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Abstract

Background The relationship between metabolic dysfunction-associated steatotic liver disease (MASLD) and athero-
sclerosis has been controversial, which has become a hit of recent research. The study aimed to explore the associa-
tion between MASLD, cardiovascular and cerebrovascular diseases (CCVD), and the thickness of carotid plaque which
was assessed by ultrasound.

Methods From September 2018 to June 2019, 3543 patients were enrolled. We asked participants to complete ques-
tionnaires to obtain information. All patients underwent liver ultrasound and bilateral carotid ultrasound to obtain
carotid intima-media thickness (IMT) and maximum carotid plagque thickness (CPT). Hepatic steatosis was quantified
during examination according to Hamaguchi's ultrasonographic score, from 0 to 6 points. A score < 2 was defined

as without fatty liver, and a score > 2 was defined as fatty liver. Information about blood lipids was collected based

on the medical records.

Results We found common risk factors for CCVD events, MASLD, and atherosclerosis. There was a significant correla-
tion between MASLD and carotid plaque, but not with CPT. No association was found between MASLD and CCVD
events. CPT and IMT were thicker in CCVD patients than in non-CCVD patients. No significant difference was found
between IMT and CPT in MASLD patients and non-MASLD patients. CCVD was independently and consistently associ-
ated with higher IMT, and free fatty acid (FFA).

Conclusions According to our results, we recommend carotid ultrasound examination of the patients when FFA

is increased, regardless of the presence of risk factors and MASLD. Due to the distribution of CPT of both CCVD

and MASLD patients in the CPT 2-4 mm group, contrast-enhanced ultrasound is necessary to assess the vulnerability
of the plague when CPT>2 mm. Timely treatment of vulnerable plaques may reduce the incidence of future CCVD
events.
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Background

Overweight is a global epidemic, affecting an increasing
number of the world population [1]. In China, the aver-
age body mass index (BMI) and overweight rate among
adults have been rising steadily since the early 1980s
[2]. Approximately 30% of the population in the West-
ern world suffer from metabolic dysfunction-associated
steatotic liver disease (MASLD), as the incidence rate of
overweight, diabetes mellitus (DM), and metabolic syn-
drome continue to rise [3, 4]. A study from The Lancet
showed that the prevalence of fatty liver in the Chinese
population was 21.2% [5]. Shanghai is one of the fastest-
growing cities in China. It is the city with the longest
life expectancy among all cities in China and has made
a great contribution to the human development index
(HDI) of China [6]. Due to the affluent life, the fast pace
of work, and the unhealthy lifestyle of permanent resi-
dents in Shanghai, there are a large number of residents
with fatty liver disease.

The most common cause of death in patients with
MASLD is cardiovascular and cerebrovascular diseases
(CCVD) events. CCVD has high morbidity, high disabil-
ity rate, and high mortality rate. This has become grown
up to be a global public health and livelihood issue. Sev-
eral previous studies [7-12] have shown that plasma
lipids were an important mediator between MASLD and
CCVD risk, that liver fat content was associated with
increased carotid intima-media thickness (IMT), and
that there was a need for routine screening of the carotid
arteries in patients with fatty liver. Patients with MASLD
have a significantly increased coronary atherosclerotic
burden, and appropriate treatment of MASLD is needed
to reduce future cardiac events [13]. However, most of
these studies have mostly focused on the relationship
between carotid intima-media thickness, coronary arter-
ies, and MASLD, with fewer studies on the relationship
between MASLD and carotid plaque thickness. The rela-
tionship between MASLD and atherosclerosis has been
controversial, which has become a hit of recent research.
Systemic inflammation, endothelial dysfunction, hepatic
insulin resistance, increased oxidative stress and altered
lipid metabolism are key factors linking MASLD and
CCVD risk mechanisms. The contribution of MASLD
to the growth of plaque thickness after atherosclerotic
plaque formation is unclear.

Accordingly, the purpose of this study was to explore
the association between MASLD, CCVD, and the thick-
ness of carotid plaque which was assessed by ultrasound.

Methods

Patient population

We retrospectively identified 4253 patients in outpatient
and hospitalization who underwent conventional ultra-
sound with carotid and liver in our hospital from Sep-
tember 2018 to June 2019. The study protocol was subject
to approval by the Institutional Ethics Review Commit-
tee (Shanghai Tongren Hospital 2018—030) and written
informed consent was issued from all participants. Seven
hundred and ten patients were excluded with exclusion
criteria including (a) patients who refused to accept
questionnaires and provide personal medical history
(n=471), (b) patients with poor ultrasound image quality
(n=117), and (c) patients who did not receive a carotid
ultrasound examination and a liver ultrasound exami-
nation within one week (n=122). Finally, 3543 patients
were enrolled (Fig. 1).

Carotid ultrasound imaging

All patients underwent bilateral duplex ultrasound evalu-
ation of the carotid arteries. To identify atherosclerotic
lesions and for assessment of plaque thickness, trans-
verse and longitudinal sweeps were recorded from the
proximal common carotid artery, just above the clavicle,
to the common carotid artery bifurcation and then fol-
lowing the internal carotid artery as far as possible, at
an angle perpendicular to the neck. The database with
carotid ultrasound images was collected by an ultra-
sound physician (YQH, with 13 years of experience
with ultrasound), who was blinded to participant his-
tory, using a 6-10 MHz linear probe (9L4; SIEMENS
ACUSON OXANA2). The image parameters were set to
show the plaque and surrounding tissue as clearly as pos-
sible. Before the formal study, the ultrasound physician
selected 100 images for review.

All patients were examined in a supine position. The
carotid artery was scanned from the clavicle, upwards to
the bifurcation of the carotid artery, and finally towards
the internal and external carotid arteries. Each segment
of carotid artery was examined and the thickest IMT was
recorded [14]. The IMT was defined as the thickness of
the inner two layers of the carotid artery: the intima and
the media. Carotid plaque (CP) was defined as a focal
region with a thickness>1.5 mm as measured from the
media adventitia interface to the lumen-intima interface
or as the presence of focal wall thickening (at least 50%
greater than that of the surrounding vessel wall) [15]. If
a plaque was identified, the view showing the thickest
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4253 patients in outpatient and hospitalization who
underwent conventional ultrasound with carotid
and liver from September 2018 to June 2019
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Fig. 1 Patient selection

cross-section of the plaque from either side (right and left  interface towards the center of the arterial lumen [16,
carotid artery) was used to measure the maximal carotid  17]. In patients with multiple plaques, only the thickest
plaque thickness with electronic calipers. CPT was meas-  one was observed and recorded for analysis (Fig. 2). After
ured by finding the thickest part of the plaque in the completing the first IMT and CPT measurement, the
cross-sectional and then measuring the radial distance = measurement was repeated one week later. And the con-
from the media—adventitia interface to the intima—lumen  sistency was obtained before proceeding to the next step.

-

Longitudinal
Transverse Transverse

Fig. 2 Carotid ultrasound imaging and carotid plaque thickness (CPT) measurement
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MASLD ultrasound imaging
All patients underwent liver ultrasound examination
when they underwent carotid ultrasound in 1 week
without excessive alcohol abuse (weekly alcohol con-
sumption <210 g in men and <140 g in women) and
other liver diseases. The subjects were all in the supine
position, scanning the liver under the ribs and between
the ribs to observe its size and shape, the echo of the
liver parenchyma, and whether the blood vessels in
the liver were positive. At the same time, the echoes of
the liver and right kidney parenchyma were compared.
Hepatic steatosis was quantified during examination
according to Hamaguchi’s ultrasonographic score [18,
19], from 0 to 6 points, based on the hepatorenal con-
trast, bright hepatic echoes, deep attenuation, and ves-
sel blurring. A score<2 was defined as without fatty
liver, and a score > 2 was defined as fatty liver (Fig. 3).
The database with liver ultrasound images was col-
lected by three ultrasound physicians with at least five
years of experience in abdomen ultrasound. We ran-
domly selected 200 liver images from the database.
These images were sent respectively to the three ultra-
sound physicians, who were blinded to the clinical
information of patients. These images were evaluated
according to the standard of Hamaguchi’s ultrasono-
graphic score by physicians A, B, and C. The consist-
ency of the 200 images assessed by three physicians
was evaluated. A satisfactory agreement was obtained
before the formal collection of patient images began.

B : Deep attenuation
C : Vessel blurring

MASLD
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Baseline examination

Trained investigators interviewed participants face-
to-face, using a standard questionnaire to obtain their
demographics, lifestyle, disease history, and the potential
risk factors related to CCVD.

Smoke (Regular consumption of cigarettes in the past
6 months was defined as a current smoker).

Alcohol consumption (Excessive alcohol consumption
was defined as>210 g per week for men and >140 g per
week for women).

Hypertension (Patients who are taking hypertensive
drugs are also included).

Diabetes (Patients who are taking glucose-lowering
drugs or insulin therapy are also included etc.)

Dyslipidemia (including triglycerides>2 mmol/L,
high-density lipoprotein cholesterol>0.7 mmol/L, low-
density lipoprotein cholesterol > 3.4 mmol/L, etc.) [20].

Exercise status (Lack of exercise was defined as exercis-
ing less than three times a week for less than half an hour
each time).

Obstructive sleep apnea hypoventilation (Previously
diagnosed).

History of atrial fibrillation (AF) (Previously diagnosed
as AF).

Family history of CCVD (The presence of ischemic
heart disease, myocardial infarction, ischemic and hem-
orrhagic stroke, transient ischemic attack, and peripheral
arterial disease within three generations of the patient’s
immediate family was defined as the presence of a family
history of CCVD).

A : Bright liver and hepatornal echo contrast

0 1 2 3

Score of B ' '
0 1 2

Score of C ' '
0 1

score <2
score >2

Normal:
MASLD :

Fig. 3 Metabolic dysfunction-associated steatotic liver disease (MASLD) ultrasound imaging and MASLD assessment
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Physical examination was performed before the ultra-
sound examination, including the measurements of BMI
and blood pressure. Participants’ body weight and height
were obtained in light clothes and bare feet to the near-
est 0.1 kg and 0.1 cm, respectively. BMI was calculated as
the weight (kg) divided by the square of the height (m).
Overweight was defined as BMI > 26 [21, 22]. Blood pres-
sure was measured on the non-dominant arm in a seated
position by an automated electronic sphygmomanometer
three times consecutively at 1 min intervals, after at least
10 min rest.

Hypertension and DM were determined according to
the 2013 Hypertension Clinical Practice Guidelines [23]
and the 2017 Standards of Medical Care in Diabetes [24],
respectively.

The medical records of all subjects were reviewed for
information about blood lipids and CCVD events. CCVD
events were defined as stroke, transient ischemic attack,
stroke death, and myocardial infarction. Stroke was
defined as a neurological deficit lasting at least 24 h or
until death and accompanied by a brain imaging finding
associated with stroke. A transient ischemic attack was
defined as a neurological deficit lasting between the 30 s
and 24 h but not accompanied by a brain imaging find-
ing associated with stroke [25]. Myocardial infarction
was defined according to the American College of Car-
diology and American Heart Association Guidelines [26].
Information about blood lipids [fasting blood glucose
(FBG), lipid profiles total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), lipoprotein(a),
apolipoprotein A (APOA), apolipoprotein B (APOB),
apolipoprotein E (APOE), free fatty acid (FFA), small and
dense low-density lipoprotein cholesterol (SDLDL-C),
non-high-density lipoprotein cholesterol (NHDL-C)] was
collected based on the medical records.
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Statistical analysis
Continuous data were presented as mean +standard
deviation or as median.

(interquartile range), as appropriate (skewed distribu-
tion). Continuous normally distributed variables were
compared using the student’s test for independent sam-
ples and analysis of variance. Alternatively, the Mann—
Whitney U test was used for independent samples and
the Wilcoxon test for repeated measurements. The pro-
portion of categorical variables was compared using a
Chi-square test or the Fisher exact test. P<0.05 was con-
sidered to indicate statistical significance.

Inter-observer and intra-observer agreement in MASLD
and CPT assessment

The consistency assessment of the three ultrasound phy-
sicians on the diagnosis of MASLD was completed by
Kendall's W test and the kappa test. The consistency of
carotid plaque measurement was completed by intra-
class correlation (ICC) estimates. Interobserver varia-
tions were investigated by using the Kappa statistics. ICC
estimates and their 95% confidence intervals were calcu-
lated based on a mean-rating, absolute-agreement, 2-way
mixed-effects model.

Strong agreement was observed for the inter-observer
assessment of MASLD by three ultrasound physicians
(A, B, and C), the Kendall's W test was 0.950 (Physician A
versus B [k=0.918, 95% CI 0.858-0.969], Physician B ver-
sus C [k=0.908, 95% CI 0.843-0.959], Physician C versus
A [k=0.907, 95% CI 0.855-0.960]), indicating good relia-
bility and rated as "mostly perfect". For the intra-observer
reproducibility of CPT and IMT, the ICC value was 0.994
(95% CI 0.991-0.996) and 0.937(95% CI 0.917-0.953),
Kendall’'s W test was 0.996 and 0.970, indicating excellent
reliability and rated as "mostly perfect" (Table 1).

Table 1 Inter-observer agreement in the assessment of MASLD by three ultrasound physicians, and Intra-observer agreement of CPT

by ultrasound physician at two different times

Inter-observer agreement in assessment of MASLD by three ultrasound physicians (A, B, C)

A&B B&C A&C Kendall's W Agreement
Kappa 0918 0.908 0.907 0.950 Almost perfect
P-value 0.000 0.000 0.000
95% ClI 0.858-0.969 0.843-0.959 0.855-0.960
Intra-observer Agreement of CPT by ultrasound physician at two different times
CPT ICC Kendall's W P-value 95% Cl Agreement
0.994 0.996 0.000 0.991-0.996 Almost perfect
IMT 0.937 0.970 0.000 0.917-0.953 Almost perfect

MASLD Non-alcoholic fatty liver disease, CPT Carotid plaque thickness, ICC Intra-class correlation, IMT Intima-media thickness, C/ Confidence interval
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Results

The characteristics of the baseline

Study participants included 3543 men and women,
aged from 20 to 88 years old. The mean age of patients
was 64.12+11.47 years, and 45.1% of them were
male. Overall, 26.3% of the patients were overweight,
16.7% of the patients were current smokers, 57.4% of
the patients had hypertension, 21.1% of the patients
had DM, 25.9% of the patients had a family history of
CCVD, 12.6% of the patients had a personal history of
CCVD, 45.1% of the patients had dyslipidemia, 76.9%
of the patients were lack of exercise, and 4.2% of the
patients had obstructive sleep apnea. The potential
risk factors associated with MASLD, CP, and CCVD
were shown in Table 2. No significant association
was found between a family history of CCVD, dys-
lipidemia and CCVD events. In our study, age, BMI,
gender, smoking, hypertension, DM, personal history
of CCVD, history of AF, lack of exercise, fatty liver,
obstructive sleep apnea, and CP were identified as
potential risk factors for CCVD (P<0.05). CPs were
present in 60.5% of MASLD patients. Compared with
those with non-MASLD, subjects with MASLD were
younger. Participants with MASLD had a higher ele-
vated blood lipid level and a higher BMI in comparison
with those with non-MASLD. There seemed to be no
association between fatty liver disease and cardio-cer-
ebrovascular events.

Distribution of IMT and CPT in the MASLD and CCVD
groups among patients with carotid plaque

There were 2052 patients with CP in our study
cohort. Among them, 352 patients suffered from
CCVD. The mean CPT with non-CCVD patients
was 2.328+0.935 mm, and with CCVD patients was
2.887+1.214 mm (P=0.000). The mean IMT with
non-CCVD patients was 1.022 +0.225 mm, and with
CCVD patients was 1.110+0.217 mm (P=0.000). 816
patients suffered from MASLD among 2052 patients
with CP. The mean CPT with non-MASLD patients
was 2.458+1.051 mm, and with MASLD patients
was 2.374+0.945 mm (P> 0.05). The mean IMT with
non-MASLD patients was 1.031+0.221 mm, and with
MASLD patients was 1.069 + 0.234 mm (P > 0.05). CPT
and IMT had no significant correlation between non-
MASLD and MASLD (Fig. 4). Participants with CCVD
had a thicker CP thickness in comparison with those
with non-CCVD. In both CCVD and MASLD patient
groups, carotid plaque thickness was mostly distrib-
uted in the CPT 2-4 mm group.
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Multivariate logistic regression analysis of potential risk
factors and lipids in CCVD events

The univariate logistic regression analysis revealed a
significantly increased risk of major access site compli-
cations for Male in gender(OR[odds ratio], 1.841; 95%
CI, 1.217-2.785), age (OR: 1.027, 95% CI 1.009-1.045),
DM (OR: 1.871, 95% CI 1.222-2.867), AF (OR: 1.788,
95% CI 1.027-3.113), IMT (OR: 5.756, 95% CI 2.287-
14.489), CPT (OR:1.288, 95% CI 1.125-1.474), Glucose
(OR: 1.127, 95% CI 1.060-1.198),TC (OR: 0.779, 95% CI
0.642-0.946), HDL (OR: 0.433, 95% CI 0.247-0.761)and
FFA (OR: 5.161, 95% CI 2.123-12.541). These param-
eters were included in multivariate logistic regression
analysis and the result was shown in Table 3. There
seemed to be no association between fatty liver disease
and cardio-cerebrovascular events. In the unadjusted
Model 1, CCVD was independently and consistently
associated with higher IMT and FFA. Regarding the
CPT, statistically significant relationships with CCVD
were observed less frequently and were less robust.
After adjusting for all potential risk factors including
age, BMI, gender, smoking, hypertension, DM, personal
CCVD history, history of AF, lack of exercise, fatty liver,
obstructive sleep apnoea, and CP, FFA was consistently
associated independently with CCVD (OR: 16.128, 95%
CI 4.511-57.665) and CPT was not significantly associ-
ated with CCVD (P=0.249) (Fig. 5).

Discussion

The population in our study came from Changn-
ing District, one of the most prosperous communities
among the 16 districts of Shanghai. In 2020, The GDP
of Changning District was 156.117 billion yuan, and
the resident population was 693,051. Residents of the
Changning district were relatively affluent. In this study,
the prevalence of MASLD was 38.1%, and the preva-
lence of DM was 21.1%. CCVD occurred in 12.6% of
the patients. CP was present in 57.9% of all patients and
60.5% of MASLD patients. Although this data showed
that atherosclerosis burden increased in the presence of
MASLD, this association may be due to the fact that the
samples in this study were from inpatients and outpa-
tients of our hospital, which led to the high proportion
of CCVD and CP. The high prevalence of DM may be
the cause of the high prevalence of MASLD [27]. Our
results also showed that older age, male, hypertension,
history of AF, DM, and CP were independent risk fac-
tors for CCVD events, which was consistent with other
studies [28-30]. However, there was no significant cor-
relation between CCVD and the risk factors symboliz-
ing overweight, which were MASLD and dyslipidemia,
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Fig. 4 Distribution of intima-media thickness (IMT) and carotid plaque thickness (CPT) in the metabolic dysfunction-associated steatotic liver
disease (MASLD) and cardiovascular and cerebrovascular diseases (CCVD) groups among patients with carotid plaque

but it was positively correlated with hyperglycemia, TC,
FFA, and negatively correlated with HDL.

We found common risk factors for CCVD events, fatty
liver, and atherosclerosis, which included smoke, age,
male, DM, and hypertension. Risk factors for CCVD
and CP were similar. Many studies justify this asso-
ciation[31]. Our results may be due to MASLD and
atherosclerosis having common pathogenesis, includ-
ing endothelial dysfunction, systemic inflammation,
hepatic insulin resistance, increased oxidative stress,
and changes in lipid metabolism [32-34]. But the rela-
tionship between MASLD and atherosclerosis has been
controversial. It is still no conclusion that if it is the asso-
ciation between MASLD and atherosclerosis reflects the
underlying metabolic syndrome risk factor which further
contributes to the much more severe atherosclerosis, or
the MASLD leads to the development of atherosclerosis
independently [35-37]. Our study did not find a direct
relationship between MASLD and CCVD, but most
patients with MASLD diagnosed by ultrasound have
CP, although the correlation was weak (P=0.016). In
the carotid plaque group population of this study, there
was no significant difference in the distribution of CPT
and IMT between MASLD and non-MASLD patients.
Interestingly, we found that in both CCVD and MASLD
patient groups, carotid plaque thickness was mostly dis-
tributed in the CPT 2-4 mm group. This may be similar
to plaque characteristics distribution in patients in the
real world. Our multivariate logistic regression analysis
was shown that CCVD was independently and consist-
ently associated with higher IMT and FFA. Regarding
the CPT, statistically significant relationships with CCVD
were observed less frequently and were less robust. After
adjustment, CPT was no significant relationship with
CCVD. This may be due to the lack of information on
plaque characteristics in this study, which included only
the thickness of the plaque. We should probably pay
more attention to the characteristics of plaques and use

various imaging techniques to observe the vulnerability
of the plaques, not just the degree of stenosis. In our pre-
vious study on carotid plaque assessment with contrast-
enhanced ultrasound [38], we found that the contrast
agent mainly infused from the surface to the interior of
the plaque on contrast-enhanced ultrasound (CEUS), and
increased serum FFA levels were indicative of vulnerable
carotid plaques. We speculated the appearance of hyper-
tension and FFA may cause the variation of the Contrast-
enhanced perfusion patterns. That was closely related to
the result of our study. Some previous studies also have
shown serum FFA levels were closely related to lipid
metabolism and MASLD [39]. MASLD may be related
to widespread abnormal peri-organ or intra-organ fat
(APIFat) deposition, such as epicardial adipose tissue,
which may further contribute to cardiovascular risk [40].
MASLD is established as an integral component of the
cardiometabolic-renal-liver complex. There is evidence
that a two-way relationship between MASLD and sev-
eral cardiometabolic risk factors, such as metabolic syn-
drome, hypertension, type 2 diabetes, central overweight,
dyslipidemia, and chronic kidney disease [41]. It is rea-
sonable to assume that the same pathways that produce
MASLD may also lead to atherosclerosis. As these con-
ditions develop, the liver may be involved as a target for
metabolic abnormalities on the one hand, and an adverse
metabolic burden on the other, leading to a vicious cycle.
Thus, the development and evolution of MASLD may
accelerate the formation of atherosclerosis [42, 43], but is
not involved in the process of plaque damage and healing
leading to increased plaque thickness.

Previous studies reported that the pathogenesis of
MASLD can be partially explained by a metabolic com-
ponent and partially explained by a genetic component
[44, 45], the mechanisms of which are fundamentally
different. The characteristic of metabolic components is
a substrate surplus and increased rates of adipose tissue
lipolysis and hepatic de novo lipogenesis [45]. A person
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Table 3 Multivariate logistic regression analysis of potential risk factors and lipids in CCVD subjects
Characteristic Univariate Model 1 Model 2

P-Value OR (95% ClI) P-Value OR (95% Cl) P-Value OR (95% ClI)
Male 0.004 1.841(1.217-2.785) 0.124 1.474(0.899-2.416) 0419 1.290(0.695-2.394)
Age 0.003 1.027(1.009-1.045) 0.205 1.013(0.993-1.034) 0.719 0.995(0.969-1.021)
DM 0.004 1.871(1.222-2.867) 0.930 1 023(0 613-1.709) 0.356 1.813 (0.513-6.402)
AF 0.040 1.788(1.027-3.113) 0.258 415(0.775-2.582) 0.076 3.405(0.881-13.161)
IMT 0.000 5.756(2.287-14.489) 0.016 3. 469(1 .264-9.517) 0.019 4361(1.271-14.964)
CPT 0.000 1.288(1.125-1.474) 0.154 1.126(0.957-1 4) 0.249 87(0.887-1.589)
Glucose 0.000 1.127(1.060-1.198) 0.050 1.074(1.000-1.153) 0.617 2(0 938-1.114)
TC 0.011 0.779(0.642-0.946) 0.138 0. 849(0 685-1 4) 0214 0. 549(0 213-1413)
HDL-C 0.003 0.433(0.247-0.761) 0317 711(0.364-1.388) 0.363 0.545(0.147-2.016)
FFA 0.000 5.161(2.123-12.541) 0.001 5. 660(2 123-15. O9W) 0.000 16.128(4.511-57.665)

Model 1: unadjusted

Model 2: all potential risk factors including age, BMI, gender, smoking, hypertension, DM, personal history of cardiovascular and cerebrovascular diseases, history of

AF, lack of exercise, fatty liver, obstructive sleep apnoea, and CP were adjusted

CCVD Cardiovascular and cerebrovascular diseases, OR Odds ratio, C/ Confidence interval, DM Diabetes mellitus, AF Atrial fibrillation, IMT Intima-media thickness, CPT
Carotid plaque thickness, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol, FFA Free fatty acid

variable OR(95%CI)
FFA 5.660(2.123-15.091)
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Fig. 5 Forest plot representation with the multivariate logistic regression analysis of potential risk factors and lipids in cardiovascular

and cerebrovascular diseases (CCVD) subjects. Model 1

- unadjusted; Model 2: all potential risk factors including age, BMI, gender, smoking,

hypertension, DM, personal history of cardiovascular and cerebrovascular diseases, history of AF, lack of exercise, fatty liver, obstructive sleep
apnoea, and CP were adjusted. CCVD Cardiovascular and cerebrovascular diseases, OR Odds ratio, C/ confidence interval, DM Diabetes mellitus, AF
Atrial fibrillation, IMT Intima-media thickness, CPT Carotid plaque thickness, TC Total cholesterol, HDL-C, High-density lipoprotein cholesterol, FFA

Free fatty acid

with sarcopenia-linked MASLD, may develop central
obesity MASLD over time, which may cause several
other metabolic complications. Similarly, in most cases,
patients with pre-diabetes will gradually develop into
overt diabetes, and even into diabetes with cardiovascu-
lar or other system end-organ damage [46].

There were some limitations in our study. Firstly, this
was a cross-section study, with all its inherent limita-
tions. In particular, as the carotid plaque images were
only obtained at a single time point, we could not deter-
mine how the carotid artery measurements and fatty

livers change over time, nor can we prove a causal rela-
tionship. Although our study lacks follow-up data, we
will continue to supplement it. Secondly, liver biopsy
remains the gold standard for diagnosing MASLD and
grading hepatic steatosis. However, the biopsy is costly,
invasive, inappropriate for screening and follow up and
it is not acceptable to most patients [47]. A meta-analy-
sis showed that liver ultrasonography was an accurate,
reliable tool to detect moderate to severe fatty liver,
together with the relatively low cost and lack of radia-
tion exposure. Though it had a low performance for
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the detection of mild steatosis, still supported the use
of ultrasound as the imaging technique of choice for
screening for fatty liver in clinical settings and popula-
tion studies [48]. Conventional ultrasound is limited by
its qualitative nature, operator dependency, and mod-
est accuracy, but we make an analysis of the consistency
between observers in the definition of MASLD, and it
has a good overall inter-observer agreement. The images
of CP were assessed by a ultrasound physician with
13 years of ultrasound experience, our results showed
the maintenance of excellent intra-observer repeatabil-
ity of CPT. Thirdly, all samples in our study were from
symptomatic patients in outpatient and hospitalization
in Changning District. Most of the samples had carotid
plaques, which may be deviated from the real world.
Finally, since all participants were from the Changning
community in Shanghai, they could not be considered
representative of the Chinese population. We will con-
duct a prospective multi-center project to verify our
results in the future. And our multi-center project is in
preparation which has passed the review of the Chinese
Clinical Trial Registry (ChiCTR2000040163).

Conclusions

According to our results, we recommend carotid
ultrasound examination of the patients when FFA is
increased, regardless of the presence of risk factors
and MASLD. Contrast-enhanced ultrasound is nec-
essary to assess the vulnerability of the plaque when
CPT>2 mm. Timely treatment of vulnerable plaques
may reduce the incidence of future CCVD events.

Abbreviations

MASLD Metabolic dysfunction-associated steatotic liver disease
CCVD Cardiovascular and cerebrovascular diseases
DM Diabetes mellitus

HDI Human development index

@3 Carotid plaque

CPT Carotid plaque thickness

IMT Intima-media thickness

CEUS Contrast-enhanced ultrasound

AF Atrial fibrillation

BMI Body mass index

ICC Intra-class correlation

FBG Fasting blood glucose

TC Total cholesterol

TG Triglycerides

HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol

Lp(@) Lipoprotein(a)

APOA Apolipoprotein A

APOB Apolipoprotein B

APOE Apolipoprotein E
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SDLDL-C  Small and dense low-density lipoprotein cholesterol
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