (Denka Seiken,
Tokyo, Japan).

We also used a structured questionnaire to collect per-
sonal histories of common diseases in adults and health
behaviors. In the study, hypertension was defined as
subjects who had physician-diagnosed hypertension or
a history of taking antihypertensive medications. Hyper-
lipidemia was defined as subjects having been diagnosed
with high blood lipids by a physician or having a history
of taking lipid-lowering medications. DM was defined as
FPG > 126 mg/dL or the use of insulin or other hypogly-
cemic agents. Cigarette smoking and alcohol drinking
were defined as having smoked cigarettes or drank alco-
hol-containing beverages at least 4 days per week during
the past month before enrollment.

Determination of carotid plaque

The measurements of carotid atherosclerosis had been
described previously [24]. In brief, we used high-resolu-
tion B-mode ultrasonography systems (GE Healthcare
Vivid 7 and Vivid E9; General Electric Company, Milwau-
kee, USA) and followed the protocol recommended by
the American Society of Echocardiography [25] to obtain
the transverse and cross-sectional ultrasound images of
the left and right carotid arteries. The thickness between
the lumen-intima and media-adventitia interfaces was
measured blindly by using automatic contouring soft-
ware (GE Healthcare EchoPAC version 112.0.2; Gen-
eral Electric-Vingmed, Horten, Norway). In the study, a
plaque was defined as a focal protrusion 50% greater than
the surrounding vessel wall, an intima-media thickness
(IMT) > 1.5 mm, or local thickening > 0.5 mm [26].

Candidate SNPs for genetic association study

There were 8 GWAS studies on DM in East Asians [18-
22] enrolled in GWAS Catalog [27]. These GWAS stud-
ies identified more than 380 SNPs with genome-wide
significance [27]. This study focused on the relation-
ships between the top 95 significant DM SNPs (with a
p-value<107%) and carotid atherosclerosis (Additional
file 1: Table S1). These top significant DM SNPs or their
closely linked SNPs were considered for the genetic asso-
ciation study.

We used the Ensemble Genome Browser [28] to
retrieve the linkage disequilibrium (LD) data in the 1000
Human Genome Project Phase 3-Southern Han Chinese
[29]. The cut-off LD (r?) value of linkage was set at 0.80.
Among these top 95 significant DM SNPs, 22 of them
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are LD with more significant SNPs, leaving a total of 73
independent DM SNPs. Among these independent DM
SNPs, rs3816157, rs2844623, rs610930, rs12549902,
rs13266634, and rs2383208 are the designed SNPs of
the plate. Besides, another 38 SNPs of the array plate are
closely linked with DM SNPs (r>>0.80). Consequently, a
total of 44 SNPs were regarded as the candidate SNPs.

In the study, we used a plate (Axiom® CHB 1 Array
Plate; Affymetrix Ltd, Santa Clara, CA, USA) to deter-
mine the genotypes of these 44 DM SNPs. All genotyping
was performed by the National Center for Genome Med-
icine, Academic Sinica, Taiwan. The frequency distribu-
tions of genotypes of these 44 DM SNPs in CP-positive
and -negative individuals are shown in Additional file 1:
Table S2. The call rates of all typed SNPs were greater
than 95% and the relative frequencies of the minor
alleles of all typed SNPs were greater than 5%. Yet, SNP
rs13342692 was excluded from association analysis for
violation of the Hardy—Weinberg Equilibrium, leaving a
total of 43 SNPs for association evaluation.

Statistical analyses

In the study, we used the student’s t and the Pearson’s chi-
square tests to compare whether there were significant
differences in the anthropometric and biochemical meas-
urements between CP-positive and -negative subjects.
All anthropometric and clinical factors, which showed
significant associations with carotid atherosclerosis in
uni-variable analyses, were subject to multi-variable
analyses. We used logistic regression model with step-
wise selection method to obtain the best-fit model which
includes conventional cardio-metabolic risk factors only.
Then, each DM SNPs was separately added to the best-fit
model to assess their independent effect on carotid ather-
osclerosis. The strength of association between each SNP
and carotid atherosclerosis was manifested by multivar-
iable-adjusted odds ratio (OR). To reduce the influence
of false negativity, we used 0.10 as the pre-set inclusion
criteria of promising SNPs. We further generated multi-
locus genetic risk scores (GRSs) by summing the number
of risk alleles or genotypes for each individual and then
assessed the associations between GRSs and carotid ath-
erosclerosis. All statistical analyses were performed using
SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

The anthropometric and clinical characteristics of CP-
positive and -negative subjects are shown in Table 1. The
CP-positive subjects had significantly higher means of
age, BMI, waist circumference, waist-to-hip ratio, blood
pressures, LDL-C, and blood glucose than the CP-nega-
tive subjects. As compared to CP-negative subjects, CP-
positive subjects also had significantly higher proportions
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Table 1 Comparisons of clinical characteristics between individuals with and without carotid plaque (CP)
Variables CP-negative (n =439) CP-positive (n=309) p-values
Mean SD Mean SD
Age at enrollment (years) 526 8.6 580 93 <0.0001
Body weight (kg) 64.0 114 65.2 12 0.13
Body height (cm) 1613 8.1 160.7 8.6 034
BMI (kg/mz) 24.5 3.6 252 34 0.011
Waist circumference (cm) 80.8 94 83.5 9.2 0.0001
Hip circumference (cm) 95.2 9.1 953 6.9 0.84
Waist-to-hip ratio (%) 849 6.9 87.6 73 <0.0001
SBP (mm Hag) 127.2 19.0 132.7 194 0.0001
DBP (mm Hg) 79.3 133 813 137 0.050
Total cholesterol (mg/dL) 207.9 36.9 2123 416 0.12
LDL-C (mg/dL) 1238 332 1293 36.5 0.035
HDL-C (mg/dL) 56.1 16.3 535 14.5 0.025
Fasting plasma triglyceride (mg/dL) 117.9 83.0 1282 1034 0.15
Fasting plasma glucose (mg/dL) 983 26.0 106.0 358 0.0015
n % n %
Male sex 206 46.9 164 53.1 0.098
Schooling years < 12 years 288 65.6 231 74.8 0.0089
Hypertension 157 35.8 170 55 <0.0001
Hyperlipidemia 321 73.1 233 754 048
Diabetes mellitus 39 89 59 19.1 <0.0001
Cigarette smoking 65 14.8 71 23 0.0043

of the male sex, schooling year <12 years, hypertension,
DM, and cigarette smoking. The mean of HDL-C was sig-
nificantly lower in the CP-positive subjects as compared
to that of the CP-negative subjects.

Multivariable logistic regression analyses of the con-
ventional cardio-metabolic risk factors showed that the
best-fit model contained age, hypertension, DM, and
cigarette smoking (Table 2). The multivariable-adjusted
ORs of having CP per 5.0 years increases in age was 1.38
(95% CI 1.26-1.52) and were 1.66 (95% CI 1.19-2.26),
1.60 (95% CI 1.01-2.54,), and 2.34 (95% CI 1.51-3.64) for
hypertension, DM, and cigarette smoking, respectively.

After adjustment for the effects of age, hypertension,
and cigarette smoking, SNPs rs4712524, rs1150777,
rs10842993,  rs2858980,  rs9583907,  rs1077476,
rs7180016, rs4383154, and rs9937354 showed promising
associations with the presences of CP and were subject
to further association analyses (Table 3). Model 1 showed
that the multivariable-adjusted ORs of having CP was
significantly elevated for rs9937354 G allele and were
borderline significance for rs4712524 AA or AG geno-
types, rs10842993 AG or GG genotypes, rs7180016 AA
or GG genotypes, and rs4383154 AA or GG genotypes.
The results of stepwise selection showed that rs10842993
AG or GG genotypes, rs7180016 AA or GG genotypes,

Table 2 Association analyses for carotid atherosclerosis with

baseline clinical characteristics

Variable Univariable Multi-variable
OR (95% Cl) OR (95% Cl)

Age (per 5.0 years) 13977 (1.28-152) 1.387(1.26-1.52)
Male sex 1347 (098-1.82) -

BMI (per 5.0 kg/m?) 124°(1.00-154) -

Waist circumference (per 5.0 cm) 1.1 2" (1.04-122) -
Waist-to-hip ratio (per 5.0%) 1247 (1.10-138) -

SBP (per 10.0 mm Hg) 108 (1.00-1.18) -

DBP (per 10.0 mm Hg) 1.08 (0.96-1.21) -

LDL-C (per 10.0 mg/dL) 105°(1.00-1.10) -

HDL-C (per 10.0 mg/dL) 088 (0.79-097) -

Glucose (per 10.0 mg/dL) 1.06" (1.00-1.10) -

Schooling years <12 years (Y/N)  1.08 (0.76-1.53) -

Hypertension (Y/N)
Diabetes mellitus (Y/N)
Cigarette smoking (Y/N)

1737 (1.27-2.37)
24277 (157-3.74)
2397 (1.59-3.57)

166" (1.19-2.26)
160 (1.01-2.54)
2347 (151-364)

+0.05<p<0.1; 0.005 < p<0.05; “0.0001 < p <0.005; “"p <0.0001

rs4383154 AA or GG genotypes, and rs9937354 G allele
were all correlated with significantly elevated ORs of hav-
ing CP (Model 2).



Wu et al. Cardiovascular Diabetology (2023) 22:51 Page 5 of 9
Table 3 Association analyses for 9 promising SNPs with carotid atherosclerosis
Candidate SNP Typed SNP Risk allele Reference allele Multivariable

(genotype) (genotype)

Y Model 1 Model 2
OR?(95% Cl) ORP (95% CI)

rs4712523 154712524 AG or AA GG 1.51%(0.91-2.49) -
rs4711389 rs1150777 AC AA or CC 1.31(0.88-1.93) -
rs3751236 rs10842993 AG or GG AA 1.55% (0.98-2.45) 169" (1.08-2.66)
rs7983505 152858980 A G 1.23(0.92-1.64) -
rs9515905 rs9583907 C T 123 (0.94-1.61) -
154924455 1s1077476 T G 1.20 (0.95-1.52) -
8026714 rs7180016 AA or GG AG 1307 (0.94-1.79) 139" (1.02-1.91)
rs117267808 rs4383154 AA or GG AG 1.68% (0.99-2.84) 172" (1.03-2.88)
rs1421085 rs9937354 G A 137°(1.01-1.87) 1377 (1.01-1.86)

2 ORs for each risk allele (genotype) were adjusted for age, sex, cigarette smoking, and hypertension

b ORs were obtained from the best fit model contained all genetic markers and were adjusted for age, sex, cigarette smoking, and hypertension

+0.05<p<0.1;0.005 < p<0.05; “0.0001 < p<0.005; “"p<0.0001

Table 4 Association analyses for carotid atherosclerosis with multi-locus genetic risk scores (GRS)

Variable CP-negative (n=439) CP-positive (n=309) Multivariable
n (%) n (%) OR? (95% Cl)
9-locus GRSP
Mean (SD) 862 (1.63) 9.19(153)
GRS
4-6 45(103) 2(39) 1.00
7-8 160 (46.7) 80 (25. ) 1917 (0.92-3.97)
9-10 179 (40 8) 152 (49.2 3.377 (1.65-6.89)
>11 5(12.5) 65 (21 0) 559" (2.56-12.19)
Per 1.0 risk score 13077 (1.18-1.44)
4-locus GRS®
Mean (SD) 3.78(092) 402 (081)
GRS
0-2 35(8.0) 9(29) 1.00
3 119 (27.1) 68 (22.0) 2.02 (0.87-4.74)
4 187 (42.6) 138 (44.7) 294" (1.29-6.69)
5 98 (22.3) 94 (30.4) 404™ (1.74-9.40)

Per 1.0 risk score

1477 (1.22-1.77)

2 ORs were adjusted for age, sex, cigarette smoking, and hypertension

P 154712524-rs1150777-rs10842993-r52858980-rs9583907-r51077476-rs7180016-r54383154-rs9937354

©rs10842993- rs7180016-rs4383154-rs9937354
+0.05<p<0.1; "0.005 < p<0.05; “0.0001 < p <0.005; “"p <0.0001

Table 4 shows that CP-positive individuals had sig-
nificantly higher mean of 4-locus GRS (4-GRS) than
CP-negative individuals (4.02+£0.81 vs. 3.7840.92,
p=14x10"%. As compared with individuals who had
a 4-GRS of 3 or less, the multivariable-adjusted OR of
having CP for a 4-GRS of 3, 4, and 5 were 2.02 (95% CI
0.87-4.74), 2.94 (95% CI 1.29-6.69), and 4.04 (95% CI
1.74-9.40), respectively. The multivariable-adjusted

OR of having CP for per 1.0 increase in 4-GRS was 1.47
(95% CI 1.22-1.77; p=6.1 x 107°). Similar results were
observed for 9-locus GRS (9-GRS). The multivariable-
adjusted OR of having CP for per 1.0 increase in 9-GRS
was 1.30 (95% CI 1.18—1.44; p=4.7 x 1077).

The means (SD) of 9-GRS and 4-GRS in DM patients
were 8.91 (1.53) and 4.01 (0.82), respectively. The cor-
responding values in individuals who had no history of
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DM were 8.85 (0.73) and 3.86 (0.89), respectively. Test
statistics showed that DM patients had non-significantly
higher means of GRSs than individuals without DM
history.

Discussion

In the present study, we performed a case—control study
that enrolled 309 CP-positive subjects and 439 CP-neg-
ative subjects from a community-based cohort. Mul-
tivariable analyses of anthropometric attributes and
biochemical profiles showed that DM was one of the sig-
nificantly independent predictors of the best-fit regres-
sion model for the presence of CP. Among 43 tested
DM SNPs, 9 of them showed promising associations
with carotid atherosclerosis after controlling the effects
of age, cigarette smoking, and hypertension. Although
not all these promising SNPs showed significantly inde-
pendent effects by multivariable analyses, there was a
significantly linear trend between their composite indica-
tor 9-GRS and the risks of carotid atherosclerosis. Four
SNPs, including rs9937354, rs10842993, rs7180016, and
rs4383154 showed significantly independent effects with
carotid atherosclerosis. Moreover, their composite vari-
able 4-GRS also positively linearly correlated with sig-
nificantly higher ORs of having CP. Additionally, DM
patients had higher means of GRSs than individuals with-
out DM history, yet the differences were not statistically
significant.

DM has been sharing many common risk factors with
increased CVD risk and recent studies have shown con-
nections under different contents [12]. DM increases the
risk of ischemic stroke in the general population and in
some studies DM also rises perioperative neurological
complications and mortality in patients [30]. Hoke et al.
followed 1065 patients with neurological asymptomatic
carotid atherosclerosis as evaluated by duplex sonog-
raphy prospectively during a median of 11.8 years for
cause-specific mortality [31]. Multivariable regression
analysis showed that the risk for all-cause and cardiovas-
cular death of DM patients remained significantly higher
even after adjustment for various established cardiovas-
cular risk factors. In a meta-analysis of 18 studies (17,106
patients), DM was also associated with a significantly
increased risk of restenosis after carotid surgical revas-
cularization [32]. Recently, specific noncoding RNAs
including microRNAs are found to be strongly associated
with both DM and CVD [33, 34].

Many pathological mechanisms, including dys-
lipidemia with an increased level of atherogenic LDL,
hyperglycemia with advanced glycation end-product
formation, inflammation, and oxidative stress, have
been shown to connect DM with atherosclerosis [35].
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Increased levels of apolipoprotein B and atherogenic
LDL were found in patients with DM [36]. Atherogenic
dyslipidemia in diabetes consists of elevated serum con-
centrations of TG-rich lipoproteins, a high prevalence of
LDL, and low concentrations of HDL [37]. Not all LDL
is atherogenic and circulating LDL is the major source
of lipids to be accumulated in atherosclerotic plaques.
Desialylation followed by multiple enzymatic and non-
enzymatic modifications results in atherogenic LDL and
increases blood atherogenicity [3]. High blood glucose
in DM patients can induce glycation and glycoxida-
tion of proteins which in turn induce adhesion molecule
expression in endothelium and promote the entrance of
monocytes and macrophages during plaque formation.
These modified proteins also promote pro-inflammatory
cytokine release. Excess glycation of extracellular matrix
proteins promotes their interactions with macrophages,
endothelial cells, and vascular smooth muscle cells,
which results in pro-inflammatory effects [38]. Athero-
sclerosis is currently regarded as a chronic inflammatory
condition. High glucose and hyperglycemia increase neu-
trophil extracellular trap, a specific type of inflamma-
tory response, which could be involved in atherosclerotic
lesion formation [39, 40]. Increased ROS production and
decreased antioxidant activity are known to be associ-
ated with DM and atherosclerosis development [41, 42].
In this study, DM patients had a mean 4-GRS of 4.01,
which was at a clearly elevated risk stratum for carotid
atherosclerosis. Our study provided an unconventional
link between DM and carotid atherosclerosis, further
investigation of these linking SNPs may potentially dis-
cover novel underlying mechanisms between DM and
atherogenesis.

In this study, we found that rs9937354, which locates
in the 1st intron of the FTO gene, was significantly asso-
ciated with the presence of CP. We retrieved the expres-
sion data in human cells by using the Ensemble Genome
Browser and found that the expression levels of FTO in
multiple tissues, including heart, aorta artery, pancreas,
and thyroid, are significantly correlated with rs9937354
polymorphism [43]. FTO gene is known to be associated
with obesity and type 2 DM across diverse ethnic back-
grounds [44, 45]. The FTO protein is a member of Fe(II)-
and 2-oxoglutarate-dependent dioxygenases superfamily
and plays a role in the demethylation of nucleic acid [46].
FTO catalyzes the demethylation of m6A to regulate the
processing, maturation, and translation of the mRNAs
[47]. Hepatic FTO regulates glucose and lipid metabo-
lism and its expression is regulated by metabolic signals
such as nutrients and hormones [48]. Overexpression of
FTO results in increased lipid accumulation in liver and
muscle cells and reduces atherogenic dyslipidemia [49].
FTO is also found to inhibit macrophage lipid influx and
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accelerate cholesterol efflux, which delays foam cell for-
mation and atherosclerosis development [50].

We also observed significant associations between
the presence of CP and polymorphisms of rs7180016,
rs4383154, and rs10842993. SNP rs7180016 is an
intron variant of the genes encoding protein regulator
of cytokinesis 1 (PRC1) and PRC1-antisense 1 (PRC1-
AS1). It is closely linked with 2 splice region variants
(rs2301825 and rs17636091) and 1 synonymous vari-
ant (rs2301826). SNP rs7180016 also closely links with
5 3’-UTR variants and 9 noncoding transcript exon
variants [51]. The expressions of PRC1 and PRC1-AS1
genes in dozens of tissues, including adipose, fat, and
pancreas, are significantly correlated with rs7180016
polymorphism [51]. Recently, Ndiaye et al. found that
the decreased expression of PRC1 significantly influ-
ences insulin secretion from EndoC-BH1 cells, which
is an immortalized human beta cell line [52]. PRCI
knockdown, by using siPRCI, significantly decreased
the viability of EndoC-BH1 cells. Further network anal-
yses showed that PRC1 was related to ‘concentration of
D-glucose; ‘quantity of insulin in blood;, ‘apoptosis of
islets of Langerhans, and ‘quantity of pancreatic cells’
[52]. More recently, Peiris et al. used an experimental
approach combining Drosophila genetic and insulin
assays with human islet genetics to explore the roles of
40 human DM genes. They identified 3 genes, includ-
ing fascetto, CG9650, and optix, orthologs of human
PRC1, and BCL11A, and SIX3 respectively, significantly
related with in vivo insulin output [53]. These in vitro
and in vivo evidences indicate that PRC1 may play key
roles in glucose homeostasis. Further studies are neces-
sary to validate the roles of PRC1 in the development of
atherosclerosis.

SNP rs4383154 locates in the 1st intron of glycopro-
tein 2 (GP2) gene. SNP rs4383154 is completely linked
with a synonymous variant rs73541251 and closely
linked with a missense variant rs78193826 (r>=0.945
in Southern Han Chinese) [29]. The rs78193826 T allele
results in an amino acid change from valine to methio-
nine, which may affect protein structure and func-
tion of GP2. Additionally, the expression of GP2 gene
in salivary gland, thyroid, and brain are influenced by
rs4383154 polymorphism [54]. Although GP2 was iden-
tified decades ago, its’ function is still poorly under-
stood. GP2 is predominately expressed in the pancreas
and plays an antibacterial role in the gastrointestinal
tract after being secreted from pancreatic acinar cells
[55]. Recent meta-analysis studies showed that 3 nearby
up-stream SNPs, including rs12597579, rs12597682,
and rs57508503, were significantly correlated with body
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mass index in East Asians [56, 57]. However, these three
SNPs are not closely linked with rs4383154 in Sothern
Hans Chinese [29]. The role of GP2 in the pathogenesis
of atherosclerotic diseases needs further exploration.

SNP rs10842993 is an intron variant of an uncatego-
rized gene LOC105369709. It is a regulatory region
variant and closely linked with 8 nearby regulatory
region variants. Except for LOC105369709, Kelch-
like protein 42 (KLHL42) gene is the closest gene to
rs10842993. Additionally, the expressions of KLHL42
in multiple tissues, including arteries, blood, heart, and
multiple immune cells, are significantly influenced by
rs10842993 polymorphism [58]. The differential expres-
sions of KLHL42 in multiple vascular and immune
cells indicate that KLHL42 may play critical roles in
immunological responses of cardiovascular system.
Our speculation was supported by a recent bioinfor-
matics study. Lu et al. analyzed the GSE100927 expres-
sion data, which contained 69 atherosclerotic carotid
arteries and 35 normal carotid arteries, and identified
KLHL42 as one of the down-regulated hub genes of
atherosclerosis [59]. There is no other report corre-
lates KLHL42 with atherosclerosis and vascular events.
The pathogenesis of atherosclerosis in which KLHL42
involves is needed for exploration.

Conclusions

The study enrolled study subjects from a community-
based cohort and identified critical genetic variants link-
ing DM with atherosclerosis. Our results shed light on
the mechanisms between DM and atherosclerosis devel-
opment. The multi-locus GRSs showed significant associ-
ation with atherosclerosis and may be used as biomarkers
for the identification and prediction of high-risks sub-
jects for atherosclerosis and atherosclerotic diseases.
Future studies on the functions of these specific SNPs
and their associated genes may provide more informative
evidences for the prevention of DM and atherosclerosis.
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