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ABSTRACT
Background:  Abdominal aortic aneurysm (AAA) is highly lethal upon onset of acute aortic 
diseases (AAD) or rupture. Dyslipidaemia and hyperuricaemia are important risk factors for the 
development of AAA and AAD as well as aortic disease-related death. The aim of this study was 
to explore whether uric acid (UA) to high-density lipoprotein cholesterol (HDL-C) ratio (UHR) can 
be used as an independent predictor of the presence of AAA or AAD.
Methods:  Three hundred subjects, including 100 AAA patients (AAA group), 100 AAD patients 
(AAD group) and 100 controls (CON group), were recruited in this study. UHR and other serum 
samples were obtained upon the patients’ admission before any medical treatment. The optimal 
cut-off points of UHR were determined using receiver operating characteristic (ROC) curve analysis.
Results:  The UHR in AAA group was significantly higher than that in CON group, but there was 
no significant difference between AAD group and CON group. The optimal cut-off point of UHR 
for AAA was 7.78 (sensitivity 84.7%, specificity 62.4%, and AUC 0.811; p < 0.001), and UHR (OR: 
1.122, 95%CI: 1.064-1.184; p < 0.001) was found to be an independent factor for predicting AAA 
after adjusting for traditional AAA risk factor.
Conclusion:  UHR can be widely used in clinical practice as an auxiliary tool for screening AAA. 
The optimal cut-off point for UHR to AAA was determined for the first time in Chinese subjects.

1.  Introduction

Abdominal aortic aneurysm (AAA) is a multifactorial 
cardiovascular disease that is highly lethal upon onset 
of acute aortic rupture (AAD) [1]. The prevalence of 
AAA and AAD in China have shown a clear upward 
trend [2]. Unhealthy dietary patterns are associated 
with the development of AAA and AAD [3,4]. While 
imaging plays a crucial role in diagnosing AAA and 
AAD, there is also evidence suggesting that biochemi-
cal markers contribute to their differential diagnosis.

Dyslipidaemia is an important risk factor for the 
development of AAA and AAD. It was reported that 
the growth rate of AAA was positively associated with 
levels of total cholesterol (TC) and apolipoprotein B, 
and negatively associated with level of high-density 

lipoprotein cholesterol (HDL-C) [5,6]. Moreover, research 
has shown a strong association between low level of 
HDL-C and increased in-hospital mortality in patients 
with AAD [7]. In addition, the diagnostic value of der-
ivations of lipids, such as monocyte to high-density 
lipoprotein ratio (MHR), in AAD has been reported in a 
retrospective study with 128 AAD patients and 110 
healthy controls [8]. However, the specific impact of 
lipids and their derivations on differentiating between 
AAA and AAD remains uncertain.

In addition, hyperuricaemia has become an increas-
ing public health problem associated with gout arthritis 
as well as cardiovascular risk and mortality [9,10]. A 
3.8-year nationwide community-based cohort study in 
Japan showed that hyperuricemia was a vital risk for 
aortic disease-related death. Kaplan-Meier analysis 
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revealed that subjects with hyperuricemia had a higher 
rate of AAD-related death than those without hyperuri-
cemia [9]. Furthermore, a meta-analysis involving 2390 
subjects provided evidence that serum uric acid (UA) 
levels were significantly higher among patients with 
AAD than those in controls [11]. Similarly, a population- 
based cohort study found that compared to the con-
trols, patients with gout exhibited a significantly 
increased incidence of AAA development [12]. The 
murine experimental evidence also suggested that 
hyperuricemia could exacerbate AAA formation through 
reactive oxygen species (ROS)/matrix metalloproteinase-9 
signalling pathway [13]. Until now, the difference in UA 
level between AAA and AAD patient remained unclear.

Recently, UA to HDL-C ratio (UHR) has been taken as 
a novel predictor for metabolic syndrome, non-alcoholic 
fatty liver disease, Hashimoto’s thyroiditis, and the pres-
ence of coronary collateral circulation [14–19]. In a 
cohort study, peritoneal dialysis patients with higher 
UHR had a significantly increased risk of cardiovascular 
mortality, including the mortality of AAA and AAD [20]. 
However, studies on the diagnostic value of UHR in 
AAA and AAD are extremely rare. Therefore, we aimed 
to explore whether UHR can be used as an indepen-
dent predictor of the presence of AAA or AAD.

2.  Methods

2.1.  Study subjects

This study initially included 318 subjects in the 
Department of Cardiovascular Medicine and 
Cardiovascular Surgery of the Second Xiangya 
Hospital, Central South University between April 
2017 and December 2019. Patients with Marfan syn-
drome, thyroid diseases, malignancies, active inflam-
matory disorders, acute myocardial infarction or 
stroke, renal or hepatic failure or other connective 
tissue disorders were excluded from the study. 
Patients who undergo anti-inflammation therapy 
were also excluded. AAA and AAD were diagnosed 
by chest radiography, transoesophageal echocardi-
ography, computed tomography scans or surgery. 
AAA was defined as segmental, full-thickness dila-
tion of the aorta resulting in a > 50% increase in 
diameter compared with the normal aortic diameter 
[21]. AAD was defined as the separation of aortic 
lumen from the intima, forming the true and false 
two lumen separation state of the aorta wall [22]. 
Contemporaneous controls had no clinical history 
and manifestation of AAA or AAD, and they all 
undergone imaging examinations to confirm the 
absence of AAA and AAD. Of the initial 318 patients, 
18 were excluded due to the lack of complete data 

on any variables required for the study. Ultimately 
300 patients entered our analysis, 100 in each group. 
The study was approved by the Ethics Committee of 
the Second Xiangya Hospital of Central South 
University (LYF20230227) and informed written con-
sent was gained from all participants.

2.2.  Data collection

All subjects were invited to filled out a questionnaire 
on baseline data, sex, age, height, weight, current 
smoking status, medical history and use of medication 
before participant. A current smoker was defined by 
smoking at least 20 cigarettes a day for at least the 
past five years. The diagnosis of hypertension, diabetes 
and coronary heart disease were described in our pre-
vious studies [8,23].

2.3.  Laboratory assays

Blood samples were obtained upon the patients’ 
admission in our hospital before any medical treat-
ment and centrifuged at 4 °C 3000 rpm for 15 min. The 
lipid profile was measured as described before [23]. All 
blood samples were measured by a laboratory techni-
cian blinded to the study.

2.4.  Statistical analysis

Quantitative variables were expressed as mean ± standard 
error of mean (SEM) unless were specifically explained, 
and qualitative variables were expressed as numbers and 
percentages. Skewed distribution data were analysed 
after logarithmic transformation. Differences between 
groups were analysed by unpaired t-test or one-way anal-
ysis of variance. Categorical variables were compared 
using chi-squared test. Body mass index (BMI) was calcu-
lated as mean weight divided by mean height squared 
(kg/m2). The UHR was calculated as serum UA level (mg/
dL) divided by HDL-C concentration(mg/dL) using the 
same blood samples drawn on admission. The optimal 
cut-off points of UHR were determined using receiver 
operating characteristic (ROC) curve analysis. All statistical 
analyses were performed with SPSS version 25.0. All P 
values were 2-tailed, and p < 0.05 was considered statisti-
cally significant.

3.  Results

3.1.  Baseline characteristics of the study 
population

There were more male subjects in AAA and AAD 
groups than CON group. The age and the percentage 
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of subjects with smoking in AAA group were signifi-
cantly higher than those in AAD and CON groups 
(p < 0.001). There was no significant difference in BMI, 
history of diabetes or coronary heart disease among 
three groups. Systolic blood pressure and the percent-
age of subjects with hypertension in AAD group were 
significantly higher than those in CON and AAA groups. 
Diastole blood pressure in AAD group was significantly 
higher only than that in AAA group but not CON 
group. The percentage of subjects with lipid-lowing 
therapy was higher and low density lipoprotein cho-
lesterol level was lower significantly in AAD group 
than those in AAA and CON groups. AAA group had 
significantly higher TG and lower HDL-C levels than 
the AAD and CON groups, although there was no sig-
nificant difference in TC level among three groups. The 
level of UA in AAA group was significantly higher than 
those in CON and AAD groups (Table 1).

3.2.  Distibution of UHR in different groups

The UHR in AAA group (9.89, 8.26 − 13.9) was signifi-
cantly higher than that in CON group (6.82, 4.93 − 8.46, 
p < 0.05) or in AAD group (7.13, 5.28 − 8.73, p < 0.05). 
There was no significant difference in UHR between 
AAD group and CON group (Figure 1).

3.3.  Determination of the UHR cut-off point for 
AAA

To determine the optimal cut-off point of UHR to dis-
tinguish AAA patients from control subjects or/and 
AAD patients, ROC analysis was performed and Youden’s 
index was calculated.

Among the subjects in CON and AAA groups, the 
optimal cut-off point of UHR for AAA was 7.78 (sensitivity 
84.7%, specificity 62.4%, AUC 0.811 and Youden’s index 
0.541; p < 0.001). To determine whether UHR has an 
advantage over UA and HDL-C, ROC analysis was also 
performed for UA and HDL-C. The AUC and Youden’s 
index of UA (AUC 0.748 and Youden’s index 0.411) were 
smaller than those of UHR. HDL-C, as a protective factor, 
got an AUC less than 0.5. And the Youden’s index of 
HDL-C was 0.353, which was smaller than those of UHR 
and UA (Figure 2(A)).

The optimal cut-off point of UHR to distinguish AAA 
patients from AAD patients was 7.77 when AAA and 
AAD subjects were analyzed together (sensitivity 
84.7%, specificity 69.4%, AUC 0.792 and Youden’s index 
0.471; p < 0.001). While the AUC and Youden’s index of 
UA (AUC 0.682 and Youden’s index 0.471) and HDL-C 
(AUC 0.263 and Youden’s index 0.377) were smaller 
than those of UHR (Figure 2(B)).

3.4.  Comparisons of the distribution of UHR 
according to the cut-off points determined by ROC 
curve analysis among three groups

To determine the validity of the cut-off point obtained 
by the ROC curve analysis, we further analysed the dis-
tribution of UHR in three groups. According to the 
cut-off point, 7.78, the percentage of low level of UHR 
(L-UHR) in CON and AAD group were much higher 
than those of high level of UHR (H-UHR), while the 
percentage of H-UHR in AAA group was much higher 
than L-UHR (Figure 2(C)). We also compared the pro-
portion distribution of the three disease states in 
patients with L-UHR or H-UHR. There were almost 90% 

Table 1.  Baseline characteristics of the study population.
CON AAA AAD

Sex[male(%)] 57(57%) 83(83%)* 87(87%)*
Age(years) 54.22 ± 1.0 59.22 ± 0.9* 54.16 ± 0.8#

Smoking[n(%)] 31(31%) 49(49%)* 27(27%)#

BMI(kg/m2) 24.28 ± 0.3 24.61 ± 0.9 24.67 ± 0.6
Diabetes[n(%)] 12(12%) 15(15%) 21(21%)
CHD[n(%)] 10(10%) 14(14%) 14(14%)
Hypertension[n(%)] 53(53%) 58(58%) 77(77%)*#

SBP(mmHg) 133.62 ± 1.9 135.76 ± 1.9 150.18 ± 2.7*#

DBP(mmHg) 82.95 ± 1.2 79.66 ± 1.5 86.44 ± 1.7#

Lipid-lowing 
therapy[n(%)]

19(19%) 6(6%)* 33(33%)#

TG(mg/dL) 148.6 ± 7.9 206.5 ± 31.4* 122.2 ± 6.8#

TC(mg/dL) 172.1 ± 3.8 175.6 ± 4.9 162.7 ± 4.5
HDL-C(mg/dL) 44.8 ± 1.1 39.4 ± 1.01* 45.7 ± 1.1#

LDL-C(mg/dL) 108.8 ± 3.4 107.1 ± 4.1 95.3 ± 3.6*#

uric acid(mg/dL) 327.1 ± 10.0 387.5 ± 12.2* 345.3 ± 11.5#

BMI: body mass index; CHD:coronary heart disease; SBP: systolic blood 
pressure; DBP: diastole blood pressure; TG:triglyceride; TC: total cholesterol; 
HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein 
cholesterol;.
*p < 0.05 versus CON group,.
#p < 0.05 versus AAA group.

Figure 1. D istribution of UHR in different groups. Data were 
presented as median (min -max). CON: control group; AAA: 
abdominal aortic aneurysms; AAD: acute aortic dissection; 
UHR: uric acid to high-density lipoprotein cholesterol ratio.  
* p < 0.05 versus CON; # p < 0.05 versus AAD.
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subjects from CON or AAD group in subjects with 
L-UHR. While more than half of the subjects with 
H-UHR were from the AAA group (Figure 2(D)).

3.5.  Univariate and multivariate logistic regression 
analysis

To investigate whether UHR was useful as a predictor 
of AAA, univariate and multivariate logistic regression 
analysis for the factors related to AAA were conducted 
in 300 subjects. Univariate logistic regression analysis 
showed that being male[odds ratio (OR): 3.683, 95% 
confidence intervals (CI): 1.913–7.09; p < 0.001), smok-
ing(OR: 2.139, 95%CI: 1.201–3.809; p = 0.01), lipid-lowing 
therapy (OR: 0.219, 95% CI: 0.07–0.68; p = 0.009), HDL-C 
level (OR: 0.945, 95%CI: 0.921–0.970; p < 0.001), serum 
UA level (OR: 1.262, 95%CI: 1.109–1.436; p < 0.001) and 
UHR (OR:1.107, 95%CI: 1.063–1.153; p < 0.001) were sig-
nificantly associated with the presence of AAA. 
Subsequent multivariate regression analysis revealed 

that except for HDL-C and serum UA levels, only UHR 
(OR: 1.122, 95%CI: 1.064–1.184; p < 0.001) was found to 
be an independent factor for predicting AAA after 
adjusting for traditional AAA risk factor, such as age, 
smoking and lipid-lowing therapy (Table 2).

4.  Discussion

In this study, we found UHR was higher in AAA patients 
than controls and AAD patients. And UHR showed bet-
ter value for screening AAA compared with UA and 
HDL-C. A cut-off point of UHR for AAA, 7.78 was firstly 
determined in Chinese subjects, which was capable to 
screening AAA even when AAD patients were included 
as controls. To our knowledge, this is the first study to 
demonstrate that UHR can act as a potential biomarker 
for AAA diagnosis.

UHR has been regarded as indicator of metabolic 
imbalance [18,19]. It was reported to be a strong pre-
dictor of metabolic syndrome in patients with type 2 

Figure 2. D iagnosis value of UHR to distinguish abdominal aortic aneurysm patients. (A-B) ROC analysis of HDL-C, UA and UHR 
to distinguish abdominal aortic aneurysm patients from healthy controls(A) and acute aortic dissection patients(B); (C) The per-
centage of subjects with low (L-UHR) and high (H-UHR) level of UHR according to the cut-off point determined by ROC analysis 
in three groups; (D) The proportion distribution of the three groups in patients with low and high UHR. CON: control group; AAA: 
abdominal aortic aneurysms; AAD: acute aortic dissection; AUC: area under the curve.
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diabetes mellitus (T2DM) [18,19]. Diabetic kidney injury 
(DKI) is a serious microvascular complication of T2DM. 
The median UHR of the diabetic patients with DKI group 
was significantly elevated compared to the those with-
out DKI [24]. Logistic regression analysis confirmed that 
a 0.1 point increase in UHR increases DKI odds by 2.3 
times [24]. It indicates that UHR could be a diagnostic 
tool in DKI, and there is a close relationship between 
microvascular diseases and UHR. It was found that high 
level of serum UA exerted unfavourable effects directly 
on vascular endothelium via the NF-κB signalling path-
way [25]. UA-treated endothelial cells displayed 
decreased proliferation, reduced nitric oxide release and 
increased adhesion to monocytes [25,26]. Considering 
that endothelial cells also constitute the intima of large 
arteries, hyperuricemia may also have a potential impact 
on the wall of large arteries.

AAA patients in this study had higher UHR than the 
controls, supporting that hyperuricemia also took part 
in the occurrence and development of macrovascular 
diseases. Dual-energy computed tomography showed 
that gout patients had significantly higher volume of 
monosodium urate crystals (MSU) within the aorta 
compared to controls [27,28]. Significantly increased 
UA levels were demonstrated in the wall of aortic 
aneurysms and in carotid plaque [29]. Additionally, 
serum UA level was elevated in Behçet’s disease 
patients with AAD compared to those without AAD, 
and ROC curve displayed that serum UA level pre-
sented with great predictive value for AAD risk in 
patients with Behçet’s disease [30]. Recently, the pre-
operative uric acid-to-albumin ratio was identified as 
an independent risk factor for one-year mortality in 
patients with AAD of Type A [31]. These results sup-
port that MSU deposit not only in the joint area, but 
also in the extra-joint area, including the macrovascu-
lar walls [32]. Previous studies had reported that UA 
stimulated the proliferation and differentiation of vas-
cular smooth muscle cells in vitro and in vivo, and pro-
moted obvious vascular calcification [33,34]. Moreover, 
UA-induced monocyte chemoattractant protein-1 pro-
duction in vascular smooth muscle cells via mitogen- 
activated protein kinase and cyclooxygenase-2 [35]. 

These suggest that UA promotes critical proinflamma-
tory pathways in vascular smooth muscle cells, in addi-
tion to impairing vascular endothelial function, and 
thus may play a role in the vascular changes associ-
ated with macrovascular diseases.

It was interesting that UHR in AAA group was 
higher than that in AAD group. Patients with AAD 
commonly show more severe clinical manifestations 
and more intense inflammatory response in vivo than 
those with AAA. Unlike MHR, another derived indica-
tor containing monocyte, closely relates to inflamma-
tion, UHR is a factor that reflects metabolic disorders 
[8,18,19]. MHR in AAD group was significantly higher 
than that in the controls in a previous study [8]. It was 
reported that MHR was significantly and positively 
correlated with serum UA levels in Chinese adults [36]. 
However, there was no significant difference in UHR 
between CON group and AAD group in this study. 
This raises the possibility that UA-associated metabolic 
disorder may play a greater role in AAA than in AAD, 
while AAD is closely related to monocyte/macrophage- 
mediated inflammation. A Real-World population 
study in China found that higher serum UA level could 
influence the vascular function mainly instead of vas-
cular structure [37]. Commonly, the destruction sever-
ity and inflammation state of vascular structure in 
AAD is greater than that in AAA. Therefore, UHR is 
more likely to be associated with relatively early or 
mild vascular pathologic changes.

HDL, known for its reversal cholesterol transporta-
tion function, can protect against atherosclerotic car-
diovascular diseases [38]. In addition, HDL exhibits 
excellent anti-inflammatory, anti-oxidative, vasodila-
tory, and insulin-sensitizing properties [38,39]. 
Therefore, it is reasonable that the AUC of the ROC 
curve of HDL-C is less than 0.5. Low HDL-C level is 
commonly secondary to high TG level [40]. AAA 
patients in this study had significantly reduced HDL-C 
and increased TG levels when compared to the con-
trols and AAD patients. Unlike HDL-C and UA levels, 
univariate analysis did not support the contribution 
of TG level to AAA. It suggests that the potential 
impact of low HDL-C level on AAA may exceed that 

Table 2.  Regression analysis.
Univariate logistic regression analysis Multivariate logistic regression analysis

Variables OR 95%CI P value OR 95%CI P value

Sex(male) 3.683 1.913–7.09 <0.001
Age(years) 1.063 1.028–1.099 <0.001 1.078 1.035–1.123 <0.001
Lipid-lowing therapy 0.219 0.07–0.68 0.009 0.222 0.065–0.755 0.016
Smoking 2.139 1.201–3.809 0.01 2.633 1.289–5.377 0.008
HDL-C(mg/dL) 0.945 0.921–0.970 <0.001
Uric acid(mg/dL) 1.262 1.109–1.436 <0.001
UHR(mg/dL) 1.107 1.063–1.153 <0.001 1.122 1.064–1.184 <0.001
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of high TG level. It was found that higher serum UA 
level was closely linked to smaller HDL particles that 
were prone to be quickly cleared by the kidney [41]. 
This potentially weakening the protective effect of 
HDL on blood vessels. Further research is needed to 
understand the implications of this relationship on 
AAA development.

Additionally, the application of lipid-lowering drugs 
might lead to the differences in biochemical parame-
ters, including UA and blood lipids, among three 
groups. The percentage of patients with lipid-lowering 
therapy was lowest in AAA group (6%) while highest 
in AAD group (33%) among three groups. Lipid-lowering 
drugs, including statins and fibrates, are known to 
raise HDL-C levels by about 5%-20% [42]. They have 
also been reported to reduce serum UA levels [43–45]. 
Although AAA patients had higher TG and UA levels 
and lower HDL-C levels than AAD patients, the differ-
ence in TC levels between two groups did not reach 
statistic significance, which did not seem to support 
the obvious effect of lipid-lowering drugs on the 
above parameters including UA and HDL-C. Therefore, 
it cannot be ruled out that there may be other under-
lying causes for the differences in biochemical param-
eters between different groups.

This study was associated with some limitations. 
Firstly, this is a single-centre observational study with 
a relatively small sample size. Secondly, we only 
enrolled the patients who had already been diag-
nosed as AAA or AAD. Patients with suspected diag-
nosis due to atypical manifestations were not included 
in this study.

In summary, UHR is easy to obtain and can be 
widely used in clinical practice to improve the diagno-
sis of AAA. The optimal cut-off point for UHR to AAA 
was determined for the first time in Chinese subjects.
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