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IntroductIon

Nonalcoholic fatty liver disease (NAFLD) has become a 
major public health concern in developing countries, and it 
emerges as the most common chronic liver disease around 
the world with a prevalence of 20–30% in the general 
population.[1] The clinical condition with histological 
features of NAFLD is ranging from simple steatosis to 
steatohepatitis and cirrhosis. NAFLD is also recognized 
as the hepatic manifestation of metabolic syndrome which 
includes obesity, type 2 diabetes mellitus, dyslipidemia, and 
hypertension. The close association between NAFLD and 

metabolic syndrome has been demonstrated previously.[2] 
Indeed, NAFLD is considered to be another component of 
the metabolic syndrome which is a key mediator for the 
relationship of NAFLD and cardiovascular disease. A strong 
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association between NAFLD and metabolic syndrome 
has stimulated more attention to its putative role in the 
occurrence and development of cardiovascular disease.[3]

Carotid atherosclerosis, a common carotid artery disease, 
is recognized as one of the major cardiovascular diseases. 
Recently, NAFLD was suspected to be associated with 
an increased risk of cardiovascular disease, including 
exacerbating carotid atherosclerosis and coronary artery 
disease (CAD).[4] NAFLD patients might be at a heightened 
risk to suffer from cardiovascular disease, especially carotid 
artery disease.[5] The presence of carotid plaque indicated 
that a clinical model of early atherosclerosis was an indicator 
of increased risk of cardiovascular disease.[6,7] In addition, 
carotid stenosis was an important risk factor for transient 
ischemic attacks and strokes which was correlated well with 
cardiovascular disease.[8] We use carotid stenosis and carotid 
plaque measured by carotid ultrasound as good surrogate 
markers of carotid artery disease. Therefore, the aim of this 
study was to investigate the association between NAFLD 
and carotid artery disease.

Methods

Ethical approval
The study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Ethics Committee of 
Jidong Oilfield Inc., Medical Centers. Informed written 
consent was obtained from all participants before their 
enrollment in this study.

Study design and population
From July 2013 to August 2014, all residents aged ≥18 years 
from Jidong community were invited to participate in this 
study at the time of their regular annual physical examination 
performed at the Jidong Oilfield Hospital. Almost 9078 
residents completed a standard questionnaire, underwent 
physical examinations and laboratory assessments, and 
provided informed consent at recruitment.[9] The Jidong 
community is located in Caofeidian District which is in 
the south of Tangshan city and near the Bohai Sea. The 
detail information about the research has been described 
in the past.[10,11] Among these resident population, those 
aged ≥40 years, without missing data on ultrasonography, 
who signed informed consent were selected as participants. 
Furthermore, they should meet the following criteria: (1) no 
history of cancer, stroke, atrial fibrillation, heart failure, 
or myocardial infarction; (2) without excessive alcohol 
consumption (men: ≥20 g/day and women: ≥10 g/day 
for more than a year); (3) absence of a history of positive 
HBsAg; and (4) with complete information.

Measurement of nonalcoholic fatty liver disease
Liver ultrasonography was performed in participants aged 
≥40 years using a high‑resolution B‑mode topographic 
ultrasound system with a 3.5 MHz probe (ACUSON X300, 
Siemens, Germany) to assess the prevalence of NAFLD. 
Compared to histology, ultrasonography had a sensitivity 
of 85% and a specificity of 94% in detecting fatty liver 

disease.[12] According to conventional criteria, fatty liver 
disease was diagnosed through characteristic echo patterns, 
such as diffusely increased liver near‑field ultrasound echo 
(bright liver); liver echo was greater than kidney and vascular 
blurring and the gradual attenuation of far‑field ultrasound 
echo.[13] In addition, abdominal ultrasonography scanning 
was examined by well‑trained sonographers who were 
unaware of the clinical presentation and laboratory findings 
of participants during the whole ultrasonic examination.

Assessment of carotid stenosis and carotid plaque
For the evaluation of the prevalence of carotid stenosis, all 
participants (≥40 years) underwent bilateral carotid duplex 
sonography in a supine position by expert operators who 
were blinded to the goal of the study, clinical data, and 
laboratory findings. According to the Society of Radiologists 
in Ultrasound Consensus Conference, we graded the severity 
of carotid stenosis.[14] The categories were classified as 
normal (no stenosis) and carotid stenosis (<50% stenosis; 
≥50% stenosis or occlusion). In the light of the established 
ultrasound criteria, (1) normal (no presence of stenosis) 
was defined that internal carotid artery (ICA) peak systolic 
velocity (PSV) was less than 125 cm/s and no plaque or 
intimal thickening was visible; (2) <50% stenosis was 
defined that ICA PSV was less than 125 cm/s but plaque 
or intimal thickening was visible; and (3) ≥50% stenosis or 
occlusion was considered when ICA PSV was greater than 
125 cm/s and plaque was visible, or there was no detectable 
patent lumen on gray‑scale ultrasonography and no flow on 
spectral, power, and color Doppler ultrasonography.[10,15,16] 
Moreover, the higher value (left or right) was considered for 
analysis if bilateral stenosis was present.

To assess the complexity and stability of carotid plaque, 
ultrasound examination (Philips iU22 ultrasound system, 
Philips Medical Systems, Bothell, WA, USA) was also operated 
by well‑trained and certified sonographers, and the results of 
the examination were reviewed by two independent operators. 
Carotid plaque was defined as a focal structure encroaching into 
the arterial lumen of at least 0.5 mm or 50% of the surrounding 
intima‑media thickness (IMT) value, or demonstrated as a 
thickness of 1.5 mm from the intima‑lumen interface to the 
media–adventitia interface.[17] In this study, we classified carotid 
plaque as normal (without plaque), stable plaque (plaques had 
a uniform texture and present a smooth and regular surface and 
plaques with high‑level or homogeneous echoes), and unstable 
plaque (plaques with incomplete fibrous cap or ulcerated 
plaques and plaques with low‑level or heterogeneous echoes) 
according to different stabilities.[18] Both longitudinal and 
transverse images of bilateral carotid arteries were obtained to 
extensively evaluate plaques while differences between their 
evaluations needed to be resolved by consensus.

Assessment of potential covariates
The information of demographic (age, sex, income, physical 
activities, and smoking status) and clinical characteristics 
(waist‑hip ratio (WHR), hypertension, and diabetes) was 
collected using standardized questionnaires.[9] Biochemical 
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variables containing some indexes such as triglyceride (TG), 
total cholesterol (TC), high‑density lipoprotein‑cholesterol 
(HDL‑C), and low‑density lipoprotein‑cholesterol (LDL‑C)  
were measured using standard methods at the Central 
Laboratory of Jidong Oilfield Hospital.[10]

According to the response of smoking status, participants 
were divided into three categories, never (<100 cigarettes 
in entire life), past, and current smoker. Education level 
was also classified into three categories: primary school 
or below, middle or high school, and college or above. 
The classification of physical activity was based on 
the following three kinds of circumstances: inactive, 
moderately active, and active. Simultaneously, WHR was 
calculated as waist circumference (cm) divided by the hip 
circumference (cm) which was used as measure of abdominal 
obesity. Hypertension was defined as a self‑report history of 
hypertension, using antihypertensive medication or systolic 
blood pressure ≥140 mmHg and diastolic blood pressure 
≥90 mmHg.[10] The definition of diabetes was fasting blood 
glucose ≥7.0 mmol/L, current treatment with insulin, oral 
hypoglycemic agents, or a history of diabetes mellitus.[11,19,20]

Statistical analyses
Considering that the prevalence of NAFLD and carotid 
stenosis is 25% and 12%, respectively, at two‑sided α = 0.05, 
power = 0.80, and odds ratio (OR) = 1.50, the sample size can 
be assumed to be 2360 (PASS11, NCSS, LLC 329 North 1000 
East, Kaysville, Utah 84037, USA).[21] The normal distribution 
of continuous variables was tested by one‑sample Kolmogorov‑
Smirnov test. Continuous variables underlying normal 
distribution were presented as mean ± standard deviation 
and compared using t‑test or analysis of variance (ANOVA), 
and otherwise presented as median (interquartile range) and 
compared by corresponding nonparametric methods. The 
frequencies and percentages were used to describe categorical 
variables, and the Chi‑squared test was applied to compare 
among groups. Logistic regression was used to calculate ORs 
and 95% confidence intervals (CIs) and to determine the 
association between NAFLD and carotid stenosis or plaque. 
After adjusting for age, gender, smoking status, income, 
physical activity, diabetes, hypertension, WHR, TG, and 
HDL‑C, the association between different severity of carotid 
stenosis and NAFLD, as well as the relationship between 
carotid plaque with different stability and NAFLD were also 
investigated. The association of NAFLD and carotid stenosis 
or plaque was also examined in stratification of age and gender 
analysis, respectively.

Statistical analyses were performed using the SAS 
version 9.4 (SAS Institute, Cary, North Carolina, USA). All 
statistical tests were two‑sided, and P < 0.05 was considered 
statistically significant.

results

Baseline characteristics of study participants
From the initial sample of 9078 participants, 3396 residents 
aged ≥40 years and with complete data on ultrasonography 

examination were selected as study samples. Among the 
3396 participants, 784 participants were excluded for 
the following reasons: 168 participants with history of 
myocardial infarction, heart failure, stroke, atrial fibrillation, 
and cancer; 369 participants with excessive alcohol 
consumption; 131 participants with history of positive 
HBsAg; and 116 participants without complete information. 
Finally, 2612 participants were included in the final analysis.

Demographic data, clinical characteristics, and biochemical 
variables of all participants were presented in Table 1. Among 
the total 2612 participants, the mean age was 53.6 ± 8.6 years 
and 41.8% (n = 1091) were men. The 1375 participants with 
NAFLD consisted of 707 (64.8%) males and 668 (43.9%) 
females. Totally 342 (24.9%) participants with NAFLD were 
current smokers. Biochemical parameters including WHR, 
TG and TC were higher in participants with NAFLD than 
those without NAFLD. In addition, higher prevalence of 
diabetes and hypertension was also found in the group of 
NAFLD. Participants with NAFLD had a higher prevalence 
of carotid stenosis compared to those without NAFLD 
(<50% stenosis: 17% vs. 11.2%; ≥50% stenosis: 13.0% vs. 
4.6%). A higher prevalence of unstable plaque (19.4% vs. 
12.8%) was also demonstrated in participants with NAFLD 
than those without NAFLD in this study.

Association between carotid stenosis and nonalcoholic 
fatty liver disease
Among the 1375 participants with NAFLD, 12.9% (178/1375) 
met the diagnostic criteria for carotid stenosis. After 
adjusting for age, gender, education level, income, physical 
activity, smoking status, diabetes, hypertension, WHR, 
TG, and HDL‑C, the association between NAFLD and 
carotid stenosis was statistically significant (OR: 2.06, 
95% CI: 1.45–2.91). In age‑ and gender‑stratified analysis, 
the association between NAFLD and carotid stenosis was 
positively significant among different groups (female: 
OR: 2.34, 95% CI: 1.29–4.24; male: OR: 1.89, 95% CI: 1.22–
2.91; 40–60 years: OR: 1.76, 95% CI: 1.15–2.70; >60 years: 
OR: 3.12, 95% CI: 1.62–6.02) [Figure 1]. A positive 
association was observed between carotid stenosis (≥50% 
stenosis) and NAFLD according to the classification of 
the severity of carotid stenosis with normal as reference 
group (OR: 2.06, 95% CI: 1.45–2.93, P < 0.01) [Table 2].

Relationship between carotid plaque and nonalcoholic 
fatty liver disease
NAFLD was not significantly associated with carotid plaque 
in the whole participants (OR: 1.10, 95% CI: 0.86–1.40) 
after adjusting for age, gender, education level, income, 
physical activity, smoking status, diabetes, hypertension, 
WHR, TG, and HDL‑C [Figure 1]. The results also showed 
that there was no significant correlation between carotid 
plaque and NAFLD after the stratification of age and gender. 
Moreover, the carotid plaque was classified according to 
different stability. The association between unstable plaque 
or stable plaque and NAFLD was still not statistically 
significant (unstable plaque: OR: 1.13, 95% CI: 0.87–1.35; 
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stable plaque: OR: 0.94, 95% CI: 0.53–1.67) after adjustment 
for potential confounders in this study [Table 3].

dIscussIon

In the present study, we focused on the correlation between 
NAFLD and carotid artery disease. The primary outcome 
measure was that the association between NAFLD and 
carotid stenosis was independently significant, while 
the association of carotid plaque was not independently 
significant in this community‑based population. This study 
attempted to explore the association between NAFLD and 
carotid artery disease (assessed by carotid stenosis and 
carotid plaque) in China.

A lot of evidence indicated that NAFLD was related to 
cardiovascular disease.[22,23] Sookoian and Pirola[2] performed 
a systematic review and described that NAFLD was 
associated with the presence of carotid plaque and 

endothelial dysfunction which was a reliable marker of 
subclinical atherosclerosis. Volzke et al.[24] suggested that 
carotid plaques were more frequently in NAFLD patients in 
comparison with normal including 3212 participants. In this 
study, we did not observe a significant association between 
NAFLD and carotid plaque. Consistent with our results, a 
study in middle‑aged and elderly Chinese showed that the 
association between NAFLD and carotid plaque was not 
statistically significant.[25] However, in a study of 14,445 
adults, NAFLD was discovered to be associated with an 
increased risk of carotid plaque diagnosed by ultrasound.[26] 
The inconsistent association between NAFLD and carotid 
plaque might be caused by the ethnic differences, region 
differences, and the difference in methodology of defining 
NAFLD. Therefore, the association needed further validation 
in multiple ethnic and different region populations. Earlier 
studies also demonstrated the presence of carotid plaque 
increased with age and gender difference. Accordingly, we 

Table 1: Baseline characteristics of participants enrolled in this study

Characteristics Total (n = 2612) Non‑NAFLD (n = 1237, 47.4%) NAFLD (n = 1375, 52.6%) Statistics P
Age (mean ± SD), years 53.6 ± 8.6 52.5 ± 8.6 54.6 ± 8.3 −6.13* <0.01
Male, n (%) 1091 (41.8) 384 (31.0) 707 (51.4) 111.15† <0.01
Education level, n (%)

Primary school or low 207 (7.9) 88 (7.1) 119 (8.7) 7.88† 0.02
Middle or high school 1510 (57.8) 693 (56.0) 817 (59.4)
College or above 895 (34.3) 456 (36.9) 439 (31.9)

Income per month, n (%)
< RMB 3000 Yuan 1354 (51.8) 625 (50.5) 729 (53.0) 1.75† 0.42
RMB 3000–5000 Yuan 1112 (42.6) 543 (43.9) 569 (41.4)
> RMB 5000 Yuan 146 (5.6) 69 (5.6) 77 (5.6)

Physical activity, n (%)
Inactive 819 (31.4) 385 (31.1) 434 (31.6) 0.70† 0.71
Moderately active 189 (7.2) 95 (7.7) 94 (6.8)
Active 1604 (61.4) 757 (61.2) 847 (61.6)

Smoking, n (%)
Never 1984 (76.0) 1029 (83.2) 955 (69.4) 68.72† <0.01
Current 520 (19.9) 178 (14.4) 342 (24.9)
Past 108 (4.1) 30 (2.4) 78 (5.7)

Diabetes, n (%) 290 (11.1) 74 (6.0) 216 (15.7) 62.42† <0.01
Hypertension, n (%) 1134 (42.4) 353 (28.5) 781 (56.8) 211.74† <0.01
WHR (mean ± SD) 0.9 ± 0.1 0.8 ± 0.1 0.9 ± 0.1 −20.25* <0.01
TG (median [IQR]), mmol/L 1.3 (0.3, 21.8) 1.1 (0.3, 15.6) 1.7 (0.4, 21.8) −21.06‡ <0.01
TC (mean ± SD), mmol/L 4.7 ± 0.9 4.6 ± 0.8 4.8 ± 1.0 −7.56* <0.01
HDL‑C (mean ± SD), mmol/L 1.2 ± 0.3 1.3 ± 0.3 1.1 ± 0.2 16.47* <0.01
LDL‑C (mean ± SD), mmol/L 2.6 ± 0.6 2.5 ± 0.6 2.8 ± 0.6 −9.95* <0.01
CIMT, n (%) 673 (25.8) 261 (21.1) 412 (30.0) 26.75† <0.01
Carotid stenosis, n (%)

Normal 2005 (76.8) 1042 (84.2) 963 (70.0) 83.13† <0.01
<50% stenosis 372 (14.2) 138 (11.2) 234 (17.0)
≥50% stenosis 235 (9.0) 57 (4.6) 178 (13.0)

Carotid plaque, n (%)
Normal 2125 (81.4) 1051 (85.0) 1074 (78.1) 21.20† <0.01
Stable plaque 61 (2.3) 27 (2.2) 34 (2.5)
Unstable plaque 426 (16.3) 159 (12.8) 267 (19.4)

*: t values; †: χ2 values; ‡: Z values. NAFLD: Nonalcoholic fatty liver disease; WHR: Waist‑hip ratio; TG: Triglyceride; TC: Total cholesterol; HDL‑C: 
High‑density lipoprotein‑cholesterol; LDL‑C: Low‑density lipoprotein‑cholesterol; CIMT: Carotid intima‑media thickness; SD: Standard deviation; 
IQR: Interquartile range.
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stratified by age and gender to analyze the different stability 
of carotid plaque with NAFLD although the results were not 
statistically significant. The inconsistence might be possibly 
ascribed to the less sensitive to ultrasound than to biopsy 
during identifying NAFLD. NAFLD was considered as a 
marker of metabolic disorders which could exaggerate the 
effects on the development of atherosclerosis.[27] However, 
the biological mechanism of NAFLD promoting the 
development of athero sclerosis (measured through carotid 
plaque)  was still unclear.

Similarly, same to carotid plaques, carotid stenosis was 
also used as a surrogate marker to represent the carotid 
artery disease in this study. Compared with inconsistent 
results regarding the association between carotid plaque 
and NAFLD, those between carotid stenosis and NAFLD 

are consistent. Several studies demonstrated a positive 
association between NAFLD and cardiovascular‑related 
disease (assessed by carotid IMT or carotid plaque).[3,28] 
Sinn et al.[29] ever reported that men with NAFLD had a 
higher risk of carotid stenosis in modest alcohol drinkers. 
An independently significant correlation of participants with 
NAFLD and carotid artery disease (assessed by carotid artery 
stenosis) was detected in the present study, and a positive 
association between carotid stenosis (≥50% stenosis) and 
NAFLD was found in the stratified analysis. In addition, 
NAFLD was assumed to be the hepatic manifestation 
of metabolic syndrome. However, a study reported that 
metabolic syndrome was not associated with carotid 
stenosis (≥50% stenosis) in patients with a recent diagnosis 
of CAD.[30] The relatively small sample size (168 patients) 
in that study might partly account for this inconsistency. 

Table 2: Association between different severity of carotid stenosis and NAFLD stratified by gender and age

Items Total* Gender† Age‡

Male Female 40–60 years >60 years
<50% stenosis

Non‑NAFLD 1.00 1.00 1.00 1.00 1.00
NAFLD 1.10 (0.85–1.43) 0.97 (0.67–1.41) 1.23 (0.86–1.77) 1.28 (0.92–1.76) 0.84 (0.54–1.32)
P 0.45 0.87 0.26 0.14 0.12

≥50% stenosis
Non‑NAFLD 1.00 1.00 1.00 1.00 1.00
NAFLD 2.06 (1.45–2.93) 1.85 (1.19–2.87) 2.39 (1.32–4.34) 1.80 (1.17–2.75) 2.99 (1.54–5.82)
P <0.01 <0.01 <0.01 <0.01 <0.01

Data were presented by ORs (95% CIs). *Total adjusted for age, gender, smoking status, income, physical activity, diabetes, hypertension, WHR, 
TG, and HDL‑C; †Gender subgroup adjusted for age, smoking status, income, physical activity, diabetes, hypertension, WHR, TG, and HDL‑C; ‡Age 
subgroup adjusted for gender, smoking status, income, physical activity, diabetes, hypertension, WHR, TG, and HDL‑C. NAFLD: Nonalcoholic fatty 
liver disease; WHR: Waist‑hip ratio; TG: Triglyceride; HDL‑C: High‑density lipoprotein‑cholesterol; CIs: Confidence intervals; ORs: Odds ratios.

Figure 1: The prevalence of carotid stenosis or plaque in overall participants and participants with NAFLD or without NAFLD. OR with 95% 
CI of NALFD for carotid stenosis or plaque in total, different gender, and age categories. Covariates for total included age, gender, smoking 
status, income, physical activity, diabetes, hypertension, WHR, TG, and HDL‑C. Covariates for different genders included age, smoking status, 
income, physical activity, diabetes, hypertension, WHR, TG, and HDL‑C. Covariates for different ages included gender, smoking status, income, 
physical activity, diabetes, hypertension, WHR, TG, and HDL‑C. NAFLD: Nonalcoholic fatty liver disease; OR: Odds ratio; CI: Confidence interval; 
WHR: Waist‑hip ratio; TG: Triglyceride; HDL‑C: High‑density lipoprotein‑cholesterol.
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The results in this study also showed that NAFLD was 
an independent risk factor for carotid stenosis in different 
gender and age groups. This gender‑specific association 
might be caused by the effects of estrogens which protected 
females from cardiovascular disease. Furthermore, age was 
another important risk factor of the association between 
carotid stenosis and NAFLD. A previous study demonstrated 
a higher prevalence of carotid stenosis or NAFLD with the 
age increased, and the relationship between NAFLD and 
carotid stenosis among older participants was statistically 
significant, that was similar to our results.[31]

Furthermore, the association between CAD and NAFLD 
had been examined in some studies, which detected 
a higher prevalence of CAD in patients with NAFLD 
(80.4% vs. 60.7%).[32‑34] Possible reasons for these 
inconsistent results might be that patients underwent 
coronarography before detecting NAFLD. These studies 
also confirmed that CAD was positively associated with 
NAFLD (OR: 3.31), which revealed a significant association 
between NAFLD and cardiovascular disease. Therefore, the 
findings in the study of the positive association between 
NAFLD and carotid artery disease (assessed by carotid 
stenosis) might, to some extent, explain the higher risk of 
cerebrovascular disease among people with NAFLD, which 
might add to the available evidence and effects on risk 
prediction of patients.

According to some recent epidemiological studies, the 
prevalence of NAFLD in China was higher than the 
estimates in Western countries while it was increasing 
and had reached epidemic proportions.[35] In the present 
study, participants with NAFLD had a higher prevalence 
of carotid stenosis and carotid plaque which was different 
from those without NAFLD. Carotid stenosis was the 
serious stage of the development of carotid atherosclerosis, 
and the relationship between carotid plaque and carotid 
atherosclerosis was closely linked. Although the mechanism 
linking NAFLD and cardiovascular events was elusive, 
some studies still posed that the mechanism of the 
association between atherosclerosis and NAFLD might be 
a complex progress involving an interaction among insulin 

resistance, an inflammatory status and oxidative stress, and 
appeared to be important in both early and later stages of 
the atherosclerotic progress.[36] A systemic inflammatory 
status with pro‑inflammatory and atherogenic molecules 
might play an important role in the relationship between 
NAFLD and cardiovascular disease.[37] These studies 
provided bases for further exploration of the underlying 
mechanisms between NAFLD and cardiovascular disease. 
Furthermore, common genetic variants were another factors 
influencing the risk of cardiovascular disease.[38] Apart from 
the main risk factors of age and gender, obesity and a list of 
metabolic‑related problems also played an important role 
in the presence of NAFLD. These factors could predict 
the risk of carotid stenosis or carotid plaque and forecast 
some cardiovascular‑related diseases in NAFLD patients. 
Therefore, carotid stenosis or plaque might be the hub of 
NAFLD and cardiovascular disease.

We acknowledged several limitations in this present study. 
First, the study could not evaluate the temporal natural of the 
relationship between NAFLD and carotid stenosis or plaque 
and also could not draw a causal inference of them because 
of the cross‑sectional design. Second, some participants 
were absent for the ultrasound examination, which might 
lead to the selection bias and restrict the generalization of 
the findings. Moreover, the diagnosis of NAFLD was based 
on ultrasonography which had less sensitivity compared 
to liver biopsy and could cause a bias for the prevalence 
of NAFLD. Third, we excluded the participants who had 
history of excessive alcohol consumption and were positive 
for HBsAg; however, other types of liver diseases, such as 
hepatitis C and liver cirrhosis, were not taken into account 
and might confound the association between NAFLD and 
carotid plaque. Finally, since the whole participants were 
just from the Jidong community of Tangshan city, they could 
not be regarded as representative of the Chinese population.

In conclusion, our data suggest that NAFLD is associated 
with carotid stenosis but not with carotid plaque. Compared 
to non‑NAFLD individuals, participants with NAFLD have 
a higher risk of carotid stenosis, particularly for women and 
older participants. NAFLD might be a predicator of early 

Table 3: Association between carotid plaque of different stability and NAFLD stratified by gender and age

Items Total* Gender† Age‡

Male Female 40–60 years >60 years
Stable plaque

Non‑NAFLD 1.00 1.00 1.00 1.00 1.00
NAFLD 0.94 (0.53–1.67) 1.38 (0.61–3.15) 0.62 (0.27–1.47) 1.16 (0.45–2.98) 0.77 (0.36–1.66)
P 0.83 0.44 0.28 0.76 0.51

Unstable plaque
Non‑NAFLD 1.00 1.00 1.00 1.00 1.00
NAFLD 1.13 (0.87–1.35) 1.05 (0.73–1.50) 1.20 (0.83–1.74) 1.13 (0.80–1.60) 1.11 (0.76–1.62)
P 0.36 0.79 0.34 0.48 0.59

Data were presented by ORs (95% CIs). *Total adjusted for age, gender, smoking status, income, physical activity, diabetes, hypertension, WHR, 
TG, and HDL‑C; †Gender subgroup adjusted for age, smoking status, income, physical activity, diabetes, hypertension, WHR, TG, and HDL‑C; ‡Age 
subgroup adjusted for gender, smoking status, income, physical activity, diabetes, hypertension, WHR, TG, and HDL‑C. NAFLD: Nonalcoholic fatty 
liver disease; WHR: Waist‑hip ratio; TG: Triglyceride; HDL‑C: High‑density lipoprotein‑cholesterol; CIs: Confidence intervals; ORs: Odds ratios.
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carotid atherosclerosis which is assessed by carotid stenosis 
or carotid plaque as surrogate markers.
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一项基于中国社区人群中非酒精性脂肪肝与颈动脉疾病
之间关联的横断面研究

摘要

背景：非酒精性脂肪性肝（NAFLD）是一种在一般人群中患病率较高的常见慢性肝病。以往的研究已经证明了非酒精性脂肪
肝与心血管疾病之间存在关联。然而，在中国的社区人群中非酒精性脂肪肝是否与颈动脉疾病存在关联仍不清楚。本研究的
目的就是探讨非酒精性脂肪肝与颈动脉疾病之间的关联。
方法：本研究共纳入了2612名来自唐山市冀东地区，年龄在40岁及以上的受试者（1091名男性和1521名女性）。 非酒精性脂
肪肝的确诊主要是通过腹部超声检查。通过颈动脉超声检查来判断颈动脉狭窄或斑块的存在。我们还采用逻辑回归的方法来
分析非酒精性脂肪肝与颈动脉疾病之间的关联。
结果：患有非酒精性脂肪肝的受试者中颈动脉狭窄患病率（12.9％vs 4.6％）和颈动脉斑块患病率（21.9％vs 15.0％）均高于
未患有非酒精性脂肪肝的受试者。在调整年龄，性别，吸烟状况，收入，体力活动，糖尿病，高血压，甘油三酯，腰臀比和
高密度脂蛋白等因素后，我们发现非酒精性脂肪肝与颈动脉狭窄显著相关(OR: 2.06, 95% CI: 1.45‑2.91)，但非酒精性脂肪肝与
颈动脉斑块之间的关联却无统计学意义(OR: 1.10, 95% CI: 0.86‑1.40)。
结论：在中国人群中，非酒精性脂肪肝与颈动脉狭窄之间存在显著关联。




