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Abstract 

Subject:  Cardiovascular disease is now well established as an interaction between genetic and environmental com‑
ponents. Newly identified single nucleotide polymorphisms of angiopoietin-like 3 (ANGPTL3) influence lipid concen‑
trations and risk of coronary artery disease. The current study aimed to determine the association between ANGPTL3 
gene variants with incident CVDs in elderly population of the Birjand longitudinal aging study (BLAS).

Method:  Totally, 360 individuals were recruited in baseline of BLAS including 128 patients with CVD and 153 con‑
trol subjects. DNA extraction of samples and genotyping were performed by Tetra-ARMS PCR (amplification refrac‑
tory mutation system polymerase chain reaction). The association between three polymorphisms of ANGPTL3 gene 
(rs1748195, rs11207997, and rs10789117 variants) with CVD and its risk factors were evaluated using multivariate 
analysis.

Results:  Univariate and multiple analyses showed that individuals carrying the GG genotype of rs1748195 and those 
carrying the TT genotype of rs11207997 directly increased the risk of CVD. CC genotype of rs1748195 and rs11207997 
polymorphisms had a significant negative relationship with the disease. In addition, the findings of this study indicate 
a significant difference in LDL, HDL, cholesterol levels between different genotypes of the rs1748195 and rs10789117 
in the healthy group. Individuals with haplotypes CAC, CCC and CCT showed a significant positive relationship with 
CVD, CVA, AMI and CHD. As well as haplotype was associated with a 1.7-fold increase in risk of CVA, AMI, and CHD.

Conclusion:  We found that polymorphism of ANGPTL3 gene might support to identify individuals with a cardio‑
metabolic and genetic disorders susceptibility. Three haplotypes CAC, CCC and CCT associated with CVD, CVA, AMI 
and CHD were reported.
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Introduction
Cardiovascular diseases (CVDs) are a leading cause of 
death and a common cause of disability worldwide. Their 
prevalence is expected to increase, which applies a sig-
nificant economic burden [1]. It has been predicted that 
by 2030, more than 23.3 million people will die each year 
due to CVD [2]. CVD burden will increase sharply in Iran 
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over 2005–2025, primarily because of the elderly popula-
tion [3].

Environmental contacts and genetic variation together 
control the spreading of common diseases within a pop-
ulation. Genome-wide association studies (GWAS) of 
cohort samples suggest a chance to analyze the etiology 
and epidemiology of such traits [4]. Candidate genes have 
diagnosed several genetic loci associated with cardiovas-
cular traits features, and GWAS examined the number 
of common variants, principally in case–control stud-
ies in populations of different heritage and ethnicity [5].
According to the literature, newly identified loci that 
influence lipid concentrations and risk of coronary artery 
disease had been shown [6].

An explicit family of secretory proteins has been enti-
tled ‘angiopoietin-like proteins’ (ANGPTLs), which share 
a structural resemblance to angiopoietins, the impor-
tant factors that adjust angiogenesis. The ANGPTLs 
comprise eight members who play an important role in 
regulating plasma lipid metabolism in humans and ani-
mals [7]. ANGPTL3 is a 70  kDa-secreted protein (54 
KDa before glycosylation) primarily expressed in the 
liver during embryonic growth and in the adult phase 
[8]. Several studies have already confirmed ANGPTL3 
as an ideal target in the pharmacological therapy of CVD 
and dyslipidemia. Both individuals with loss of function 
(LOF) mutations in ANGPTL3 or mice with Angptl3 
deficiency have lipid-lowering lipoprotein profiles and 
decreased plasma levels of TG and LDL-C. These results 
have shown a powerful image of the relationship between 
ANGPTL3 and CVD risk [7]. Many studies were concen-
trating on genetic variants of ANGPTL3 in humans in 
the past decade. The GWASs shown three SNPs at loci 
near ANGPTL3, containing rs1748195, rs12130333, and 
rs2131925, have shown three SNPs loci near ANGPTL3, 
holding rs1748195, rs12130333 and rs2131925, associ-
ated with plasma lipid concentrations [7].

The current study aims to determine the association 
between ANGPTL3 gene variants with incident CVD in 
elderly population of the Birjand study cohort. There-
fore, we investigate the polymorphisms variants of the 
ANGPTL3 gene, including rs11207997, rs10789117, and 
rs1748195, in the individual with and without cardiovas-
cular disease.

Methods and materials
Population
The target statistical population was the baseline of 
Birjand longitudinal aging study (BLAS) in Birjand, 
collected between 2018 and 2019 by multi-stage ran-
dom cluster sampling [9]. A total of 1420 the popula-
tion ≥ 60 years of BLAS. Informed consent was obtained 
from all subjects, and the study used protocols approved 

by the Ethics Committee of the Birjand University of 
Medical Science (IR.bums.rec.1400.062). Their personal 
information, including demographics factors, anthropo-
metric parameters and lipid, and inflammatory factors, 
was recorded, and blood samples were taken. A total of 
359 samples of this project used, divided into two groups 
of cardiovascular patients (n = 128) and non-cardiovas-
cular subjects (n = 231).

Screening and genotyping
DNA of all subjects was extracted from buffy-coat blood 
samples using a standard salting-out extraction tech-
nique [10]. Quality control of the extracted DNA was 
determined by using agarose gel electrophoresis (Pars 
Tous biotechnology), and the quantitative of these was 
undertaken using Nano Drop 1000 Detector in 280, 
260  nm Wavelength (Nano Drop-Technologies, Wilm-
ington, DE, USA). Genotyping was done by applying 
Tetra ARMS-PCR (amplification refractory mutation sys-
tem PCR) ofrs10789117& rs1748195, and rs11207997 the 
ANGPTL3 gene. Tetra ARMS-PCRs were undertaken in 
a 20 μl volume including ten μl of PCR Master Mix (Pars 
To us biotechnology), two μl of DNA samples, 4.5  μl 
ddH2O, and 1.0 μl & 0.5 μl for inner and outer primers, 
respectively. The primers were designed using Primer-1 
and oligo 7 version 7.24 software and are available in an 
Additional file  1: Table  S1. The PCR program protocols 
were 94 °C for 5 min as the first phase, 32 cycles at 94 °C 
for 1  min, 56  °C (rs10789117), 62  °C (rs1748195), and 
58 °C (rs11207997) for 1 min, 72 °C for 1 min and a final 
extension at 72 °C for 5 min. The post-PCR step was done 
by gel electrophoresis (2% agarose gel), and three bands 
were identified: 194&291 bp AA and CC in rs10789117, 
223&332  bp CC and GG in rs1748195, and 179 and 
154 bp CC and TT in rs11207997. Finally, the genotypes 
were approved by Sanger sequencing. All sequenced 
samples were analyzed by Finch TV version 1.4.0.

Statistical analysis
SPSS version 20 (IBM Corp, 2011) was used to perform 
the statistical analysis. T- and chi-square tests were used 
to investigate the relationship between baseline char-
acteristics of subjects in the CVD and control groups 
for normally distributed parameters and categorical 
ones. A χ2 test was used to genotype frequencies of the 
ANGPTL3 gene along with the percentage. Multivariate 
logistic regression was used to predict the association 
between variants and cardio metabolic disorders after 
adjusting for confounding parameters, including sex and 
age. P values were measured statistically significant if less 
than 0.05 (< 0.05). Besides, we undertake the strength of 
the relationships using an odds ratio (OR) with a confi-
dence interval (CIs) 95%.
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Results
Demographic and biochemical characteristics of individu-
als with CVD and without CVD are presented in Table 1. 
In this study, 75 individuals with CVD events (58.6% 
female) and 103 individuals without CVD events (44.6% 
female) participated. According to the data obtained, 
patients were older than healthy individuals (P = 0.029). 
The results had been demonstrated lipid profile levels 
(HDL, LDL, TG, TC, and Apo-B) were significantly higher 
in the healthy group (P < 0.05 for all). In addition, the 
investigation indicated that the level of hypertension in 
the two groups was significantly different (P = 0.001).

According to Table  2, there is a relationship between 
rs1748195 (P = 0.008), rs11207997 (P = 0.021) the 
ANGPTL3 gene locus and CVD. Based on the performed 
analysis, we concluded a significant difference between 
rs10789117 genotypes in the population-divided CVA 
group (P = 0.006). In addition, the results showed that 
the genotype of the rs1748195 polymorphism is a sig-
nificant difference between individuals with and without 
AMI (P = 0.030).In contrast, no significant difference was 
reported between the ANGPTL3 genotypes CHD incident.

The frequency of ANGPTL3-related polymorphisms 
genotypes and alleles in CVD, CVA, AMI, CHD, and 
healthy groups is shown in Fig.  1. Our result showed 
significant differences in ANGPTL3 genotypes between 
CVD and healthy individuals and AMI and healthy indi-
viduals. Table 3 shows the association of ANGPTL3 gen-
otype and CVD risk. We found that the GG genotype of 
rs1748195 was directly associated with CVD risk based 
on univariate and multiple regression analyses (P < 0.05). 
However, the G allele frequency of this variant was sig-
nificantly higher in healthy individuals than in patients 
(OR = 1.72, 95% CI = 1.25–2.37, P = 0.001). Association 

between SNP and CVD was performed using the multi-
ple logistic regression model after adjusting for age, sex, 
smoking, hypertension, HDL, LDL, TG, TC. Univari-
ate regression analysis demonstrated that the TT geno-
type of rs11207997 variant was associated with CVD 
(P = 0.01). Also, after adjusting the parameters of age, 
sex, smoking, hypertension, HDL, LDL, TG, and TC in 
the Multiple regression model, this data remained sig-
nificant (OR = 4.80, 95% CI = 1.27–18.11, P = 0.021).No 
significant relationship was found in the evaluations per-
formed between the frequency of genotypes and alleles of 
rs10789117 polymorphism and CVD.

According to the results, rs1748195 (C > G) ANGPTL3 
was associated with CVD in the dominant model 
(OR = 1.82, 95% CI = 1.13–2.91, P = 0.014), while the 
variants rs10789117 and rs11207997 showed no signifi-
cant relationship with the disease (Table 4). In contrast, 
the TT genotype of SNP rs11207997 in the codomi-
nant model increased CVD risk by 4.80-fold. On the 
other hand, carriers of the mentioned variants, except 
rs10789117 according to the recessive model, are at 
higher risk of contracting the disease.

According to Table  5, analyses have revealed that 
lipid profile levels (including Ch, TG, HDL, LDL, Apo-
A1, and Apo-B) are not related to CVD in any of the 
ANGPTL3 polymorphisms (P > 0.05 for all). However, 
the difference in the mean LDL level of individuals 
carrying different genotypes of the rs1748195 variant 
in healthy individuals was reported to be significant 
(P = 0.042). In addition, evaluation of lipid profiles of 
healthy individuals possessing rs10789117 indicated 
that Ch (P = 0.021) and HDL (P = 0.040) levels in differ-
ent genotypes of this SNP were related to the health of 
the study population.

Table 1  Basic and biochemical characteristics of individuals with CVD and without CVD

CVD Cardiovascular disease, HDL High-density lipoprotein, LDL Low-density lipoprotein, TG Triglyceride, TC Total cholesterol, SBP Systolic blood pressure, DBP Diastolic 
blood pressure, BMI Body mass index

Variable Total CVD (N = 128) No CVD (N = 231) P

Age 68.00 (11.00) 68.50 (12.50) 68.00 (11.00) 0.029

Female (n%) 178 (49.6) 75 (58.6) 103 (44.6) 0.011

HDL 45.00 (46.00) 44.00 (5.00) 46.00 (7.00) 0.008

LDL 113.00 (52.00) 96.00 (50.00) 121.00 (47.00) < 0.001

TG 143.00 (64.00) 134.00 (81.00) 148.00 (65.00) 0.013

TC 190.00 (58.00) 176.81 ± 42.43 199.25 ± 40.29 < 0.001

SBP 132.59 ± 20.81 134.67 ± 20.71 131.44 ± 20.82 0.159

DBP 77.00 (16.00) 78.00 (16.00) 77.00 (14.00) 0.210

BMI 26.35 (6.68) 26.75 (6.59) 26.15 (6.95) 0.080

Apo-A 116.00 (22.00) 115.00 (21.00) 116.00 (22.00) 0.230

Apo-B 93.00 (32.00) 86.00 (26.50) 95.00 (34.00) 0.037

Hypertension (n%) 167 (46.5) 74 (57.8) 93 (40.3) 0.001

Diabetes (n%) 100 (27.9) 39 (30.5) 61 (26.4) 0.411
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Fig. 1  Evaluation of allele frequency of ANGPTL3 gene polymorphisms with CVD, CVA, AMI, and CHD compared with healthy individuals

Table 3  Association of ANGPTL3 genotype and CVD risk in the studied population

* Association between SNP and CVD was performed using the logistic regression model after adjusting for Age, Sex, Smoking, Hypertension, HDL, LDL, TG, TC. Ref 
Reference, CI Confidence interval

Genotype/allele Total N (%) CVD N (%) No CVD N (%) Univariate Multivariate*

Odds ratio (95%CI) P Odds ratio (95%CI) P

rs1748195

 CC 172 (47.9) 50 (39.1) 122 (52.8) Ref.1 Ref.1 Ref.1 Ref.1

 CG 131 (36.5) 49 (38.3) 82 (35.5) 1.46 (0.90–2.36) 0.126 1.58 (0.94–2.67) 0.084

 GG 56 (15.6) 29 (22.7) 27 (11.7) 2.62 (1.41–4.87) 0.002 2.43 (1.25–4.71) 0.008

 C 475 (66.2) 149 (58.2) 326 (70.6) Ref.1 Ref.1 Ref.1 Ref.1

 G 243 (33.8) 107 (41.8) 136 (29.4) 1.72 (1.25–2.37) 0.001 NA NA

rs10789117

 AA 170 (47.4) 61 (47.7) 109 (47.2) Ref.1 Ref.1 Ref.1 Ref.1

 AC 142 (39.6) 44 (34.4) 98 (42.4) 0.80 (0.50–1.29) 0.362 0.90 (0.55–1.49) 0.695

 CC 47 (13.1) 23 (18.0) 24 (10.4) 1.71 (0.89–3.29) 0.106 1.66 (0.81–3.40) 0.163

 A 482 (67.1) 166 (64.8) 316 (68.4) Ref.1 Ref.1 Ref.1 Ref.1

 C 236 (32.9) 90 (35.2) 146 (31.6) 1.17 (0.85–1.62) 0.330 NA NA

rs11207997

 CC 93 (25.9) 28 (21.9) 65 (28.1) Ref.1 Ref.1 Ref.1 Ref.1

 CT 253 (70.5) 91 (71.1) 162 (70.1) 1.30 (0.78–2.17) 0.310 1.45 (0.84–2.51) 0.188

 TT 13 (3.6) 9 (7.0) 4 (1.7) 5.22 (1.48–18.38) 0.010 4.80 (1.27–18.11) 0.021

 C 439 (61.1) 147 (57.4) 292 (63.2) Ref.1 Ref.1 Ref.1 Ref.1

 T 279 (38.9) 109 (42.6) 170 (36.8) 1.27 (0.93–1.74) 0.128 NA NA



Page 6 of 9Poursalehi et al. Egyptian Journal of Medical Human Genetics          (2022) 23:161 

Table 4  Genetic models association of ANGPTL3 variants with CVD risk in the studied population (n = 360)

Logistic regression model after adjusting for Age, Sex, Smoking, Hypertension, and HDL, LDL, TG, TC

Variant Allele Genetic models

Dominant OR (95%CI) P Codominant OR 
(95%CI)

P Recessive OR (95%CI) P Additive OR (95%CI) P

rs1748195 C ˃ G 1.82 (1.13–2.91) 0.014 CG: 1.58 (0.94–2.67) 0.084 1.98 (1.07–3.67) 0.029 2.55 (1.31–4.98) 0.006

GG: 2.43 (1.25–4.71) 0.008

rs10789117 A ˃ C 1.05 (0.66–1.68) 0.82 AC:0.90 (0.55–1.49) 0.695 1.74 (0.88–3.43) 0.110 1.61 (0.80–3.24) 0.183

CC1.66 (0.81–3.40) 0.163

rs11207997 C ˃ T 1.54 (0.89–2.66) 0.123 CT: 1.45 (0.83–2.51) 0.188 3.63 (1.03–12.78) 0.044 6.58 (1.53–28.42) 0.012

TT: 4.80 (1.27–18.11) 0.021

Table 5  Relationship of the genetic variant with clinical characteristics of the population in studied groups

Cho Cholesterol; TG Triglyceride; HDL-C High-density lipoprotein cholesterol; LDL Low-density lipoprotein

Note: regarding rs1748195 letter “a” means significantly difference between CC and CG and letter “b” means significantly difference between CG and GG. Moreover, 
regarding rs10789117 letter “a” means significantly difference between AA and AC and letter “b” means significantly difference between AC and CC

Polymorphisms CVD (N = 129) No CVD (N = 231)

Lipid profile (mg/dl) CC CG GG P CC CG GG P

rs1748195

 Cho 174.50 (52.00) 175.00 (40.00) 158.00 (83.00) 0.653 201.00 ± 40.32 202.02 ± 36.62 182.89 ± 47.95 0.079

 TG 140.50 (79.00) 130.00 (87.00) 127.00 (60.00) 0.266 148.00 (66.00) 148.00 (66.00) 138.00 (111.00) 0.627

 HDL 43.40 ± 4.41 44.94 ± 3.98 44.24 ± 4.59 0.215 46.00 (6.00) 45.50 (9.00) 46.00 (7.00) 0.493

 LDL 94.50 (49.00) 101.00 (39.00) 94.00 (68.00) 0.758 123.61 ± 34.32a 124.10 ± 33.47 105.81 ± 39.61b 0.042

 Apo-A1 109.82 ± 19.18 116.68 ± 11.90 104.91 ± 18.23 0.138 117.00 (17.5) 117.00 (25.00) 115.00 (21.00) 0.950

 Apo-B 86.00 (35.30) 88.00 (34.30) 80.00 (50.00) 0.409 97.65 ± 27.74 91.76 ± 25.72 90.56 ± 24.19 0.226

Polymorphisms CVD (N = 129) No CVD (N = 231)

Lipid profile (mg/dl) AA AC CC P AA AC CC P

rs10789117

 Cho 181.00 (54.00) 162.00 (50.00) 180.00 (76.00) 0.165 193.96 ± 40.36a 207.64 ± 37.95b 188.96 ± 44.32 0.021

 TG 134.00 (75.00) 137.00 (84.00) 128.50 (95.00) 0.947 146.00 (55.00) 148.00 (86.00) 148.00 (56.00) 0.281

 HDL 45.00 (6.00) 43.50 (5.00) 45.00 (6.00) 0.340 45.00 (7.00)a 47.00 (7.00) 47.00 (7.00)b 0.040

 LDL 103.00 (47.00) 93.00 (46.00) 106.50 (53.00) 0.102 117.64 ± 35.40 128.00 ± 33.05 114.46 ± 38.17 0.058

 Apo-A1 116.00 (20.00) 107.00 (27.00) 105.00 (16.50) 0.564 115.00 (18.50) 118.00 (20.00) 116.50 (25.30) 0.130

 Apo-B 86.00 (40.00) 81.00 (22.00) 92.00 (31.00) 0.325 93.27 ± 26.92 98.10 ± 24.82 86.32 ± 31.27 0.122

Polymorphisms CVD (N = 129) No CVD (N = 231)

Lipid profile (mg/dl) CC CT TT P CC CT TT P

rs11207997

 Cho 177.26 ± 39.94 178.32 ± 43.16 160.33 ± 43.51 0.482 197.42 ± 41.66 199.86 ± 40.18 204.25 ± 25.93 0.891

 TG 128.00 (89.00) 138.00 (84.00) 138.00 (75.00) 0.724 149.00 (76.00) 148.00 (60.00) 136.50 (232.00) 0.754

 HDL 44.74 ± 4.32 44.04 ± 4.52 43.67 ± 2.87 0.718 45.00 (8.00) 46.00 (6.00) 40.00 (13.00) 0.164

 LDL 102.00 (50.00) 96.00 (47.00) 74.00 (60.00) 0.379 122.00 (50.00) 120.50 (47.00) 131.00 (14.00) 0.836

 Apo-A1 116.00 (26.30) 115.00 (18.50) 104.50 (25.80) 0.676 116.00 (23.30) 117.00 (21.00) 123.50 (12.00) 0.200

 Apo-B 88.00 (43.50) 86.00 (26.50) 89.50 (49.80) 0.863 94.50 (37.50) 95.50 (33.80) 75.50(25.50) 0.250
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Haplotype and cardiovascular disorders
Association between the non-coding ANGPTL3 haplo-
type and the risk of CVD, CVA, AMI, CHD is indicated 
in Table  6. According to the performed analyzes, three 
haplotypes CAC, CCC and CCT related to CVD, CVA, 
AMI and CHD were reported. Although haplotype GAT 
was not significantly associated with CVD, this hap-
lotype was associated with a 1.7-fold increase in risk of 
CVA, AMI, and CHD. The other haplotypes studied did 
not show any significant association with cardiovascular 
disorders.

Discussion
The present study examined the association between 
haplotypes of ANGPTL3 gene variants and cardiovas-
cular. According to our results, the CC genotype of 
rs1748195 and rs11207997 polymorphisms had a signifi-
cant negative relationship with the disease. Furthermore, 
univariate and multiple analyses showed that individuals 
carrying the GG genotype of rs1748195 and those car-
rying the TT genotype of rs11207997 directly increased 
CVD risk. In addition, the findings of this study indi-
cate a significant difference in LDL levels between dif-
ferent genotypes of the rs1748195 genotypes in the 
healthy group and Ch and HDL levels in different geno-
types of different genotypes rs10789117. Haplotypes of 
CAC, CCC and CCT showed a significant positive rela-
tionship with CVD, CVA, AMI and CHD. Studies have 
reported that ANGPTL3 is strongly associated with the 
risk of developing the disease [11–13]. The ANGPTL3 
genetic variants were associated with serum HDL, LDL, 
TG, TC, Apo-A1, and Apo-B levels in our analysis so 
reviewing the literature demonstrated that ANGPTL3 
deficiency reduces the mentioned cases, and finally, the 
risk of CVD is reduce [14, 15]. A study conducted in 
2018 by Park et al. on 7358 participants (including 3931 
females and 3427 males) showed that the genetic vari-
ants of the rs11207997 polymorphism at the ANGPTL3 

gene locus correlated with TC and TG levels, so that indi-
viduals minor allele carriers (C > T) had lower TC and 
TG levels (P = 0.029 for TC and P < 0.001 for TG) [16]. 
Also, another study conducted on participants from sev-
eral European countries (consisting of 1155 adults and 
1144 adolescents) reported that this variant was associ-
ated with lower levels of Apo-A1 and HDL (P < 0.05) in 
both groups’ adults and adolescents. Contrary to these 
cases, no significant relationship was found between this 
variant and TG level [17]. A study by Aghasizadeh et al. 
stated that rs1748195, rs10789117, and rs11207997 geno-
types are related to CVD events. Also, the results showed 
that rs10789117 polymorphism was associated with HTN 
in the studied patients (P = 0.01). On the other hand, 
the CC genotype of this polymorphism showed a nega-
tive relationship with MetS risk in healthy individuals 
(P = 0.03). No association was found between rs1748195 
with MetS, HTN and dyslipidemia [18]. Based on the 
results of a meta-analysis study (includes < 100,000 peo-
ple), it was revealed that ANGPTL3 has an obvious effect 
on LDL and TG levels [19].A study conducted by Li et al. 
(2018) on 1107 patients (539 IS patients and 568 CAD 
patients) showed that rs12563308 and rs1748195 of the 
ANGPTL3 gene would be reduce and increase the risk of 
CAD, respectively. In addition, rs1748195 was found to 
increase the risk of atherosclerosis, while no association 
was found between rs12563308 and atherosclerosis [20]. 
Some other genetic studies have reported that ANGPTL3 
with the LOF mutation reduces CVD risk by 34% [21]. 
According to the results of several studies, loss of func-
tion in the ANGPTL3 gene will lead to a reduction in 
plasma LDL, HDL and TG [8], as well as a 41% reduction 
in CAD risk [15].

Although many studies have been performed on 
ANGPTL3, the mechanism of action of this gene is 
not yet fully understood. Therefore, it is suggested that 
more detailed studies be performed on the polymor-
phisms of this gene in the future so that its therapeutic 

Table 6  Association between the non-coding ANGPTL3 haplotype and the risk of CVD, CVA, AMI, CHD

Haplotype OR (95%CI)

CVD P CVA P AMI P CHD P

H1 (CAC) 0.6 (0.44–0.83) 0.002 0.6 (0.4–0.83) 0.002 0.6 (0. 4–0.8) 0.002 0.6 (0.4–0.8) 0.002

H2 (CAT) 1.47 (0.92–2.03) 0.1 1.4 (0.9–2.3) 0.1 1.4 (0.9–2.3) 0.1 1.47 (0.92–2.34) 0.1

H3 (GCC) 1.35 (0.83–2.21) 0.2 1.3 (0.8–2.2) 0.2 1.3 (0.8–2.2) 0.2 1.35 (0.83–2.2) 0.2

H4 (GCT) 1.15 (0.68–1.81) 0.66 1.1 (0.6–1.84) 0.6 1.15(0.68–1.8) 0.6 1.1 5 ((0.68–1.8) 0.6

H5 (GAC) 1.08 (0.51–2.3) 0.83 1.08 (0.5–2.3) 0.8 1.08 (0.5–2.3) 0.8 1.08 (0.5–2.3) 0.8

H6 (CCC) 2.55 (1.17–5.54) 0.014 2.5 (1.17–5.5) 0.01 2.5 (1.17–5.5) 0.01 2.5 (1.17–5.54) 0.01

H7 (GAT) 1.75 (1.03–2.98) 0.1 1.71 (1.03–2.09) 0.03 1.75 (1.03–2.98) 0.03 1.75 (1.03–2.9) 0.03

H8 (CCT) 0.45 (0.23–0.89) 0.02 0.4 (0.2–0.88) 0.02 0.4 (0.2–0.8) 0.02 0.45 (0.23–0.89) 0.02
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potential in the prevention and treatment of cardio-
vascular disorders can be fully utilized. The limitation 
of this study is that the numbers of patients and con-
trols were relatively small. This article is derived from 
a medical student’s thesis, and access to limited 
resources was one of the problems that a small num-
ber of samples were used in this experiment. Therefore, 
more samples need to be undertaken to explore better 
result in this regard. Also, the findings in this report 
were unable to analyze clinical variables. Although the 
study has successfully demonstrated that haplotypes 
of ANGPTL3 gene have a significant relationship with 
cardiometabolic disorders, it has certain limitations in 
terms of gene expression. Further studies on more loci 
of the ANGPTL3 gene are needed for the evaluation of 
haplotypes as the main biomarker for cardiometabolic 
disorders risk estimation.

Conclusion
According to our results, univariate and multiple analy-
ses showed that individuals carrying the GG genotype 
of rs1748195 and those carrying the TT genotype of 
rs11207997 directly increased the risk of CVD CC 
genotype of rs1748195 and rs11207997 polymorphisms 
had a significant negative relationship with the disease. 
In addition, the findings of this study indicate a signifi-
cant difference in LDL, HDL, cholesterol levels between 
different genotypes of the rs1748195 and rs10789117 in 
the healthy group. The data obtained showed that hap-
lotypes of CAC, CCC, and CCT have a significant rela-
tionship with CVD, CVA, AMI, and CHD.
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