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Noninvasive tool for the diagnosis of
NAFLD in association with atherosclerotic
cardiovascular risk
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Abstract

Background: Whether the severity of liver histology in non-alcoholic fatty liver disease (NAFLD) is associated with
more pronounced cardiovascular disease is unsettled. There is a need to develop a noninvasive tool to help its
diagnosis in association with atherosclerotic cardiovascular disease. We aimed to evaluate the diagnostic performance
of NAFLD-liver fat score (NAFLD-LFS) and carotid intima-media thickness (CIMT) in magnetic resonance imaging-
proved NAFLD. The study comprised 60 patients with NAFLD during the period from October 2015 to June 2017,
diagnosed by clinical features, laboratory tests, and magnetic resonance study. Thirty healthy subjects served as
controls. All included individuals were subjected to anthropometric measurements and measurement of NAFLD-LFS
and CIMT.

Results: On doing ultrasonography, 30 cases showed mild, 24 showed moderate, and 6 cases showed severe steatosis.
NAFLD-LFS at a cutoff value of − 1.628 showed a sensitivity of 96.7%, specificity 100%, positive predictive value 100%,
negative predictive value 93.8%, and accuracy 97.8%. CIMT at a cutoff value of 0.6 had a sensitivity of 70%, specificity
53.3%, positive predictive value 75%, negative predictive value 47.1%, and accuracy 64.4%. The combination of CIMT at
cutoff 0.7 and NAFLD-LFS at cutoff − 1.628 showed sensitivity, specificity, positive predictive value, negative predictive
value, and diagnostic accuracy of 100%.

Conclusion: CIMT combined with NAFLD-LFS can produce a simple noninvasive tool for diagnosis of NAFLD.

Keywords: Non-alcoholic fatty liver disease, Noninvasive, Liver fat score, Carotid intima-media thickness, Magnetic
resonance imaging

Background
It is well-known nowadays that non-alcoholic fatty liver
disease (NAFLD) is the most prevalent chronic liver
disease worldwide. NAFLD spectrum includes hepatic
steatosis, non-alcoholic steatohepatitis (NASH), and
hepatic fibrosis up to cirrhosis [1]. Patients with NAFLD
are usually incidentally discovered on doing routine liver
enzymes or abdominal imaging [2]. Mortality is esti-
mated to be about 10 to 20% after 10 to 15 years of
diagnosis, while the risk of progression to cirrhosis is
5–10% and 1–2% to HCC [3].
NAFLD is a hepatic manifestation of the metabolic

syndrome (MS), including type 2 diabetes mellitus (DM)

and cardiovascular disease (CVD) [4]. Recently, a
systematic review declared that NAFLD patients are
prone to develop CVD, even without MS. Moreover,
atherosclerotic cardiovascular disease seems to play an
important role in the natural course of NAFLD. There-
fore, there is an urgent need to develop and validate a
reproducible noninvasive diagnostic tool that can accurately
grade the severity of liver disease and its progression in
NAFLD patients in correlation with cardiovascular
atherosclerotic disease [5]. The carotid intima-media thick-
ness (CIMT) parallels the importance of other cardiovascu-
lar risk factors [6].
It is unreasonable to use liver biopsy routinely to diag-

nose NAFLD, attributed to its limitations including cost,
invasiveness, complications, and inter-observer variability
[7]. Thus, it seems more logic to use ultrasound as an avail-
able, convenient, safe, and relatively inexpensive imaging
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tool. However, its sensitivity is limited when steatosis is less
than 30% on liver biopsy [8].
Magnetic resonance imaging (MRI) including spectros-

copy has higher sensitivity and specificity in quantifying
steatosis [9]. But these studies are time-consuming, rela-
tively expensive, and often unavailable in daily routine. So,
more simple tests have been developed based on routine
laboratory and anthropometric parameters, including fatty
liver index (FLI), the hepatic steatosis index (HSI), and the
NAFLD-liver fat score (NAFLD-LFS) [10]. NAFLD-LFS
includes AST/ALT ratio [11].
The present study was designed to evaluate the per-

formance of NAFLD-liver fat score (NAFLD-LFS) and
carotid intima-media thickness (CIMT) in predicting
MRI-diagnosed NAFLD.

Methods
The current study included 60 adult patients older than
18 years with MRI-proved NAFLD, who were randomly
recruited from the outpatient clinic of hepatology at
Internal Medicine and tropical departments during the
period from October 2015 to June 2017. Additionally, a
total of 30 age- and sex-matched healthy subjects nega-
tive for any systemic or hepatic diseases were included
in this study as controls.
Patients with history of ischemic heart disease, use of

steatosis-inducing medications (e.g. amiodarone), self-
reporting alcohol consumption of > 20 g/day for women
and > 30 g/day for men, and metabolic causes of steato-
hepatitis including Wilson’s disease, hemochromatosis,
viral hepatitis B or C, and autoimmune liver diseases
were excluded from the study.
The study was conducted in accordance with the ethical

principles of the 1975 Declaration of Helsinki and was
approved by Research Ethics Committee. A written in-
formed consent was obtained from all the participants
after explaining the aim and concerns of the study.
All the included individuals were subjected to a thorough

medical history and clinical examination with special em-
phasis on blood pressure measurement and anthropometric
measures including patient’s weight to the nearest 0.1 kg
and height to the nearest 0.1 cm. The body mass index
(BMI) was calculated as follows: weight (in kilograms)
divided by square of height (in meters); BMI of 30 kg/m2 or
more was defined as obesity.
All anthropometric measures were applied in the

morning. The waist circumference was measured mid-
way between the lowest rib and the top of the iliac crest
at the end of normal expiration. The hip circumference
was measured in a horizontal plane at the maximum
extension of the buttocks. The waist/hip ratio (W/H)
was calculated as the waist measurement divided by the
hip measurement. Resting electrocardiographic (ECG)
and echocardiographic assessment was conducted.

Routine laboratory investigations were done including
complete blood count (CBC), liver, renal, and lipid pro-
files. Also, HBs Ag, HCV Ab, serum iron, ferritin, cerulo-
plasmin, anti-nuclear antibody (ANA), and anti-smooth
muscle antibody (ASMA) were done. Fasting blood glu-
cose (FBG) and fasting insulin (FI) were tested after 8 h
fasting. FBG > 126mg/dl or HbA1c ≥ 6.5% was defined as
DM [12].
Insulin resistance (IR) was calculated by using the

homeostasis model assessment-insulin resistance equa-
tion: [HOMA-IR = plasma glucose (mg/dl) × insulin (uU/
ml)/405], a value of > 2.5 is the cutoff of IR [13]. MS
was defined according to the Joint Scientific State-
ment 2009 [14], as any three of the following: waist
circumference ≥ 102 cm in males or ≥ 88 cm in fe-
males, triglycerides ≥ 150 mg/dl, HDL < 40 mg/dl in
males or < 50 mg/dl in females, FBG ≥ 100mg/dl, or
blood pressure ≥ 130/85mmHg. Measurement of
NAFLD-LFS was calculated as follows: − 2.89 + 1.18 ×MS
(Yes = 1, No = 0) + 0.45 × T2DM (Yes = 2, No = 0) +
0.15 × I0 + 0.04 × AST − 0.94 × AST/ALT [I0, fasting insu-
lin (μU/ml); T2DM, type 2 DM; AST, ALT representing
fasting AST and ALT (U/L), respectively] [15].
Measurement of CIMT was done using a 7.5-MHz

linear array transducer where the common carotid, the
carotid bulb, and the near and far wall segments of the
internal carotid arteries were scanned bilaterally accord-
ing to the consensus statement from the American
Society of Echocardiography. Examination was done in
the supine position with the head tilted 45° contralater-
ally. CIMT was defined as the distance between the
lumen-intima and the media-adventitia ultrasound inter-
faces. Measurements were consisted of six manual
measurements at equal distances along 1 cm on the far
wall of common carotid artery. Left and right CIMT
were averaged (Fig. 1).
Abdominal ultrasonography was done after an overnight

fasting by two experienced radiologists who were blind to
patients’ clinical characteristics. It was done using a Toshiba
Nemio XG (Toshiba Medical Systems Corporation Europe
B. V, Japan) with a 4.5-MHz frequency convex probe and a
high-resolution B-mode scanner with patients in supine
position, with special emphasis on liver span of the right
lobe in the mid-clavicular line on oblique view and liver
echogenicity. Increased liver echogenicity rather than the
kidney and either attenuation of ultrasound signal of the
liver with the diaphragm indistinct or the echogenic walls
of the portal veins were less visible were the indicators of
NAFLD (Fig. 2). The degree of fatty liver was scored as
shown in Table 1. Cases were classified to have mild (1–3),
moderate (4–6), and severe (≥ 7) fatty liver changes [16].
Abdominal MRI was performed within the same week

of clinical, laboratory, and sonographic assessment by an
experienced MR technologist and analyzed, under the
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supervision of the radiology investigator, by a single
trained image analyst who was blinded to all data. A 1.5
Tesla MRI (Philips, Achieva) was used for acquisition of
liver images. MRI protocols included gradient echo
sequences, including in-phase sequence (with TR 10ms
and TE 4.5ms) and out-phase sequence (with TR 10ms
and TE 2.5 ms) with flip angle 15°. Slice thickness = 5mm;
spacing = 1mm; acquisition matrix = 256 × 224; number
of averages = 1; and acquisition type = 2D.
Echocardiographic assessments were performed by a sin-

gle experienced examiner, who was blinded to the results of
the study group. Tracings were taken with patients in a par-
tial left decubitus position using a VIVID-7 Pro ultrasound
machine (GE Technologies, Milwaukee, WI, USA) with an
annular phased array 2.5-MHz transducer. The mean
values from at least five measurements of each parameter
for each patient were computed. Measurements of IVS
thickness, PW thickness, and LVID were made at end-

diastole and end-systole, with special stress up on left ven-
tricular end-diastolic diameter (LVEDD) and left ventricular
hypertrophy (LVH).

Statistical analysis
IBM SPSS statistics (V. 24.0, IBM Corp., USA, 2016)
was used for data analysis. Mean ± SD was used for
quantitative parametric data, and median percentiles
for quantitative non-parametric data, while number
and percentage for categorical variables. Student’s t test
was used to compare between two independent mean
groups for parametric data, and the Mann-Whitney U test
was used to compare between two independent groups for
non-parametric data. Chi-square test was used to study
the comparison between two independent groups as
regards the qualitative data.
ROC curve was applied to get the best cutoff values

to discriminate patients with NAFLD from healthy
controls. Logistic multi-regression analysis was used
to search for independent parameters that can predict
the target parameter (dependent variable). By using
logistic stepwise multi-regression analysis, we can get
the most sensitive ones that predict the dependent
variable. p value < 0.05 was considered significant.

Results
The present study was conducted on 60 subjects
with NAFLD including 32 females and 28 males,
their ages ranging between 29 and 56 years old, with
a mean of 42.1 ± 6.75 years, compared to 30 healthy
volunteers including 16 males and 14 females, their
ages ranging between 28 and 55 years with a mean
of 42.06 ± 8.1 years.
Clinical and biochemical parameters of all studied

subjects are shown in Table 2. Regarding liver profile,
hepatic transaminases, serum albumin, and INR showed
a significant difference between the 2 groups (p < 0.01,
p = 0.01, p = 0.03, respectively).

Fig. 1 Doppler ultrasound imaging of the carotid artery showing carotid intima-media thickness measuring 0.8 mm

Fig. 2 Imaging of hepatic steatosis scoring by ultrasound showing
hepatic echotexture (ECO) scoring 2, clarity of liver blood vessel
structures (VAS) scoring 1, and visibility of diaphragm (DIA-VIS)
scoring 1; hence, this case is classified to have moderate fatty liver
changes (score 4)
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Among cases group, MS and DM were present in 18
cases (30%) and 14 cases (23.3%), respectively. Classifica-
tion of cases using abdominal US to score hepatic stea-
tosis revealed that 30 cases (50%) had mild steatosis, 24
cases (40%) had moderate steatosis, and 6 cases (10%)
showed severe steatosis. BMI and waist circumference
were significantly higher in the NAFLD group (p < 0.01)
(Table 3). Also, CIMT and NAFLD-LFS and LVEDD
were higher in NAFLD patients rather than controls
(p = 0.025, p < 0.01, and p = 0.046, respectively), while
LVH was found in 43 (71.67%) of cases and in 8
(26.67%) of controls (p < 0.01) (Table 4). On comparing
NAFLD patients with and without MS, there was a sig-
nificant difference as regards TGs (p = 0.028), SBP,
CIMT, and NAFLD-LFS (p < 0.01) (Table 5).
The area under the receiver operating characteristic

curve (AUROC) for NAFLD-LFS as a predictor of hep-
atic steatosis was 0.991, with a cutoff value of − 1.628 as
a possible cutoff value to discriminate NAFLD from
healthy controls, giving a sensitivity of 96.7%, specificity
100%, PPV100%, NPV 93.8%, and diagnostic accuracy of
97.8% (Fig. 3).
The AUROC for CIMT as a predictor of hepatic stea-

tosis was 0.567, with a cutoff value of 0.6 as a possible

Table 1 Scoring protocol for hepatic steatosis by ultrasonography

U/S features Score Definition

Liver echotexture (ECO) 0 Normal: echo level of the liver parenchyma is homogenous
and no difference in contrast between liver and kidney parenchyma

1 Mild fatty change: slightly increase in echo pattern of the liver

2 Moderate fatty change: intermediate between scores 1 and 3

3 Severe fatty change: gross discrepancy of the increased hepatic
to renal cortical echogenicity

Echo penetration and visibility of diaphragm (DIA-VIS) 0 Normal: liver structure is clearly defined from the surface of
the diaphragm. The outline of the diaphragm is clearly visualized

1 Mild fatty change: mild attenuation of sound beam through the liver

2 Moderate fatty change: intermediate between scores 1 and 3

3 Sever fatty change: marked attenuation of sound beam through
the liver. The diaphragm is not visualized

Clarity of liver blood vessel structures (VAS) 0 Normal: vessel wall and lumen of the vessel can be clearly visualized

1 Mild fatty change: slightly decreased definition of portal venule walls

2 Moderate fatty change: intermediate between scores 1 and 3

3 Sever fatty change: only the main portal veins can be visualized
with the absence of all smaller portal venule walls

Table 2 Clinical and biochemical parameters of cases and
controls

Variable Cases (n = 60) Controls
(n = 30)

p

Age (years) 42.1 ± 6.75 42.06 ± 8.1 0.989

SBP (mmHg) 130.17 ± 10.3 121.67 ± 12.2 0.029

DBP (mmHg) 80.70 ± 8.6 76.33 ± 7.7 0.09

ALT (U/L) 39.2 ± 9.3 13.5 ± 3.6 < 0.01

AST (U/L) 34.1 ± 6.73 16.07 ± 3.51 < 0.01

ALP (U/L) 138.4 ± 31.7 134.3 ± 18.0 0.59

T. Bil (mg/dl) 0.675 ± 0.4 0.5 ± 0.4 0.1

D. Bil (mg/dl) 0.3 ± 0.2 0.3 ± 0.35 0.8

Albumin (mg/dl) 4.05 ± 0.39 4.43 ± 0.45 0.01

PT (seconds) 12.69 ± 0.82 12.58 ± 0.42 0.55

INR 1.06 ± 0.12 0.99 ± 0.08 0.03

FBS (mg/dl) 97.77 ± 14.17 79.53 ± 8.28 0.945

HbA1c 5.35 ± 1.16 5.09 ± 0.43 0.282

Fasting insulin (μU/ml) 8.75 ± 5.05 8.6 ± 1.9 0.866

HOMA-IR 1.95 ± 1.8 2 ± 0.67 0.539

Triglycerides (mg/dl) 124.37 ± 29.4 92.8 ± 21.58 < 0.01

Cholesterol (mg/dl) 173.3 ± 40.3 141.3 ± 15.5 < 0.01

HDL (mg/dl) 46.2 ± 7.9 54.7 ± 7.3 0.001

LDL (mg/dl) 99.5 ± 32.5 87 ± 17 < 0.01

SBP systolic blood pressure, DBP diastolic blood pressure, ALT alanine
transaminase, AST aspartate transaminase, T. Bil total bilirubin, D. Bil direct
bilirubin, PT prothrombin time, INR international normalized ratio, FBS fasting
blood sugar, HbA1c glycated hemoglobin, HOMA-IR homeostasis model
assessment-insulin resistance, HDL high-density lipoprotein, LDL
low-density lipoprotein

Table 3 Comparison between cases and controls as regards
anthropometric measures

Anthropometric measures Cases (n = 60) Controls (n = 30) p

BMI (kg/m2) 34.8 ± 4.52 25.2 ± 1.68 < 0.01

WC (cm) 103.13 ± 13.62 85.87 ± 8.97 < 0.01

W/H 0.96 ± 0.05 0.91 ± 0.08 0.09

BMI body mass index, WC waist circumference, W/H waist/hip ratio
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cutoff value to discriminate NAFLD giving a sensitivity
of 70%, specificity 53.3%, PPV 75%, NPV 47.1%, and
diagnostic accuracy 64.4% (Fig. 4). On combining CIMT
at 0.7 and NAFLD-LFS at − 1.628 as possible cutoff
values to discriminate patients with NAFLD from those
healthy controls, a sensitivity of 100%, specificity 100%,
PPV 100%, NPV 100%, and diagnostic accuracy 100%
were reached (Fig. 5).
Finally, logistic stepwise multi-regression analysis re-

vealed that HOMA-IR, total bilirubin, INR, and CIMT
were the most sensitive independent predictors of
NAFLD (Table 6).

Discussion
Non-alcoholic fatty liver disease (NAFLD) is reaching
epidemic proportions worldwide in parallel with the in-
creasing prevalence of obesity over the past three decades
[17]. It has been associated with several risk factors, par-
ticularly IR, type II DM, hyperlipidemia, and obesity that
are the main features of metabolic syndrome [18].
Routine liver biopsy in such highly prevalent disease

seems impractical because of its invasiveness, especially
in the presence of imaging techniques with more avail-
ability and safety as ultrasound. Unfortunately, ultra-
sound has limited sensitivity when steatosis is less than
30% on liver biopsy [7].
Despite its accuracy in quantifying liver fat, especially its

advanced techniques like MRI-estimated proton density

fat fraction (MRI-PDFF) [9], MRI is still time-consuming,
relatively expensive, and often unavailable on wide-scale;
therefore, there is an urgent need to develop and validate
a simple, reproducible, noninvasive method that accur-
ately identifies NAFLD patients with the highest risk of
disease progression, meanwhile, allowing frequent moni-
toring of the disease and response to therapy [10].
Thus, our aim in the current study was to evaluate the

clinical value of NAFLD-LFS and CIMT in the predic-
tion of NAFLD in parallel with atherosclerotic cardiovas-
cular disease.
Many serum markers have shown acceptable diagnostic

accuracy as defined by an AUROC > 0.8 [19]. NAFLD
fibrosis score (NFS) and fibrosis 4 calculator (FIB-4) have
been externally validated in ethnically different NAFLD
populations, with consistent results. NFS, FIB-4, enhanced
liver fibrosis (ELF), and FibroTest predict overall mortal-
ity, cardiovascular mortality, and liver-related mortality.
Moreover, NFS can predict incident diabetes, and changes
in NFS are associated with mortality. The tests perform
best at distinguishing advanced (≥ F3) versus non-ad-
vanced fibrosis but not significant fibrosis (≥ F2) or any fi-
brosis (≥ F1) versus no fibrosis. Importantly, the NPV for
excluding advanced fibrosis is higher than the correspond-
ing PPV [20]; therefore, noninvasive tests may be confi-
dently used for first-line risk stratification to exclude
severe disease. However, predictive values depend on
prevalence rates, and most of these studies have been
conducted in tertiary centers where the pre-test probabil-
ity of advanced fibrosis is higher than in the community.
The prevalence and incidence of CVD is higher in

NAFLD than in matched controls and linked to the asso-
ciation between NAFLD and MS components [21]. CVD
is a main common cause of mortality rather than liver
disease itself in NAFLD. In most anecdotal studies, ath-
erosclerotic markers (low HDL, high TG) or inflammatory
markers (high sensitive C-reactive protein) and increased
levels of procoagulant/prothrombotic factors are more
commonly encountered in NAFLD patients than in per-
sons without steatosis. Besides, pre-atherogenic lesions
like increased CIMT; coronary artery, abdominal aortic,
and aortic valve calcifications; and endothelial dysfunction
are also more prevalent in NAFLD patients and, in some
studies, correlated with the histological severity [22].
Our study revealed that NAFLD-LFS showed a high

diagnostic performance in discriminating patients with
NAFLD from healthy controls, with an AUROC for
NAFLD-LFS as a predictor of hepatic steatosis of 0.991.
At a value of − 1.628 as a possible cutoff value to dis-
criminate NAFLD, it showed a sensitivity of 96.7%, spe-
cificity 100%, PPV 100%, NPV 93.8%, and diagnostic
accuracy 97.8%, a result that is in concordance with
Cheung et al. [11] who found that NAFLD-LFS is the
best prediction score for ultrasound-proved NAFLD,

Table 4 Comparison between cases and controls as regards
average CIMT, NAFLD-LFS, and echocardiographic parameters

Cases Controls p

(n = 60) (n = 30)

CIMT (mm) 0.74 ± 0.14 0.65 ± 0.11 0.025

NAFLD-LFS − 0.94 (− 1.82 to 2.57) − 2.02 (− 2.57 to − 1.63) < 0.01*

LVH 43 (71.67%) 8 (26.67%) < 0.01

LV EDD (cm) 5.2 ± 0.4 4.7 ± 0.3 0.046

CIMT carotid intima-media thickness, NAFLD-LFS non-alcoholic fatty liver
disease-liver fibrosis score, LVH left ventricular hypertrophy, LV EDD left
ventricular end-diastolic diameter
*Mann-Whitney (z) test

Table 5 Comparison between cases with and without MS as
regards SBP, serum TGs, and CIMT

Variable Cases with MS Cases without MS p

(n = 18) (n = 42)

TGs (mg/dl) 143.9 ± 29.4 116 ± 25.8 0.028

SBP (mmHg) 137.22 ± 6.18 127.14 ± 10.316 < 0.0

CIMT (mm) 0.9 ± 0.1 0.67 ± 0.09 < 0.01

NAFLD-LFS 1.19 (− 0.5 to 2.57) − 1.245 (− 1.8 to 1.27) < 0.01*

MS metabolic syndrome, SBP systolic blood pressure, TGs triglycerides, CIMT
carotid intima-media thickness, NAFLD-LFS non-alcoholic fatty liver disease-
liver fibrosis score
*Mann-Whitney (z) test
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and can predict mortality, including cardiovascular and
liver-related mortality with an AUROC of 0.771 and a
high specificity (96.4%).
Interestingly, NAFLD-LFS was first developed from a

cohort study including 470 well-characterized Finnish
individuals, in whom liver fat content was measured
using proton magnetic resonance spectroscopy, and it
was reported that MS, type II DM, and serum insulin,
AST, and ALT concentrations allowed prediction of
NAFLD. The score had an AUROC of 0.87 in the esti-
mation and 0.86 in the validation group, and a cutoff
point at − 0.640 predicted increased liver fat content

with an average sensitivity and specificity (86% and 71%,
respectively) [14].
Furthermore, our study revealed higher NAFLD-LFS

levels among NAFLD cases than in healthy controls
(median − 0.94 vs. − 2.02; p < 0.01). This result was close
to that of a retrospective analysis on 324 consecutive liver
biopsies performed between 2000 and 2010 for suspicion
of NAFLD, where five steatosis biomarkers were calcu-
lated including NAFLD-LFS using data retrieved at the
time of each liver biopsy, where NAFLD-LFS had higher
mean values in grades of mild steatosis than no steatosis,
and in moderate than mild steatosis (p = 0.001) [23].

Fig. 3 ROC curve analysis showing the diagnostic performance of NAFLD-LFS in discriminating patients with NAFLD from healthy controls

Fig. 4 ROC curve analysis showing the diagnostic performance of CIMT in discriminating patients with NAFLD from healthy controls
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Several studies have proven the strong possibility of a
carotid plaque in patients with hepatic steatosis [24];
thus, we measured the CIMT in both NAFLD patients
and healthy controls to evaluate its clinical value in pre-
diction of NAFLD. Our study revealed that the mean
average CIMT among NAFLD cases was significantly
higher (0.74 ± 0.14 cm) than that of healthy controls
(0.65 ± 0.11 cm) (p = 0.025). Our findings were supported
by Fracanzani et al. [25] who evaluated CIMT values in
125 patients with NAFLD and 250 healthy individuals;
they found that the mean CIMT was significantly higher
in NAFLD patients. Also, our results are comparable
with the results of Nahandi et al. [26] who evaluated
CIMT values in 49 diabetic NAFLD patients, 50 non-
diabetic NAFLD patients, and 52 normal controls, and
they reported that there is a significant association
between the presence of NAFLD and atherosclerosis
determined by CIMT. Gastaldelli and colleagues [27]
proved the independent association between FLI and
IMT on subjects without diabetes or hypertension in a
population-based study including 1307 patients.

Also, we found that the mean average CIMT of NAFLD
cases with MS was significantly higher (0.9 ± 0.1 cm) than
that of NAFLD cases without MS (0.67 ± 0.9 cm) (p < 0.01),
and this is in agreement with Koskinen et al. [28], who re-
ported a higher incidence of NAFLD and atherosclerosis
among patients with MS. In the contrary, a population-
based study in south Iran, on 290 NAFLD cases compared
to 290 healthy controls, suggested that NAFLD could be
a risk factor for carotid atherosclerosis, independently
of its association with the MS [29].
Furthermore, by multiple regressions analysis, using

the stepwise method, HOMA-IR, total bilirubin, INR,
and CIMT were together the most sensitive independ-
ent variables that predicted the dependent variable
NAFLD-LFS.

Conclusion
NAFLD-LFS might be used as a reliable noninvasive tool
for NAFLD diagnosis, while CIMT could not be used
solely for NAFLD prediction, but when combined with
NAFLD-LFS, they produce a simple and accurate nonin-
vasive tool for diagnosis.
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Fig. 5 ROC curve analysis showing the diagnostic performance of combined NAFLD-LFS and CIMT for discriminating patients with NAFLD from
healthy controls

Table 6 Multivariate analysis for predictors of NAFLD

Variable Reg.
Coeff

p 95% CI F-ratio p

Lower bound Upper bound

HOMA-IR 0.76 < 0.01 0.52 1.01

T.Bil 1.97 0.02 0.39 3.55 19.772 < 0.001

INR 2.64 0.01 0.66 4.62

CIMT 5.2 0.11 − 1.183 11.589

Reg. Coeff regression coefficient, HOMA-IR homeostasis model assessment-
insulin resistance, T.Bil total bilirubin, INR international normalized ratio, CIMT
carotid intima-media thickness
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