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ABSTRACT

ARTICLE HISTORY

Background and aim: This relatively comprehensive and multi-parametric study was conducted to investigate an association between hepatic fat percentage (HFP) values measured
using high-ﬁeld magnetic resonance imaging (MRI), anthropometric and biochemical measurements in healthy adults.
Methods: Abdominal MRI, anthropometric and biochemical measurements were determined
in 156 healthy subjects. HFP values were derived from the MRI, whilst routine lipids, leptin,
resistin, IL6 and adiponectin were measured by routine methods.
Results: Eighty per cent of the calculated HFP values were in the normal range of hepatic fat
accumulation. Signiﬁcant sex-adjusted correlations were found between HFP and waist
circumference (WC) (measured by tape), BMI, leptin, resistin, WC (measured by MRI) and hip
circumference (all p<0.001) and triglycerides (p=0.01). A signiﬁcant inverse correlation was
detected between HFP and adiponectin (p<0.001).
Conclusions: A multi-parametric approach of MRI, biochemical and anthropometric measurements could be adopted to identify subjects at risk of developing non-alcoholic fatty liver
disease.
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Introduction
Fat accumulation is one of the most common abnormalities of the liver detected on cross-sectional abdominal
images [1]. This accumulation takes diﬀerent patterns
ranging from focal to diﬀuse fat accumulation which
ﬁnally leads to a condition known as fatty liver [1]. The
two most common types of fatty liver disease (FLD) are
alcoholic and non-alcoholic fatty liver disease (NAFLD)
[1]. Obesity, insulin resistant-diabetes mellitus (type
2-DM), hyperlipidemia, viral infection, overuse of certain
drugs, dietary and nutritional abnormalities are among
the well-known conditions which can enhance the
development of NAFLD [1–3].
Measurement of plasma lipids (cholesterol, triglycerides, high-density lipoprotein (HDL), low-density lipoprotein (LDL)) and adipokine hormones (leptin and
adiponectin) levels are important as defective lipid metabolism (disequilibrium in lipid homeostasis) can be an
underlying cause for intrahepatic fat deposition [4].
Previous studies have showed that the visceral fat area
and the body mass index (BMI) > 158 cm2 and 35 kg/m2,
respectively, are strong predictors of NAFLD in 15–20% of
obese patients [5,6].
The imaging approach of hepatic fat accumulation is
preferred over the biopsy for its non-invasive nature,
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qualitative and quantitative assessment of hepatic fat
percentage (HFP) and concomitant screening for other
liver abnormalities [2]. Magnetic resonance imaging
(MRI) is an invaluable method for hepatic fat quantiﬁcation, and diﬀerent protocols have been used to assess
hepatic fat accumulation [7–10]. However, gradient
echo based-chemical shift imaging (GRE-CSI) with inphase and out-of-phase acquisitions is the most widely
used MRI technique for the assessment of fatty liver [1].
In GRE-CSI, the normal liver parenchyma has a similar
signal intensity on both in and out of phase images,
while fatty liver causes a signal loss on out of phase
images [11]. While a triglyceride content above 5% is
considered a cut-oﬀ point for diagnosing fatty liver
according to the Non-alcoholic Steatohepatitis Clinical
Research Network histologic scoring system [12], diﬀerent HFP cut-oﬀ values (5.9% [13], 6% [14], 6.9% [15]), are
suggested for diagnosing fatty liver on dual-echo and
triple-echo MRI sequences.
This multi-parametric study was carried out to
determine possible links between HFP values (measured using MRI) and selected anthropometric and
biochemical measurements in a relatively comprehensive approach in a group of disease-free adults to help
improve the level of understanding of the
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associations of fatty liver with these factors. The latter
would beneﬁt those are at risk of developing NAFLD.

Materials and methods
The study was carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration
of Helsinki). One hundred and ﬁfty-six disease-free
volunteers (83 males, 84 females; mean age
27.2 years; age range 18–51 years) met the inclusion
criteria of this prospective cross-sectional study, that is,
age > 18 years, disease-free, non-pregnant or lactating.
Informed consent was obtained and MRI safety questionnaire was ﬁlled out by participants according to the
approval of local research ethics committee (King
Hussien Medical Center, Jordanian Royal Medical
Services, Amman, Jordan). Demographic data collected
included age, sex and tobacco use.
Anthropometric parameters, including weight, height,
waist circumference (WC), hip circumference (HC) were
obtained. Body weight and height measurements were
carried out as indicated by Lee and Nieman (2013) [16].
BMI was calculated by dividing weight (in kilograms) by
the square of height (in metres) and categorized as normal body weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obese (>30.0 kg/m2). WC was measured
by tape (WC tape) at the narrowest level between the
lowest rib and the iliac crest at the end of a normal
expiration in standing position. WC was measured from
the MR images (WC MRI) at a level just below the lower
costal margin using image analysis software (SliceOmatic,
Tomovision Inc., Montreal, Canada).
After 12-h overnight fasting, blood samples were
collected separately in vacutainer plain tubes. Blood
samples were allowed to clot at room temperature
before being centrifuged at 4000 rpm for 5 min. The
serum was frozen at −80°C until subsequent analysis.
Adipokines (Adiponectin, Resistin and Leptin) and
inﬂammatory cytokine interleukin 6 (IL-6) were measured by commercially available kits (RayBio® Human
ELISA Kit, USA). Total cholesterol, LDL, HDL, and TG
levels were measured using commercial kits (TECO
Diagnostics, USA) by UV/Visible Spectrophotometer
(Jenway 6305, USA).
MR images were acquired on a 3T Siemens Trio MR
system (Siemens Healthcare, Erlangen, Germany),
equipped with a 4-channel phased-array body coil.
Consecutive (in-phase (IP1), out-of-phase (OP), in-phase
(IP2)), breath hold, non-enhanced axial T1-weighted MR
images were collected using a two-dimensional (2D)
spoiled gradient-echo (GRE) MRI sequence. The second
in-phase (IP2) images were acquired to correct for the T2*
decay as described by Guiu et al. [16]. which was, in part,
derived from the original method that was proposed by
Hussain et al [9]. The imaging parameters were as follows;
repetition time (TR)/in-phase echo time (TE_IP1)/out-ofphase echo time (TE_OP)/in-phase echo time (TE_IP2) of
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192/2.46/3.69/4.92 ms, 20° ﬂip angle, 15 axial slices with
slice thickness of 5 mm and 20% distance factor,
256 × 192 matrix size, 380 × 285 mm2 ﬁeld of view,
number of signal averages of 1, and an acceleration factor
of 2. All participants were instructed to hold their breath
with full expiration while in a supine position. The axial
slices were centered roughly at the level of the portal vein
on coronal scout image. All abdominal MR images were
checked for any artefact while the subject was still in the
scanner. Fourteen participants were scanned twice due to
some image artefacts (motion and/or phase error) and the
images of their second scans were free of any obvious
image artefacts.
The IP(T2*corrected), and OP MR images were
imported into JIM software (Jim version 7; Xinapse
Systems, Northants, England). Signal intensities from
regions of interest (ROIs) in the liver and spleen were
recorded for IP(T2*corrected) and OP images (Figure 1).
For IP(T2*corrected) images, three ROIs were obtained in
the liver (two in the right lobe and one in the left
lobe) in three sections. The three sections were
selected to include levels above, at, and below the
left portal vein. One more ROI was drawn in the
spleen at the same three levels of liver’s ROIs and
used as an internal reference in order to decrease
the diﬀerences due to scanner calibration. All 12
ROIs (nine in the liver and three in the spleen) had
a similar area of 200 mm2 and were copied to the OP
images to make sure that all ROIs were drawn at
similar positions between the two types of images.
Each ROI included areas of parenchyma that did not
contain vessels or image artefacts.
For IP(T2*corrected) and OP images, the signal intensity of the liver was recorded as the mean of nine
readings (SIliver) from ROIs placed in the right and left
lobes of the liver to account for signal heterogeneity.
The signal intensity of the spleen was calculated as
the mean of three readings (SIspleen) from ROIs
obtained in the spleen in three sections. As a result,
each subject has two averaged signal intensities
for the liver ROIs (SIliver_ip_corrected, SIliver_op) and two
averaged signal intensities for the spleen ROIs
(SIspleen_ip_corrected, SIspleen_op,). Both, the ratio of the
corrected averaged signal intensity (SIR) of the liver
ROIs to that of the spleen ROIs on the T2*- corrected
in-phase image (ðSIRliverspleen ÞIPcorrected ) and the ratio
of the averaged signal intensity of the liver ROIs to
that of the spleen ROIs on the out-of-phase image
(ðSIRliverspleen ÞOP) were used to calculate the HFP as
follows [7]:
"

ðSIRliverspleen ÞIPcorrected  ðSIRliverspleen ÞOP
:100
HFP ¼
2ðSIRliverspleen ÞIPcorrected

#

Data analysis was performed by SPSS 22.0 (SPSS
Inc., Chicago, USA). HFP value of 5.9% was the cutoﬀ point below which the hepatic fat accumulation
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Figure 1. Non-enhanced, abdominal MRI images. (a) In-phase_corrected (ﬁrst row), (b) out-of-phase (second row), MR images of
the abdomen obtained in a 34-year-man at three levels; Above (ﬁrst column), at (second column), and below (third column) the
left portal vein. Fatty liver parenchyma shows a relative signal loss on the out-of-phase images. ROIs with similar area (200 mm2)
were drawn in the liver and spleen at each level for the in-phase corrected and out-of-phase images. The signal intensity of the
liver was recorded as the mean of nine readings from ROIs placed in the right (circles 2 and 3) and left (circle 1) lobes (three
circles at each level) to account for signal heterogeneity. The signal intensity of the spleen was calculated as the mean of three
readings from ROIs (circle 4) (one circle at each level). Each ROI included areas of parenchyma that did not contain vessels or
image artefacts. Small arrows show areas of chemical shift-related signal void on the out-of-phase images (ﬁlled arrow: anterior
border of the liver; hollow arrow: anterior border of the spleen). On the in-phase images, arrow heads (ﬁlled and hollow) point
to the same anatomical borders, but do not exhibit any chemical shift-related signal void.

was considered normal [13]. Data were tested for
normality and Pearson correlation coeﬃcients were
calculated by bivariate and multivariate regression
analyses (after controlling for sex and age) to assess
pairwise associations between MRI measured HFP,
anthropometric, and biochemical parameters. For
calculating the odd ratio (OR), its conﬁdence interval (CI), and p-value for trend (P-Trend), logistic
regression was used with age and sex adjustments.

Results
Eighty per cent (134/167) of the calculated HFP values
from the IPcorrected and OP MR images were in the
normal range of hepatic fat accumulation (≤5.9%)
with a median of 1.98 (IQR = 0.10–2.51). The remaining
HFP values (33/167) were in the range of 6.4% to 32%
with a median of 12.24 (IQR = 7.93–20.30). The descriptive characteristics of the study sample based on the
HFP values are summarized in Table 1. High HFP values
(>5.9%) were seen in 19.8% (33/167) of subjects (mean/
SD age 31.0 [8.9] years), with BMI (30.6 [4.5] kg/m2),
WC-MRI (98.6 [9.6] cm) and HC (113.6 [2.88} cm).
Ninety-four per cent (31/33) of the subjects with high
HFP agreed to give a blood sample and had signiﬁcantly higher serum levels of leptin, resistin, TG, cholesterol and LDL and lower serum levels of adiponectin
than those with normal HFP values. While 69.7% of
male participants had high HFP values, only 69.8% of
female participants had normal HFP values.

The results of the correlation analysis (unadjusted and adjusted for sex) between the HFP
values with other factors including hormones, lipid
proﬁle, and anthropometric measures are summarized in Table 2. Signiﬁcant sex-adjusted correlations
were detected between HFP and WC tape, BMI,
leptin, resistin, TG, WC-MRI, and HC. A signiﬁcant
inverse correlation was detected between HFP and
adiponectin.
The sub-analysis of the correlation of HFP with
anthropometric and biochemical measures based on
sex (Table 3) showed that HFP correlates better in
males than in females. For males, moderate to strong
correlations were found between the HFP and BMI,
leptin, resistin, IL-6, TG, LDL, WC-tape, WC-MRI and
HC. While age and cholesterol level showed a weak
correlation with HFP, adiponectin showed a moderate
negative correlation with HFP. In females, weak to
moderate correlations were found between HFP and
BMI, WC-tape, WC-MRI, HC and weak negative correlation with adiponectin.
The results in Table 4 revealed that as the concentrations of leptin and IL-6 increase, the risk of
having high HFP increases signiﬁcantly at the 3rd
and 4th quartiles. By contrast, adiponectin showed
a signiﬁcant negative link with fat in the liver at the
3rd and 4th quartiles. Triglycerides were the only
lipid index where levels were signiﬁcantly higher
in the upper quartile. However, other lipid proﬁle
parameters showed a signiﬁcant P-Trend when their
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Table 1. Descriptive characteristics of the study subjects.
Parameter
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
WC (cm) by
- Tape
- MRI
Leptin (ng/ml)
Resistin (ng/ml)
IL-6 (pg/ml)
Adiponectin (pg/ml)
Cholesterol (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
Gender (n, %)
Male
Female
BMI Categories (n, %)
Normal
Overweight
Obese
Smoking (n, %)
Yes
No

HFP (≤5.9%)
26.0 ± 6.6
164.4 ± 9.1
70.3 ± 12.5
26.3 ± 5.3
87.5
84.3
6.8
8.0
9.0
12.0
4.0
1.0
1.09
2.8

±
±
±
±
±
±
±
±
±
±

10.6
12.5
3.1
3.9
4.6
4.7
0.8
0.5
0.25
0.7

HFP (>5.9%)
31.0 ± 8.9
169.3 ± 10.1
87.5 ± 14.3
30.6 ± 4.5
101.3
98.6
9.9
10.9
10.6
8.0
4.4
1.7
1.01
3.1

±
±
±
±
±
±
±
±
±
±

10.6
9.6
4.4
4.4
5.1
3.9
1.1
0.04
0.24
1.0

P-Value
P = 0.002
P = 0.009
P = 0.001
P = 0.001
P
P
P
P
P
P
P
P
P
P

=
=
=
=
=
=
=
=
=
=

0.001
0.001
0.001
0.001
0.081
0.001
0.022
0.001
0.095
0.012

60 (44.8)
74 (55.2)

23 (69.7)
10 (30.3)

P = 0.01

67 (54.0)
31 (25.0)
26 (21.0)

3 (9.4)
11 (34.4)
18 (56.3)

P = 0.08

32 (27.6)
84 (72.4)

9 (3.3)
18 (66.7)

P = 0.634

Data presented as mean with SD. HFP-hepatic fat percentage; MRI–
magnetic resonance imaging; BMI – body mass index; IL-6 – interleukin6; TG – triglycerides; HDL – high-density lipoprotein cholesterol; LDL-lowdensity lipoprotein cholesterol; WC = waist circumference.

Table 2. Correlation coeﬃcients (r) of HFP with anthropometric and biochemical parameters.
Parameter
Age
BMI (kg/m2)
Leptin (ng/ml)
Resistin (ng/ml)
IL-6 (pg/ml)
Adiponectin (pg/ml)
Cholesterol (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
WC (cm) by tape
WC (cm) by MRI
HC (cm)

HFP (r, P-value)
(0.18, P = 0.02)
(0.40, P < 0.001)
(0.43, P < 0.001)
(0.36, P < 0.001)
(0.19, 0.02)
(−0.37, P < 0.001)
(0.18, 0.02)
(0.38, P < 0.001)
(−0.14, 0.09)
(0.21, 0.01)
(0.53, P < 0.001)
(0.46, P < 0.001)
(0.30, P < 0.001)

¥ HFP (r, P-value)
(−0.09, P = 0.39)
(0.44, P < 0.001)
(0.40, P < 0.001)
(0.37, P < 0.001)
(0.19, P = 0.08)
(−0.36, P < 0.001)
(0.06, P = 0.56)
(0.28, P = 0.01)
(−0.14, P = 0.19)
(0.04, P = 0.68)
(0.49, P < 0.001)
(0.48, P < 0.001)
(0.41, P < 0.001)

Pearson’s linear correlation coeﬃcients are given. ¥ Adjusted for sex.
Abbreviations as Table 1.

concentrations were tested for the association
with HFP.

Discussion
In this study, in-phase and out-of-phase images were
acquired using a triple-echo, T1-weighted spoiled gradient-echo pulse sequence and an ROI analysis was
performed on the voxels in the liver relative to those
in the spleen to estimate the hepatic fat accumulation.
This MRI pulse sequence involved using a pair of inphase echoes in addition to one out-of-phase echo. The
pair of in-phase echoes were used to estimate the T2*
time and correct for the signal decay between the ﬁrst
in-phase and out-of-phase echoes. Furthermore, the
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Table 3. Correlation coeﬃcients (r) of HFP with anthropometric and biochemical parameters based on sex.
Parameter
Age
BMI (kg/m2)
Leptin (ng/ml)
Resistin (ng/ml)
IL-6 (pg/ml)
Adiponectin (pg/ml)
Cholesterol (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
WC (cm) by tape
WC (cm) by MRI
HC (cm)

Male (N = 77)
(r, P-value)
0.29, P = 0.01
0.51, P < 0.001
0.62, P < 0.001
0.54, P < 0.001
0.35, P < 0.001
−0.46, P < 0.001
0.29, P = 0.01
0.43, P < 0.001
−0.13, P = 0.28
0.31, P = 0.01
0.61, P < 0.001
0.58, P < 0.001
0.46, P = 0.02

Female (N = 79)
(r, P-value)
−0.11, P = 0.33
0.32, P < 0.001
0.17, P = 0.14
0.19, P = 0.10
0.01, P = 0.91
−0.29, P = 0.01
−0.04, P = 0.72
0.19, P = 0.10
−0.13, P = 0.24
0.01, P = 0.94
0.41, P < 0.001
0.34, P < 0.001
0.24, P = 0.04

Abbreviations as Table 1.

relatively small ﬂip angle and long TR that were used
in the triple-echo MRI sequence reduced the eﬀect of
T1 relaxation. As a result, a more accurate and reliable
hepatic fat quantiﬁcation was possible.
Our cut-oﬀ HFP value (5.9%) was slightly diﬀerent
from those rin related studies [13–15], in order to
make a clear separation of the measured HFP values
into two distinct groups (normal and high HFP
values). Based on the HFP cut-oﬀ value, 80% of the
calculated HFPs from the IP and OP MR images were
in the normal range of hepatic fat accumulation. The
results of the HFP analysis showed that 79.5% of the
participants, who completed the three tests, had
normal HFP values. Furthermore, 54% of the participants with normal HFP values had a normal BMI,
while 56.3% of the participants with abnormal HFP
values were obese. This was conﬁrmed by the correlation analysis, which revealed a signiﬁcant correlation between the HFP and BMI with and without
gender adjustment. Furthermore, statistically signiﬁcant moderate correlation was also found between
HC, WC-MRI, WC-tape and HFP values. These ﬁndings
indicate that the fatty liver incidence increases as the
BMI increases. Waleed et al. carried out MR spectroscopy of the liver in 30 healthy controls and 15
patients with NAFLD and found a strong correlation
between the mean hepatic fat contents and BMI,
which ranged from 19.0 to 42.9 kg/m2 [17]. Many
other previous studies showed that the majority of
patients with hepatic steatosis were found to be
either overweight or obese [2,18,19] and the incidence of fatty liver is more frequent in obese than
in lean subjects [20].
A statistically signiﬁcant, but weak correlation was
found between the HFP and subject’s age with the
abnormal HFP’s subjects having signiﬁcantly greater
mean age than those with normal HFP values, indicating that the incidence of high HFP values increases
with age. Furthermore, sex adjustment of the correlation coeﬃcient of age with the HFP showed that the

74

A AL-RADAIDEH ET AL.

Table 4. Odds ratios and 95% conﬁdence intervals for biochemical parameters by HFP.
Parameter
Leptin (ng/ml)
Q1
Q2
Q3
Q4

HFP (≤5.9%)
N (%)

HFP (>5.9%)
N (%)

Odds Ratio (95%CI)

37
36
29
23

(29.6)
(28.8)
(23.2)
(18.4)

2
3
11
15

(6.5)
(9.7)
(35.5)
(48.4)

1 (-)
1.85 (0.28–12.03)
7.31 (1.44–37.20)
10.98 (2.14–56.19)

38
34
27
26

(30.4)
(27.2)
(21.6)
(20.8)

2
4
12
13

(6.5)
(12.9)
(38.7)
(41.9)

1 (-)
1.30 (0.21–8.07)
5.73 (1.14–28.86)
7.45 (1.45–38.23)

(26.4)
(25.6)
(24.8)
(23.2)

6
7
8
10

(19.4)
(22.6)
(25.8)
(32.2)

1 (-)
1.27 (0.37–4.42)
1.49 (0.43–5.15)
1.76 (0.54–5.80)

(18.4)
(25.6)
(28.8)
(27.2)

16
7
5
3

(51.6)
(22.6)
(16.1)
(9.7)

1 (-)
0.34 (0.11–1.02)
0.24 (0.07–0.82)
0.15 (0.04–0.64)

Cholesterol (mmol/L)
Q1
34 (27.2)
Q2
32 (25.6)
Q3
33 (26.4)
Q4
26 (20.8)

6
6
7
12

(19.4)
(19.4)
(22.6)
(38.7)

1 (-)
0.88 (0.24–3.17)
1.21 (0.35–4.18)
1.51 (0.46–4.99)

4
4
7
16

(12.9)
(12.9)
(22.6)
(51.6)

1 (-)
0.85 (0.19–3.74)
1.49 (0.38–5.85)
3.89 (1.07–14.15)

11
12
3
5

(35.5)
(38.7)
(9.7)
(16.1)

1 (-)
1.10 (0.39–3.07)
0.29 (0.07–3.07)
0.52 (0.07–1.19)

8
3
6
14

(25.8)
(9.7)
(19.4)
(45.2)

1 (-)
0.38 (0.09–1.62)
0.59 (0.17–2.02)
1.66 (0.56–4.91)

Resistin (ng/ml)
Q1
Q2
Q3
Q4

IL-6 (pg/ml)
Q1
33
Q2
32
Q3
31
Q4
29
Adiponectin (pg/ml)
Q1
23
Q2
32
Q3
36
Q4
34

Triglycerides (mmol/L)
Q1
35 (28.0)
Q2
36 (28.8)
Q3
31 (24.8)
Q4
23 (18.4)
HDL (mmol/L)
Q1
31 (24.8)
Q2
30 (24.0)
Q3
32 (25.6)
Q4
32 (25.6)
LDL (mmol/L)
Q1
Q2
Q3
Q4

31
36
33
25

(24.8)
(28.8)
(26.4)
(20.0)

All OR trends p < 0.001. Q = quartile. HFP-hepatic fat percentage;
CI–conﬁdence interval. Odds ratio adjusted for age and sex.

age of males tends to show higher correlation values
with the HFP than that of females. Although ﬁndings
of some previous studies showed uncertainties
regarding the inﬂuence of gender on NAFLD [21],
our ﬁndings are in accordance with those from other
studies [22–25]. In these studies, NAFLD was found to
be more common in men than in women and this was
attributed to diﬀerent factors including the higher
waist-to-hip circumference ratio in men compared to
that in women and its eﬀect on body weight [22],
insulin resistance [26], sex hormones [23] and lifestyle
[24]. The increase in weight during adult life could be
attributed to age-related adiposity, hormonal
changes, eating habits, metabolic rate, exercise and
lifestyle changes [27,28].
A statistically signiﬁcant weak to moderate positive
correlation was detected between the HFP and TG,
cholesterol and LDL levels when dividing the study
sample into two groups according to their HFP values.
In addition, cholesterol, LDL and TG were signiﬁcantly

higher in subjects with abnormal HFP values than in
those with normal HFP values indicating a strong
connection between the hepatic fat accumulation
and obesity-related biochemical factors. In addition,
our results showed that a signiﬁcant relationship
between the 4th quartile of the triglyceride serum
level and the risk of having high HFP. Overweight to
obesity-related dyslipidemia and uncontrolled fatty
acid release from adipose tissue, especially visceral
adipose tissue, are manifested as an elevation of the
serum levels of triglyceride and LDL and a reduction
in the serum level of HDL. This could be attributed to
the increase of endogenous hepatic fatty acids synthesis, the delivery of fatty acids to the liver, and the
decrease in mitochondrial β-oxidation of fatty acids
by the liver [31].
While elevated serum levels of leptin and resistin
were signiﬁcantly associated with increased risk of
having high HFP values, high adiponectin serum
levels showed a signiﬁcant protective value from
high HFP values. Hyperleptinemia and high resistin
levels are linked to subcutaneous fat rather than
visceral fat. However, hyperleptinemia may cause
insulin resistance and inﬂuence visceral fat contents
[32,33]. Adiponectin levels are negatively correlated
with triglycerides and positively correlated with HDL
cholesterol [34]. High adiponectin levels may stimulate fatty acid oxidation which induces activation of
lipoprotein lipase and thereby enhancing the clearance of very low-density lipoprotein (VLDL) and
reducing the plasma level of triglyceride in healthy
adults with normal hepatic fat contents [35]. Several
studies have examined links between NAFLD pathogenesis and adipokines such as leptin and adiponectin [4,32,36–38]. Leptin promotes inﬂammation
and ﬁbrogenesis [36], while adiponectin promotes
insulin sensitivity and down-regulating the secretion
of cytokines such as tumour necrosis factor alpha,
IL-6, and IL-8 [4]. Both leptin and adiponectin stimulate AMP-dependent protein kinase in the liver
and adipose tissues. This enzyme encourages glycolysis and fatty acid oxidation by activating peroxisome
proliferator-activated
receptor-α
and
preventing lipogenesis and cholesterol synthesis
[37]. De novo hepatic lipogenesis signiﬁcantly
increases in NAFLD patients underlying the progression mechanism of hepatic steatosis [4,36]. The
increase in leptin levels seems to contribute to
insulin resistance and steatosis development, the
latter results in a reduction in VLDL secretion and
an increase in triglyceride accumulation in the liver
indicating a disequilibrium in lipid homeostasis
[4,36]. The rising prevalence of NAFLD might be
due to the unhealthy lifestyle [39] and hypercaloric
diet [40], which is strongly associated with obesity
and long-term cardiovascular complications, an
important global public health problem.
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Although the MRI-HFP has been used and validated
in many studies, this is the ﬁrst to use the high-ﬁeld (3T)
MRI, anthropometric, and biochemical parameters to
study the association of hepatic fat accumulation with
diﬀerent anthropometric and biochemical parameters
in a group of disease-free adults. The strength of this
study comes from the variety of biochemical and
anthropometric parameters studied and linked to hepatic fat accumulation, which would improve the level of
understanding of the associations of fatty liver with
these factors. The latter would beneﬁt those at risk of
developing NAFLD. However, there are some limitations
to our study. Liver histopathologic data were not
obtained or used as a reference standard. In addition,
our sample size was relatively small due to the diﬃculty
of accessing the 3T MRI scanner. So, additional studies
with a large number of participants and more concrete
reference standards are required. A further limitation
was the type of image analysis used, which was based
on drawing a region of interests (ROIs) rather than
whole liver analysis. This would aﬀect the results of
HFP as it depends on the position of the ROIs.
However, the measurement of ROI in the whole liver
can also result in an inaccurate fat percentage by including other anatomic structures such as vessels and bile
ducts. Therefore, six ROIs were obtained from three
levels in homogeneous parts of the liver parenchyma
to avoid artefacts and vascular structures, as
a representation of the whole liver along with three
referenced ROIs in the spleen and at the same levels of
the liver ROIs. Finally, the accuracy of the measured HFP
values could also be aﬀected by some confounding
factors such as mineral deposition in the liver.
This work represents an advance in biomedical science
because it shows the importance of studying the association of hepatic fat accumulation with diﬀerent anthropometric and biochemical parameters, so providing a more
reliable diagnosis of those at risk of NAFLD.

Summary Table
What is known about this subject:
• Liver biopsy is the current standard for diagnosing fatty liver, but it is
an invasive procedure.
• MRI has been used as a non-invasive procedure in the diagnosis of
fatty liver.
• Anthropometric and biochemical characteristics of patients with
NAFLD are established.
What this paper adds:
• The combined approach of MRI, anthropometry and biochemistry can
identify people who are at risk of developing NAFLD.
• Most anthropometric and biochemical parameters show a higher
correlation with HFP in males than in females.
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