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Background: Obesity, insulin resistance, and diabetes are major risk factors for nonalco-

holic fatty liver disease (NAFLD). This study aims to evaluate the association between

different grades of NAFLD and abdominal subcutaneous fat thickness with the homeostasis

model assessment of insulin resistance (HOMA-IR).

Methods: In this pilot study, 59 obese nondiabetic participants with NAFLD were enrolled.

Total cholesterol, HbA1c, and HOMA-IR were measured. Abdominal subcutaneous fat

thickness in the midline just below the xiphoid process in front of the left lobe of the liver

(LSFT) and in the umbilical region (USFT), and the degree of hepatic steatosis, were

evaluated by ultrasound scans, and their correlation with the degree of steatosis and the

NAFLD Activity Score in liver biopsy was assessed.

Results: Of the 59 studied participants, 15 had mild, 17 had moderate, and 27 had severe

hepatic steatosis by abdominal ultrasound. Themean ± SD HOMA-IR level in NAFLD

patients was 5.41±2.70. The severity of hepatic steatosis positively correlated with body

mass index (P<0.001), HOMA-IR (P<0.001), serum triglycerides (P=0.001), LSFT

(P<0.001), and USFT (P<0.001). Receiver operating characteristics analysis showed that

LSFT at a cut-off of 3.45 cm is the most accurate predictor of severe hepatic steatosis, with

74.1% sensitivity and 84.4% specificity. The best cut-off of USFT for identifying severe

hepatic steatosis is 4.55 cm, with 63% sensitivity and 81.3% specificity.

Conclusion: Abdominal subcutaneous fat thicknesses in front of the left lobe of the liver

and in the umbilical region, together with HOMA-IR, are reliable indicators of the severity of

NAFLD in obese nondiabetic individuals.

Keywords: hepatic steatosis, abdominal subcutaneous fat thickness, insulin resistance,

obesity

Introduction
Obesity is a major health problem worldwide. Egypt has a very high prevalence rate

of obesity, reaching 35.3%.1 Epidemiological studies have identified obesity as a

major risk factor for a growing group of chronic illnesses, including cardiovascular

disease, diabetes mellitus, and several malignancies.2

Nonalcoholic fatty liver disease (NAFLD), characterized by increased fat

deposition in the liver, is the most common cause of abnormal liver function tests

and imaging as detected by ultrasonography (US).3,4 NAFLD is a wide-ranging
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disease, from simple steatosis, through nonalcoholic stea-

tohepatitis (NASH), to liver cirrhosis.5 NAFLD is strongly

associated with the metabolic syndrome and it has been

suggested to be a part of its spectrum and to pave the way

to its future development.6 Obesity and insulin resistance

are among the major contributing factors linked to the

presence of NAFLD.7

Although liver biopsy has long been the gold standard

to evaluate hepatic steatosis and fibrosis, this procedure is

invasive and costly as a screening tool. Usually, the diag-

nosis of NAFLD is suggested by elevated liver enzymes

and the detection of fatty infiltration in the liver parench-

yma by imaging.8 Liver US with the homeostasis model

assessment of insulin resistance (HOMA-IR) was found to

be a sensitive and noninvasive method in assessing the

severity of NAFLD.9

Abdominal fat thickness measurement as a predictor of

hepatic steatosis has been previously evaluated by com-

puted tomography or magnetic resonance imaging.10 The

assessment of abdominal fat thickness by US, which is a

simple and cheap method, is still under evaluation.10

There are not enough data about the epidemiology of

NAFLD in Egypt; however, there are scarce studies, which

have concluded that fatty liver was prevalent in school-

children (15.8%) and increased significantly with age.11,12

In addition, NAFLD was noted in more than 50% of

female obese individuals.12

Accordingly, the present study was carried out to deter-

mine whether abdominal subcutaneous fat thickness, as mea-

sured by US in the midline in front of the left lobe of the liver

just below the xiphoid process (LSFT) and in the umbilical

region (USFT) and HOMA-IR could be used as a noninva-

sive tool to detect NASH and to predict the severity of

NAFLD in Egyptian obese non-diabetic individuals.

Materials and methods
This is a pilot cross-sectional study. It was conducted from

September 2017 to January 2018 and included 59 overweight

and obese nondiabetic subjects who were employees of the

National Nutrition Institute, Egypt, as a survey conducted

under the name “Your Weight Is Predictor Of Your Health”.

Body mass index (BMI) was used to identify overweight

(BMI 25–29.5 kg/m2) and obese (BMI ≥30 kg/m2) people.

Exclusion criteria included patients with 1) diabetes (fasting

glucose ≥126 mg/dL or 2-hour plasma glucose ≥200 mg/dL

or HbA1c ≥6.5%); 2) chronic liver disease other than

NAFLD; or 3) a history of alcohol intake or medications

that might affect liver function.

All subjects provided informed written consent to par-

ticipate in this study. The study protocol and procedures

conform to the ethical guidelines of the 1975 Declaration

of Helsinki.1013 The protocol was revised and approved by

the Research Committee at the National Nutrition Institute.

All participants underwent a full medical history and

clinical examination, serum biochemistry profile, and liver

US. The weight and height of each participant were mea-

sured while the participant was clothed only in a light

gown, and the BMI was calculated (kg/m2).

Blood samples were collected from each individual

after a period of 10–12 hours for measurement of fasting

glucose, insulin, total cholesterol, high-density lipoprotein,

low-density lipoprotein, triglycerides, serum aspartate and

alanine aminotransferases, γ-glutamyltransaminase, alka-

line phosphatase, and serum calcium. Hepatitis C virus

antibody and hepatitis B virus surface antigen tests were

conducted to exclude hepatitis C and B virus infection.

The clinical chemistry analysis was performed on a

Dimension RxL Max (Siemens, Philadelphia, PA,, USA),

while serum insulin was assayed on a Cobas e411 analyzer

(Roche Diagnostics, Mannheim, Germany).

Assessment of hepatic steatosis and

abdominal subcutaneous fat thickness by US
All participants underwent US examination after fasting

overnight. All US scans were performed by the same opera-

tor (MH) using a high-resolution multifrequency B-mode

scanner (SDD-5500; Aloka, Tokyo, Japan) 2.5–5.0 MHz

transducer. The following data were recorded: diameter of

the right lobe of the liver, spleen size (length of its longest

axis), and diameter of the portal vein.

The role of US in the diagnosis of steatosis in obese

patients is well documented.14

The severity of NAFLD was stratified as mild, moder-

ate, or severe fatty liver based on US findings. Steatosis was

mild if there was little increase in liver echogenicity. In

moderate steatosis, there were visual images associated with

intrahepatic vessels and the presence of increased liver

organ echogenicity. Severe steatosis was identified as the

marked increase in hepatic echogenicity, poor penetration of

the posterior segment from the right lobe of the liver, or

poor or any visual images from the hepatic vessels.15

In this study, we adopted the US classification of steatosis

instead of liver biopsy, as US correlates well with the NAFLD

activity score of liver biopsy. Thus, mild steatosis by US con-

forms to stage 1 steatosis by liver biopsy, while severe steatosis

by US correlates with stage 3 steatosis by liver biopsy. Liver
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damage assessed according to the NAFLD activity score

(NAS), which is the sum of steatosis (scale from 0-3), lobular

inflammation (scale from 0-3), and hepatocellular ballooning

(scale from 0-2) , so <3 is not NASH, 3–4 is borderlineNASH,

and ≥5 defines NASH. Therefore, if severe steatosis by US

correlates 100% with stage 3 steatosis by liver biopsy, this

means a NAFLD activity score ≥3, and with the presence

mostly or even absence of inflammation and ballooning the

patient might be 3 only (borderline NASH) or above 3, reach-

ing up to 6 (NASH).16

Abdominal subcutaneous fat thickness was measured by a

5MHz linear probe at two sites. Thefirst sitewas in themidline

just below the xiphoid process in front of the left lobe of the

liver (LSFT). The second site was just to the right of the

umbilicus (USFT).

Statistical analysis
Data were coded and entered using the statistical package

SPSS version 24 (IBM Corp., Armonk, NY, USA). Data

were summarized using the mean and SD for quantitative

variables, and frequencies (number of cases) and relative fre-

quencies (percentages) for categorical variables. Comparisons

between groups were made using ANOVAwith the multiple

comparisons post-hoc test for normally distributed quantitative

variables, while the nonparametric Kruskal–Wallis test and

Mann–Whitney test were used for nonnormally distributed

quantitative variables. To compare categorical data, the chi-

squared test was performed. The exact test was used instead

when the expected frequency was less than 5. Correlations

between quantitative variables were assessed using

Spearman's correlation coefficient. P-values less than 0.05

were considered statistically significant. Receiver operating

characteristics (ROC) analysis was used to determine the opti-

mum cut-off value of the selected variable in predicting the

grade of NAFLD.

Results
Clinical, biochemical, and

ultrasonographic characteristics of obese

nondiabetic subjects
The present study enrolled 59 individuals, 55 females and

four males. Their age ranged from 18 to 57 years. Their

mean BMI was 34.21±6.51 kg/m2 and their HOMA-IR

ranged from 1.38 to 13.19 (5.41±2.70). Fatty liver grade

as detected by US was severe in 27 (45.8%), moderate in

17 (28.8%), and severe in 15 (25.4%) individuals. Mean

USFT and LSFT were 4.60±1.90 cm and 3.36±1.07 cm,

respectively. Anthropometric, biochemical, and US data of

participants are presented in Table 1.

Analyses of factors associated with fatty

liver grade in obese nondiabetic subjects
Spearman’s correlation showed that severity of fatty liver

was significantly associated with BMI (P<0.001), HOMA-

IR (P<0.001), triglycerides (P=0.001), ALT (P<0.001),

LSFT (P<0.001), USFT (P<0.001), portal vein diameter

(P=0.004), and liver diameter (P<0.001) (Table 2).

Abdominal fat thickness and HOMA-IR as

indicators of degree of hepatic steatosis
By means of ROC curve analyses, we evaluated the accu-

racy of LSFT, USFT, and HOMA-IR in detecting the

degree of NAFLD in obese nondiabetic participants.

For detection of severe hepatic steatosis, the identified cut-

off values for LSFT,USFT, andHOMA-IRwere 3.45 cm, 4.55

cm, and 5.819, respectively. From a statistical point of view,

LSFT had the highest diagnostic accuracy (area under the

curve [AUC] 0.856, 95% CI 0.759–0.954), with 74.1% sensi-

tivity and 84.4% specificity. The AUC for USFT was 0.777

(95% CI 0.656–0.897), with 63% sensitivity and 81.3%

Table 1 Clinical and biochemical characteristics of obese non-

diabetic participants

Variable Mean SD

Age (years) 39.5 10.1

BMI (kg/m2) 34.21 6.51

Fasting glucose (mg/dL) 92.22 12.74

Insulin (µU/mL) 23.61 11.06

HOMA-IR 5.41 2.70

HbA1c (%) 5.08 0.59

Triglycerides (mg/dL) 109.71 53.47

Total cholesterol (mg/dL) 196.97 46.01

HDL-C (mg/dL) 46.85 10.72

LDL-C (mg/dL) 128.35 39.66

AST (IU/L) 23.60 9.06

ALT (IU/L) 25.99 15.42

GGT (IU/L) 23.18 12.66

USFT (cm) 4.60 1.90

LSFT (cm) 3.36 1.07

Spleen (cm) 10.54 1.39

PV diameter (mm) 1.04 0.14

Right hepatic lobe (cm) 15.95 1.12

Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment

of insulinresistance; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein

cholesterol; LDL-C,low-density lipoprotein cholesterol; AST, aspartate transami-

nase; ALT, alanine transaminase; GGT, γ-glutamyltransferase; USFT, paraumbilical

abdominal subcutaneous fat thickness; LSFT, midline abdominal subcutaneous fat

thickness in front of the liver; PV, portal vein.
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specificity; and for HOMA-IR the AUC was 0.750 (95% CI

0.619–0.881), with 70.4% sensitivity and 81.3% specificity

(Figure 1).

For detection of moderate hepatic steatosis, the AUC

for LSFT was 0.879 (95% CI 0.776–0.981), which was

higher than 0.838 (95% CI 0.710–0.966) for USFT and

0.718 (95% CI 0.581–0.855) for HOMA-IR (Figure 2).

Discussion
We studied the predictors of severity of NAFLD in obese

nondiabetic subjects and found that abdominal subcuta-

neous fat thicknesses in front of the left lobe of the liver

and in the umbilical region and HOMA-IR are reliable

indicators of NASH and predictors of severity of NAFLD.

The global prevalence of NAFLD is 25.24%, with the

highest prevalence in the Middle East.17 Obesity is among

the commonest causes of NAFLD and about 51.34% of

patients with fatty liver are obese.17 Percutaneous liver

biopsy is the gold standard method for the assessment of

parenchymal liver disease. However, ethical and medical

considerations limit its use in many cases of NAFLD. US

scanning is considered as the first-line imaging investiga-

tion in patients with suspected liver disorder. Highly sig-

nificant direct correlations between the US grading of

Table 2 Correlation between grade of nonalcoholic fatty liver

disease and other variables

Variable Correlation

coefficient

P-value

BMI (kg/m2) 0.569 <0.001

Fasting glucose (mg/dL) 0.380 0.003

Insulin (µU/mL) 0.375 0.003

HOMA-IR 0.444 <0.001

HbA1c (%) 0.316 0.015

Triglycerides (mg/dL) 0.429 0.001

Total cholesterol (mg/dL) 0.154 0.245

HDL-C (mg/dL) −0.182 0.168

LDL-C (mg/dL) 0.103 0.436

AST (IU/L) 0.280 0.032

ALT (IU/L) 0.441 <0.001

GGT (IU/L) 0.273 0.036

Serum calcium (mg/dL) −0.016 0.906

USFT (cm) 0.555 <0.001

LSFT (cm) 0.679 <0.001

Spleen (cm) 0.020 0.882

PV diameter (mm) 0.369 0.004

Right hepatic lobe (cm) 0.601 <0.001

Abbreviations: BMI, body mass index; HOMA-IR, homeostasismodel assessment

of insulin resistance; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate transami-

nase; ALT, alanine transaminase; GGT, γ-glutamyltransferase; USFT, paraumbilical

abdominal subcutaneous fat thickness; LSFT, midline abdominal subcutaneous fat

thickness in front of the liver; PV, portal vein.
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Figure 1 ROC curves for detection of severe grade of nonalcoholic fatty liver disease.

Abbreviations: ROC, receiver operating characteristics; HOMA, homeostasis model assessment; USFT, paraumbilical abdominal subcutaneous fat thickness; LSFT, midline

abdominal subcutaneous fat thickness in front of the liver.
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steatosis, grading of liver steatosis by histology, and the

presence or absence of NASH by the NAFLD activity

score were found in previous studies.14,16,18

In the present study, we examined the clinical signifi-

cance of LSFT and USFT as simple noninvasive variables

measured by US to predict the severity of NAFLD in

obese people.

In our study, about half of the obese nondiabetic parti-

cipants had severe hepatic steatosis. Insulin resistance and

abdominal obesity play a pivotal role in the pathogenesis

of NAFLD. The grade of hepatic steatosis has previously

been correlated with the degree of obesity.19 Although

BMI is an independent predictor of fatty liver, many

studies have indicated that body composition reflects an

individual’s health status better than body weight or

BMI.20 Moreover, abdominal obesity is associated with

more health problem than peripheral obesity.21 In the pre-

sent study, BMI, LSFT, and USFTwere correlated with the

grade of NAFLD. Furthermore, LSFT and USFT were

accurate indicators for the detection of fatty liver.

Previous results showed that abdominal subcutaneous adi-

pose tissue was greater in patients with NASH than in

those without.22 Gaba et al reported that anterior subcuta-

neous fat as measured by computed tomography had a

moderate correlation with the presence of liver steatosis.23

Lee et al found that abdominal subcutaneous fat thickness

as measured by US was significantly related to the grade

of hepatic steatosis in obese children.24

Conversely, Parente et al concluded that there was no

correlation between the subcutaneous fat thickness and the

grade of steatosis among type 2 diabetic obese individuals,25

and this result is in accordance with other previous studies

which suggested that visceral fat, not subcutaneous fat, is a

reliable predictor of NAFLD.26,27

These contradictory results may be due to the different

ethnic population studied, and to the fact that they exam-

ined diabetic patients, in whom visceral fat is more dan-

gerous than subcutaneous fat for the secretion of different

proinflammatory adipokines,27 whereas our patients were

nondiabetics.

In the current study, we also found a significant correla-

tion between portal vein diameter and the grade of NAFLD.

This could be explained by the severe grades of hepatic

steatosis being associated with increased hepatic stiffness,

leading to increased portal pressure and portal vein dilatation.

Insulin resistance is a common feature of type 2 diabetes

mellitus, obesity, and hypertension, and is better evaluated by

HOMA-IR.28 However, there is great variability in the thresh-

old HOMA-IR levels used to define insulin resistance among

different populations.29,30 HOMA-IR level was much higher

1.0

1.0

HOMA

ROC Curve

USFT
LSFT

0.8

0.8

0.6

0.6

0.4

0.4
1 - Specificity

Source of
the curve

S
en

si
tiv
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0.2

0.2
0.0
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Figure 2 ROC curves for detection of moderate grade of nonalcoholic fatty liver disease.

Abbreviations: ROC, receiver operating characteristics; HOMA, homeostasis model assessment; USFT, paraumbilical abdominal subcutaneous fat thickness; LSFT, midline

abdominal subcutaneous fat thickness in front of the liver.
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in our nondiabetic patients than previously found in patients

with metabolic syndrome of different ethnicity.28,30 Also, in a

previously published study on nondiabetic Egyptian patients,

HOMA-IR levels weremarkedly elevated in obese individuals

with hepatic steatosis compared to those without steatosis, as

detected by US.31 Insulin resistance is associated with

impaired suppression of lipolysis in the adipose tissue, leading

to an increased influx of free fatty acids to the liver and the

development of hepatic steatosis.5 In the current study,

HOMA-IR had a strong positive correlation with the severity

of hepatic steatosis assessed by US (P>0.001). In addition,

HOMA-IR was a sensitive and specific indicator of the pre-

sence of NASH. A study using US to detect steatosis reported

an independent relationship between insulin resistance and the

severity of hepatic steatosis in obese people.32 Moreover,

another study found that obese subjects with NAFLD had

higher HOMA-IR compared to obese subjects without

NAFLD.33

We also evaluated the association between serum lipid

concentrations and NAFLD in this obese nondiabetic popu-

lation, and found no significant correlations except for

between triglycerides and NAFLD. Although dyslipidemia

has been reported in up to 80% of patients with NAFLD,

previous studies found no significant difference in the cho-

lesterol or triglyceride levels between patients with different

degrees of NAFLD.34,35 Similarly, another study showed that

biopsy-proven NAFLD correlated with hepatic inflammation

but did not correlate with lipid parameters.36

Some limitations of the study should be mentioned:

first, the relatively small number of patients included;

and second, that most of the participants were female.

Given the fact that the diagnosis of NASH is challen-

ging, this study has a great strength as it showed that

measurement of subcutaneous abdominal fat by US with

a high level of HOMA-IR among nondiabetic obese parti-

cipants could provide an easy means of screening obese

nondiabetics for NASH, as well as a simple measure of

steatosis grading. We recommend further studies on a

larger scale and the construction of a model that merges

the different US parameters to increase accuracy.

Conclusion
Abdominal subcutaneous fat thickness as evaluated by US,

along with insulin resistance as measured by HOMA-IR,

can be used as simple, reliable, and noninvasive tools to

screen and detect NASH and to predict the grades of

NAFLD in obese nondiabetic subjects.
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