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Background and Objective: Coronary artery disease (CAD) is a major cause of death worldwide. Revascularization via stent 
placement or coronary artery bypass grafting (CABG) are standard treatments for CAD. Despite a high success rate, these approaches 
are associated with long-term failure due to restenosis. Risk factors associated with restenosis were investigated using a case-control 
association study design.
Methods: Five thousand two hundred and forty-two patients were enrolled in this study and were assigned as follows: Stenosis 
Group: 3570 patients with CAD >50% without a prior stent or CABG (1394 genotyped), and Restenosis Group: 1672 patients with 
CAD >50% and prior stent deployment or CABG (705 genotyped). Binomial regression models were applied to investigate the 
association of restenosis with diabetes, hypertension, and dyslipidemia. The genetic association with restenosis was conducted using 
PLINK 1.9.
Results: Dyslipidemia is a major risk factor (Odds Ratio (OR) = 2.14, P-value <0.0001) for restenosis particularly among men (OR = 
2.32, P < 0.0001), while type 2 diabetes (T2D) was associated with an increased risk of restenosis in women (OR = 1.36, P = 0.01). 
The rs9349379 (PHACTR1) and rs264 (LPL) were associated with an increased risk of restenosis in our patients. PHACTR1 variant 
was associated with increased risk of restenosis mainly in women and in diabetic patients, while the LPL variant was associated with 
increased risk of restenosis in men.
Conclusion: The rs9349379 in PHACTR1 gene is significantly associated with restenosis, this association is more pronounced in 
women and in diabetic patients. The rs264 in LPL gene was associated with increased risk of restenosis in male patients.
Keywords: PHACTR1, LPL, diabetes, restenosis

Introduction
Coronary artery disease (CAD) is a leading cause of mortality worldwide. Revascularization via coronary stent placed by 
percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) is a common treatment option for 
patients with CAD.1 There are more than 1,000,000 PCI and 400,000 CABG procedures performed yearly to treat 
CAD.2,3 Coronary stent implantation is widely used and reduces the early complications associated with balloon 
angioplasty.4,5 In addition, CABG is used to improve prognosis in patients with severe artery stenosis.6,7 Although 
most PCI and CABG procedures are successful, these therapies are also associated with complications that affect their 
long-term efficacy. These often result in the repeated reduction in the diameter of the coronary artery with ≥50% luminal 
narrowing, also known as restenosis.4,8 Within the span of ten years after CABG, a repeat revascularization is needed in 
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approximately 13% of patients.9 In CABG, the coronary artery bypass is performed using an extract of the saphenous 
vein of the patient with stenosed coronary arteries. The restenosis rate for saphenous vein grafts (SVG), the most 
common graft, is projected to be close to 2% every year.1 While stents via either PCI or CABG remain the gold standard 
procedure to treat CAD, their long-term failure due to restenosis calls for deeper investigations to improve the outcome 
of these procedures.

Restenosis of the coronary arteries profoundly hinders the quality of life and is associated with increased health-care 
costs.10 Despite the tremendous advances in the field, understanding the etiology of restenosis is incomplete. There are 
several risk factors for stenosis including: age,11 dyslipidemia,12 hypertension,13 and history of restenosis14 and these 
have been also frequently reported as clinical risk factors for restenosis. Of interest, diabetes mellitus15 is one of the main 
risk factor for coronary artery restenosis considering its implications in a myriad of vasculopathies due to hyperglycemia- 
induced damaged endothelial function. Although the involvement of smooth muscle proliferation in restenosis remains 
a debatable matter, vascular smooth muscle cells (VSMCs) proliferation in patients with diabetes remains a main cause of 
restenosis.16 Further, hyperglycemia leads to endothelial dysfunction and increases the production of cytokines and 
growth factors, resulting in extensive neointima formation or thickening and subsequently restenosis.17 This is particu-
larly observed in hypertensive patients. Hypertension has also been categorized amongst the risk factors of restenosis.13

The clinical incidence of in-stent restenosis (ISR) ranges from 20% to 35% narrowing after the placement of bare-metal 
stent (BMS).4 Inflammation and vascular remodeling are biological risk factors associated with coronary restenosis.18 These 
phenomena constitute the major limitations associated with angioplasty and stenting techniques, thus leading to 
restenosis.19,20 In general, restenosis occurs in response to the inflammatory process that takes place within the first 30 
min after the deployment of the coronary artery stent at the site of occlusion which causes inflammatory and reparative 
processes. Restenosis results from the VSMCs and fibroblasts being exposed to circulating growth factors by the damaged 
endothelium, which promotes their uncontrolled proliferation.4 The mechanical damage brought on by the stent implant, the 
hypersensitivity reaction to stent material, the thrombogenicity of the stents and their ability to cause platelets adherence and 
inflammation, together with the neoatherosclerosis in the neointima, all induce ISR.8

Various allelic variants have been linked to a higher risk of ISR in the literature21 and, more importantly, population- 
targeted screening for SNPs is imperative to fill the gap associated in the demographic heterogeneity of these genetic 
variations and their putative associations.22–25 Vargas-Alarcón et al demonstrated that the CASP1 gene polymorphisms 
were associated with restenosis in Mexican mestizo patients.22 Further, Zholdybayeva et al demonstrated that genetic 
variants in FGB, CD14 and NOS3 genes were associated with restenosis in Kazakh population.24

Current knowledge about genetic predisposition to post-stent and post-CABG stenosis is still lacking in many 
populations. In this study, we investigated various risk factors for restenosis in a large group of CAD patients and 
control subjects in a Lebanese population. We further focused on the genetic basis of this pathology by investigating the 
association of previously identified 44 CAD susceptibility alleles with restenosis using a nested case-control study 
design.

Methodology
Study Population
The study was designed as a multi-center, nested case-control study for evaluating the risk factors of restenosis. All 
patients were recruited over the period of two years from three tertiary care hospitals in Lebanon between August 2007- 
June 2009.26 All patients underwent coronary catheterization by Judkins technique. The study procedure was approved 
by the International Review Board (IRB) at the Lebanese American University, and all participants provided written 
informed consent after they were given a description of the study. After consenting, subjects completed a questionnaire 
on their medical history, assisted by trained health workers. All protocols were performed according to the Helsinki 
Declaration of 1975.

Based on the coronary artery disease category, stent implantation and coronary artery bypass graft (CABG) surgery, 
the patients (5242 subjects) were categorized into two groups: Stenosis Group, where 3570 patients with CAD (>50% 
obstruction in any of the coronary arteries visualized) and without prior history of stent deployment or CABG; and 
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Restenosis Group, where 1672 patients with CAD (>50% obstruction visualized in any of the coronary arteries 
visualized) and with prior history of stent deployment or CABG.

Data Collection and Clinical Assessment
Demographic and baseline clinical data for the participants were collected or were determined from patients’ charts at the 
time of enrolment. These data included: socio-demographic characteristics (sex, age, age of CAD onset, nationality, place 
of residence), clinical characteristics (T2D, cardiovascular disease, dyslipidemia, and hypertension), and anthropometric 
measurements: height (cm), weight (Kg) and BMI (kg/m2). In addition, patients’ smoking history and medication use 
were retrieved from the patient’s chart.

Patients were considered to have hypertension if they were taking antihypertensive drugs or had been so identified by 
their physician in their medical chart. Patients were considered diabetic if they were taking medication to reduce their 
blood sugar or if their physician had identified them as so in their medical chart. Patients were considered to have 
dyslipidemia if their physician diagnosed it in their medical chart or if they were given medication to treat dyslipidemia.

Furthermore, 20 mL of blood was collected during the angiography procedure by a health-care professional. Plasma 
and serum were separated and stored at −80°C until they were used for biochemistry analysis: fasting blood sugar (FBS), 
total cholesterol (mg/dL), triglycerides (mg/dL), high-density lipoprotein (HDL, mg/dL), low-density lipoprotein 
(LDL, mg/dL). Genomic DNA was extracted from the remaining blood samples using a standard phenol extraction 
method and subsequently used for genotyping.

Genotyping
DNA was extracted using the whole blood sample collected and subjected to genotyping using Illumina Human610-Quad 
BeadChip (Illumina, San Diego, CA, USA) and Illumina Human660W-Quad BeadChip (Illumina, San Diego, CA, USA), 
as described by Hager et al 2012.27 Among the study population, 1394 patients from Stenosis Group, and 705 patients 
from Stenosis Group had genotyped data available and were included in the genetic association using PLINK.28 Using 
PLINK, quality control (QC) was applied, and variants were filtered out. Sex checks were performed using PLINK and 
variants were excluded for having >5% missing genotyping rates and <1% MAF (minor allele frequency), and for failing 
HWE (Hardy-Weinberg Equilibrium) test (P > 0.05).

Statistical Analysis
All statistical analyses were processed by the R package (R version 4.1.2). Categorical variables were displayed as counts and 
percentages. Normally distributed continuous data were presented as mean ± standard deviation (SD). In the univariate analysis, 
continuous data were analyzed by one-way ANOVA while the categorical data were compared using the χ2 test. Differences with 
P-value <0.05 were considered statistically significant. Binomial logistic regression was applied to test the association between 
restenosis and the risk factors such as T2D, hypertension, dyslipidemia and low HDL (defined as HDL < 40 mg/dl, HDL < 40 in 
men and HDL < 50 in women29) after adjusting for age. In addition, the association of individual SNPs with the risk factors was 
tested in women and in men.

Association analyses with restenosis of 44 SNPs previously associated with CAD or T2D were performed using PLINK 1.9 
(www.cog-genomics.org/plink/1.9/) in R language. These SNPs were specifically selected for this nested case-control study to 
investigate their association with restenosis. Odds ratios (OR) were adjusted for age and/or sex and were reported, OR greater 
than 1 implies that the mutant allele is associated with increased risk of restenosis. Allele frequencies among Restenosis and 
Stenosis Groups were reported. In addition, associations between the SNPs and restenosis were assessed among men and women. 
The Hardy-Weinberg Equilibrium (HWE) was tested using the χ2 test, the distribution of alleles was considered in agreement 
with HWE when P-value is more than 0.05.
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Results
Impact of CAD Risk Factors on Restenosis
A total of 1672 restenosis patients (1296 men and 376 women) and 3570 stenosis patients (2559 men and 1010 women) 
were included in this study. The mean age in patients of Restenosis Group was 63.862 years (±10.326) while that of 
patients in Stenosis Group was 62.455 (±11.153) years (Table 1). LDL, HDL, and total cholesterol levels were found to 
be significantly lower (P-value <0.05) in Restenosis Group. Higher prevalence of T2D (38.3%), dyslipidemia (64.9%) 
and hypertension (69.7%) were observed in Restenosis Group (Table 1).

Table 1 Demographic, Clinical Characteristics of the 5242 Subjects Segregated Between Restenosis and 
Stenosis Patients of the Study Population

Restenosis (1672) Stenosis (3570) p.value

Age 63.862 (10.326) 62.455 (11.153) < 0.001

Weight 79.669 (13.825) 79.168 (15.489) 0.266

BMI 28.994 (4.410) 28.998 (5.332) 0.978

LDL 103.108 (47.548) 113.465 (42.294) <0.001

HDL 38.200 (11.146) 39.066 (11.784) 0.023

Total cholesterol 173.684 (50.492) 186.113 (47.309) <0.001

FBS 129.495 (55.547) 128.008 (58.737) 0.543

Triglyceride 148.391 (121.786) 154.382 (124.743) 0.104

Gender Women 376 (22.5%) 1010 (28.3%) < 0.001

Men 1296 (77.5%) 2559 (71.7%)

Reason for catheterization Myocardial Infraction 157 (9.6%) 688 (19.7%) < 0.001

Unstable Angina 514 (31.3%) 948 (27.1%)

CAD Work up 972 (59.2%) 1856 (53.2%)

History of PTCA No 1503 (89.9%) 3498 (98.0%) < 0.001

Yes 168 (10.1%) 72 (2.0%)

T2D No 1031 (61.7%) 2333 (65.4%) 0.009

Yes 639 (38.3%) 1233 (34.6%)

Hypertension No 506 (30.3%) 1359 (38.1%) < 0.001

Yes 1164 (69.7%) 2207 (61.9%)

Dyslipidemia No 587 (35.1%) 1896 (53.1%) < 0.001

Yes 1085 (64.9%) 1674 (46.9%)

Smoking No 493 (29.5%) 1112 (31.2%) 0.214

Yes 1178 (70.5%) 2452 (68.8%)

Lipid medicine No 402 (35.9%) 1504 (61.5%) < 0.001

Yes 717 (64.1%) 943 (38.5%)

Notes: Values are given as n (%) or mean (SD). Restenosis: Patients with coronary artery disease (CAD) >50% and stent deployment or 
coronary artery bypass graft (CABG) surgery. Stenosis: Patients with CAD >50% and no stent deployment or CABG. BMI: Body mass index. 
PTCA: Percutaneous transluminal coronary angioplasty. T2D: type 2 diabetes. FBS: fasting Blood sugar. The p.value is generated using a χ2 test 
(categorical variables) and ANOVA (continuous variables). Statistically significant values (p.value <0.05) are emphasized in bold.
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Restenosis male patients (Table 2) were younger (63.016±10.319 years) when compared to women (66.784±9.819 years). 
In women, higher prevalence of T2D, hypertension and dyslipidemia among restenosis patients was observed when compared 
with men (46.5% vs 35.9%, 83.5% vs 65.7% and 69.1 vs. 63.7%, respectively). The mean value of LDL cholesterol in men 
with restenosis was 103.411±45.995 mg/dL and that of men with stenosis was 113.419±42.355 (P < 0.001). The mean value of 
LDL in women with restenosis was 101.985±52.971 while in women with stenosis was 113.619±42.173. Total cholesterol was 
significantly lower in men and women with restenosis when compared to men and women with stenosis (P < 0.001).

Results of the regression analysis showed that, after adjustment for age, restenosis was positively associated with dyslipi-
demia (OR = 2.14, P < 0.0001), and hypertension (OR = 1.36, P < 0.0001), low HDL (OR = 1.2, P = 0.01) and T2D (OR = 1.16, 
P = 0.01) (Figure 1). Dyslipidemia was the strongest risk factor. The association between dyslipidemia and restenosis was 
stronger in men with an OR = 2.32 (P < 0.0001) when compared with all patients (OR = 2.14) and with women (OR = 1.95). T2D 
was significantly associated with an increased risk of restenosis in women (OR = 1.36, P = 0.01) but not in men (P > 0.05). In 
addition, no significant association between low HDL and restenosis was found when analyzed separately in men and women. 
Among restenosis patients, women patients with T2D were younger (P = 0.029), had higher levels of FBS (P < 0.001) and 
triglyceride (P < 0.001), while lower levels of HDL (P < 0.001) than non-diabetic women (Supplementary Table 1). In addition, 
among restenosis patients, hyperlipidemic men (Supplementary Table 2) were significantly younger (P < 0.001) and had higher 
BMI (P = 0.002) and triglyceride (P < 0.001) levels than non-hyperlipidemic men.

Allelic Association of the SNPs with CAD Restenosis in the Study Cohort
All significantly associated SNPs were found to be in HWE (P > 0.05). The allelic frequencies of the 44 tested SNPs are 
shown in Supplementary Table 3. Two SNPs (rs9349379*G and rs264*A) were found to be significantly associated with 
restenosis after adjustment for age and sex. These SNPs reside in two different genes namely, PHACTR1, and LPL 
(Figure 2).

Table 2 Clinical Presentation of Restenosis and Stenosis Patients of the Study Population Stratified by Gender

Men Women

Restenosis (1296) Stenosis (2559) p.value Restenosis (376) Stenosis (1010) p.value

T2D No 830 (64.1%) 1721 (67.3%) 0.048 201 (53.5%) 611 (60.6%) 0.017

Yes 464 (35.9%) 835 (32.7%) 175 (46.5%) 398 (39.4%)

Hypertension No 444 (34.3%) 1121 (43.9%) < 0.001 62 (16.5%) 238 (23.6%) 0.004

Yes 850 (65.7%) 1435 (56.1%) 314 (83.5%) 771 (76.4%)

Dyslipidemia No 471 (36.3%) 1430 (55.9%) < 0.001 116 (30.9%) 465 (46.0%) < 0.001

Yes 825 (63.7%) 1129 (44.1%) 260 (69.1%) 545 (54.0%)

Age 63.016 (10.319) 61.219 (11.180) < 0.001 66.784 (9.819) 65.579 (10.461) 0.053

Weight 81.847 (13.375) 81.734 (14.962) 0.821 72.087 (12.655) 72.470 (14.554) 0.658

BMI 28.695 (4.189) 28.479 (4.923) 0.185 30.048 (4.982) 30.335 (6.047) 0.426

FBS 126.785 (53.685) 126.504 (57.251) 0.916 141.115 (61.763) 132.429 (62.841) 0.138

HDL 36.758 (9.978) 37.268 (10.698) 0.193 43.486 (13.399) 43.853 (13.144) 0.684

LDL 103.411 (45.995) 113.419 (42.355) < 0.001 101.985 (52.971) 113.619 (42.173) < 0.001

Total Cholesterol 172.431 (48.315) 184.360 (46.688) < 0.001 178.280 (57.641) 190.827 (48.663) < 0.001

Triglyceride 149.999 (117.811) 157.955 (128.412) 0.063 142.868 (134.575) 145.317 (114.541) 0.737

Notes: Values are presented as n (%) or mean (SD). P.value is generated with χ2 test (categorical variables) and ANOVA (continuous variables). Restenosis: Patients 
with coronary artery disease (CAD) >50% and stent deployment or coronary artery bypass graft (CABG) surgery. Stenosis: patients with CAD >50% and no stent 
deployment or CABG. T2D, type 2 diabetes. FBS, fasting Blood sugar. Statistically significant values (p.value <0.05) are emphasized in bold.
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Figure 1 Forest plot of the logistic regression with restenosis as an outcome and different risk factors as predictor variables stratified by gender. Restenosis: patients with CAD 
>50% obstruction and history of percutaneous stent deployment. Odds ratios are adjusted for age. HDL (defined as HDL < 40 mg/dl, HDL < 40 in men and HDL < 50 in women). 
Abbreviations: CI, Confidence Interval; T2D, Type 2 diabetes.

Figure 2 Forest plot of the logistic regression with restenosis as an outcome and SNPs that have been associated with CAD and T2D as predictor variables according to 
gender and diabetes. Restenosis: patients with CAD >50% obstruction and history of percutaneous stent deployment. @: adjusted for age and sex. #: adjusted for age. 
Abbreviations: CI, Confidence Interval; SNPs, single nucleotide polymorphisms; HMG20A, high mobility group 20A. LPL; lipoprotein lipase. NLRC3, NLR family CARD 
domain containing 3. FLT1; fms related receptor tyrosine kinase 1; PHACTR1, phosphatase and actin regulator 1.
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The derived allele frequency of rs9349379 A>G was 43% in restenosis patients compared to 40% in stenosis patients 
(Supplementary Table 3). This variant was significantly and positively associated with restenosis with an OR = 1.16 (P = 0.03) 
(Figure 2 and Supplementary Table 3). This variant was more frequent among diabetic patients with restenosis with an allele 
frequency of 45% than among diabetic patients with stenosis 40% (OR = 1.26, P = 0.02) (Supplementary Table 3). In addition, 
the association between rs9349379*G and restenosis was stronger among women (OR = 1.38, P = 0.03) when compared with all 
patients with an allele frequency of 51% in women with restenosis and 43% in women with stenosis (Supplementary Table 3). In 
addition to rs9349379*G, rs9369640 (C>A) which is also located in PHACTR1 was found to be associated with increased risk of 
restenosis in women (OR = 1.78, P = 0.04). rs9319428 (G>A) located in FLT1 was associated with an increased risk of restenosis 
in women (OR = 1.52, P = 0.04) and rs758747 (C>T) located in NLRC3 was associated with a reduced risk of restenosis in 
women (OR = 0.69, P = 0.02). This last SNP was also found associated with a reduced risk of restenosis among diabetic patients 
(OR = 0.81, P = 0.04).

The rs264 G>A was associated with an increased risk of restenosis (OR = 1.37, P = 0.01) (Figure 2) and in particular 
among men (OR = 1.40, P = 0.01). The derived allele frequency of rs264 G>A was 15% in the Restenosis Group compared 
to 11% in Stenosis Group. The allele frequencies for both groups were also similar in men (Supplementary Table 3). Despite 
having similar allele frequencies among diabetics, this allele was not associated with restenosis in diabetic patients. In 
addition, this derived allele was not significantly associated with restenosis among women. In addition to LPL, we found 
rs7178572 (A>G) located in HMG20A to be negatively associated with restenosis in men (OR = 0.82, P = 0.04) (Figure 2).

Discussion
We report a significant association between restenosis and dyslipidemia, hypertension, and T2D in a Lebanese population 
of CAD patients, with T2D being significantly more pronounced in women. We also show that the genetic loci rs9349379 
(PHACTR1) in women and in diabetic patients and rs264 (LPL) in men are significantly associated with restenosis in our 
study population.

Our results showing that dyslipidemia is a risk factor for restenosis are in line with other reports indicating that this 
risk is particularly increased in men.12 High levels of oxidized LDL in the intima trigger the release of mitogens from 
platelets, macrophages, and endothelial cells. This process stimulates smooth muscle cell migration and proliferation 
which subsequently results in neointima formation.30 Patients with low rates of normal systolic/diastolic blood pressure 
exhibited higher restenosis than controls.31,32 The restenosis in hypertensive patients may be due to combinatory effects 
of the injured endothelium along with inflammation that promote plaque formation and narrowing of blood vessels.33–35

Similarly, diabetes has been demonstrated to contribute to CAD and to restenosis.36 In this study, we found that T2D 
was strongly associated with restenosis in women. This observation is in line with a previous study by Trabattoni et al 
reporting that diabetic women were more susceptible for restenosis after coronary stent implantation.37 A greater degree 
of neointimal hyperplasia promoting the development of restenosis with the inflammatory response is associated with 
hyperglycemia.18 Further, the small vessel diameter in women constitutes a risk factor for angiographic restenosis.37 

Together, these factors underscore the pronounced restenosis risk in diabetic women. In addition, it has been reported that 
a reduced plasma level of adiponectin, the adipocyte-derived hormone, triggers neointimal thickening in diabetic patients 
and can lead to restenosis.38,39 In normal conditions, adiponectin exerts cardiovascular protective effects and the levels of 
this protein are higher among women compared to men.40 However, decreased plasma levels of adiponectin have been 
reported in patients with T2D, and particularly in CAD subjects.38 This argument could also explain the increased risk for 
restenosis in diabetic women. Further investigation is warranted to confirm the role of adiponectin in restenosis especially 
in women.

Our genetic investigation showed that two polymorphisms rs9349379*G (PHACTR1) in women and in diabetic 
patients and rs264*A (LPL) in men were found to be significantly and positively associated with restenosis. The 
rs9349379 A>G is located in PHACTR1 on chromosome 6 and encodes phosphatase and actin regulator protein 1. 
PHACTR1 has been linked to endothelial dysfunction, vascular calcification, apoptosis, and angiogenesis.41–44 It has been 
shown that disruption of the PHACTR1 pathway induces the production of pro-inflammatory and pro-atherogenic 
biomarkers41 and mediates endothelial inflammation and dysfunction.45 Thus, when associated with diabetes and small 
vessel diameter, often the case in women, mutations in the PHACTR1 gene are likely to exacerbate inflammation, 
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endothelial dysfunction, and atherosclerosis. The rs264 G>A polymorphism was also found to be associated with 
restenosis. The rs264 is located at the lipoprotein lipase (LPL) gene on chromosome 8, which encodes lipoprotein lipase. 
LPL plays an important role in lipid metabolism as it facilitates intravascular lipolysis of triglycerides in lipoprotein.46 

Thus, it has been shown to possess antiatherogenic activity.47 The LPL knockout mice exhibit dyslipidemia, reduced 
HDL clearance and neonatal death.48 Therefore, mutation of LPL gene may result in a defective LPL enzyme which 
could impair normal lipid metabolism. This causes blood lipid accumulation and increases the risk of lipid deposition in 
intima, with subsequent neointimal formation as well as restenosis.

In addition to these two genes, a polymorphism in FLT1 (rs9319428*A), encoding a member of vascular endothelial 
growth factor (VEGF) receptor family, was associated with an increased risk of restenosis in women. FLT1 deficient 
mice exhibit impaired neovascularization49 and inhibition of FLT1 reduces inflammation and neointimal formation in 
hypercholesterolemic mice.50 This implication in atherosclerosis could partially explain our findings. Additional work is 
needed to determine whether the FLT1 polymorphism amplifies or attenuates the role of FLT1 in vascular injury remains.

The following two SNPs, rs7178572 (HMG20A), and rs758747 (NLRC3) were found to be negatively associated with 
restenosis in our study patients. The HMG20A polymorphism was previously found to be associated with increased risk 
of T2D.51 The HMG20A gene encodes high mobility group protein 20A. Recently, a role for HMG20A in adipogenesis 
was established. HMG20A silencing promoted adipogenic differentiation of porcine myogenic stromal vascular fraction 
(SVF) cells and C3H10T1/2 cells and thus it negatively regulates adipogenesis, hence not likely to promote diabetes.52 

Yet, the pathophysiological consequence of the rs7178572 SNP associated with adipogenesis is still unknown. The SNP 
rs758747 (C>T) located in NLR family CARD domain containing 3 (NLRC3) gene was also found to be negatively 
associated with restenosis in diabetic women. Several studies revealed an association between obesity and the rs758747 
T allele.53 Furthermore, NLRC3 deficiency promotes cutaneous wound healing due to the inhibition of p53 signaling.54 

As p53 is also involved in vascular remodeling and atherosclerosis,55 thus we speculate that NLRC3 alteration could have 
reversed the expression and phosphorylation of p53 that is usually observed in advanced atherosclerotic plaques56 and 
therefore reduced restenosis susceptibility. Further studies are needed to explore this relationship.

Female patients who had prior stents and who have elevated FBS tend to require recurrent stent deployment at 
a significantly younger age than women with low FBS, and this is further increased in the presence PHACTR1 
polymorphisms. For men who had prior stents and who have higher lipid levels, they tend to require recurrent stent 
deployment and this risk increases in the presence LPL polymorphisms. These findings highlight the importance of 
targeted and personalized management of restenosis and can be used to tailor patient’s management based on genetic and 
other metabolic determinants.
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