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Background: Recent researches have investigated the link between the rs1800796 poly-
morphism (−572G/C) in the interleukin-6 (IL-6) gene and the risk of abdominal aortic 
aneurysm (AAA). However, no Chinese studies have addressed the association between 
the risk of AAA and this polymorphism.
Methods: This case-control study included 153 AAA patients and 205 controls. Diabetes 
mellitus, hypertension, dyslipidemia, and coronary artery disease (CAD) status were collected. 
The AAA and control groups were 69.20 ± 7.56 and 68.50 ± 7.12 years old, respectively.
Results: The analysis revealed that the G allele and GG genotype of the IL-6 rs1800796 
polymorphism were remarkedly correlated with an elevated risk of AAA. The GG genotype 
displayed an association with the risk of AAA after adjustment for gender, body mass index, 
age, drinking, and smoking. Subgroup analyses indicated that this polymorphism elevated the 
risk of AAA among males, individuals aged ≥70 years, smokers, drinkers, individuals with 
a body mass index (BMI) ≥25 kg/m2, patients without diabetes, and patients with hyperten-
sion. Univariate and multivariate analyses indicated that smoking, hypertension, and the GG 
genotype (rs1800796 polymorphism) were independently related with the risk of AAA.
Conclusion: The IL-6 rs1800796 polymorphism increases the risk of AAA. In addition, 
smoking, hypertension, and the GG genotype of the rs1800796 polymorphism are indepen-
dent risk factors for AAA. Further studies of Chinese populations are needed to validate 
these findings.
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Introduction
Abdominal aortic aneurysm (AAA) is a deadly disease associated with high 
morbidity and mortality in the event of aortic rupture.1 AAA is usually asympto-
matic unless complications occur, and is often diagnosed via ultrasonography 
screening programs.2,3 Currently, the only treatment for patients with AAA is 
open or endovascular surgical repair, and no drug therapy is available. Studies 
have identified a host of risk factors for AAA, including old age, smoking, family 
history of AAA, male sex, presence of other cardiovascular diseases, hypertension, 
and dyslipidemia.4–6 Among these risk factors, smoking is the most critical. AAA 
has been attributed to many environmental and genetic factors.7 Genetic studies 
have identified many novel loci for AAA.8–11
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Although the pathogenesis of AAA is unclear, accu-
mulating evidence supports a central role for 
inflammation.12,13 Interleukin-6 (IL-6), a crucial proin-
flammatory cytokine, participates in many inflammatory 
responses, and in the development and complications of 
atherosclerotic disease.14 IL-6 has been implicated in the 
molecular pathway underlying vascular inflammation in 
AAA.15,16 An animal study showed that IL-6 was involved 
in the pathogenesis of AAA in mice.17 Tang et al per-
formed a study with over 24 years of follow-up that 
showed that blood concentrations of IL-6 predicted the 
risk of AAA.18 Lindberg et al indicated that IL-6 was an 
inflammatory marker associated with AAA.19

The IL-6 gene, locating on chromosome 7p21, has 
four introns and five exons. Two recent studies addressed 
the potential correlation between the rs1800796 poly-
morphism (−572G/C) in the IL-6 gene and AAA 
risk.20,21 However, they yielded conflicting results. In 
addition, no Chinese studies have explored the link 
between this locus and risk of AAA. Thus, we designed 
this case-control study to test for a correlation between 
the rs1800796 polymorphism and risk of AAA in Chinese 
Han subjects.

Patients and Methods
Subjects
In this study, we recruited 153 patients with AAA and 205 
controls from our hospital, from March 2016 to May 2020. 
All individuals were recruited consecutively during this 
period. The inclusion criterion for AAA included an 
abdominal aorta with a diameter of > 3 cm, as revealed 
by computed tomography angiography or ultrasound.5 The 
individuals serving as controls were recruited during the 
same time period from this hospital. Clinical information 
was collected, including age, sex, body mass index (BMI), 
smoking and drinking history, diabetes mellitus, hyperten-
sion disease, dyslipidemia, and coronary artery disease 
(CAD). All relevant information was extracted from med-
ical records and questionnaires. Patients having hyperten-
sion should be with a diastolic blood pressure > 90 mmHg 
and/or systolic blood pressure > 140 mmHg. Diabetes 
mellitus patients were diagnosed when their fasting glu-
cose levels were over 126 md/dl.22 The diagnosis of CAD 
was based on electrocardiogram, echocardiography, and 
coronary angiography results. Subjects with total choles-
terol levels of ≥ 200 mg/dL (or exceeding 5.17 mmol/L) 
were defined as having dyslipidemia.23 Smokers were 

defined as individuals who had more than one cigarette/ 
day on average for at least 1 year. Drinkers were defined as 
individuals who drank over 15 g/d of ethanol on average. 
The informed consent form was signed by all participating 
individuals. The Ethics Committee of Huaian No.1 
People’s Hospital approved the protocol of this study. 
Then, this study was in according with the Helsinki 
declaration.

Genotyping
Blood samples from peripheral veins were gathered from 
all subjects for DNA extraction. The IL-6 rs1800796 poly-
morphism was genotyped using PCR-RFLP, and 10% of 
the samples were reanalyzed to determine if there were 
any potential genotyping errors; all genotyping results 
were consistent with previous results.

Statistical Analysis
Continuous variables (conforming to normal distribution) 
were mainly analyzed using Student’s t test. Categorical 
variables were analyzed utilizing the chi-square (χ2) test. 
95% confidence intervals (CIs) and odds ratios (ORs) 
were determined to estimate the association between the 
IL-6 rs1800796 polymorphism and AAA risk with adjust-
ment for gender, age, smoking, drinking, and BMI. The 
Hardy-Weinberg equilibrium (HWE) was calculated for 
the controls using the goodness-of-fit χ2 test. Univariate 
or multivariate regression analyses was used to identify 
relevant predictors of AAA. Cross-over analysis was 
utilized to estimate the correlation between genetic and 
environmental factors. A P-value < 0.05 indicated that it 
was statistically significant. Statistical analyses were cal-
culated by use of SPSS software (ver. 21.0; SPSS Inc., 
Chicago, IL, USA).

Results
Demographic Data and Clinical 
Parameters of All Individuals
Table 1 shows the clinical characteristics and demographic 
information of all participants, including 153 patients with 
AAA and 205 control individuals. The participants in the 
AAA and control groups were aged 69.20 ± 7.56 and 68.50 
± 7.12 years, respectively. The age and gender were matched 
between the groups (P > 0.05). In addition, the rates of smok-
ing, hypertension, dyslipidemia, and CAD in patients with 
AAA were remarkedly higher than in the controls (P < 0.05).
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Association with the rs1800796 
Polymorphism and AAA Risk
Table 2 shows that the genotype distribution in this 
study was in conformance with the HWE test in controls 
(PHWE = 0.767). Table 2 summarizes the allele and 
genotype numbers and frequencies of the investigated 
locus. The GG genotype of the IL-6 rs1800796 poly-
morphism was significantly related to an elevated risk of 
AAA (GG versus CC, OR, 3.06; 95% CI, 1.45–6.48; 
P = 0.003; GG versus CC + CG, OR, 2.99; 95% CI, 
1.45–6.20; P = 0.003); and this significant association 
was still available after adjusting for age, gender, smok-
ing, BMI, and drinking. In addition, the G allele showed 
a higher risk of AAA (G versus C, OR, 1.54; 95% CI, 
1.11–2.15; P = 0.010).

Next, we conducted subgroup analyses to address the 
correlation between this polymorphism and AAA for var-
ious factors, including gender, age, smoking, alcohol, 
BMI, diabetes mellitus, and hypertension (Table 3). We 
observed that the rs1800796 polymorphism correlated with 
an enhanced risk of AAA among males, individuals aged ≥ 
70 years, smokers, drinkers, individuals with a BMI ≥ 
25 kg/m2, patients without diabetes, and patients with 
hypertension.

Interactions Between Genetic Factors 
and Smoking/Drinking
Subgroup analyses indicated a potential association 
between the rs1800796 polymorphism and smoking/ 
drinking was shown. To validate these findings, we 
used cross-over analysis to investigate the relationship 
between this polymorphism and smoking and drinking 
(Supplemental Table 1). Data revealed that smokers or 
drinkers carrying the GG genotype had an elevated risk 
of developing AAA (GG+ smoking vs CC+ non- 
smoking: OR, 4.87, 95% CI, 1.92–12.37; P < 0.001; 
GG+ drinking vs CC+ non-smoking: OR, 3.77, 95% 
CI, 1.14–12.47; P = 0.022).

Risk Factors for AAA: Results of 
Univariate and Multivariate Analysis
In the abovementioned analyses, we observed that genetic 
and environmental factors were associated with AAA 
development (Table 4). Univariate and multivariate analyses 
were performed to identify other related risk factors for 
AAA, including age, gender, smoking, drinking, BMI, dia-
betes mellitus, hypertension, dyslipidemia, CAD, and the 

Table 1 Demographics and Clinical Characteristics of Study 
Subjects

Variables AAA Case Control P

Total 153 205

Age (mean ± SD) 69.20 ± 7.56 68.50 ± 7.12 0.368
Gender, Male 129 (84.3%) 174 (84.9%) 0.884

Smoking, current/ever 88 (57.5%) 88 (42.9%) 0.006
Drinking, current/ever 54 (35.3%) 72 (35.1%) 0.973
BMI (kg/m2, mean ± SD) 24.72 ± 2.50 24.55 ± 2.36 0.512

Diabetes mellitus, current 23 (15.0%) 20 (9.8%) 0.129

Hypertension, current 93 (60.8%) 92 (44.9%) 0.003
Dyslipidemia, current 82 (53.6%) 88 (42.9%) 0.046
CAD, current 47 (30.7%) 36 (17.6%) 0.004
Family history of AAA 12 (7.8%) – –

Note: Bold values are statistically significant (P < 0.05). 
Abbreviations: AAA, abdominal aortic aneurysm; BMI, body mass index; CAD, 
coronary artery disease; SD, standard deviation.

Table 2 Correlation Between the IL-6 rs1800796 Polymorphism and Abdominal Aortic Aneurysm Risk

Models Case (n, %) Control (n, %) OR (95% CI) P-value *OR (95% CI) *P-value

Genotype

CC 79 (51.6%) 121 (59.0%) 1.00 (reference) – – –
CG 50 (32.7%) 72 (35.1%) 1.06 (0.67–1.68) 0.792 0.98 (0.61–1.57) 0.940

GG 24 (15.7%) 12 (5.9%) 3.06 (1.45–6.48) 0.003 2.50 (1.15–5.42) 0.021
CC 79 (51.6%) 121 (59.0%) 1.00 (reference) – – –
GG+CG 74 (48.4%) 84 (41.0%) 1.35 (0.89–2.06) 0.164 1.20 (0.77–1.85) 0.421

CC+CG 129 (84.3%) 193 (94.1%) 1.00 (reference) – – –

GG 24 (15.7%) 12 (5.9%) 2.99 (1.45–6.20) 0.003 2.51 (1.19–5.33) 0.016

Allele

C 208 (68.0%) 314 (76.6%) 1.00 (reference) – – –
G 98 (32.0%) 96 (23.4%) 1.54 (1.11–2.15) 0.010

Notes: Bold values are statistically significant (P < 0.05). *Adjustment for gender, age, smoking, drinking, and body mass index.
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rs1800796 polymorphism genotypes. The univariate analy-
sis indicated that smoking, hypertension, dyslipidemia, 
CAD, and GG genotype correlated with the risk of AAA. 

The multivariate analysis suggested that smoking, hyperten-
sion and GG genotype were independent risk factors 
for AAA.

Table 3 Stratified Analyses Between the IL-6 rs1800796 Polymorphism and Risk of Abdominal Aortic Aneurysm

Variables CG vs CC GG vs CC GG vs CC+CG GG+CG vs CC

OR (95% CI); P OR (95% CI); P OR (95% CI); P OR (95% CI); P

Gender

Male 1.18 (0.71–1.96); 0.517 4.46 (1.95–10.19); <0.001 4.19 (1.88–9.37); <0.001 1.62 (1.02–2.57); 0.039
Female 0.60 (0.20–1.82); 0.366 NA NA 0.49 (0.17–1.47); 0.202

Age (years)
< 70 1.09 (0.60–1.99); 0.783 2.64 (0.81–8.60); 0.097 2.56 (0.80–8.12); 0.101 1.25 (0.70–2.21); 0.448

≥ 70 1.04 (0.51–2.12); 0.910 3.17 (1.18–8.51); 0.018 3.13 (1.21–8.10); 0.015 1.47 (0.78–2.76); 0.232

Smoking

Yes 1.41 (0.74–2.71); 0.300 4.24 (1.62–11.08); 0.002 3.63 (1.45–9.05); 0.004 1.91 (1.05–3.47); 0.034
No 0.71 (0.36–1.40); 0.317 0.97 (0.22–4.27); 1.000 1.08 (0.25–4.69); 1.000 0.74 (0.39–1.41); 0.355

Alcohol

Yes 1.61 (0.73–3.57); 0.238 5.17 (1.49–17.92); 0.006 4.35 (1.30–14.53); 0.011 2.18 (1.06–4.49); 0.033
No 0.86 (0.49–1.51); 0.600 2.23 (0.86–5.75); 0.092 2.36 (0.94–5.94); 0.062 1.05 (0.62–1.76); 0.868

BMI
< 25 0.79 (0.43–1.45); 0.444 2.19 (0.79–6.07); 0.124 2.40 (0.89–6.47); 0.077 0.97 (0.56–1.71); 0.928

≥ 25 1.61 (0.79–3.27); 0.188 4.53 (1.47–13.91); 0.005 3.78 (1.28–11.22); 0.012 2.08 (1.09–3.98); 0.027

Diabetes mellitus

Yes 0.95 (0.23–3.92); 0.946 2.50 (0.52–11.93); 0.246 2.56 (0.62–10.55); 0.187 1.43 (0.42–4.91); 0.571
No 1.08 (0.66–1.75); 0.766 3.28 (1.34–7.99); 0.007 3.19 (1.33–7.63); 0.007 1.32 (0.84–2.08); 0.223

Hypertension
Yes 1.52 (0.80–2.89); 0.199 5.30 (1.66–16.93); 0.002 4.57 (1.47–14.26); 0.005 2.01 (1.11–3.64); 0.020
No 0.77 (0.39–1.52); 0.448 1.82 (0.62–5.29); 0.268 2.02 (0.72–5.68); 0.177 0.93 (0.49–1.74); 0.811

Note: Bold values are statistically significant (P < 0.05). 
Abbreviations: BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary diseases OR, odds ratio; 95% CI, 95% confidence interval; 
NA, not available.

Table 4 Univariate and Multivariate Analysis for Related Risk Factors in Abdominal Aortic Aneurysm

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) P-value OR (95% CI) P-value

Age (years) 1.01 (0.99–1.04) 0.367 1.01 (0.98–1.04) 0.496

Male 0.96 (0.54–1.71) 0.884 0.77 (0.40–1.47) 0.420
Smoking, exist/ever 1.80 (1.18–2.75) 0.007 1.85 (1.16–2.96) 0.010
Drinking, exist/ever 1.01 (0.65–1.56) 0.973 0.97 (0.60–1.57) 0.901
BMI (kg/m2) 1.03 (0.94–1.12) 0.511 0.96 (0.86–1.08) 0.530

Diabetes mellitus 1.19 (0.63–2.26) 0.594 0.89 (0.44–1.79) 0.735

Hypertension 1.90 (1.24–2.91) 0.003 1.74 (1.09–2.76) 0.020
Dyslipidemia 1.54 (1.01–2.34) 0.046 1.56 (0.88–2.77) 0.132

CAD 2.08 (1.27–3.42) 0.004 1.68 (0.98–2.89) 0.060

Genotype (CG vs CC) 1.06 (0.67–1.68) 0.792 0.96 (0.59–1.57) 0.879
Genotype (GG vs CC) 3.06 (1.45–6.48) 0.003 2.27 (1.02–5.09) 0.046

Note: Bold values are statistically significant (P < 0.05). 
Abbreviations: BMI, body mass index; CAD, coronary artery disease.
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Discussion
In this study, we observed that the rs1800796 polymorphism in 
the IL-6 gene showed an association with an elevated risk of 
AAA in this Chinese Han population. Subgroup analyses con-
firmed association in males, individuals aged ≥ 70 years, 
smokers, drinkers, individuals with a BMI ≥ 25 kg/m2, patients 
without diabetes, and patients with hypertension. Cross-over 
analysis showed an interaction between the IL-6 rs1800796 
polymorphism and smoking or drinking. In addition, univariate 
and multivariate analyses indicated that smoking, hyperten-
sion, and the GG genotype of the IL-6 rs1800796 polymorph-
ism were independent risk factors for AAA.

Pathological changes in the aorta in cases of thoracic 
aortic aneurysm are related to IL-6.24 IL-6 was involved 
in the early inflammatory response in patients with 
AAA.25 IL-6 gene variants may participate in the devel-
opment of AAA by regulating IL-6 levels. Two previous 
studies explored the potential link between AAA risk and 
the rs1800796 polymorphism.20,21 An Australian study by 
Smallwood et al uncovered that the rs1800796 poly-
morphism in the IL-6 gene was related to an elevated 
risk of AAA.21 However, they pointed out that the 
C allele frequency in AAA patients was low, and it may 
not be the major driver of AAA.21 A recent Austrian 
study by Jabłońska et al found that this polymorphism 
(rs1800796) did not associate with the risk of AAA.20 In 
addition to AAA, the correlation between the targeted 
polymorphism and intracranial aneurysm (IA) risk has 
also attracted the interest of researchers. In a UK study, 
Morgan et al were the first to find that the IL-6 rs1800796 
polymorphism was a protective factor for IA.26 However, 
an Italian study could not verify this association in aneur-
ysmal subarachnoid haemorrhage.27 An Indian study also 
observed no association between the rs1800796 poly-
morphism and IA risk.28 In early Chinese studies, the 
rs1800796 polymorphism was a risk factor for IA.29–31 

However, another Chinese study indicated that this locus 
was not a risk factor for IA.32 Ethnic differences may not 
explain these inconsistencies, because the researchers also 
enrolled individuals from a Chinese Han population. 
Regional differences, differed sample sizes, and diverse 
risk factors may explain the discrepancies.

In this study, we explored the IL-6 rs1800796 poly-
morphism in AAA rather than IA. We detected that this 
targeted polymorphism enhanced the risk of AAA in 
a Chinese Han population, in line with the findings of 
Smallwood et al described above.21 It is of note that 

there was a significant difference between this study and 
that of Smallwood et al with respect to the genotype 
frequencies. To the best of our knowledge, this is the 
first study from China to show that the IL-6 rs1800796 
polymorphism elevated the risk of AAA in a Chinese Han 
population.

Subgroup analysis suggested that the rs1800796 poly-
morphism increased the risk of AAA among males, indi-
viduals aged ≥ 70 years, smokers, drinkers, individuals 
with a BMI ≥ 25 kg/m2, individuals without diabetes, 
and patients with hypertension. Anagnostakos et al showed 
that smoking was a crucial risk factor for AAA.33 The 
prevalence and incidence rates of AAA have decreased 
over the last two decades, attributed partially to the decline 
in smoking prevalence.34 Furthermore, AAA is 
a multifactorial disorder, and genetic and environmental 
factors contribute to its development.35,36 Thus, we studied 
gene-environment interactions using cross-over analysis, 
and found an interaction between the IL-6 rs1800796 
polymorphism and smoking/drinking. In addition, our 
multivariate analysis revealed that smoking, hypertension 
and the GG genotype were independent risk factors for 
AAA. However, Smallwood et al found that age, diastolic 
blood pressure, smoking, history of myocardial infarction, 
history of coronary artery surgery, treatment for hyperten-
sion, obesity, vigorous exercise, and the IL-6 gene geno-
type were also independent risk factors for AAA.21 

Obviously, this study did not identify some risk factors 
for AAA mentioned by Smallwood et al.21 We hypothe-
sized that several factors including sample size, clinical 
heterogeneity, and racial differences, may explain the dis-
crepant findings. Further studies are needed to validate 
this.

Several limitations of this study should be noted. First, 
we did not investigate the impacts of this polymorphism 
on the survival of AAA. Jones et al showed that another 
variant in the IL-6 gene could predict the cardiovascular 
mortality of AAA.37 Second, the sample size was rela-
tively small in this study. Studies with larger sample sizes 
are urgently needed. Third, only one polymorphism was 
explored in this study. Other variants in the IL-6 gene 
should be investigated in future studies, because a single 
SNP only has a limited impact on the risk of AAA. Fourth, 
the potential mechanisms why this polymorphism elevated 
the risk of AAA should be addressed by performing some 
cell and animal experiments. Finally, the findings cannot 
be generalized to other populations because only the 
Chinese Han population was investigated.
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In summary, the IL-6 rs1800796 polymorphism 
increases the risk of AAA in a Chinese Han population. 
Stratified analysis confirms that this elevated risk in males, 
individuals aged ≥ 70 years old, smokers, drinkers, indi-
viduals with a BMI ≥ 25 kg/m2, patients without diabetes, 
and patients with hypertension. Cross-over analysis indi-
cates an interaction of this polymorphism with smoking or 
drinking. In addition, smoking, hypertension, and the GG 
genotype are independently related to the risk of AAA. 
Studies of other ethnic groups should be conducted, which 
may verify the findings observed in this study.
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