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Association between non-alcoholic fatty liver
disease and progression of abdominal aortic
aneurysm: a multicenter study

Ximing Wang'", Jingxiang Sun**", Na Chang?, Menghan Liu® and Shuai Zhang'""

Abstract

Background The purpose of our study was to investigate the association between non-alcoholic fatty liver disease
(NAFLD) and abdominal aortic aneurysms (AAA) progression using non-enhanced computed tomography (CT) and
CT angiography (CTA).

Methods Patients with AAA and age- and sex-matched healthy subjects who underwent abdominal CTA and non-
enhanced CT examination between January 2015 and January 2023 from four hospitals were retrospectively analyzed.
Patients with AAA were divided into progression (growth rate > 10 mL/year) and non-progression groups, as well as
those with NAFLD and without NAFLD, based on abdominal CT results. The Kaplan-Meier and Cox regression were
used to investigate the association between NAFLD and AAA progression.

Results A total of 151 patients with AAA (mean age: 69.1+10.5 years old, 133 men) were included, among which
66 patients (43.7%) had NAFLD. During a median of 10.7 months (6.0-76.0 months), 57 patients (37.7%) had AAA
progression. The prevalence of NAFLD was significantly higher in the AAA group compared to the control group
(43.7% vs. 31.1%, p=0.024). Multivariable regression analysis revealed that the NAFLD was independently associated
with AAA progression (HR, 4.28; 95% Cl, 2.20-8.31; p<0.001). The area under curve of combined NAFLD and AAA
maximal diameter was 0.857 for predicting AAA progression.

Conclusions NAFLD on non-enhanced CT is an independent predictor of AAA progression. It can improve the
diagnostic efficacy of predicting the progression of abdominal aortic aneurysms.

Clinical trial number Not applicable. This research is a retrospective analysis.

Keywords Non-alcoholic fatty liver disease, Abdominal aortic aneurysm, Fatty liver, Multidetector computed
tomography, Growth
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Background

Non-alcoholic fatty liver disease (NAFLD) is a metabolic-
associated fatty liver disease with a worldwide prevalence
of 32% among adults (40% in males and 26% in females)
[1]. NAFLD is strongly associated with diabetes melli-
tus, obesity, and dyslipidemia [2—4]. In addition, recent
studies have also found that NAFLD is associated with
elevated carotid media thickness, high-risk coronary
plaques, arterial stiffness, coronary artery calcification,
and other cardiovascular events [5-9]. Also, several stud-
ies found that patients with abdominal aortic aneurysm
(AAA), defined as aortic enlargement with a diameter of
>3 cm, are at increased risk for developing NAFLD [10].
Yet, so far, no studies have evaluated the prognostic value
of NAFLD in AAA progression.

The potential links between NAFLD and AAA progres-
sion are complex. Previous studies have demonstrated
that NAFLD is strongly associated with dysmetabolic
conditions [2-4], which could be mediators contribut-
ing to AAA progression [11-13]. Additionally, previous
studies have reported that NAFLD was related to sys-
tematic inflammation, macrophage activation, oxida-
tive stress, and endothelial dysfunction, which act as
promoting roles in AAA progression [14—17]. More-
over, Jaruvongvanich et al. [7] showed that patients with
NAFLD had a higher degree of arterial stiffness. Several
studies have indicated that an increased arterial stiffness
may contribute to AAA progression [18]. These mecha-
nisms support the notion that there may be a certain link
between NAFLD and AAA presence and progression.

Non-enhanced CT examination is a non-invasive,
fast, and reproducible imaging tool useful to evaluate
hepatic steatosis (HS) by measuring the liver and spleen
CT attenuation values [19]. For example, Chung et al.
[20] suggested that HS on non-enhanced CT should be
a possible clinical profile abnormality indicating meta-
bolic syndrome, including NAFLD. On the other hand,
CT angiography (CTA) is the standard for imaging aneu-
rysms before intervention that can be used to evaluate
the aorta in the acute setting to assess dissection, trau-
matic injury, and aneurysm rupture [21]. Therefore,
the aim of our study was to investigate the association
between NAFLD based on CT and the progression of
AAA.

Methods

Patients

The institutional review board ( IRB No. 2023 -308)
approved this retrospective study, and the requirement to
obtain informed consent was waived.

Patients with AAA who underwent abdominal CTA
and non-enhanced CT examinations at four hospitals
between January 2015 and January 2023 were analyzed
retrospectively. The inclusion criteria were as follows:
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(1) patients who underwent non-enhanced abdominal
CT examination; (2) availability of a follow-up CTA scan
at least 6 months after the initial CTA examination. The
exclusion criteria were: (1) endovascular or open aor-
tic repair at initial CT scan or within the imaging inter-
val; (2) history of alcohol intake (=30 g/d for men and
>20 g/d for women); (3) presence of hepatitis B or hepa-
titis C virus infection, liver cirrhosis, or liver cancers; (4)
using medication such as corticosteroids or amiodarone;
(5) incomplete clinical data; (6) poor image quality. Age-
and sex-matched healthy subjects (1:1) without AAA
were included from one hospital and were used as a con-
trol group. The study flowchart is shown in Fig. 1.

The clinical data were obtained from medical records,
including age, sex, body mass index, hypertension, hyper-
lipidemia, diabetes, and smoking history.

CT/CTA protocol

All abdominal CT images were obtained on the multi-
detector CT scanners (Somatom Force, Siemens Health-
care; Somatom Definition Flash, Siemens Healthcare;
Ingenuity CT, Philips; Optima CT660, GE Healthcare;
Discovery 750, GE Healthcare). The CT scanning was
performed with coverage from the base of the neck to
aortoiliac bifurcation in the supine position. The scan-
ning parameters were as follows: tube voltage of 120 kV,
pitch of 0.8-1.0, automatic tube current modulation,
a matrix of 512x512, reconstructed slice thickness of
1 mm, and reconstructed slice interval of 1 mm. For CTA
examination, 100-120 mL of contrast media (Omnip-
aque-350; GE Healthcare) was injected at the speed of
4 mL/s, followed by 50-60 mL saline flush at the same
speed, using a power injector. The bolus tracking tech-
nique was used to trigger the acquisition after an attenu-
ation threshold of 100 Hounsfield units (HU) reached the
celiac trunk level for 6 s.

CTA image analysis

The following AAA characteristics on baseline CTA were
collected: the maximum diameter and total volume of
AAA, the presence or absence of intraluminal thrombus
(ILT), and the maximum diameter of ILT. Yet, only a vol-
ume of AAA was collected at the follow-up CTA.

This study defined AAA as a maximum aortic diam-
eter>3 cm. ILT was defined as present if the ILT plus
wall thickness exceeded 5 mm on CTA images. Measure-
ments of the maximum diameter of AAA and ILT were
performed on corresponding maximum cross-sections
perpendicular to the long axis of the aorta with a mul-
tiplanar reconstruction method. The longitudinal mea-
surement range of AAA volume was the upper and lower
boundaries of AAA, which were defined as from the loss
of parallelism of the aortic wall to the end of aortic dila-
tation. The growth rate was calculated as follows: (AAA
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Patients with AAA who underwent abdominal CTA
examination were retrospectively collected from four
hospitals between January 2015 to January 2023

Inclusion criteria:
(1) patients who underwent non-enhanced

abdominal CT examination;
(2) availability of a follow-up CTA scan at least 6
months after the initial CTA examination.

Exclusion criteria:

(1) endovascular or open aortic repair at initial CT
scan or within the imaging interval (n = 610);

(2) history of alcohol intake (> 30 g/d for men and
> 20 g/d for women) (n = 182);

(n = 3420)
<
4
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(3) presence of hepatitis B or hepatitis C virus
infection, liver cirrhosis, or liver cancers (n = 48);
(4) current medication use of corticosteroids or
amiodarone (n = 33);

(5) incomplete clinical data (n = 12);

(6) poor image quality (n = 14).

g

g

AAA progression
(n=57)

AAA non-progression

(n =94)

Fig. 1 Study flowchart

volume at follow-up - AAA volume at baseline) / follow-
up years. Patients with an annual AAA growth rate>10
mL were classified as a progression group, otherwise as
the non-progression group [22].

Images were reviewed and measured with a post-pro-
cessing workstation (syngo.via Siemens Force, Germany)
and ITK-SNAP software (version 3.8.0, open source,
http://www.itksnap.org). All images were reviewed
by two radiologists (Z.S. and X.M.W., with 8 and 20
years of experience in vascular imaging, respectively)
who were blinded to the patient’s clinical information.

Disagreements were resolved by discussion or by inviting
a third, more experienced radiologist.

Definition of NAFLD

The liver-to-spleen attenuation values ratio < 1.0 on non-
enhanced CT was defined as the presence of hepatic ste-
atosis [19]. The liver and spleen attenuation values were
obtained by drawing circular regions of interest (=1 cm?)
in the largest possible regions [23]. The regions of interest
of the liver were placed on the anterior and posterior seg-
ments of the right liver lobe, avoiding vascular and biliary
structures. The hepatic attenuation value was calculated
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as the mean of the two measurements. NAFLD was diag-
nosed as the presence of HS in the absence of excess alco-
hol intake or other causes of secondary HS [24], which
were excluded from our study. A NAFLD case with AAA
progression is shown in Fig. 2.

Two radiologists with more than 7 and 10 years of
experience in abdominal CT blinded to the patient’s clin-
ical and AAA information measured the liver and spleen
CT attenuation values on non-enhanced CT. Disagree-
ments were resolved by discussion or by inviting a third,
more experienced radiologist.

Statistical analysis

All statistical analyses were performed using SPSS 22.0
(IBM, Chicago, IL). The Shapiro-Wilk test was used to
assess the normality of data distribution. The continuous
variables were described as mean + standard deviation or
median [interquartile range (IQR)] and compared using a
t-test or Mann-Whitney U test. The categorical variables
were presented as percentages and compared using a x*
test. Univariate and multivariate Cox regression analyses
were used to evaluate the predictive values of NAFLD
for AAA progression. The results were reported as the
hazard ratio (HR) with a corresponding 95% confidence
interval (CI). Variables that were significant (P<0.1)
in univariate analysis were included in multivariable
analysis. Cumulative event rates of AAA progression
were evaluated by using the Kaplan-Meier curves, and
a log-rank test was performed to determine differences
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between Kaplan-Meier curves. We assessed the discrimi-
native ability through receiver operating characteristic
(ROCQC) curves and area under curve (AUC) values. Also,
the AUC values were compared with the Delong test.
The inter-observer and intra-observer reproducibility of
imaging variables was assessed by using intraclass cor-
relation coefficients and Cohen’s kappa statistics. A p
value <0.05 was considered statistically significant.

Results

General characteristics

Among 3420 patients with AAA, 1050 meet the inclusion
criteria; 899 were excluded due to endovascular or open
aortic repair (n=610), history of alcohol intake (n=182),
hepatitis B virus infection (n =24), hepatitis C virus infec-
tion (n=7), liver cirrhosis (n=10), liver cancer (n=7),
current medication use of corticosteroids (n=15) and
amiodarone (7=18), incomplete clinical data (n=12),
and poor image quality (n =14). Finally, 151 patients with
AAA (mean age: 69.1+10.5 years old, 133 men) were
included in the statistical analysis. A healthy control
group included 151 participants (mean age: 69.0+10.4
years old, 133 men). The prevalence of NAFLD (43.7%
versus 31.1%; p=0.024), hypertension (62.9% versus
51.0%; p=0.036), and diabetes (28.5% versus 15.9%;
p=0.009) in AAA group was significantly higher than
that in the control group, while no significant differ-
ences were observed in other factors (all p>0.05). The

Hepatic steatosis:
' liver-to-spleen
attenuation values
ratio < 1.0

e Baseline CTA

Follow-up CTA

Fig. 2 The example of an NAFLD patient with abdominal aortic aneurysm progression. Non-enhanced abdominal CT examination showed the liver-to-
spleen attenuation values ratio was < 1.0, which indicated the presence of NAFLD. CT angiography showed the aneurysm grew from 134.8 mL to 297.0
mL over 3.3 years at a growth rate of 49.2 mL/y. NAFLD, non-alcoholic fatty liver disease
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Table 1 Baseline clinical characteristics between AAA and
healthy control groups

Parameter AAAgroup  Controlgroup  Pvalue
(n=151) (n=151)
Age, year 69.1+105 69.0+104 0.956
Sex, male 133 (88.1) 133 (88.1) 1.000
Body mass index, kg/m* 269425 272423 0.190
Hypertension 95 (62.9) 77 (51.0) 0.036
Hyperlipidemia 56 (37.1) 49 (32.5) 0.398
Diabetes 43 (28.5) 24 (15.9) 0.009
Smoking 88 (58.3) 79 (52.3) 0.298
NAFLD 66 (43.7) 47 (31.1) 0.024

Continuous variables are described as meanz+standard deviation (SD), and
categorical variables are presented as numbers (%). AAA, abdominal aortic
aneurysm; NAFLD, non-alcoholic fatty liver disease

Table 2 Baseline clinical and CTA characteristics between AAA
progression and non-progression groups

Parameter Progres- Non- P
sion group progression value
(n=57) group
(n=94)
Clinical characteristics
Age, year’ 69.3+89 690+113  0.156
Sex, male 52(91.2) 81(86.2) 0.352
Body mass index, kg/m?" 266+22 270+26 0.120
Hypertension 38 (66.7) 61 (64.9) 0.824
Hyperlipidemia 19 (33.3) 37 (39.4) 0457
Diabetes 22 (38.6) 21(22.3) 0.032
Smoking 34 (59.6) 54 (57.4) 0.790
NAFLD 44 (77.2) 22 (23.4) <0.001
Follow-up time (month)® 92 (66-226) 127 0.081
(6.7-31.0)
CTA characteristics
AAA maximal diameter 45.6 375 <0.001
(mm)" (41.3-53.0) (34.8-41.7)
AAA volume (mL)" 652 412 <0.001
(45.4-124.1) (25.5-63.8)
Presence of ILT 54 (94.7) 78 (83.0) 0.035
ILT maximal diameter (mm)t 123 (7.5-194) 6.7 (34-11.9) <0.001

Unless otherwise noted, the data are presented as the number of patients, with
percentages in parentheses

“Data are means + standard deviations
Data are presented as the medians, with interquartile ranges in parentheses

AAA, abdominal aortic aneurysm; NAFLD, non-alcoholic fatty liver disease; ILT,
intraluminal thrombus

demographic characteristics of AAA and control groups
are summarized in Table 1.

Association of NAFLD and AAA progression

During a median follow-up of 10.7 months (6.0-76.0
months), 57 patients with AAA (37.7%) experienced AAA
progression. Compared with non-progression group,
patients with AAA progression had significantly higher
prevalence of diabetes (38.6% vs. 22.3%; p =0.032), higher
prevalence of NAFLD (77.2% vs. 23.4%; p <0.001), higher
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prevalence of ILT (94.7% vs. 83.0%; p=0.035), larger
AAA maximal diameter [median, 45.6 mm (IQR, 41.3—
53.0 mm) vs. median, 37.5 mm (IQR, 34.8—41.7 mm);
p<0.001], larger AAA volume [median, 65.2mL (IQR,
45.4-124.1mL) vs. median, 41.2mL (IQR, 25.5-63.8mL);
p<0.001], and larger ILT maximal diameter [median,
12.3 mm (IQR, 7.5-19.4 mm) versus median, 6.7 mm
(IQR, 3.4-11.9 mm); p<0.001]. No significant differences
were observed in other factors (all p>0.05). Baseline clin-
ical and CTA characteristics between AAA progression
and non-progression groups are summarized in Table 2.

The Kaplan-Meier curves for progression-free survival
stratified according to the NAFLD are shown in Fig. 3.
For all patients, the event-free survival was significantly
lower for patients with NAFLD than those without
NAFLD (log-rank p <0.001).

Univariate Cox regression analysis identified NAFLD
(HR, 5.99; 95% CI, 3.21-11.19; p<0.001), AAA maxi-
mal diameter (HR, 1.07; 95% CI, 1.04-1.09; p<0.001),
AAA volume (HR, 1.01; 95% CI, 1.00-1.01; p<0.001), ILT
(HR, 2.92; 95% CI, 0.91-9.37; p=0.072), and ILT maxi-
mal diameter (HR, 1.06; 95% CI, 1.04-1.09; p<0.001)
as inputs to multivariable analysis. Multivariable Cox
regression analysis revealed that NAFLD (HR, 4.28; 95%
CI, 2.20-8.31; p<0.001) and AAA maximal diameter
(HR, 1.06; 95% CI, 1.01-1.11; p=0.010) were indepen-
dent predictors of AAA progression (Table 3).

Diagnostic performance

The AUCs of NAFLD, AAA maximal diameter, and com-
bined AUC for both factors were 0.769, 0.793, and 0.857,
respectively, for predicting AAA progression. The sensi-
tivity and specificity were 77.2% and 76.6% for NAFLD,
80.7% and 71.3% for AAA maximal diameter, and 73.7%
and 85.1% for the combined model, respectively. The
AUC value of the combined model was higher than that
of NAFLD (0.857 vs. 0.769, p<0.001) and that of AAA
maximal diameter (0.857 vs. 0.793, p=0.034). There were
no differences between the AUC of NAFLD and that of
AAA maximal diameter (0.769 vs. 0.793, p=0.608). The
ROC curves of the three models are shown in Fig. 4.

Reproducibility

The Cohen’s kappa values of ILT and NAFLD were 0.917
(95CI%, 0.887-0.939) and 0.933 (95CI%, 0.874—0.992)
for intra-observer agreement, and 0.930 (95CI%, 0.903—
0.949) and 0.906 (95CI%, 0.837—-0.975) for inter-observer
agreement. The intraclass correlation coefficient of maxi-
mal aneurysm diameter, total aneurysm volume, ILT
maximal diameter, and growth rate were 0.971 (95CI%,
0.960-0.979), 0.982 (95CI1%, 0.976—0.987), 0.963 (95CI1%,
0.950-0.973), and 0.977 (95CI%, 0.969—0.984) for intra-
observer agreement, respectively, and 0.977 (95CI%,
0.968-0.983), 0.961 (95CI1%, 0.946—0.971), 0.954 (95CI%,
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Fig. 3 Kaplan-Meier event-free survival curves of AAA progression events in patients with AAA. The patients with NAFLD had a lower event-free survival
rate than those without NAFLD (log-rank P<0.001). AAA=abdominal aortic aneurysm; NAFLD =non-alcoholic fatty liver disease

Table 3 Univariate and multivariate cox regression analyses of 100 |-
risk factors for progression of abdominal aortic aneurysm
Parameter Univariate analysis Multivariate analysis
HR (95%Cl) PValue HR (95%Cl) P 80 |-
Value

Age, year 1.00(0.98-1.02) 0922 - -
Sex, male 1.94(0.77-4.86)  0.160 - -
Body mass 0.95 (0.85-1.06)  0.334 - - ‘é‘ OF

Y >
index, kg/m? 2
Hypertension 0.95 (0.55-1.65)  0.855 - - §
Hyperlipidemia ~ 1.06 (0.60-185) 0850 - - 40 -
Diabetes 1.52(0.89-259) 0.125 - -
Smoking 0.98(0.58-1.67)  0.945 - -
NAFLD 599 (321-11.19) <0.001 4.28(2.20-831) <0.001 20 -

— NAFLD (AUC=0.769)
AAA maximal  1.07 (1.04-109) <0001 1.06(1.01-1.11) 0010 _ AAA maximal diameter ( AUC=0.793)
diameter (mm) —— Combined model (AUC=0.857)
AAA volume 1.01 (1.00-1.01) <0.001 1.00(0.99-1.00) 0.179 o , , . , ,
(mb) 0 20 40 60 80 100
Presence of ILT 292 (0.91-9.37)  0.072 2.1 0.267 .
(057-7.852) 100-Specificity

ldL;rrnn:tXclT(anlwm) 106 (1.04-1.09) <0.001 (1(5(.)9286—1‘06) 0323 Fig. 4 Receiver-operator characteristic curves for predicting AAA pro-

gression using AAA maximal diameter, NAFLD and combined model

AAA, abdominal aortic aneurysm; NAFLD, non-alcoholic fatty liver disease; ILT,
intraluminal thrombus

0.938-0.967), and 0.964 (0.950-0.973) for inter-observer
agreement, respectively.

Discussion

Growing evidence has shown that NAFLD is associated
with cardiovascular disease [5, 6]. Noninvasive detec-
tion of NAFLD in patients with AAA may be of great

(AAA maximal diameter and NAFLD). AAA=abdominal aortic aneurysm;
NAFLD = non-alcoholic fatty liver disease

significance. Therefore, our study investigated the asso-
ciation between NAFLD and AAA progression. Our
study found that NAFLD (HR, 4.28; 95% CI, 2.20-8.31;
p<0.001) was an independent predictor of AAA pro-
gression. Additionally, we found that the combined AAA
maximal diameter and NAFLD had an AUC of 0.857 for
predicting AAA progression. NAFLD based on CT may
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serve as a reliable, easy-operated and noninvasive marker
to predict the AAA progression.

In our study, we found the maximal diameter of AAA
was an independent predictor of the AAA progression.
Previous studies showed that AAA maximal diameter
was closely associated with AAA progression and was
widely accepted as the main parameter to predict the
AAA progression in the clinic [25, 26]. In addition, we
investigated the relationship between NAFLD and AAA
progression. We showed that NAFLD (HR, 4.28; 95% CI,
2.20-8.31; p<0.001) was an independent predictor of the
AAA progression, and NAFLD had an AUC of 0.769 for
predicting AAA progression. Increasing studies reported
that NAFLD is associated with several cardiovascular
diseases and ischemic stroke, independently of tradi-
tional cardiovascular risk factors [26, 27]. And Mahamid
et al. [10] compared clinical characteristics between 495
patients with AAA and 500 healthy controls and found
that AAA patients were at increased risk for NAFLD,
which was consistent with our study. And our study fur-
ther investigated the correlation between NAFLD and
AAA progression. And, it is unusual that smoking, a well-
known risk factor for AAA progression, was not associ-
ated with AAA progression in my study. We presume
that sample size and selection bias of retrospective design
may account for this discrepancy.

The potential links between NAFLD and AAA progres-
sion are complex. Previous studies have demonstrated
that NAFLD is strongly associated with dysmetabolic
conditions (diabetes mellitus, obesity, dyslipidemia, and
so on), which could be mediators contributing to the
progression of AAA [2—4, 11-13]. In addition, previous
studies have reported that NAFLD was related to sys-
tematic inflammation, macrophage activation, oxidative
stress, and endothelial dysfunction [14—16]. All of these
factors act as promoting roles in the progression of AAA
[17]. Moreover, Jaruvongvanich et al. [7] showed a higher
degree of arterial stiffness in NAFLD patients compared
with controls by a systematic review and meta-analysis.
Several studies have reported that increased arterial stiff-
ness may be a contributing factor to AAA progression
[18]. These mechanisms support the notion that there
may be a certain association between NAFLD and AAA
presence and progression. Additionally, NAFLD, a key
manifestation of ectopic fat, is strongly associated with
systemic inflammation, insulin resistance, and oxida-
tive stress, which are central to coronary artery disease
pathogenesis. Similarly, epicardial adipose tissue pro-
motes atherosclerosis by secreting pro-inflammatory
cytokines, contributing to plaque vulnerability and
adverse cardiac events [28]. Both NAFLD and ectopic fat
have emerged as independent predictors of subclinical
and clinical coronary artery disease and cardiac function
[29]. Integrating NAFLD and epicardial adipose tissue
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assessment into routine care may enhance early detection
and guide targeted interventions, such as metabolic ther-
apies. Nowadays, there is no relevant literature to explore
the relationship between NAFLD based on CT and AAA
progression. We filled this gap for the first time and pro-
posed that NAFLD and AAA progression are closely
related.

Our study want to prove that NAFLD has a certain
value through the findings that the prevalence of NAFLD
is different in the aneurysm group and the healthy con-
trol group, and then prove the significance of NAFLD
for aneurysm progression. Therefore, we included the
healthy control group. Age- and sex-matched healthy
subjects (1:1) without AAA were retrospectively col-
lected as a control group. Because they were suspected
of having aortic disease, they had imaging examinations,
but they were actually healthy.

For NAFLD, liver biopsy is the diagnostic reference
standard [8]. However, the biopsy is an invasive modal-
ity with potential complications, thus it is not available
for routine clinical practice. CT has been considered to
be an easy-operated, accurate, and reliable tool to mea-
sure the HS [19]. And CTA is also considered as the most
accurate method for assessing AAA characteristics [21].
Several studies have confirmed that the detection of AAA
with CTA would predict AAA progression events [19,
23, 25, 30]. Meyrignac et al. [22] combined volumetric
and wall shear stress analysis from CT to assess the risk
of AAA progression. And Zhu et al. [31] investigated the
role of ILT in AAA progression as assessed with CT. Sev-
eral studies showed that the AAA diameter and volume
measured with CT could predict AAA progression [25,
30]. Therefore, compared with ultrasound and magnetic
resonance, although ultrasound and magnetic resonance
were also used to assess the HS in the clinic, CT exami-
nation can benefit from concomitant assessment of AAA
characteristics during the acquisition of liver fat informa-
tion [2].

Our results showed the association between NAFLD
and AAA presence and progression, which provided
new perspectives on the prevention and management of
AAA. Multiple studies have reported that several poten-
tial interventions, including lifestyle modification, dietary
modification, exercise, weight loss, and medications,
will be effective in the management of NAFLD [32-35].
Therefore, these modalities could also be valuable for
AAA prevention and treatment. The findings are prelimi-
nary, and further research is needed to confirm a causal
relationship. Recent studies showed that metabolic dys-
function-associated fatty liver disease has a wide impact
on the cardiovascular system and may be a risk factor for
AAA [36]. These highlighted the broader implications of
integrating metabolic and vascular health assessments
for comprehensive patient risk management. In addition
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to physical examination in hypertensive patients [37],
NAFLD patients usually underwent abdominal imaging
studies, such as abdominal CT and sonography. Espe-
cially for patients with AAA, NAFLD, and AAA diameter
on CT could be applied in clinical risk stratification and
patient management.

This study is a multicenter study, which improves the
statistical power of the study, enhances the extrapolation
and representativeness of the research results, improves
the diversity of subjects, comprehensively reflects the
characteristics of different populations, and is convenient
for verification and replication of the research results,
and improves the reliability of the study.

Our study had some limitations. Firstly, from an initial
pool of 3420 AAA patients, we only included 151 AAA
patients, which may lead to selection bias. This study is
inevitably limited due to its retrospective design. And,
some laboratory test variables for assessing liver func-
tion were not recorded and therefore were not included
in this study. Further prospective studies with large sam-
ple sizes, relatively long follow-up duration, and detailed
clinical data are warranted. Secondly, there are some lim-
itations to diagnosing NAFLD using imaging rather than
histopathology. However, diagnosing NAFLD using CT
examination was simple, noninvasive, and effective [19].
Previous studies proposed that the liver-to-spleen attenu-
ation values ratio < 1.0 on non-enhanced CT was defined
as the presence of hepatic steatosis [19]. Under normal
conditions, the density of the liver is higher than that of
the spleen. Because the increase in liver fat content leads
to a decrease in liver density, the liver-to-spleen attenu-
ation values ratio is <1.0 on non-enhanced CT. It is also
convenient to measure and evaluate the accuracy of fatty
liver, so we use the liver-spleen ratio method. Thirdly,
our study was a multiple-center study. And different CT
scanners were used to evaluate the HS. However, their
CT protocols were similar. In particular, tube voltage, a
major parameter affecting CT value measurements, was
consistent. Therefore, the accuracy of CT diagnosis is not
compromised. And our results for the assessment of HS
showed excellent reliability by intraclass correlation coef-
ficients. Fourthly, we chose a>10 mL/year threshold for
defining AAA progression based on previous literature
[22]. We performed the three-dimensional analysis (vol-
ume) for AAA progression, which may not be as easily
measured in the clinic as two-dimensional data (diam-
eter) but is considered more accurate and beneficial [38].

Conclusions

In conclusion, there is a link between NAFLD and
the presence and progression of AAA. We found that
NAFLD and the maximal diameter of AAA were inde-
pendent predictors of the AAA progression. Thus,
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NAFLD based on CT may be a reliable, easy-to-operate,
and noninvasive marker to predict the AAA progression.
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