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Abstract
Background: To investigate the association between non-alcoholic fatty liver disease (NAFLD) and quantitative measures of central 

adiposity in the general population using a semi-automated method on magnetic resonance imaging (MRI) data.
Methods: Subjects were recruited from Golestan Cohort Study. Two groups of 120 individuals with and without fatty liver were randomly 

anthropometric indices including body mass index (BMI), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) were measured. 

automated software. 
Results:

NAFLD and adiposity indices, except for SFA, with the highest odds ratio observed in WHR (OR: 3.37, CI: 1.40–3.70, P
had the greatest correlation with ultrasound (r = 0.523, P < 0.001) and MRI (r = 0.546, P < 0.001) indicators of NAFLD.

Conclusions: Quantitative measures of visceral adiposity are associated with NAFLD, while subcutaneous fat measures are poor 
indicators for identifying NAFLD. 
of fatty liver.
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Introduction

N on-alcoholic fatty liver disease (NAFLD) encompasses a 
spectrum of disorders from simple steatosis to 
nonalcoholic steatohepatitis (NASH) and liver cirrhosis.1 

NAFLD has been considered as a manifestation of the metabolic 
syndrome 2 with an incidence varying from 1%–3% in children 3 
to 40% in individuals older than 70 years.4 Several diagnostic 
methods are available for diagnosis of NAFLD. Although biopsy 
is the gold standard for diagnosis, biochemical and imaging 
methods are widely used to non-invasively detect fatty liver.5,6 
Currently, ultrasonography (US) is widely used for imaging 
diagnosis of fatty liver; however, magnetic resonance imaging 
(MRI) has been shown to detect lower levels of fat deposition 
within liver compared to US.7

contributing to development of NAFLD.8,9 Several studies have 
assessed the relationship between visceral fat and NAFLD 

between visceral fat quantity and fatty liver,10,11 while others 
have not.12,13 US has been used for estimation of visceral fat; 
however, it is limited by its inability to measure fat volume and 

tomography (CT) is limited by causing unnecessary radiation, 
although visceral fat area measured by CT scan has been reported 
to have strong association with the metabolic syndrome.14 MRI 
seems to be more appropriate for quantitative measurement of 
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abdominal fat tissue and segmentation of fat to subcutaneous and 
visceral compartments.15 Previous studies have been performed to 
develop accurate imaging methods for quantitative measurement 
and segmentation of abdominal fat tissue.16–20 In comparison with 
manual segmentation, semi- or full-automated segmentation is 
less time consuming and is less subject to operator-dependent 
bias. 

a semi-automated algorithm for segmentation of visceral (VFA) 
and subcutaneous fat area (SFA) in subjects with and without 
NAFLD to determine the accuracy of quantitative measures of 
central obesity on MRI for prediction of hepatic steatosis. The 
second objective was to compare the quantitative measures of 
VFA and SFA with other conventional anthropometric indices 
including body mass index (BMI), waist-to-hip ratio (WHR) and 
waist-to-height ratio (WHtR).

Materials and Methods

Study design & subjects
In this cross-sectional study, subjects from the general 

population were randomly selected from a community-based, 

NCT01245608) which is assessing the effects of a combination 
pill (Polypill) on the natural history of NAFLD among more 
than 1500 individuals aged over 50 residing in Gonbad City, 
northeastern Iran.21,22  The clinical trial of PolyIran-L is nested in 
the Golestan Cohort Study (GCS). 

An initial US examination was performed on subjects enrolled 
in PolyIran-L study.  Based on ultrasound results, two groups of 
120 subjects were randomly selected from participants with and 
without fatty liver. Subjects were excluded if they had positive 
markers for viral hepatitis B and C or history of alcohol abuse 
or habitual consumption. Laboratory markers of metabolic 
syndrome were measured as followed: fasting blood sugar (FBS), 
hemoglobin A1c (HbA1c), alanine transaminase (ALT), aspartate 
transaminase (AST) and lipid  (cholesterol, triglycerides, 
high-density lipoprotein cholesterol (HDL) and low-density 
lipoprotein cholesterol (LDL)). 

BMI was calculated as weight (in kg) divided by height 

divided by hip circumference (both in centimeters). Likewise, 

(both in centimeters). Waist circumference was measured at the 
midpoint between the lower costal margin and the iliac crest. Hip 
circumference was measured at the level of maximal protrusion 
of the gluteal muscles.

The study was carried out between September 2011 and 
March 2014. Written informed consent was obtained from all 
participants. This study was approved by the ethics committee 
of the Digestive Disease Research Institute, Tehran University 
of Medical Sciences, based on the ethical principles of human 
research and experimentation.

Ultrasound
Liver ultrasound was carried out using an Accuvix XQ 

ultrasound unit (Medison, Seoul, Korea) equipped with a 3-7 
MHz curved-array transducer. Individuals were examined in 
supine position following at least 6 hours of fasting. Fatty liver 
was suggested using ultrasonographic scoring method originally 

described by Hamaguchi and colleagues,23 which provides high 

liver. Scores of this ultrasound protocol included hepatorenal echo 
contrast and/or liver brightness (0 to 3), deep attenuation (0 to 
2), and vascular blurring (0 to 1). Fatty liver diagnosis required a 
minimum total score of 2, including minimum hepatorenal echo 
contrast and/or bright liver score of 1. An experienced radiologist 
(A.R.), who was blinded to the participants’ characteristics, 
performed ultrasound examinations.

Magnetic resonance imaging

or absence of NAFLD. MRI was performed using a 1.5T unit 
(Symphony, Siemens, Erlangen, Germany) with a 8-channel 
phased array body coil. Non enhanced transverse T1-weighted in-
phase (IP) and opposed-phase (OP) breath-hold spoiled gradient-
echo (GRE) MRI sequences were acquired for evaluation 
of steatosis by using repetition time (TR) range of 100–120 
milliseconds/echo time (TE) of 2.4 milliseconds (OP) and 4.8 

of 400 cm2, and acquisition time of 23 seconds. MRI covered the 
whole abdomen from lower lung to pelvic inlet at the level of 
L5-S1.

Image analysis for estimation of hepatic fat
IP/OP images were transferred to a computer workstation for 

post processing. Image analysis was performed by a consensus 
between two experienced radiologists (A.H., A.R.) with more 

Signal intensity values were measured on eighteen circular ROIs 
in liver (four in the right and two in the left lobe at each of three 
sections of above, below and at the level of main portal vein). 
Likewise, nine circular ROIs were drawn on spleen including 
three ROIs at each of three sections to adjust for the effect of 
T2* decay between IP and OP images (Figure 1). A home-made 
software was designed using MATLAB (Math works, Natick, 
MA) for anatomic placement of ROIs by precise localization of 
the selected ROIs in IP images on the corresponding OP images. 
Each circular ROI had an area of 1.5–2 cm2, placed in an area of 
liver/spleen appearing homogeneous and devoid of vessels. The 
mean signal intensity values of 18 ROIs in liver and 9 ROIs in 
spleen obtained from IP and OP images were calculated. Relative 
signal intensity loss was calculated in the described software 
according to the following previously published formula24: (SIin 
- SIout)/SIin ×100, where SI is the mean liver signal intensity 
divided by the mean spleen signal intensity, SIin is in-phase signal 
intensity, and SIout is OP signal intensity. 

Semi-automated measurement of visceral and subcutaneous fat
A semi-automated method was developed for segmentation 

of abdominal adipose tissue from MR images. Prior to the 
segmentation, the images were preprocessed to remove signal 

with different frequency ranges without user supervision. Then, 
the adipose tissue was labeled across the abdomen by unsupervised 
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clustering computes three masks as background, muscle and 
fat tissue. By incorporating signal intensity information, the 
abdomen boundary was segmented and the visceral adipose tissue 
was separated from the subcutaneous adipose tissue by means of 
active contours and level set algorithm. 

Segmentation accuracy was assessed by comparing the 
segmented images with those manually segmented by an expert 
operator (M.G) as reference. Correlation between automated 

Finally, the expert operator corrected some automatic 
segmentation errors and then, VFA and SFA were calculated in 
cm2 at L3-L4, L4-L5 and L5-S1 levels. Mean correction and 
calculation time was about 4 minutes (Figure 2).

In the automated technique, all measurements will be done 
automatically by the designed program, but in the semi-automated 
method that was applied in this study, some parts of the process 
will be facilitated manually by an operator. As mentioned before, 
after automatic segmentations of visceral and subcutaneous fat 
using designed software, the fat containing particles of fecal 
materials within the lumen of colon, which had signal intensities 
similar to visceral fat, were removed manually by an expert 
operator (semi-automated technique).

Non-invasive diagnosis of NAFLD was made if subjects with 
ultrasound diagnosis of fatty liver showed at least 6% relative 
signal intensity loss in OP images.24,25 Control (non-NAFLD) 
group consisted of subjects with normal ultrasound (total score of 
0 or 1) and less than 6% relative signal intensity loss.

Statistical Analysis

NAFLD and control groups was examined using Student’s T-test 
or Pearson’s Chi-square test. Multivariable logistic regression 
analysis was performed to compare the association of VFA, SFA 
and other obesity indices with NAFLD. Since anthropometric 
indices are highly correlated with each other, they were tested 
separately in multivariable logistic regression models. Variables 
with a P value less than 0.2 in univariate analysis were included 

used to assess the correlation between obesity indices with 
P value less than 

was performed using SPSS program, version 17.0 (SPSS Inc., 
Chicago, Ill., USA).

 

Figure 1. Transverse T1-weighted in-phase (A) and opposed-phase (B) images of the liver in a 54 year old woman with NAFLD. (C) Calculation of 
relative signal intensity loss using a home-made software by drawing 6 ROIs in liver (4 in right and 2 in left lobe) and 3 ROIs in spleen at each slice on 
in-phase image to automatically localize the same pixels on corresponding opposed phase image. This was repeated for two other slices. According 
to the average signal intensity of 18 ROIs in liver and 9 ROIs in spleen (reference organ), relative signal intensity drop was calculated as about 41% 
suggestive of steatosis.
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Results

All 120 subjects with initial ultrasound diagnosis of fatty 
liver accepted to participate in the study and underwent MRI. 

criteria of fatty liver and were considered as the NAFLD group. Of 
120 individuals with initial normal ultrasound, two were excluded 
due to contraindications for MRI and six refused to undergo MRI. 
Therefore, of 112 participants with normal ultrasound, 92 subjects 

liver on MRI (control group). 

Univariate analysis
Table 1 shows the association between demographics, risk 

factors of metabolic syndrome and all obesity measures with the 
presence of fatty liver in subjects with and without NAFLD. On 

compared to the control group (P < 0.001). Participants with 
NAFLD were more likely to have higher WHR than controls (P 
< 0.001). Likewise, subjects with NAFLD were more prone to 
have higher WHtR than control subjects (P < 0.001). VFA showed 

with controls (P
SFA values between NAFLD and non-NAFLD groups (P = 0.45).

Mean values of FBS and HbA1c were statistically higher in the 
NAFLD group (P = 0.03 and P = 0.001, respectively). Serum 

with NAFLD (P < 0.001). Likewise, lower levels of serum HDL 
were more frequent in NAFLD subjects (P = 0.002). Statistically 
higher serum levels of ALT and AST were found in the NAFLD 
than the control group (P < 0.001 and P = 0.01, respectively). 
Meanwhile, participants with and without NAFLD did not exhibit 

levels.

Figure 2. (A) Transverse T1-weighted opposed-phase image of a 59 year old man at the L4-L5 level. (B)  Automatic 
(C) Manual correction of errors due to fat containing 

Risk factors With NAFLD (n = 109) Without NAFLD (n = 92) P-value

Gender (F/M) 57/52 49/43 0.891

Age (yrs.), mean (SD) 56.35 (5.4) 57.98 (6.5) 0.055

BMI (kg/m2), mean (SD) 29.83 (3.3) 27.63 (4.2) <0.001*

WHR, mean (SD) 1.01 (0.06) 0.95 (0.07) <0.001*

WHtR, mean (SD) 0.64 (0.06) 0.59 (0.07) <0.001*

VFA (cm2), mean (SD) 429.80 (157.3) 305.08 (135.7) <0.001*

SFA (cm2), mean (SD) 631.13 (195.7) 605.08 (291.5) 0.452

Total cholesterol (mg/dL), mean (SD) 216.82 (41.0) 215.02 (40.4) 0.765

LDL (mg/dL), mean (SD) 119.87 (43.42) 126.15 (34.4) 0.283

HDL (mg/dL), mean (SD) 54.66 (13.7) 61.88 (16.9) 0.002*

Triglyceride (mg/dL), mean (SD) 186.18 (114.14) 130.13 (62.9) <0.001*

FBS (mg/dL), mean (SD) 114.67 (36.3) 103.28 (38.2) 0.039*

HbA1C (%), mean (SD) 2.22 (0.9) 0.81 (0.4) 0.001*

ALT (IU/mL), mean (SD) 33.56 (26.7) 20.89 (9.9) <0.001*

AST (IU/mL), mean (SD) 24.53 (13.3) 20.35 (8.8) 0.011*

BMI = body mass index; WHR = Waist to hip ratio; WHtR = waist to height ratio; VFA = visceral fat area; SFA  subcutaneous fat area; LDL = low density 
lipoprotein; HDL= High density lipoprotein; FBS = fasting blood sugar; HbA1C = glycated hemoglobin; ALT = alanine aminotransferase; AST = aspartate 
aminotransferase.

Table 1. Univariate analysis for association of demographics, obesity indices and risk factors of metabolic syndrome in participants with and without 
NAFLD.
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Multivariate analysis
To determine the independent effect of BMI, WHR, WHtR, 

VFA and SFA, multivariate logistic regression analyses were 
performed, following demonstration of associations in univariate 
analysis by including each obesity index in separate models 
(Table 2).

and VFA and the presence of NAFLD in order of decreasing 

the obesity measures with presence of NAFLD when they were 
entered either one-by-one or together into each model. 

We evaluated the correlation between various obesity indices of 
this study with ultrasound and MRI criteria of fatty liver (Table 3). 

between VFA and ultrasound scores of fatty liver (r = 0.523), as 
well as relative signal intensity loss in MRI (r = 0.546) (both P < 

correlations between BMI, WHR and WHtR with ultrasound and 
MRI manifestations of fatty liver, while SFA did not exhibit any 

Discussion

In this population-based study, a useful method was developed 

and subcutaneous adiposity. Meanwhile, the associations between 
NAFLD and quantitative measures of central obesity and other 
anthropometric indices were also investigated. While SFA did not 

consistent with the results of similar studies implicating that 

individuals with visceral adiposity are more likely to develop 
NAFLD.10,26 Conventional anthropometric indices including BMI, 
WHR and WHtR were also strong predictors of the presence of 
NAFLD, with WHR showing the highest odds ratio. Of all obesity 
indices, increase in VFA was the best correlate of ultrasound and 
MRI criteria of fatty liver.

In this population-based study, liver biopsy could not be done 
due to ethical and practical concerns, so we applied a non-invasive 
technique to choose NAFLD and control subjects by combination 

makes it unattractive for subjects from the general population. 
Furthermore, the results of biopsy are based on a small sample 
representing approximately 1/50,000th of the liver and on the 
other hand fat deposits in a non-uniform and heterogeneous 
pattern in liver. Therefore, biopsy results cannot be attributed to the 
whole liver, while MRI can provide more information about the 
heterogeneous distribution of steatosis. Accordingly, by applying 
a non-invasive protocol, the NAFLD group consisted of those 

examinations. In contrast, control subjects included those without 

Visceral fat deposition is termed the most important risk factor 
for development of NAFLD.27 Bahl et al. showed that VFA is a 
stronger correlate of fatty liver compared to BMI.28 It has been 
reported that the ratio of CT-measured visceral fat thickness 
(VAT) to subcutaneous fat thickness (SAT) is an independent 
predictor of cardiometabolic risk.29 The higher association of VAT/
SAT ratio with prevalence of metabolic syndrome has also been 
demonstrated.30 According to our data, VFA was demonstrated to 
be accurate for detection of hepatic steatosis. Although BMI has 
been often used for estimation of obesity, it has poor correlation 
with visceral adiposity and it does not provide any information 
about the anatomic distribution of accumulated fat. Several 
alternative adiposity indices such as WHR and WHtR have been 
more strongly correlated with adiposity-related morbidity. 

Obesity index Odds Ratio (95% CI) P-value**

BMI (per 1 kg/m2) 1.13 (1.04–1.23) 0.005*

WHR (per 0.1) 3.37 (1.93–5.88) <0.001*

WHtR (per 0.1) 2.27 (1.40–3.70) 0.001*

VFA (per 1 dm2) 1.05 (1.02–1.07) <0.001*

SFA (per 1 dm2) N/A N/A

P < 0.05). **Adjusted P-value for age, HDL = triglyceride, FBS and HbA1C. BMI = body mass index; WHR = Waist to hip ratio; 
WHtR = waist to height ratio; VFA = visceral fat area; SFA = subcutaneous fat area.

Table 2. Association of each obesity index with NAFLD in separate multivariable logistic regression models.

Obesity index
       Ultrasound score of fatty liver Relative signal intensity loss on  

in-phase and opposed-phase images 
P-value P-value

BMI 0.370 <0.001* 0.165 0.019*
WHR 0.421 <0.001* 0.313 <0.001*
WHtR 0.391 <0.001* 0.227 0.002*
VFA 0.523 <0.001* 0.546 <0.001*
SFA 0.097 0.17 0.026 0.712

P < 0.05). BMI = body mass index; WHR = waist to hip ratio; WHtR = waist to height ratio; VFA = visceral fat area; SFA = 
subcutaneous fat area.

Table 3. Correlation between obesity indices and ultrasound and MRI indicators of steatosis.
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methods has gained considerable interest. Ultrasonography is a 
non-expensive method for estimation of visceral fat; however, 

Semi-automated and fully-automated methods have been 
described in several studies yielding accurate and reproducible 
results.16–20 Kullberg et al. described a fully-automated approach 
for abdominal fat segmentation; however, their method was 
limited by measuring abdominal fat at a single level.20 A reliable 
method for measuring total and visceral adiposity was introduced 
by Ross et al.31; they showed that visceral fat volume has a strong 
correlation with WHR. Ducluzeau et al.32 suggested single level 
VFA surface and VFA/SFA+VFA to be a better correlate of liver 
steatosis than BMI. Moreover, they found that WHR is the most 
accurate anthropometric measure to predict fatty liver. Their study 
was limited by small number of subjects without a control group in 
addition to the single level VFA and SFA measurements. Thomas 
et al.33 showed that only multi-slice imaging provides accurate 
and consistent comparison of inter-subjects central adiposity; 
use of single-slice technique for estimation of abdominal fat can 

et al.28 used water-
suppressed T1-weighted sequence for manual measurement of 
VFA at three levels and suggested visceral fat to be a probable 
biomarker for hepatic steatosis. According to their data, VFA 
had 77% correlation with liver steatosis grade. They enrolled 
only 52 subjects which included 23 patients with HIV and HCV 
coinfection. Since HIV and its treatment may affect body fat 
distribution or independently induce hepatic steatosis, this might 

are consistent with previously published data, it used a non-
invasive highly-reproducible method for measuring fat area on 
MRI by developing a semi-automated software for multilevel 
measurement of visceral and subcutaneous fat. Our purpose was 
to use an unsupervised method with minimal user interaction. We 
demonstrated strong correlation between automated and reference 
manual segmentation. 

The relationship between visceral fat and hepatic steatosis is 
not well understood. Visceral fat has been termed a paracrine 
organ as it releases several metabolically active substances into 
the bloodstream.34 In contrast to subcutaneous fat, visceral fat has 
portal venous drainage and delivers free fatty acids (FFA) directly 
to liver, contributing to fat deposition in hepatocytes.35 Visceral 
adipocytes are insulin resistant with subsequent increased lipolysis 
leading to FFA formation. Furthermore, visceral adipocytes 

and subsequent cytokine production which induce insulin 
resistance as the cardinal feature of metabolic syndrome. All this 
together leads to excess FFA storage in liver and development 
of NAFLD.36 Van der Poorten et al.8 found a direct association 

visceral fat accumulation has a direct toxic effect on liver through 

severity of fatty liver is directly associated with visceral fat area 
regardless of BMI.10 Visceral fat thickness can also be used as 
an indicator for assessing response to treatment in subjects with 
NAFLD.27

The strengths of this study include use of a community-based 
sample from a large cohort study with adjustments for potential 
confounders. By applying MRI data, a highly reproducible 
algorithm was provided for estimation of subcutaneous and 

visceral fat area. Moreover, the relationship between hepatic 
steatosis and various anthropometric measures was assessed. The 
results of this study should be interpreted with a few limitations 

population, no biopsy was performed for identifying patients with 

using ultrasound and MRI to identify individuals with NAFLD. 
Second, only individuals older than 50 years of age were enrolled 
in this study; therefore, the results might not be generalizable to 
younger individuals.  

between quantitative measures of visceral adiposity and NAFLD 
obtained from a reproducible semi-automated method, while 
subcutaneous fat measures were poor indicators of NAFLD. In 
addition, VFA was demonstrated to have the highest correlation 
with ultrasound and MRI indicators of hepatic steatosis above and 
beyond other conventional anthropometric indices in this study. 
It will be of interest to see how VFA correlates with the natural 
history of NAFLD.

 None 

Financial Support: 

References

1. Gastaldelli A. Fatty liver disease: the hepatic manifestation of 
metabolic syndrome. Hypertens Res. 2010; 33: 546 – 547.

2. Duseja A, Chalasani N. Epidemiology and risk factors of nonalcoholic 
fatty liver disease (NAFLD). Hepatol Int. 2013; 7: S755 – S764.

3. Tominaga K, Fujimoto E, Suzuki K, Hayashi M, Ichikawa M, Inaba 
Y. Prevalence of non-alcoholic fatty liver disease in children and 
relationship to metabolic syndrome, insulin resistance, and waist 
circumference. Environ Health Prev Med. 2009; 14: 142 – 149.

4. Kagansky N, Levy S, Keter D, Taiba Z, Fridman Z, Berger D, et al. 

octogenarian patients. Liver Int. 2004; 24: 588 – 594.
5. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis: 

summary of an AASLD single topic conference. Hepatology. 2003; 
37: 1202 – 1219.

6. Obika M, Noguchi H. Diagnosis and evaluation of nonalcoholic fatty 
liver disease. Exp Diabetes Res. 2012; 2012: 145754.

7. Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL, Guallar E, 
et al. Diagnostic accuracy and reliability of ultrasonography for the 
detection of fatty liver: a meta-analysis. Hepatology. 2011; 54(3): 
1082 – 1090.

8. Van der poorten D, Milner K, Hui J, Hodge A, Trenell MI, Kench JG, 
et al. Visceral fat: a key mediator of steatohepatitis in metabolic liver 
disease. Hepatology. 2008; 48: 449 – 457.

9. Finelli C, Tarantino G. Should visceral fat, strictly linked to hepatic 
steatosis, be depleted to improve survival? Hepatol Int. 2013; 7(2): 
413 – 428.

10. Eguchi Y, Eguchi T, Mizuta T, Ide Y, Yasutake T, Iwakiri R, et al. 
Visceral fat accumulation and insulin resistance are important factors 
in nonalcoholic fatty liver disease. J Gastroenterol. 2006;41(5): 462 
– 469. 

11. Gastaldelli A, Cusi K, Pettiti M, Hardies J, Miyazaki Y, Berria R, et al. 
Relationship between hepatic/visceral fat and hepatic insulin resistance 
in nondiabetic and type 2 diabetic subjects. Gastroenterology. 2007; 
133: 496 – 506. 

12. Seppälä-Lindroos A, Vehkavaara S, Hakkinen AM, Goto T, 
Westerbacka J, Sovijärvi A, et al. Fat accumulation in the liver is 
associated with defects in insulin suppression of glucose production 
and serum free fatty acids independent of obesity in normal men. J 
Clin Endocrinol Metab. 2002; 87: 3023 – 3028. 

13. McMillan KP, Kuk JL, Church TS, Blair SN, Ross R. Independent 
associations between liver fat, visceral adipose tissue, and metabolic 
risk factors in men. Appl Physiol Nutr Metab. 2007; 32: 265 – 272

14. Song SW, Hwang SS, Shin JH, Kang SG, Cho JH, Nam KM, et al. 



Archives of Iranian Medicine, Volume 19, Number 10, October 2016 699

A. R. Radmard, M.S. Rahmanian, A. Abrishami, et al.

Relationships between visceral adipose tissue measurement site and 
the metabolic syndrome in the Korean population. Obes Res Clin 
Pract 2010; 4: e247 – e342.

15. Illouz F, Roulier V, Rod A, Gallois Y, Pellé CP, Aubé C, et al. 

metabolic syndrome. Diabetes Metab. 2008; 34(1):  68 – 74.
16. Machann J, Thamer C, Schnoedt B, Haap M, Haring HU, Claussen 

CD, et al. Standardized assessment of whole body adipose tissue 
topography by MRI. J Magn Reson Imaging. 2005; 21(4): 455 – 462.

17. Ludescher B, Machann J, Eschweiler GW, Vanhöfen S, Maenz C, 
Thamer C, et al. Correlation of fat distribution in whole body MRI 
with generally used anthropometric data. Invest Radiol. 2009; 44(11): 
712 – 719.

18. Positano V, Gastaldelli A, Sironi AM, Santarelli MF, Lombardi 
M, Landini L. An accurate and robust method for unsupervised 
assessment of abdominal fat by MRI. J Magn Reson Imaging. 2004; 
20(4): 684 – 689.

19. Liou TH, Chan WP, Pan LC, Lin PW, Chou P, Chen CH. Fully 
automated large-scale assessment of visceral and subcutaneous 
abdominal adipose tissue by magnetic resonance imaging. Int J Obes 
(Lond). 2006; 30(5): 844 – 852.

20. Kullberg J, Ahlstrom H, Johansson L, Frimmel H. Automated and 
reproducible segmentation of visceral and subcutaneous adipose tissue 
from abdominal MRI. Int J Obes (Lond). 2007; 31(12): 1806 – 1817.

21. Prevention of cardiovascular disease using a single polypill in an 
urban population-Focus on liver-related variables (PolyIran-L). 
Available from: URL: http://clinicaltrials.gov/show/NCT01245608. 
(Accessed 24 October 2015). 

22. Merat S, Poustchi H, Hemming K, Jafari E, Radmard AR, Nateghi 
A, et al. PolyPill for Prevention of Cardiovascular Disease in an 
Urban Iranian Population with Special Focus on Nonalcoholic 
Steatohepatitis: A Pragmatic Randomized Controlled Trial within 
a Cohort (PolyIran - Liver) – Study protocol. Arch Iran Med. 2015; 
18(8): 515 – 523. 

23. Hamaguchi M, Kojima T, Itoh Y, Harano Y, Fujii K, Nakajima T, et al. 

Am J Gastroenterol 2007; 102: 2708 – 2715.
24. Qayyum A, Nystrom M, Noworolski SM, Chu P, Mohanty A, 

Merriman R. MRI Steatosis Grading: Development and Initial 
Validation of a Color Mapping System. AJR Am J Roentgenol. 2012; 

198(3): 582 – 588.
25. Qayyum A, Goh JS, Kakar S, Yeh BM, Merriman RB, Coakley FV. 

of-phase gradient-echo and fat-saturated fast spin-echo techniques--
initial experience. Radiology 2005; 237(2):  507 – 511.

26. Choudhary NS, Duseja A, Kalra N, Das A, Dhiman RK, Chawla YK. 
Correlation of adipose tissue with liver histology in Asian Indian 
patients with nonalcoholic fatty liver disease (NAFLD). Ann Hepatol. 
2012; 11(4): 478 – 486.

27. Koda M, Kawakami M, Murawaki Y, Senda M. The impact of visceral 
fat in nonalcoholic fatty liver disease: cross-sectional and longitudinal 
studies. J Gastroenterol. 2007; 42(11): 897 – 903.

28. Bahl M, Qayyum A, Westphalen AC, Noworolski SM, Chu PW, 
Ferrell L, et al. Liver steatosis: investigation of opposed-phase T1-
weighted liver MR signal intensity loss and visceral fat measurement 
as biomarkers. Radiology. 2008; 249(1): 160 – 166. 

29. Kaess BM, Pedley A, Massaro JM, Murabito J, Hoffmann U, Fox 
CS. The ratio of visceral to subcutaneous fat, a metric of body 
fat distribution, is a unique correlate of cardiometabolic risk. 
Diabetologia. 2012; 55(10): 2622 – 2630.

30. Kim S, Cho B, Lee H, Choi K, Hwang SS, Kim D, et al. Distribution 
of abdominal visceral and subcutaneous adipose tissue and metabolic 
syndrome in a Korean population. Diabetes Care. 2011; 34(10): 504 
– 506.

31. 
adipose tissue by MRI: relationship with anthropometric variables. J 
Appl Physiol (1985). 1992; 72(2): 787 – 795.

32. Ducluzeau PH, Manchec-Poilblanc P, Roullier V, Cesbron E, Lebigot 
J, Bertrais S, et al. Distribtion of abdominal adipose tissue as a 
predictor of hepatic steatosis assessed by MRI. Clin Radiol. 2010; 
65(9): 695 – 700.

33. 
resonance imaging measurements of intra-abdominal adipose tissue. 
Int J Obes Relat Metab Disord. 2003; 27(2): 211 – 218.

34. Fontana L, Eagon JC, Trujillo ME, Scherer PE, Klein S. Visceral fat 

humans. Diabetes. 2007; 56(4): 1010 – 1013. 
35. Cohen JC, Horton JD, Hobbs HH. Human fatty liver disease: old 

questions and new insights. Science. 2011; 332(6037): 1519 – 1523.
36. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and 

functional differences. Obes Rev. 2010; 11(1): 11 – 18.


