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Hyperhomocysteinaemia is 
an independent risk factor of 
abdominal aortic aneurysm in a 
Chinese Han population
Jie Liu1,*, Shang Wei Zuo1,*, Yue Li1,*, Xin Jia1, Sen Hao Jia1, Tao Zhang2, Yu Xiang Song1, 
Ying Qi Wei3, Jiang Xiong1, Yong Hua Hu3 & Wei Guo1

The associations between hyperhomocysteinaemia (HHcy), methylenetetrahydrofolate reductase 
(MTHFR) C677T polymorphism, and abdominal aortic aneurysm (AAA) remain controversial, with only 
few studies focused on these associations within the Chinese population. We performed subgroup and 
interaction analyses in a Chinese Han population to investigate these associations. In all, 155 AAA 
patients and 310 control subjects were evaluated for serum total homocysteine levels and MTHFR 
C677T polymorphisms. Multiple logistic regression models were used to evaluate the aforementioned 
associations. Interaction and stratified analyses were conducted according to age, sex, smoking 
status, drinking status, and chronic disease histories. The multiple logistic analyses showed a 
significant association between HHcy and AAA but no significant association between MTHFR C677T 
polymorphism and AAA. The interaction analysis showed that age and peripheral arterial disease 
played an interactive role in the association between HHcy and AAA, while drinking status played an 
interactive role in the association between MTHFR C677T polymorphism and AAA. In conclusion, HHcy 
is an independent risk factor of AAA in a Chinese Han population, especially in the elderly and peripheral 
arterial disease subgroups. Longitudinal studies and clinical trials aimed to reduce homocysteine levels 
are warranted to assess the causal nature of these relationships

Abdominal aortic aneurysm (AAA) is a life-threatening disease that affects up to 9% of men aged > 65 years1. 
In Western populations, the mean annual incidence of new AAA diagnosis is 0.4–0.67%2,3. Rupture of these 
aneurysms accounts for approximately 8000 annual deaths in the United Kingdom alone and up to 15,000 in the 
United States4,5. While AAA and atherosclerosis share several common risk factors, including age, smoking status, 
hypercholesterolaemia, and hypertension, the strength of the associations between these factors varies between 
AAA and atherosclerosis2. In addition, the inverse associations of diabetes with AAA and aortic diameter suggest 
a differing pathogenesis for each of the disease processes6. Despite the improved understanding of the pathophys-
iological mechanism and molecular biology of AAA, the aetiology of AAA remains unclear7.

Homocysteine (Hcy) is a sulphur-containing non-essential amino acid that functions as a key intermediate 
during methionine metabolism. Several factors influence Hcy levels, including sex, age, and the enzymes involved 
in methionine metabolism. A common functional polymorphism in C677T, a gene encoding methylenetetrahy-
drofolate reductase (MTHFR), is responsible for 70% of the reduction in enzymatic activity8,9. Elevated Hcy level 
is known as hyperhomocysteinaemia (HHcy) and has long been suggested as an independent risk factor of cor-
onary heart disease, stroke, and peripheral vascular disease. In addition, previous studies on the MTHFR C677T 
polymorphism suggested a causal relationship between HHcy and these diseases10,11. Furthermore, studies that 
investigated vitamin treatment to reduce Hcy level and the effect of the treatment on cardiovascular or stroke end 
points showed inconsistent results12–14.
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Previous studies investigated the association between HHcy and AAA but obtained conflicting results15–21. 
Whether Hcy level plays a causal role or is simply a bystander in the pathogenic process of AAA remains elusive. 
Studies have focused on the association between the C677T polymorphism and AAA, while others have reported an 
association between the T allele and AAA15,17,22,23. However, the findings from recent larger case-control studies24,25 
and a cross-sectional study19 could not confirm this association. In addition, the interactions of other cardiovas-
cular risk factors such as age, smoking, and hypertension toward these associations are still unknown. Moreover, 
only few studies17 have in fact investigated these associations within a Chinese population. Therefore, the present 
study aimed to investigate the associations between HHcy, the MTHFR C677T polymorphism, and AAA, by using 
interaction and stratified analyses to evaluate the influence of different clinical and laboratory features on these 
associations within the Chinese Han population.

Methods
Study population. A case-control study was performed between July 2011 and December 2012 in China26. 
AAA patients (n =  155) and control subjects (n =  310) were enrolled in the study. Patients diagnosed with AAA 
by using abdominal Doppler ultrasonography or computed tomography (CT) at the Vascular and Endovascular 
Surgery Department of the Chinese PLA General Hospital in Beijing were enrolled in this study. The control group 
included non-AAA participants, half (n =  155) of whom were selected from the same hospital (referred to as control 
group (1) and the other half (n =  155) were healthy subjects selected from communities in Beijing, including urban 
and suburban districts (referred to as control group (2). The control subjects were sex- and age-matched (within 
5 years) with the AAA patients. Participants were excluded based on the following criteria: (1) an ethnic origin 
other than Han; (2) taking vitamin supplementation, and had renal impairment, malignant tumours, or hypo-
thyroidism); (3) presence of a mental disorder; and (4) pregnancy. This study protocol was approved by the ethics 
committee of Chinese PLA General Hospital, and informed consent was obtained from all the study participants. 
All experiments were performed in accordance with relevant guidelines and regulations.

Data collection procedures. A standardized questionnaire was used to collect data related to the subjects’ 
demographic characteristics, history of chronic diseases, chronic medication, and lifestyle factors. The participants 
underwent a standard physical examination. AAA was defined as a maximal infrarenal aortic diameter ≥ 30 mm. 
The participants in the control group underwent abdominal ultrasonographic examinations by two trained spe-
cialists in order to exclude those with AAA. Biochemical parameters were analysed at the clinical laboratory of 
the Chinese PLA Hospital. All blood samples were centrifuged for separation of serum within 1 hour of collection 
and stored at − 80 °C until analysis. The total Hcy (tHcy; free and protein bound), total cholesterol, triglyceride, 
low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol levels were measured by using the 
Roche Modular chemistry analyser (Roche Diagnostics, Basel, Switzerland). The intra- and inter-assay coeffi-
cients of variation were < 5% for all of the assays performed. Details of an assessment of major environmental risk 
factors were reported in our previous study26. Subjects were considered to be smokers if they had smoked more 
than 100 cigarettes over their lifetimes. Drinking was defined as consuming at least 50 mL of white spirits at a 
time and having a drink at least once a week for a period of > 6 months. Self-reported chronic diseases included 
type 2 diabetes, coronary artery disease (CAD), and ischemic stroke. Hypertension was defined either as a systolic 
blood pressure (SBP) ≥ 140 mm Hg or a diastolic blood pressure (DBP) ≥ 90 mm Hg, or the use of hypotensive 
drugs. Hyperlipidaemia was defined either as serum concentrations of total cholesterol > 5.7 mmol/L, triglyc-
eride > 1.7 mmol/L, low-density lipoprotein cholesterol > 3.4 mmol/L, or high-density lipoprotein cholesterol 
< 1.0 mmol/L, or the use of hypolipidaemic drugs. Subjects whose ankle brachial indexes were < 0.9 were classified 
as having peripheral arterial disease (PAD). HHcy was defined as a serum tHcy concentration > 15 μ mol/L, as 
determined based on the laboratory reference range.

DNA extraction and genotyping. Genomic DNA was extracted from leukocytes by using the salt frac-
tionation method. DNA samples were stored at − 80 °C until analysis. Polymerase chain reaction was performed 
on a thermal cycler (ABI GeneAmp 9700 384 Dual, ABI, Foster City, CA, USA). Genotypes were analysed with 
the Typer 4.0 software (MassARRAY Compact System; Sequenom, San Diego, CA, USA).

Statistical analysis. Data are presented as mean ±  standard deviation (SD) or median (interquartile) for con-
tinuous variables, and as frequency or percentage for categorical variables. The Mann-Whitney and chi-square tests 
were used to determine any statistical difference between the means and proportions of the two groups. Multiple 
logistic regression models were used to evaluate the associations between serum tHcy levels, the MTHFR 677C/T 
polymorphism, and AAA. Both non-adjusted and multivariate adjusted models (variables adjusted for age, sex, 
smoking status, drinking status, hypertension, dyslipidaemia, type 2 diabetes, CAD, ischemic stroke, and PAD) 
were applied. Interaction and stratified analyses were conducted according to age (< 70 and ≥  70 years), smoking 
status (never smoked and smokers), drinking status (non-drinker and drinkers), and histories of chronic diseases. 
All of the analyses were performed with the statistical software packages R (http://www.R-project.org, The R 
Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). A two-sided 
significance level of 0.05 was used to evaluate statistical significance.

Results
Demographic characteristics. The characteristics of the subjects in the AAA and control groups are pre-
sented in Table 1. Satisfactory internal homogeneity was observed among the participants in the two control groups 
(hospital vs. community population). Therefore, the data from the control group were combined for the analysis. No 
difference in either sex or age was observed between the AAA and control groups. However, traditional cardiovas-
cular risk factors, including SBP, DBP, and tHcy levels, significantly differed between the AAA and control groups.

http://www.R-project.org
http://www.empowerstats.com


www.nature.com/scientificreports/

3Scientific RepoRts | 6:17966 | DOI: 10.1038/srep17966

HHcy and Hcy level. HHcy was defined as tHcy levels > 15 μ mol/L and was detected in 116 (74.80%) of the 
155 patients in the AAA group and in 155 (50%) of the 310 subjects in the control group (p <  0.001). The mean 
serum tHcy level in the AAA group was significantly higher than that in the control group (22.21 ±  13.10 μ mol/L 
vs. 18.49 ±  10.48 μ mol/L; Fig. 1).

The serum tHcy levels in the different C677T MTHFR genotypes are presented in Table 2. In patients with 
AAA, a strong association was observed between the MTHFR genotype and serum tHcy level, as is evident from 
the fact that the mean serum tHcy levels of the CT or TT genotype carriers were significantly higher than those 

Control groups 
(n = 310)

Variable
AAA group 

(n = 155)
Control group 1 

(n = 155)
Control group 2 

(n = 155)
P 1 

values
P 2 

values

Age, years 69.18 ±  9.94 69.59 ±  10.86 69.45 ±  8.95 0.89 0.85

Sex, male 138 (89.0) 138 (89.0) 138 (89.0) 1.00 1.00

Smoking habits 132 (85.2) 69 (44.5) 98 (63.2) < 0.01  < 0.01

Drinking habits 79 (51.0) 58 (37.4) 67 (43.2) 0.30 0.03

SBP 130.60 ±  17.32 136.70 ±  17.78 137.53 ±  21.04 0.59 0.003

DBP 78.66 ±  10.71 80.22 ±  10.40 87.07 ±  12.73 < 0.001 < 0.001

Hypertension 108 (69.7) 64 (41.3) 79 (51.0) 0.09 < 0.001

Dyslipidaemia 118 (76.1) 65 (41.9) 73 (47.1) 0.36  < 0.01

Type 2 diabetes 18 (11.6) 27 (17.4) 19 (12.3) 0.20 0.34

CAD 53 (34.2) 36 (23.2) 44 (28.4) 0.30 0.06

Ischemic stroke 29 (18.7) 17 (11.0) 14 (9.0) 0.57 0.01

PAD 51 (32.9) 22 (14.2) 29 (18.7) 0.28 < 0.01

Aorta diameter, mm 52.00(44.00-61.00) 17.00(15.40-20.00) 16.10(14.62-17.70) 0.10 < 0.001

tHcy, μ mol/l 22.21 ±  13.10 18.37 ±  9.61 18.60 ±  11.32 0.10 < 0.001

Table 1. Demographic characteristics of the abdominal aortic aneurysm (AAA) group and the control 
groups. CAD, Coronary artery disease; PAD, peripheral arterial disease; tHcy, serum total homocysteine. 
Continuous data are shown as the mean ±  standard deviation or median (lower quantile, upper quantile), and 
categorical data as number (%). P1 values were calculated by comparing demographic or clinical characteristics 
between two control groups and P2 values were calculated by comparing characteristics between AAA and all 
controls.

Figure 1. Distribution of serum total homocysteine levels in patients with AAA and control subjects. 

Homocysteine (μmol/L)

AAA group

CC 14.70 ±  6.58

CT 20.98 ±  10.93*

TT 28.88 ±  16.07**

Control groups

CC 14.56 ±  6.99

CT 15.79 ±  7.72

TT 23.43 ±  12.50**

Table 2.  Serum homocysteine levels of different C677T MTHFR genotype in the abdominal aortic 
aneurysm (AAA) group and the control groups. *CT vs CC: p <  .05; **TT vs CT and TT vs CC: p <  .05.
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of the CC genotype carriers (Table 2). In the control group, only the mean serum tHcy levels of the TT genotype 
carriers were significantly higher than those of the CC genotype carriers (Table 2).

Relationship between HHcy and AAA. The relationship between HHcy and AAA is presented in Table 3. 
The univariate logistic analysis revealed a significant association between HHcy and AAA (odds ratio [OR] =  2.97; 
95% confidence interval [CI], 1.94− 4.55; p <  0.001). Variables were adjusted for age, sex, smoking status, drinking 
status, hypertension, dyslipidaemia, type 2 diabetes, CAD, ischemic stroke, and PAD. This did not significantly 
alter the results (OR =  2.84; 95% CI, 1.63–4.93; p <  0.001).

The stratified analyses of the associations between HHcy and AAA are presented in Table 4. Aneurysm 
size was greater in patients with HHcy than in subjects with normal serum tHcy levels (55.08 ±  16.76 mm vs. 
51.53 ±  13.72 mm; p =  0.24), although the difference was not statistically significant. No significant correlation 
was found between AAA size and serum tHcy levels (r =  − 0.049; p =  0.55).

The interaction analysis revealed that age and PAD played an interactive role in the association between HHcy 
and AAA (Table 4). The participants aged ≥ 70 years had higher ORs between HHcy and AAA (OR =  5.24; 95% 
CI, 2.70–10.16; p <  0.001) than those aged < 70 years (OR =  1.78; 95% CI, 0.99–3.22; p =  0.06). In addition, the 
OR between HHcy and AAA was much higher in the participants with PAD (OR =  8.29; 95% CI, 3.14–21.88; 
p <  0.001) than in those without a history of PAD (OR =  2.13; 95% CI, 1.32–3.45; p =  0.002; Fig. 2).

Relationship between the C677T MTHFR genotype and AAA. Genotype distribution and OR, 95% 
CIs, and p values, as estimated by using logistic regression analysis, for the AAA and control groups are presented 
in Table 5. The MTHFR677 T allele frequency was similar for both groups, with a value of 0.56 in the AAA group 
and 0.59 in the control groups (p =  0.37; Table 5). The frequencies of the CC, CT, and TT genotypes in the AAA 
group were 19.4%, 49.7%, and 31%, respectively. The corresponding frequencies in the combined control groups 
were 21%, 40.3%, and 38.7%, respectively (Table 5). The univariate logistic analysis revealed no association between 
the C677T MTHFR genotype and AAA (CT vs. CC: OR =  1.33; 95% CI, 0.80–2.24; p =  0.05; TT vs. CC: OR, 0.87; 
95% CI, 0.50–1.50; p =  0.61). Variables were adjusted for age, sex, smoking status, drinking status, hypertension, 
dyslipidaemia, type 2 diabetes, CAD, ischemic stroke, and PAD. This did not alter the results (Table 5).

The results of the stratified analyses of the association between the C677T MTHFR genotype and the clinical 
and laboratory results are presented in Table 6. The aneurysm size was greater in the patients with the CT or TT 
genotype than in those with the CC genotype (55.11 ±  16.75 mm vs. 50.33 ±  12.43 mm; p =  0.24), although the 
difference was not statistically significant. AAA size was not significantly correlated with the C677T MTHFR 
genotype (r =  0.0392; p =  0.63).

Interaction analysis revealed that drinking habits influenced the association between the MTHFR C677T 
polymorphism and AAA (Table 6). The OR between the MTHFR C677T polymorphism and AAA was higher in 
those who consumed alcohol (OR =  2.46; 95% CI, 1.10–5.50; p =  0.03) than in those who did not drink (OR =  0.61; 
95% CI, 0.33–1.14; p =  0.12; Table 6).

Discussion
In the present study, HHcy was identified as a significant and independent risk factor of AAA in the Chinese Han 
population. Patients with HHcy had a 2.84-fold greater risk of AAA than subjects with normal tHcy levels. Indeed, 
a 1 μ mol/L increase in tHcy level was associated with a 2% higher risk of AAA, further confirming the relationship 
between HHcy and AAA. Moreover, we found that both age and PAD significantly influenced this relationship, sug-
gesting that these two factors may interact with the Hcy biological pathway to stimulate the development of AAA. 
We were unable to confirm the association between the MTHFR C677T polymorphism and AAA susceptibility. 
Furthermore, we found no significant correlation between AAA size, MTHFR C677T polymorphism, and serum 
tHcy level. However, we found that alcohol consumption influenced the association between the MTHFR C677T 
polymorphism and AAA. This was apparent from the fact that subjects with the MTHFR TT or CT genotypes 
in conjunction with alcohol consumption had a 2.46-fold significantly higher risk of AAA than those with the 
MTHFR CC genotype. No such associations were observed in subjects who did not consume alcohol, suggesting 
that drinking habits may play a role in the relationship between MTHFR C677T polymorphism and AAA.

Previous studies that investigated the relationship between HHcy and AAA reported inconsistent results. In 
a case-control study, Brunelli et al.16 originally showed that AAA risk increased by up to sixfold in the presence 
of HHcy and that this association was further observed in a subgroup without evidence of atherosclerosis. Six 
subsequent case-control studies15,17–19,22,27 reported similar results, with an OR ranging from 1.10 to 36.83, further 
supporting the association between HHcy and AAA. Wong et al.19 conducted the largest epidemiological study 
yet with 4248 men and confirmed the independent association between HHcy and AAA (OR =  1.45; 95% CI, 

Variable

Crude

P

Adjusteda

POR, 95% CI OR, 95% CI

Hcy, 1 μ mol/L 1.03 (1.01, 1.04) < 0.001 1.02 (1.00, 1.05) 0.03

Hcy <  15 μ mol/L Ref — Ref —

Hcy ≥  15 μ mol/L 2.97 (1.94, 4.55) < 0.001 2.84 (1.63, 4.93) < 0.001

Table 3.  Multinomial logistic regression models evaluating the association of serum total homocysteine 
(tHcy) with abdominal aortic aneurysm (AAA). aAdjusted for age, sex, smoking status, drinking status, 
hypertension, dyslipidaemia, type 2 diabetes, coronary artery disease (CAD), ischemic stroke, and peripheral 
arterial disease (PAD). CI, confidence interval; OR, odds ratio.
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1.10–1.91). However, Peeters et al.20 showed that low vitamin B6 level, as opposed to plasma Hcy level, was in fact 
an independent risk factor of AAA and recommended that future studies that investigate the association between 
HHcy and AAA should consider confounding factors and subgroup analyses.

In our study, the proportion of subjects with HHcy was significantly higher in the AAA group than in the 
control groups. In addition, the mean serum tHcy level was higher in the AAA group than in the control groups. 
The multivariate analysis revealed that the risk of AAA was almost threefold in the presence of HHcy (OR =  2.84; 
95% CI, 1.63–4.93). In a recent study17, Cao et al. confirmed the association between HHcy and AAA in a Chinese 
population. When compared with the present study, although the OR of AAA in association with HHcy was similar 
at 2.84, the tHcy level, HHcy prevalence, and the relationship between Hcy and AAA size varied widely. Thus, 
further studies are needed particularly in the Chinese population in order to confirm this association.

Whether circulating tHcy levels play a role in predicting progression to AAA is controversial. Brunelli et al.16 
observed that aneurysm size was significantly larger in patients with HHcy than in those with normal Hcy levels. 
Subsequent studies15,17 confirmed that patients with HHcy had a significantly larger aneurysm diameter than those 
with normal tHcy levels. Sofi et al.15 observed that abdominal aortic diameter was significantly correlated with Hcy 
level (r =  0.13; p =  0.005). Furthermore, meta regression analyses28 revealed that the larger the diagnosed diameter, 
the greater the risk of AAA in subjects with HHcy. In addition, a positive dose-response relationship between tHcy 
level and abdominal aortic diameter was recently reported19. The report indicated that every 5 μ mol/L increment 
in tHcy level was associated with a 0.15 mm (95% CI, 0.01–0.28 mm) larger mean aortic diameter. Moreover, 
Halazun et al.29 showed a correlation between Hcy level and the growth rate of AAA, where expansion rates (and 
a consequent increased risk of rupture) were observed to be significantly higher in patients with HHcy than in 

Subgroup

AAA group(n)
Control 

groups(n)

OR, 95% CI P Value
P Value 

forInteractionHHcy nHcy HHcy nHcy

Age 0.016

 < 70 yr 42 26 67 74 1.78 (0.99, 3.22) 0.06

 ≥  70 yr 74 13 88 81 5.24 (2.70, 10.16)  < 0.001

Sex 0.65

 Male 107 31 144 132 3.16 (1.99, 5.03)  < 0.001

 Female 9 8 11 23 2.35 (0.713, 7.76) 0.160

Smoking Habits 0.20

 No 13 10 65 78 1.56 (0.642, 3.79) 0.326

 Yes 103 29 90 77 3.04 (1.82, 5.07)  < 0.001

Drinking Habits 0.51

 No 55 21 93 92 2.59 (1.45, 4.63) 0.001

 Yes 61 18 62 63 3.44 (1.83, 6.48)  < 0.001

Hypertension 0.92

 No 35 12 82 85 3.02 (1.47, 6.23) 0.003

 Yes 81 27 73 70 2.88 (1.67, 4.96)  < 0.001

Dyslipidaemia 0.88

 No 60 19 125 124 3.13 (1.77, 5.55)  < 0.001

 Yes 56 20 30 31 2.89 (1.41, 5.92) 0.004

Type 2 diabetes 0.66

 No 104 33 139 125 2.83 (1.79, 4.49)  < 0.001

 Yes 12 6 16 30 3.75 (1.18, 11.87) 0.025

CAD 0.49

 No 76 26 119 111 2.73 (1.63, 4.56)  < 0.001

 Yes 40 13 36 44 3.76 (1.75, 8.08)  < 0.001

Ischemic stroke 0.74

 No 92 34 137 142 2.80 (1.77, 4.43)  < 0.001

 Yes 24 5 18 13 3.47 (1.05, 11.50) 0.042

PAD 0.01

 No 72 32 133 126 2.13 (1.32, 3.45) 0.002

 Yes 44 7 22 29 8.29 (3.14, 21.88)  < 0.001

MTHFR genotype 0.94

 CC/CT 74 33 74 116 3.52 (2.12, 5.81)  < 0.001

 TT 42 6 81 39 3.37 (1.32, 8.60) 0.011

Table 4.  Association between hyperhomocystenaemia (HHcy) and abdominal aortic aneurysm (AAA) 
according to baseline characteristics. OR, odds ratio; CI, confidence interval. CAD, Coronary artery disease; 
PAD, peripheral arterial disease; nHcy, normal serum homocysteine level; MTHFR, methylenetetrahydrofolate 
reductase.
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subjects with normal tHcy levels. However, three additional studies15,18,27 reported conflicting results and did 
not find a significantly larger AAA diameter in patients with HHcy. Moreover, Lindqvist et al.21 showed that B12 
levels, as opposed to Hcy levels, had a significant inverse correlation to aneurysm diameter. Finally, yet another 
cross-sectional study30 showed no significant association between tHcy level and abdominal aortic diameter.

In our study, the aneurysm diameter was not significantly greater in patients with HHcy than in subjects with 
normal tHcy levels. In addition, we found no correlation between tHcy level and aneurysm diameter, suggesting 
that the present study may not have been adequate for evaluating the influence of Hcy level on the progression of 
AAA, especially as it was not a cohort study. We therefore recommend that future studies should follow-up AAA 
patients for several years in order to provide a more accurate evaluation of the relationship between HHcy and 
AAA progression.

Figure 2. Odds ratios for abdominal aortic aneurysm, according to baseline characteristics. 

C677T 
MTHFR 
Genotype AAA, No. (%) Control, No. (%)

Crude

P

Adjusteda

POR (95% CI) OR (95% CI)

CC 30 (19.4) 65 (21.0) 1.0 (referent) — 1.0 (referent) —

CT 77 (49.7) 125 (40.3) 1.33 (0.80, 2.24) 0.27 0.95 (0.496, 1.83) 0.88

TT 48 (31.0) 120 (38.7) 0.87 (0.50, 1.50) 0.61 0.72 (0.36, 1.42) 0.34

TT/CT 125 (80.6) 245 (79.0) 1.11 (0.68, 1.79) 0.68 0.84 (0.46, 1.54) 0.57

Table 5.  Allele and genotype frequencies of MTHFR C677T polymorphism in patients and controls. 
aAdjusted for age, sex, smoking status, drinking status, hypertension, dyslipidaemia, type 2 diabetes, coronary 
artery disease (CAD), ischemic stroke, and peripheral arterial disease (PAD). CI, Confidence interval; OR, odds 
ratio; MTHFR, methylenetetrahydrofolate reductase.
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All three previously published meta-analyses28,31,32 have confirmed that HHcy is a risk factor of AAA. However, 
the high heterogeneity in these studies weakened the level of evidence provided, providing further confirmation 
that future studies should consider additional factors such as participant selection, method of tHcy measure-
ment, and subgroup analysis. Our subgroup analysis revealed that in the participants aged ≥ 70 years, the odds 
of experiencing an AAA in conjunction with HHcy was 5.24 (95% CI, 2.70–10.16) when compared with those 
with normal tHcy concentrations. In participants aged < 70 years, HHcy did not significantly increase the risk of 
AAA (OR =  1.78; 95% CI, 0.99–3.22). Our results also showed that patients with PAD had higher odds of having 
AAA with HHcy than participants without a history of PAD. Indeed, these findings indicate that age and PAD 
may interact with the Hcy biological pathway and potentially stimulate AAA development. Thus, future studies 
on this topic should consider both factors.

Whether Hcy level plays a direct causal role in the pathogenesis of AAA or is merely an innocent bystander 
remains elusive. Hcy level influences a wide range of molecular pathways that could be of relevance to the pathogen-
esis of AAA, including endothelial dysfunction33–35, proteolysis36, and inflammation37,38. A recent animal study by 
Liu et al.32 demonstrated that HHcy contributes to the development of AAA through a range of molecular pathways, 
including endothelial dysfunction, matrix remodelling, and inflammatory and immune reactions, a process that 
could be reversible with folic acid supplementation. However, Arapoglou et al.39 tested aneurysm specimens from 
89 male patients and showed that tHcy levels were not associated with high-grade tissue inflammation (OR =  0.9; 
95% CI, 0.9–1.02), providing evidence against a major effect of tHcy level on AAA tissue inflammation.

Subgroup

AAA 
group 

(n)
Control groups 

(n)

CC OR, 95% CI
P 

Value
P Value for 
InteractionTT/CT CC TT/CT

Age 0.06

 < 70 yr 50 18 113 28 0.69 (0.35, 1.36) 0.28

 ≥ 70 yr 75 12 132 37 1.75 (0.86, 3.56) 0.12

Sex 0.08

 Male 113 25 215 61 1.28 (0.76, 2.15) 0.35

 Female 12 5 30 4 0.32 (0.073, 1.40) 0.13

Smoking Habits 0.12

 No 15 8 112 31 0.52 (0.20, 1.34) 0.17

 Yes 110 22 133 34 1.28 (0.71, 2.31) 0.42

Drinking Habits 0.006

 No 55 21 150 35 0.61 (0.33, 1.14) 0.12

 Yes 70 9 95 30 2.46 (1.10, 5.50) 0.03

Hypertension 0.11

 No 36 11 138 29 0.69 (0.31, 1.51) 0.35

 Yes 89 19 107 36 1.58 (0.85, 2.94) 0.15

Dyslipidaemia 0.23

 No 60 19 197 52 0.83 (0.46, 1.52) 0.55

 Yes 65 11 48 13 1.60 (0.66, 3.88) 0.30

Type 2 diabetes 0.46

 No 109 28 208 56 1.05 (0.63, 1.74) 0.86

 Yes 16 2 37 9 1.95 (0.38, 10.04) 0.43

CAD 0.60

 No 81 21 177 53 1.15 (0.65, 2.04) 0.62

 Yes 44 9 68 12 0.86 (0.34, 2.22) 0.76

Ischemic stroke 0.93

 No 101 25 220 59 1.08 (0.64, 1.83) 0.76

 Yes 24 5 25 6 1.15 (0.31, 4.28) 0.83

PAD 0.46

 No 84 20 208 51 1.03 (0.58, 1.83) 0.92

 Yes 41 10 37 14 1.55 (0.62, 3.91) 0.35

Hcy 0.19

 HHcy 101 15 132 23 1.17 (0.58, 2.36) 0.66

 nHcy 24 15 113 42 0.60 (0.29, 1.24) 0.17

Table 6.  Association between C677T MTHFR genotype and AAA according to baseline characteristics. 
CI, confidence interval; OR, odds ratio. MTHFR, methylenetetrahydrofolate reductase; CAD, coronary artery 
disease; PAD, peripheral arterial disease; HHcy, hyperhomocysteinaemia ; nHcy, normal serum homocysteine 
level.
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To overcome the problem of reverse causality, several studies have assessed the MTHFR genotype in patients 
with AAA. However, the association between the MTHFR genotype and AAA is still controversial. Five case-control 
studies15–17,22,23 and three meta-analyses25,40,41 showed that carriers of the MTHFR 677T allele had an increased risk 
of AAA. Brunelli et al.16 were the first to suggest that patients with AAA were more likely to be homozygous for 
the C677T variant of the MTHFR gene than the control group. Strauss et al.22, along with three other case-control 
studies15,17,23, further confirmed this genotypic association. In the study of Strauss et al.22, patients who were het-
erozygous for the mutation had a 4.4-fold higher risk of AAA than those who were homozygous for the C allele. 
However, it should be noted that study sample in that study was small and that the control group was not well 
matched. Sofi et al.15 and Ferrara et al.23 both showed a higher T-allele frequency in AAA patients than in control 
groups. A recent study17 in a Chinese population showed that the frequency of the homozygous (TT) genotype 
was significantly higher in patients with AAA than in controls and reported a risk estimate of 1.79 for AAA with 
the MTHFR 677TT genotype (95% CI, 1.24–2.58). However, five additional case-control studies19,20,24,25,42 showed 
no significant association between the MTHFR 677T allele and AAA. Both Peeters et al.20 and Saratzis et al.25 (a 
Greek cohort study) showed only a modest relationship between the MTHFR 677TT genotype and the occurrence 
of AAA, with no statistically significant difference. Giusti et al.24, Wong et al.19, and Saratzis et al.25 (a UK cohort 
study) observed a modest negative association between the MTHFR 677TT genotype and the occurrence of AAA, 
but the association was not statistically significant. Studies15,19,22,42 have shown that the aneurysm diameter was 
no larger in the AAA patients with the MTHFR 677TT genotype than in those with the CC MTHFR genotype. 
Wong et al.19 found no association between the T allele and the presence of AAA and aortic diameter, and further 
deduced that a study would require more than 30,000 men with the TT genotype in order to detect an effect size 
of a 0.03-mm increase in mean aortic diameter in association with a 1 mmol/L increment in tHcy level. In stark 
contrast to the results reported by Cao et al.31 in a Chinese population, our study results show no association 
between the C677T MTHFR genotype and AAA (CT vs. CC, OR =  0.95; 95% CI, 0.50–1.83, p =  0.88; TT vs. CC, 
OR =  0.72, 95% CI, 0.36–1.42, p =  0.34). Furthermore, we found no significant association between the MTHFR 
C677T allele and aneurysm diameter. In addition, we found no significantly higher increase in aneurysm size in 
patients with the CT or TT genotype than in those with the CC genotype, which suggests that our study may not 
have been adequate for evaluating the influence of MTHFR C677T polymorphism on AAA.

While a meta-analysis may confirm the association between the MTHFR genotype and AAA, the possibility of 
high sample heterogeneity and publication bias should be considered. For example, in a meta-analysis by Saratzis 
et al.25, if the results of the study by Cao et al.17 are included together with our own, the reported significant risk 
estimate of 1.07 (95% CI, 1.02–1.12) for AAA with the MTHFR 677T genotype increases to a non-significant risk 
estimate of 1.13 (95% CI, 0.99–1.29). Therefore, more-comprehensive meta-analyses are needed and future studies 
should consider confounding factors and their interactions, as well as subgroup analyses. Ferrara et al.23 divided 
the patients in the AAA group into two groups according to age and found that the frequency of the 677T allele 
in younger AAA patients was significantly higher than that in older AAA patients, a result we were not able to 
confirm in the present study. However, in our study, among the patients who consumed alcohol, the number of 
carriers of the MTHFR 677T allele and the risk of AAA was higher (OR =  2.46; 95% CI, 1.10–5.50; p =  0.03) than 
among the participants who did not drink (OR =  0.61; 95% CI, 0.33–1.14; p =  0.12). This suggests that drinking 
may play an important role in the association between MTHFR C677T polymorphism and AAA.

Our study provides evidence of the associations between serum tHcy level, MTHFR C677T polymorphism, 
and AAA in a Chinese Han population by performing subgroup and interaction analyses. When interpreting our 
findings, several limitations in the present study should be considered. First, a case-control study design provides 
a challenge in terms of determining whether the association between HHcy and AAA is causal or not. Second, 
information regarding the beneficial effect of vitamin status is lacking; therefore, we did not evaluate the roles of 
vitamins in the association between HHcy and AAA. Third, self-reported histories of chronic diseases might have 
caused a recall bias and affected the accuracy of the estimation of disease prevalence. These should be considered 
and included in future studies.

In conclusion, HHcy is an independent risk factor of AAA in a Chinese Han population, particularly in the 
elderly and smoking subgroups. The association between the MTHFR C677T polymorphism and AAA observed in 
drinking subjects may indicate a causal link between HHcy and AAA, despite the small sample size. Longitudinal 
studies and clinical trials of folic acid for reducing Hcy levels are warranted to assess the causal nature of these 
relationships.
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