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Mortality associated with NAFLD, 10-15 years after its diagnosis, 
is about 10-12%, and is significantly higher in patients with the more 
advanced stages of this condition. In this same period of time, the risk of 
progression to cirrhosis is 5-10%, and 1-2% to hepatocellular carcinoma 
[2]. Increasing number of studies have shown that the higher mortality 
rate among NAFLD patients in comparison to the general population 
is chiefly due to concomitant cardiovascular disease (CVD) than does 
the progression of the liver disorder [3-6]. The strong association 
between NAFLD and MS may explain the high cardiovascular mortality 
observed in NAFLD patients [7]. Furthermore, accumulating evidence 
suggests that NAFLD is by itself a risk factor for coronary artery disease 
independently of established risk factors [8-11].

Increased carotid artery intima-media thickness (CIMT) is 
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Introduction
Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum 

of increasingly severe clinicopathological conditions – nonalcoholic 
fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH) with or 
without fibrosis/cirrhosis – and is characterized by the deposition 
of fat in the liver in an amount exceeding 5-10% of its weight. This 
disorder is frequently associated with the metabolic syndrome (MS), 
which has led many authors to suggest that NAFLD represents the 
hepatic component of this syndrome. NAFLD has reached epidemic 
proportions in the last decade and is one of the most common causes 
of chronic liver disease [1,2].
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Abstract
Background: Nonalcoholic fatty liver disease (NAFLD) has reached epidemic proportions in the last decade, 

and it is related to high cardiovascular mortality. This disorder encompasses a spectrum of increasingly severe 
clinicopathological conditions, i.e. nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH) with or 
without fibrosis/cirrhosis.  Mortality associated with NAFLD is significantly higher in patients with the more advanced 
stages of this condition and is chiefly due to concomitant cardiovascular disease. The association between NAFLD 
severity and carotid artery intima-media thickness (CIMT) is controversial.

Objective: To investigate the association between CIMT and the clinical forms of NAFLD.

Methods: The study included 34 adult patients with NAFL, 20 with NASH, and 26 asymptomatic controls without 
the MS and/or NAFLD. The clinical and metabolic characteristics as well as CIMT values, measured using a fully 
automated ultrasound system, were compared between the NAFL and NASH groups. CIMT of the NAFLD patients 
were also compared to those of the control group. 

Results: The proportion of patients with athermanous plaque was significantly higher in the NAFLD group in 
comparison to the controls. Internal carotid artery CIMT and the combined measurement in the right side (common 
carotid artery, carotid bifurcation and internal carotid) were higher in the NAFL group when compared to the NASH 
patients. No other significant differences were found between CIMT values of the NAFL and NASH groups. After 
adjustment for clinical, demographic, and laboratorial variables, age was the main determinant of CIMT.

Conclusions: No clinically significant association was observed between CIMT of the patients with NAFL and 
NASH. Age was the main determinant of CIMT. 
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standing position midway between the lower limit of the rib cage and 
the iliac crest), and body mass index ([BMI]; weight/height² [kg/m²]) 
[13]. For purposes of analysis, non-obese was defined as BMI <30 kg/
m² and obese, BMI ≥ 30 kg/m². Waist circumference ≥ 90 cm in men 
and ≥ 80 cm in women was defined as high. 

Laboratory assessment included: liver biochemistry, lipid profile, 
serum uric acid, TSH, and fasting serum insulin and glucose. Insulin 
resistance in non-diabetic patients was calculated using the homeostatic 
model assessment index ([HOMA]; serum insulin [µU/ml] × fasting 
glucose [mmol/l] /22.5), and insulin resistance was defined by HOMA 
values ≥ 3 [24]. For analysis purposes, the total of patients with insulin 
resistance was counted by adding to the number of individuals with 
HOMA ≥ 3, those with diabetes (patients on regular oral hypoglycemic 
and/or insulin, and/or fasting glucose ≥ 126 mg/dl evaluated at 2 
different occasions). 

Liver biopsy was indicated according to the following 
recommendations: differential diagnosis with other liver diseases 
when needed; assessment of prognosis in the presence of moderate 
or severe hepatic steatosis on US in the presence of predictors of 
NAFLD severity (obesity and/or type 2 diabetes and/or MS) [24-26]; 
persistently elevated levels of aminotransferases in spite of compliance 
with medication, and/or aspartate aminotransferase (AST)/alanine 
aminotransferase (ALT) ratio >1 [2]. For the histological analysis, we 
used the classification of Kleiner et al., whereby a score >5 confirms the 
diagnosis of NASH [27]. 

The diagnosis of NAFLD by US was based on standard criteria 
[28]. US were performed in all subjects using the same equipment and 
by the same operator, who was unaware of the clinical and laboratory 
results. The diagnosis of NASH was defined by the histological criteria 
and/or by the persistence of elevated levels of AST and/or ALT for a 
period equal to or longer than 6 months. For the cases in which time 
lapse between the biopsy and measurement of IMT was more than 
6 months, sustained high aminotransferase levels were required to 
diagnose NASH.

CIMT measurements

Measurement of CIMT was performed by a fully automated US 
system, which employs radiofrequency signal tracking, using a portable 
high resolution US device (Esaote MyLab 30 Gold™ Cardiovascular, 
Italy) with a 10 MHz frequency linear transducer (LA332). All exams 
were performed by the same operator who was unaware of the 
diagnosis.

CIMT measurement was carried out according to a protocol 
previously described [29]. CIMT was measured automatically in the 
deeper wall of three segments of the right and left extracranial carotid 
arteries: at least 1 cm proximal to the dilation of the carotid bulb, 1 cm 
proximal to the flow divider (referred to as the bifurcation), and 1 cm 
distal to the flow divider in the internal carotid. The basic 2-dimensional 
mode image was used for the measurement. The arteries were evaluated 
along the longitudinal axis, where the arterial segment is more 
perpendicular to the US beam. The US dual line pattern was identified 
allowing the definition of the intima-media and media-adventitia 
interfaces. The distance between the 2 acoustic interfaces was taken as 
the CIMT measure. From the images obtained in the anterior, posterior 
or sternocleidomastoid accesses, the most horizontal one (straight line) 
with the best defined dual line pattern was selected for performing the 
measurement. We used RFQIMT software (Esaote SPA., Italy), which 
automatically measures CIMT in real time with direct analysis of the RF 

considered a surrogate marker of early generalized atherosclerosis 
and subclinical CVD [12]. There is evidence that NAFLD is associated 
with increased CIMT [13-15]. Recent studies addressed to investigate 
CIMT measured by conventional ultrasound (US) techniques, as an 
indicator of NAFLD severity have demonstrated controversial results 
[16,17]. Clarification of this issue may be of clinical importance in 
planning preventive and therapeutic strategies as well may help in the 
differential diagnosis between NAFL and NASH. Thus, considering 
this unresolved issue, we investigated the association between the 
clinical NAFLD forms – NAFL and NASH – and CIMT, measured by 
a newly developed fully automated US, which has been suggested by 
some authors to be more accurate than the conventional US methods 
[18,19].

Methods
The study included 54 consecutive NAFLD outpatients (44 women 

and 10 men, mean age 54 ± 11.3 years) who were recruited from the 
Liver Disease Clinic of the University Hospital, Universidade Federal 
de Minas Gerais, Belo Horizontal, Brazil, between August/2010 and 
October/2011. Twenty-six age- and gender-balanced asymptomatic 
subjects without MS and/or NAFLD (17 women and 9 men, mean 
age 54 ± 14.5 years) who were referred to CMIT measurement for 
cardiovascular risk assessment were selected as controls. The study was 
approved by the Research Ethics Committee of the Institution and all 
the participants signed the informed consent term.

NAFLD was diagnosed according to the criteria of the American 
Gastroenterological Association (AGA): hepatic steatosis confirmed 
by US and/or liver biopsy, exclusion of other causes liver of disease 
(namely alcohol intake >30 g/day for men and >20 g/day for women, 
markers of chronic B and C hepatitis virus infections, auto-immune 
hepatic disorders, Wilson disease, hemochromatosis, and alpha-1-
antitripsin deficiency), no history of prior gastric or jejunoileal bypass, 
no exposure to hepatotoxins, and no use of any drug known to cause 
hepatic steatosis during the last six months [20].

MS was defined by the presence of 3 or more of the following 
conditions: abdominal obesity (waist circumference ≥ 90 cm in men 
and ≥ 80 cm in women), hypertriglyceridemia (≥ 150 mg/dl), and low 
high-density lipoprotein (HDL)-cholesterol level (<40 mg/dl in men 
and <50 mg/dl in females), hypertension (systolic blood pressure ≥ 130 
mmHg and diastolic ≥ 85 mmHg) and fasting hyperglycemia (≥ 100 
mg/dl) [21].

To analyze cardiovascular risk, we used the Framingham score. 
The Framingham risk equation was computed as the probability of 
developing a coronary event within 10 years, by gender, using the 
following parameters: age, total cholesterol, HDL-cholesterol, smoking, 
systolic blood pressure, diastolic blood pressure and diabetes mellitus. 
The patients were classified into three groups for cardiovascular risk in 
10 years as follows: <10% low risk, ≥ 10% and ≤ 20% intermediate risk, 
and >20% high risk [22].

Individuals who performed at least mild exercise, characterized as 
daily routine activities, were considered physically active [23]. Smoking 
was defined as current or previous use of tobacco with no set time 
frame.

Clinical and laboratorial investigation

All patients underwent clinical, anthropometric, laboratory and US 
evaluations at inclusion in the study. Anthropometric data included: 
weight (kg), height (m), waist circumference (cm; measured in a 
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signal as reference. This signal is obtained with a wall tracking system 
that processes the raw RF signals that are received along a single line 
of observation (M-line processing). The CIMT value was defined as the 
average of 6 measurements at the location with better image resolution 
and less variability among the values   of the measures (Figure 1). Images 
were acquired and stored in Digital Imaging and Communications in 
Medicine (DICOM) for further analyses, if necessary [30]. 

The CIMT values   were analyzed by comparison with those of the 
control group, and also with reference values   defined in large population 
studies. For the patients aged ≥ 45 years, the reference values were those 
of the Multi-Ethinic Study of Atherosclerosis (MESA), which refers 
to the Hispanic population [31]; and for the individuals with age <45 
years, those of the study conduct on French employees of an insurance 
company (AXA, Paris, La Defense, France) [30-33].

CIMT   above the 75th percentile of the reference values of the 
population studies were considered high risk for CVD [34]. To evaluate 
the cardiovascular risk of each patient based on the 75th percentile, we 
selected the highest mean CIMT value for the right and left common 
carotid artery (CCA). Atheromatous carotid plaque was defined as 
CIMT values   ≥ 1.5 mm [35]. We also analyzed combined measurements 
of CIMT characterized as follows: combined measurement-1 – the mean 
value of CIMT of the right and left CCA; combined measurement-2 – 
mean of the total sum total of CIMT of the CCA, carotid bifurcation 
and the internal carotid artery on the right; combined measurement-3 
– such as combined measurement-2, on the left.

Statistical analysis

Sample size calculation was based on the following parameters: 
alpha error of 0.05, power of the test of 0.8, and effect size of 0.2 ± 
0.2 mm, taking into account the difference between CIMT of the 
NAFL and NASH groups. The sample size calculated using the above 
parameters was 39 and 14 patients with NAFL and NASH, respectively.

Categorical data were presented as numbers and percentages, 
continuous data were expressed as mean ± standard deviation (SD) or 
median and interquartile range, depending on the pattern of distribution 
of each variable. To compare proportions, the chi-square test or the 

Fisher’s exact test were employed as appropriate. Continuous variables 
were compared between the groups using a t-test and ANOVA or the 
non-parametric Mann-Whitney and Kruskall Wallis tests as indicated.

Intra- and interobserver variabilities of CIMT of the right and left 
CCA were tested on 10 randomly selected cases, and the coefficient of 
variation was calculated.  

In order to identify the predictor factors of CIMT, a multivariable 
linear regression analysis was performed, considering left CCA as a 
dependent variable. The potential predictors that were included into 
the multivariable model were NAFLD groups, age, gender, BMI, insulin 
resistance, and LDL cholesterol.  The Statistical Package for the Social 
Sciences (SPSS) version 18 software (SPSS Inc. Chicago, IL) was used 
for statistical analysis. The values of p ≤ 0.05 were deemed statistically 
significant.

Results
Of the 54 NAFLD patients included in the study, 34 (63%) were 

diagnosed with NAFL and 20 (37%) with NASH. Of the 34 NAFL 
patients, the diagnosis of 8 (23.5%) was confirmed by liver biopsy, 
while in the NASH group the diagnosis was established by biopsy in 14 
cases (70%). The mean age was 54.9 ± 12.8 years (range, 21-78 years) 
in the NAFL group and 54.6 ± 7.5 years (range, 41-69 years) in the 
NASH group (p=0.933). The results of the comparative analysis of the 
clinical and metabolic characteristics between the NAFL and NASH 
groups are described in Table 1. The proportions of patients with 
insulin resistance and with high serum levels of alkaline phosphatase 
and gamma-glutamyl transferase (GGT) were significantly higher in 
the NASH group. There was no other significant difference between 
these groups concerning the clinical and metabolic profile. The NAFLD 
group was similar to the controls regarding sex distribution (p=0.168) 
and median age (p=0.168).

All NAFLD patients underwent CIMT measurement as detailed 
below for the NAFL and NASH groups, respectively: CCA bilaterally, 
34 (100%) and 20 (100%); right carotid bifurcation, 31 (91.1%) and 14 
(70%); left carotid bifurcation, 22 (64.7%) and 15 (75%); right internal 
carotid artery, 22 (64.7%) and 12 (60%); left internal carotid artery, 21 
(61.7%) and 11 (55%); combined measurement-1, 34 (100%) and 20 
(100%); combined measurement-2, 25 (73.5%) and 17 (85%); combined 
measurement-3, 22 (64.7%) and 16 (80%). In the control group, the 
proportions of CMIT measurements in the different arterial segments 
were very similar to those of the NAFL group. Technical difficulties 
prevented the measurement of CIMT in all anatomic regions.

Table 2 presents the CIMT values and their comparative analysis 
between the NAFLD and control groups. The proportion of patients 
with atheromatous plaque was significantly higher in the NAFLD 
group. No other significant differences were observed between these 
groups.

The values of CIMT and their comparative analysis between the 
NAFL and NASH groups are described in Table 3. In both groups, 
CIMT values were below the 75th percentile in approximately 60% 
of the patients. The CIMT of the right internal carotid artery and 
combined measurement-2 were significantly higher in the NAFL 
group. Furthermore, there was a tendency of higher left CCA CIMT 
also in the NAFL group. No other significant differences were found 
between the NAFL and NASH groups. Atheromatous plaque was 
observed in around 26% of the NAFLD patients and there was no case 
with significant carotid stenosis.

Figure 1: An example of intima-media thickness (common carotid artery) 
recording obtained by automated ultrasonograph.
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The comparative analysis between the NAFL and NASH groups 
concerning the cardiovascular risk according to the Framingham score 
is described in Table 4. 

Among clinical, demographic, and laboratorial variables, only age 
remained in the multivariable model as a predictor of CIMT (beta-
coefficient of 0.007; p<0.001) (Figure 2). 

Intra- and interobserver variability for CIMT of the right CCA 
measurements were 4.1% and 8.7%, and for CIMT of the left CCA were 
4.5% and 8.9%, respectively.

Discussion 
In this study we evaluated CIMT in NAFLD patients and compared 

these values with those of asymptomatic controls, and also between 

the subjects with NAFL and NASH in order to investigate possible 
association between NAFLD severity and CIMT. We performed 
automatic measurement of CIMT using radiofrequency signal tracking, 
which has been considered an accurate method as the measurement is 
performed in real time, and during the procedure, it is necessary to 
correctly align the carotid walls, as well to respect the limits set for both 
number of measurements and variation among them [19,36,37]. To 
our best knowledge, this is the first study relating to NAFLD and CIMT 
measurements employing this technique.

Variable
Groups    

    P valueNAFL n/n (%) NASH n/n (%)
Gender: Male 5/34 (14.7) 5/20 (25.0%) 0.471*

              Female 29/34 (85.3%) 15/20 (75.0%)
Hypertension 21/29 (72.4%) 15/20 (75.0%) 0.840†

Metabolic syndrome 24/33 (72.7%) 15/19 (78.9%) 0.440*

increased waist circumference 32/33 (97.0%) 19/19 (100.0%) 1.000*

Obesity (BMI ≥30) 19/33 (57.6%) 12/18 (66.7%) 0.525†

Framingham risk score >20% 10/32 (31.3%) 7/20 (35.0%) 0.779†

Physical activity 16/31 (51.6%) 10/20 (50.0%) 0.910†

Smoking 9/31 (29.0%) 9/20 (45.0%) 0.244†

Low HDL cholesterol 19/34 (55.9%) 10/20 (50.0%) 0.675†

LDL cholesterol >100mg/dl 24/34 (58.8%) 14/20 (70.0%) 0.964†

High  triglycerides 20/34 (58.8%) 9/20 (45.0%) 0.325†

Resistance to insulin‡ 16/34 (47.1%) 18/20 (90.0%) 0.002*

AST/ALT >1 4/34 (11.8%) 5/20 (25.0%) 0.266*

High AP 4/34 (11.8%) 8/20 (40.0%) 0.039*

High GGT 17/34 (50.0%) 16/20 (80.0%) 0.029†

High US-CRP 19/27 (70.4%) 14/18 (77.8%) 0.735*

Statin use 12/28 (42.9%) 4/20 (20.0%) 0.098†

Table 1: Comparative analysis of the clinical and metabolic characteristics and 
lifestyle between the nonalcoholic fatty liver and nonalcoholic steatohepatitis 
groups.

Variable
CIMT (mm)   

 P value
NAFLD group (n=54) Control group (n=26)

Mean ± SD Median/IQR Mean ± SD Median/IQR
R CCA 0.63 ± 0.10 0.63 / 0.12 0.65 ± 0.14 0.63 / 0.20 0.582*

L CCA 0.69 ± 0.16 0.67 / 0.22 0.62 ± 0.15 0.61 / 0.20 0.610†

R Bif 0.62 ± 0.12 0.60 / 0.14 0.60 ± 0.17 0.61 / 0.21 0.731†

L Bif 0.66 ± 0.16 0.64 / 0.25 0.63 ± 0.15 0.60 / 0.25 0.358*

R ICA 0.53 ± 0.10 0.52 / 0.15 0.53 ± 0.16 0.49 / 0.27 0.853†

L ICA 0.50 ± 0.11 0.48 / 0.14 0.44 ± 0.13 0.44 / 0.23 0.078*

Combined-1‡ 0.66 ± 0.11 0.66 / 0.16 0.64 ± 0.13 0.64 / 0.20 0.429*

Combined-2§ 0.61 ± 0.07 0.61 / 0.09 0.59 ± 0.12 0.59 / 0.18 0.506*

Combined-3|| 0.64 ± 0.15 0.60 / 0.17 0.56 ± 0.09 0.58 / 0.12 0.720†

N/N (%) N/N (%)
Percentile ≥ 75 22/54 (41.7%) 6/26 (23.1%) 0.121#

Ather plaque 14/54 (25.9%) 0/26 (0.0%) 0.003¶

CIMT, carotid intima-media thickness; NAFLD, nonalcoholic fat liver disease; SD, 
standard deviation; IQR, interquartile range L, left; R, right; CCA, common carotid 
artery; Bif, carotid bifurcation; ICA, internal carotid artery; N/N, frequency found/
number of cases with available information; ather, atheromatous; *t-test; †Mann-
Whitney; ‡RCC/LCC; §RCC/RBif/RCIA; ||LCC/Lbif/LCIA; #chi-square test; ¶Fisher’s 
exact test
Table 2: Carotid intima-media thickness of the carotid arteries and their comparative 
analysis between nonalcoholic fat liver disease and control group.

Variable
CIMT (mm)

  P 
valueNAFL group (n=34) NASH group (n=20)

Mean ± SD Median/IQR Mean ± SD Median/IQR
R CCA 0.65 ± 0.12 0.67 / 0.13 0.62 ± 0.08 0.61 / 0.10 0.263*

L CCA 0.72 ± 0.17 0.71 / 0,19 0.65 ± 0.14 0.61 / 0.17 0.066†

R Bif 0.63 ± 0.13 0.61 / 0.15 0.58 ± 0.08 0.58 / 0.10 0.239†

L Bif 0.69 ± 0.18 0.70 / 0.28 0.64 ± 0.13 0.62 / 0.13 0.420*

R ICA 0.55 ± 0.10 0.56 / 0.15 0.49 ± 0.09 0.46 / 0.10 0.028†

L ICA 0.49 ± 0.10 0.47 / 0.14 0.54 ± 0.12 0.52 / 0.16 0.196*

Combined-1‡ 0.68 ± 0.12 0.69 / 0.18 0.63 ± 0.10 0.62 / 0.12 0.118*

Combined-2§ 0.63 ± 0.07 0.63 / 0.09 0.58 ± 0.07 0.58 / 0.09 0.023*

Combined-3|| 0.65 ± 0.15 0.61 / 0.21 0.63 ± 0.15 0.60 / 0.10 0.679†

N/N (%) N/N (%)
Percentile ≥ 75 14/34 (41.2%) 8/20 (40.0%) 0.932#

Ather plaque 8/34 (23.5%) 6/20 (30.0%) 0.600#

CIMT, carotid intima-media thickness; NAFL, nonalcoholic fatty liver; NASH, 
nonalcoholic steatohepatitis; SD, standard deviation; IQR, interquartile range L, 
left; R, right; CCA, common carotid artery; Bif, carotid bifurcation; ICA, internal 
carotid artery; N/N, frequency found/number of cases with available information; 
ather, atheromatous; *t-test; †Mann-Whitney; ‡RCC/LCC; §RCC/RBif/RCIA;  ||LCC/
LBif/LCIA; #chi-square test
Table 3: Carotid intima-media thickness of the carotid arteries and their comparative 
analysis between nonalcoholic fatty liver and nonalcoholic steatohepatitis groups.

Groups
Framingham Score (risk)

   P value
Low Intermediate High

NAFL (n = 32) 16 (50.0%) 5 (15.6%) 11 (34.4%) 0.088*

NASH (n = 20) 6 (30.0%) 2 (10.0%) 12 (60.0%)

NAFL, nonalcoholic fatty liver; NASH, non-alcoholic steatohepatitis *chi-square 
test, lynear-By-linear association
Table 4: Framingham score and comparative analysis between nonalcoholic fatty 
liver and nonalcoholic steatohepatitis groups

Figure 2: Scatter plot showing correlation between left common carotid artery 
intima-media thickness and age. 
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The comparison of the carotid arteries examination between 
NAFLD patients and the control group showed only a higher 
proportion of atheromatous plaque in the NAFLD group. Concerning 
the comparative analysis between the NAFL and NASH groups, except 
for higher values of CIMT of the right internal carotid artery and 
combined measurement-2 in the NAFL group, and a tendency of higher 
left CCA CIMT also in the NAFL group, no significant difference was 
found in any other arterial segments evaluated. Neither there was any 
difference between these groups when comparing the proportion of 
patients with CIMT   higher than the values corresponding to the 75th 
percentile   of the reference populations.

The relative lack of difference in CIMT between the NAFLD 
patients and the control group may be due to the fact the control 
group was not totally free of cardiovascular risk factors. Thus, some 
of the pro-atherogenic factors observed in the patients with NAFLD 
could also be present in the control group. Regarding the comparison 
between the NAFLD groups, contrary to the expectations, higher CIMT 
values were found in the NAFL patients; furthermore, the differences 
were observed only on one side. Thus, it is likely that these observed 
differences have been due to the relatively small sample size or just 
owing to chance. The use of statins could have been a confusing factor 
since the administration of these agents for longer than one year may 
stabilize or even reduce CIMT [38]. However, this possibility was ruled 
out as there was no difference between the proportions of patients with 
NAFL or NASH that did or did not take statin.

Clinical and metabolic changes often associated with the more 
severe NAFLD forms are obesity, age over 40-50 years, diabetes and 
arterial hypertension [39]. All these manifestations as well the MS 
were observed in most of our patients from both NAFLD groups. 
The similarity between the NAFL and NASH groups concerning the 
clinical and metabolic profile could have been the major cause for the 
lack of difference of the CIMT values between them. This similarity 
may be partly due to misclassification of some cases since the criteria to 
differentiate NAFL from NASH have limitations, even when based on 
liver biopsy, which is currently the more accurate method to diagnose 
the NAFLD clinical forms [40]. The more frequent occurrence of 
insulin resistance and higher serum levels of the canalicular enzymes 
(alkaline phosphatase and GGT) in the NASH group suggest that 
the majority of the cases were properly classified as NASH or NAFL. 
Insulin resistance plays an important role in the pathogenesis and 
progression of NAFLD; and, elevated liver enzymes is more frequent 
in the presence of more significant hepatic injury [41]. Including in 
the study only patients who underwent liver biopsy would certainly 
minimize the possibility of incorrect classification of the cases, but, on 
the other hand, could lead to the selection of more severe cases, since 
these patients fulfill more frequently the classical criteria for indicating 
liver biopsy. 

In a study in which CIMT was measured by conventional US 
in 31 obese children and adolescents with NAFLD histologically 
diagnosed (19 with NAFL and 12 with NASH), and in 49 obese subjects 
without NAFLD, matched by sex, age and BMI, there was neither 
CIMT difference between the groups nor association between the 
histological pattern of NAFLD and CIMT [16]. On the other hand, in 
a study including 85 liver biopsy confirmed NAFLD patients and 160 
individuals matched by gender, age and BMI without this diagnosis, 
Targher et al. found a strong association between NAFLD severity 
and increased CIMT measured by conventional US, and also with 
the presence of carotid atherosclerosis, independently of classical risk 
factors such as insulin resistance and MS. The 85 patients with NAFLD 

presented higher CIMT values in   comparison with the 160 controls; 
and the 16 patients with NAFL presented lower CIMT values   compared 
to the 69 subjects with NASH [17].

In predicting cardiovascular risk, a CIMT at or above the 75th 
percentile, as defined in large population studies, is considered to be high 
risk for CVD [29,30]. We expected higher CIMT values in the NASH 
group as these patients theoretically exhibit higher cardiovascular risk. 
However, most of our patients from both NAFLD groups presented 
CIMT values below the 75th percentile. The fact that this CIMT cutoff 
was defined in population studies in which the measurements were 
performed by conventional US systems, could explain, at least partially, 
our results. Another explanation related to the technique is the fact that 
we measured CIMT in the CCA at least 1 cm proximal to the origin of 
the bulb, where atheromatous plaque is less likely to be found [42,43]. 

Even using the best image from the 3 angles, it was not possible to 
measure CIMT of the carotid bifurcation and internal carotid artery 
in a significant proportion of cases due to technical constraints, which 
did not occur in relation to the CCA. It is easier to obtain a straight line 
image of this arterial segment, which favors the positioning of the US 
beam perpendicularly to the artery wall. This aspect is reinforced by 
the lower range of the CIMT medians of the CCA (9 mm) compared 
to those of the carotid bifurcation (13 mm) and internal carotid (10 
mm). In the ARIC study, the number of valid measurements in the 
carotid bifurcation and internal carotid artery were also lower than 
those found in the CCA [29]. 

In our study, the proportion of patients classified as high risk 
according to the Framingham score was higher in the NASH group, 
although the difference was not statistically significant. Assessment 
of cardiovascular risk by the Framingham score and investigation 
of the occurrence of coronary artery disease over 10 years were the 
goals of a study that included 309 patients with NAFLD. Forty-one 
patients died, and coronary artery disease was the cause of death in 
10 of them. The authors demonstrated that the Framingham risk score 
accurately predicted cardiovascular risk in 10 years in that population 
[44]. Considering that this score is a simple tool and easy to use in 
outpatients, we suggest adding the assessment of the cardiovascular 
risk by the Framingham score to the routine care of individuals with 
NAFLD. 

In conclusion, no clinically significant association was found 
between CIMT and the NAFLD forms of presentation: NAFL and 
NASH. Except for the higher proportion of individuals with carotid 
atherosclerosis in the NAFLD group, CIMT of the control and NAFLD 
patients were also similar. The fact the control group was not totally free 
of cardiovascular risk factors, limitations concerning the differential 
diagnosis between NAFL and NASH, a relatively small sample size, and 
technical aspects of CIMT measurement may have exerted significant 
influences on the results; therefore, they should be interpreted with 
some caution. Studies with larger sample size in which liver biopsy 
is used to characterize the NAFLD forms are needed to clarify the 
existence or not of association between CIMT and NAFLD severity. 
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