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ABSTRACT 18 
Background: Nonalcoholic fatty liver disease 

(NAFLD) is currently the leading cause of 

chronic liver disease. Approximately 10 to 30% 

of patients with NAFLD progress to 

Nonalcoholic steatohepatitis (NASH). NASH can 

lead to liver fibrosis, progression to cirrhosis and 

hepatocellular carcinoma, and eventually death. 

In addition, NAFLD also increases the risk of 

cardiovascular diseases such as angina, 

myocardial infarction and stroke 1.64 times 

higher than patients without NAFLD. 

Determining the correlation between NAFLD 

and carotid intima-media thickness will indirectly 

contribute to demonstrating the association 

between NAFLD and cardiovascular risk factors. 

Objectives: Determine the proportion of NAFLD 

patients with carotid intima-media thickness 

(CIMT) ≥ 0.8 mm. Investigation of the 

correlation between the hepatic steatosis and liver 

fibrosis by FibroScan - CAP with CIMT in 

NAFLD patients. Determination of predictive 

risk factors of CIMT ≥ 0.8 mm in NAFLD 

patients. Method: Prospective study on 182 

NAFLD patients aged 18 years and older who 

visited Dai Phuoc General Clinic from January 

2023 to June 2023. Results: The proportion of 

NAFLD patients with CIMT ≥ 0.8 mm was 

45.1%. The proportion of NAFLD patients with 

carotid atherosclerosis was 44.0%. There was a 

positive, strong correlation (r = 0.61) between the 

hepatic steatosis measured by FibroScan - CAP 
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and CIMT in NAFLD patients. There is a 

positive, weak correlation (r = 0.37) between 

liver fibrosis measured by FibroScan and CIMT 

in NAFLD patients. Age, hypertension, central 

obesity, and hepatic steatosis were independent 

risk factors predicting CIMT ≥ 0.8 mm in 

NAFLD patients. Conclusion: There is a strong 

positive correlation between the hepatic steatosis 

measured by FibroScan - CAP and CIMT in 

NAFLD patients. Carotid doppler ultrasound to 

measure CIMT, evaluate carotid atherosclerosis 

should be undergone in NAFLD patients with 

risk factors such as older age, hypertension, 

central obesity and  hepatic steatosis. 

Key words: Nonalcoholic fatty liver disease, 

carotid intima-media thickness, FibroScan 

 

I. BACKGROUND 
Non-alcoholic fatty liver disease 

(NAFLD) is now becoming the leading cause 

of chronic liver disease. The prevalence of 

NAFLD worldwide accounts about ¼ of the 

global population. Approximately 10 to 30% 

of NAFLD patients progress to non-alcoholic 

fatty hepatitis (NASH)2 which can lead to 

hepatic fibrosis, progress to cirrhosis and 

hepatocellular carcinoma and eventually lead 

to death. In addition, NAFLD also increased 

the risk of cardiovascular diseases such as 

chest pain, heart attack and stroke 1.64 times 

higher than patients without NAFLD3. 

NAFLD is currently identified as an 

independent risk factor of cardiovascular 

events and deaths from all causes. Numerous 

studies have shown a link between NAFLD 

and subclinical cardiovascular markers such 

as markers of endometrial dysfunction5, 

ankle-brachial pulse wave propagation 
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speed6, left ventricular systolic dysfunction, 

and increased carotid intima-media thickness 

(CIMT). This contributes to making NAFLD 

an important marker that helps predict 

cardiovascular risk in the future. 

In the world, there have been many 

studies showed that increased CIMT was 

closely associated with the risk of myocardial 

infarction, sudden death, death from 

coronary heart disease or a combination of 

the above events8. However, in Vietnam 

there are very few researches on this issue. 

Therefore, we decided to carry out the study 

" Correlation between hepatic steatosis and 

liver fibrosis with carotid intima-media 

thickness and carotid plaques in patients with 

non-alcoholic liver disease” with the 

following objectives: Determine the 

proportion of NAFLD patients with carotid 

intima-media thickness (CIMT) ≥ 0.8 mm, 

investigation of the correlation between the 

hepatic steatosis and liver fibrosis by 

FibroScan - CAP with CIMT in NAFLD 

patients, and determination of predictive risk 

factors of CIMT ≥ 0.8 mm in NAFLD 

patients. 

 

II. RESEARCH METHODS 
Study Design: Cross-sectional Study 

Study subjects: NAFLD patients aged 18 

years or older who visited Dai Phuoc General 

Clinic from January 2023 to June 2023. 

Inclusion criteria: Patients were included 

in the study when they had CAP > 233 dB/m 

(corresponding to the percentage of hepatic 

steatosis ≥ 5%) or had hepatic steatosis by 

abdominal ultrasound. 

Exclusion criteria: 

- Do not agree to participate in the study 

- Secondary hepatic steatosis: 

Malnutrition BMI < 18.5 kg/m2, parenteral 

nutrition, drugs (amiodarone, methotrexate, 

tamoxifen, corticosteroids, valproate), 

pregnant women, significant alcohol 

consumption: ≥ 20 g/day for men or ≥ 140 

g/week, ≥ 10 g/day or ≥ 70 g/week for 

women for at least 2 consecutive years9. 

- Other causes of hepatitis: Chronic 

hepatitis B and C; autoimmune hepatitis, 

drug-induced hepatitis, hemochromatosis, 

Wilson's disease 

- Ascites, AST, ALT greater than 10 times 

ULN  

- In valid FibroScan results IQR/Med > 30 

% or success rate < 60% 

Variable definition 

- Central obesity when waist 

circumference ≥ 90 cm in men, waist 

circumference ≥ 80 in female10 

- The patient is diagnosed with 

dyslipidemia based on a history of 

dyslipidemia being treated with lipid-

lowering drugs or when the test results have 

an abnormality in one of the following lipid 

components11: Triglyceride ≥ 1.7 mmol/L (≥ 

150 mg/dL), Cholesterol ≥ 5.2 mmol/L (≥ 

200 mg/dL), HDLc < 1.05 mmol/L (< 40 

mg/dL), LDLc ≥ 2.58 mmol/L (≥ 130 mg/dL) 

- Patients are diagnosed with metabolic 

syndrome when there are at least 3 of the 

following criteria12: Central obesity: waist 

circumference ≥ 90 cm in men, ≥ 80 cm in 

women; Hypertriglyceridemia ≥ 150 mg/dL 

(≥ 1.7 mmol/L), decreased HDLc < 40 

mg/dL (< 1.05 mmol/L) in men, < 50 mg/d 

(< 1.30 mmol/L) ) in women; Systolic BP ≥ 

130 mmHg or diastolic BP ≥ 85 mm/Hg; 

Disorders of fasting blood sugar: fasting 

plasma glucose ≥ 100 mg/dL (≥ 5.6 mmol/L). 

- ALT, AST increase when ≥ 33 U/L for 

men and ≥ 25 U/L for women 13. GGT 

increases when > 32 U/L14. Fasting plasma 

glucose increases when ≥ 126 mg/dL15. 

Platelets decrease when < 150 K/µL14. 

- All patients would be asked to fast for at 

least 3 hours before their liver fibrosis test 
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Table 1. Liver stiffness value for liver fibrosis stages mearsured by FibroScan16 

 

Table 2. The grade of hepatic steatosis mearsured by FibroScan- CAP17 

 

All patients underwent carotid doppler 

ultrasound using Versana Premier specialized 

ultrasound machine. The ultrasound process 

was performed by 2 experienced 

sonographers at Dai Phuoc General Clinic 

according to a protocol to measure CIMT, 

carotid atheroma. 

Statistical methods 

The collected data is managed and 

processed by the program SPSS 20, 

Microsoft Excel. Compare the mean of 2 

groups using t-test, from 3 groups or more by 

analysis of variance (One way ANOVA). 

Compare 2 or more proportions (%) using 

chi-square test. Evaluation of the correlation 

between 2 continuous variables, namely liver 

elasticity and hepatic steatosis (CAP) with 

CIMT by correlation analysis, calculated 

Pearson correlation coefficient (r 

coefficient). Determine the predictive risk 

factor of CIMT ≥ 0.8 mm in NAFLD patients 

by logistic regression analysis. 

 
III. RESEARCH RESULTS 

182 NAFLD patients aged 18 years or 

older who visited Dai Phuoc General Clinic 

between January 2023 and June 2023 were 

eligible to be included in the study. 

General characteristics of the study 

subjects 

Participant characteristics are summarized 

in table 3 

 

Table 3. General characteristics of the study subjects 

Liver stiffness (kPa) Liver fibrosis stage 

< 7 F0 - F1 (mild or without fibrosis) 

≥ 7 ≥ F2 ( significant fibrosis) 

≥ 8.7 ≥ F3 ( advanced fibrosis) 

≥ 10.3 F4 (cirrhosis) 

Grade of hepatic 

steatosis 

Liver fat percentage   CAP (dB/m) 

S0 0 - 4% 100 - 233 

S1 5 - 33% 234 - 269 

S2 34 - 66% 270 - 300 

S3 67 - 100% ≥ 301 

Characteristics N (%) 
Mean ±SD 

Median (quartile) 

Men 94 (51.6%)  

Age  56.4 ± 10.4 

Hypertension 79 (43.4%)  

BMI 

Normal 

Overweight 

Obesity 

21 (11.5%) 

68 (37.4%) 

93 (51.1%) 

 

Waist circumference  85.5 ± 7.6 cm 
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More than 50% of patients are obese. Mean waist circumference was high in both men and 

women, with 53.3% of central obesity. Most patients had dyslipidemia (81.3%). Patients with 

S3 accounted for the highest percentage (45.1%). Most patients had mild fibrosis (F0-1).  

Proportion of NAFLD patients with carotid intima-media thickness (CIMT) ≥ 0.8 

mm and atherosclerotic plaque 

          

                      A                                                                                 B 

Chart 1. A. Proportion of NAFLD patients with carotid intima-media thickness (CIMT) ≥ 

0.8 mm and B. Atherosclerotic plaque 

The correlation between the hepatic steatosis and liver fibrosis with CIMT in NAFLD 

patients  

Table 4: The correlation between the hepatic steatosis with CIMT 

 

Characteristics N (%) 
Mean ±SD 

Median (quartile) 

Central Obesity 97 (53.3%)  

Dyslipidemia 148 (81.3%)  

Fasting glucose 

Elevated fasting glucose  

 

43 (23.6%) 

106 (95 - 124) mg/dL 

Elevated ALT and/or AST 146 (80,2%)  

CAP 

S1 

S2 

S3 

 

49 (26.9%) 

51 (28.0%) 

82 (45.1%) 

286.6 ± 36.1 dB/m 

Liver fibrosis 

F0-1 

F2 

F3 

F4 

 

168 (92.3%) 

8 (4.4%) 

1 (0.6%) 

5 (2.7%) 

 

CIMT (P) 

CIMT (T) 

Mean CIMT  

0.9 ± 0.2mm 

0.8 ± 0.2 mm 

0.9 ± 0.2 mm 

 

n = 182 
CAP 

r CI 95% p 

CIMT 0.61 0.47 – 0.73 < 0.001 
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Chart 2. The correlation between the hepatic steatosis with CIMT 

There was a positive, strong correlation (r = 0.61) between the hepatic steatosis measured 

by FibroScan - CAP and CIMT  

The correlation between the hepatic fibrosis with CIMT  

Table 5: The correlation between the hepatic fibrosis with CIMT 

 

 
                     Chart 3. The correlation between the hepatic fibrosis with CIMT 

n = 182 
Hepatic fibrosis 

r KTC 95% p 

CIMT 0.37 0.29 – 0.49 < 0.001 
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Predictive risk factors of CIMT ≥ 0.8 mm in NAFLD patients 

Table 6. Predictive risk factors of CIMT ≥ 0.8 mm in NAFLD patients 

(Note: Multivariable logistic regression test) 

Multivariate analysis showed that age, hypertension, central obesity, and hepatic steatosis 

were independent risk factors predicting CIMT ≥0.8 mm in NAFLD patients. 

 

IV. DISCUSSION 
General characteristics of the study 

subjects 

Our study results showed that the mean 

age of NAFLD patients was 56.4, with an 

average BMI of 25.1 kg/m2 higher than 

normal. Waist circumference was shown to 

be a better predictor of visceral fat status than 

BMI and waist-buttock index18. Increased 

visceral adipose tissue and body fat are 

correlated with components of metabolic 

syndrome. Visceral fat is also associated with 

hepatic steatosis, liver fibrosis, and 

atherosclerosis19. The prevalence of central 

obesity accounted for more than half of the 

patients (53.3%) with an average waist 

circumference of 85.5 cm, lower than in the 

Asian study by Eugene Choon-Li Tan, Jilin 

Zheng (96.9 cm) and 91.1 cm20, respectively. 

Diabetes is not only one of the components 

in metabolic syndrome but also one of the 

leading risk factors for NAFLD. Indeed, 

NAFLD patients with type 2 diabetes 

accounts for nearly 70%21. In addition, 

dyslipidemia is also a risk factor for NAFLD, 

accounted for a very high rate of 81.3%, not 

significantly different from the study of 

Eugene Choon-Li Tan (80.6%)22. Our study 

showed that 45.1% of patients have the S3 

steatosis level similarly, the study by Rupesh 

Shrestha et al23. NAFLD progression is very 

slow, it takes 20-30 years to progress to 

fibrosis and cirrhosis, so most patients have 

no cirrhosis or only mild fibrosis (92.3%), 

similar to the reseach of Shrestha (88%23) 

Proportion of NAFLD patients with 

CIMT ≥ 0.8 mm and atherosclerotic 

plaque 

According to the 2013 ESH/ESC and ASE 

guidelines, a CIMT ≥ 0.8 mm or 75th 

percentile is considered indicative of 

increased risk of cardiovascular disease. In 

addition, CIMT > 0.75 also increases the risk 

of future hypertension24. There were a lot of 

evidences that an association between 

NAFLD and subclinical atherosclerosis, such 

as coronary artery calcification, endothelial 

dysfunction is completely independent of 

other traditional risks and metabolic 

syndrom, especially in relation to CIMT25.  

Risk factors OR CI 95% p 

Age 1.13 (1.06 - 1,.20) < 0.001 

Hypertension 2.95 (1.03 – 8.44) 0.043 

BMI 0.98 (0.73 – 1.32) 0.893 

Waist circumference 0.98 (0.88 – 1.10) 0.744 

Central obesity 6.28 (1.71 – 23.09) 0.006 

Metabolic syndrome 0.86 (0.30 – 2.48) 0.774 

Cholesterol 1.00 (0.97 – 1.04) 0.848 

LDLc 0.99 (0.94 – 1.03) 0.561 

AST 0,98 (0,94 - 1,02) 0,275 

CAP 1.05 (1.03 – 1.07) < 0.001 

Liver fibrosis 1.38 (0.86 – 2.20) 0.180 
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In 182 NAFLD patients, the proportion of 

patients with carotid intima-media thickness 

≥ 0.8 mm was 45.1%. Compared with other 

studies in the world, our results are similar to 

Jilin Zheng's study of 43.8%20 and higher 

than those of Ali Mohammadzadeh's study of 

15.3%26. In addition, in the study of Dong 

Hyun Sinn et al., found that old age, male 

gender, overweight/obesity, current or past 

smoking and the presence of metabolic 

syndrom were independently related factors 

to the carotid atherosclerotic plaque. Along 

with these risk factors, NAFLD is another 

important factor for carotid atherosclerotic 

plaque. Similarly in previous studies, it has 

been shown that NAFLD is not only 

associated with liver disease prognosis but 

also increases the risk of atherosclerotic 

cardiovascular disease. The proportion of 

NAFLD patients with carotid atherosclerotic 

plaque in our study was 44.0%. NAFLD 

patients with a CIMT ≥ 0.8 mm and or 

carotid atherosclerotic plaque need screening 

and prevention of cardiovascular events.  

Correlation between hepatic steatosis 

and liver fibrosis with CIMT 

Our study found that there was a strong 

positive correlation (r = 0.61) between 

hepatic steatosis and CIMT. The higher the 

degree of hepatic steatosis in NAFLD 

patients, the higher the CIMT. The study of 

Abid Rasool et al on 200 NAFLD patients 

and 100 control groups also showed that the 

CIMT of NAFLD patients was higher than 

that of the control group and increased 

gradually according to the degree of hepatic 

steatosis. Furthermore, there was a weak 

positive correlation (r = 0.37) between liver 

fibrosis and CIMT. NAFLD patients with 

higher hepatic steatosis and fibrosis had an 

increased CIMT. Therefore, it is necessary to 

investigate both hepatic steatosis and fibrosis 

for NAFLD patients. Patients with high 

degree of hepatic steatosis or liver fibrosis 

should be screened for atherosclerotic 

cardiovascular disease and carotid doppler 

ultrasound  

Predictive risk factors of CIMT ≥ 0.8 

mm  

Multivariate analysis showed that age, 

hypertension, central obesity, and hepatic 

steatosis were risk factors predicting CIMT ≥ 

0.8 mm in NAFLD patients, in which central 

obesity was the highest predictive risk factor. 

NAFLD patients with central obesity had a 

6-fold increased risk of carotid intima-media 

thickness ≥ 0.8 mm compared with NAFLD 

patients without central obesity. Similarly, 

Mohammadzadeh et al.26 study showed that 

age, BMI, dyslipidemia were independent 

risk factors with OR 1.08; 0.86; 2.74 

respectively and the presence of NAFLD was 

the highest risk factor with the strongest OR 

16.40 (95% CI = 5.9 - 45). NAFLD patients 

had a 16-fold increased risk of CIMT ≥ 0.8 

mm compared with patients without NAFLD. 

Therefore, it is necessary to pay attention to 

screening CIMT and carotid atherosclerotic 

plaque in elderly, overweight, obese patients, 

dyslipidemia, metabolic syndrome in 

NAFLD patients. 

 

V. CONCLUSION  
There is a strong positive correlation 

between the hepatic steatosis measured by 

FibroScan - CAP and CIMT in NAFLD 

patients. Carotid doppler ultrasound to 

measure CIMT, evaluate carotid 

atherosclerosis should be undergone in 

NAFLD patients with risk factors such as 

older age, hypertension, central obesity and  

hepatic steatosis. 
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