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Introduction: Non-alcoholic fatty liver disease (NAFLD) is the most frequent cause of fat buildup
in the liver, which results in liver disease. This condition is becoming more commonplace
worldwide. Knowing the causes of the disease is crucial for preventing and minimizing its effects,
especially since the etiology of the condition is not fully understood. The aim of this study was to
investigate the relationship between hepatic steatosis grading and the thickness of the
subcutaneous fat of the anterior abdominal wall.

Materials & Methods: In this descriptive cross-sectional study, all 181 patients underwent
ultrasound scanning to determine the grade of their fatty liver, as well as to measure the thickness
of the anterior abdominal wall's subcutaneous fat at the RUQ. The fatty liver grading was between
0 and 3. The questionnaire was filled out with the patient's height, weight, age, gender, fatty liver
grade, thickness of subcutaneous fat, and underlying medical conditions.

Results: This study revealed that the distribution of hepatic steatosis among 47% of participants
was normal (grade 0), while 42.5%, 9.4%, and 1.1% were classified as grade 1, grade 2, and grade
3 of fatty liver, respectively, as per ultrasonographic classification. Quantitative analysis of
abdominal adiposity showed a mean anterior abdominal wall subcutaneous fat thickness of
16.31+£6.45 mm. Crucially, subcutaneous fat thickness showed a significant positive correlation
with hepatic steatosis grade (r = 0.39, p = 0.001), and each additional millimeter of fat thickness
raised the likelihood of advanced steatosis. These results substantiate the clinical relevance of
abdominal wall fat measurement as a potential surrogate marker for NAFLD severity.

Conclusion: The current study showed that more than half of patients had fatty liver in grades 1-
3, and programming to change the lifestyle of people to avoid weight gain and manage NAFLD is
necessary.
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Introduction

NAFLD is the leading cause of chronic liver disease
worldwide (1), with the hallmark feature of fat
accumulation in the liver that can evolve from
simple steatosis to non-alcoholic steatohepatitis
(NASH), fibrosis, and ultimately cirrhosis or
hepatocellular carcinoma (HCC). This disease
epidemic is paralleled by the worldwide rise of
metabolic disorders. Major risk factors are obesity
(especially visceral adiposity), type 2 diabetes
mellitus (T2DM), insulin resistance, dyslipidaemia
and hypertension (2, 3).

NAFLD has become the third most common
indication for liver transplantation and the most
common cause of hospitalisation for liver disease
among gastrointestinal diseases (4-6). In T2DM
populations, prevalence of NAFLD is >70%,
highlighting diabetes as a risk factor and disease
accelerator (7).

Ultrasonography is still the first line diagnostic
modality. It is accessible and reliable in detecting
hepatic steatosis (sensitivity 85%, specificity 94%)
(8). It is helpful to estimate the thickness of the
subcutaneous fat, but the current evidence does not
conclusively show its association with the severity
of NAFLD (9).

Given the importance of liver health and the lack of
similar studies in Ardabil, we decided to investigate
the relationship between the grade of fatty liver and
the thickness of the subcutaneous fat of the anterior
abdominal wall in patients referred to the ultrasound
department of Alavi Hospital in Ardabil.

Materials and methods
Study Design

This  descriptive  cross-sectional  study  was
conducted to investigate the relationship between
the thickness of the anterior abdominal wall
subcutaneous fat and the grade of hepatic steatosis
among patients referred to the ultrasound

department of Ardabil University of Medical
Sciences-affiliated hospitals in 2021.

Setting and Participants

The study population consisted of outpatients
referred to the ultrasound department of Alavi
Hospital for complaints unrelated to liver diseases.
A convenience sampling method was used to recruit
participants.

The inclusion criteria were age >15 years, referral
for abdominal ultrasonography for non-hepatic
complaints, and willingness to participate in the
study. The exclusion criteria included known liver
diseases (such as cirrhosis, hepatic masses, hepatitis,
or liver failure), previous abdominal wall surgery
(e.g., liposuction or abdominoplasty), current
treatment for fatty liver disease, use of lipid-
lowering medications, pregnancy, and incomplete
clinical information. All the participants underwent
abdominal ultrasonography by an expert radiologist
after written informed consent. Hepatic steatosis
was graded based on ultrasonographic findings as
follows: grade 0, normal liver echogenicity; grade 1,
mild steatosis; grade 2, moderate steatosis; grade 3,
severe steatosis.

Sample Size

The sample size was calculated for correlation
studies considering a confidence level of 95%,
statistical power of 80%, and an expected
correlation coefficient of 0.25 based on previous
studies investigating the relationship between
abdominal fat thickness and NAFLD severity. The
minimum required sample size was estimated to be
170 participants. Considering possible incomplete
data, 181 participants were finally included in the
study.

Measurements & Validity and Reliability

Demographic and Clinical Characteristics

Checklist
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Demographic and clinical data were collected using
a researcher-developed checklist. The checklist
included variables such as age, gender, height,
weight, body mass index (BMI), history of diabetes
mellitus, hypertension, thyroid disorders, heart
failure, anemia, multiple sclerosis, hepatic steatosis
grade, and anterior abdominal wall subcutaneous fat
thickness.

Assessment of Hepatic Steatosis by Ultrasound

Hepatic steatosis grading was evaluated by
ultrasonography performed by an experienced
radiologist using a Voluson E6 ultrasound machine.
Liver echogenicity was assessed using a curvilinear
probe, and hepatic steatosis was graded 0-3
according to standard ultrasonographic criteria.
Ultrasonography is a reliable and valid method for
detection of fatty liver disease with a reported
sensitivity and specificity of about 85% and 94%,
respectively (5).

All ultrasonographic examinations were performed
under standardized conditions by the same
radiologist to ensure the reliability of measurements.
Measurement of Subcutaneous Fat Thickness of

Anterior Abdominal Wall

16
14
14 13

12

10

thyroid HTN DM
dysfunction

A linear ultrasound probe was used to measure the
subcutaneous fat thickness at the anterior abdominal
wall in the right upper quadrant (RUQ).
Measurements were made in millimetres with the
patient in supine position during quiet respiration.

Statistical and Data Analysis

After collection of data, data were entered in SPSS
V.26 and analysed with analytical statistical
techniques including logistic regression, T-test and
chi-square for quantitative and qualitative data and
descriptive statistics presented in tables and graphs.
Significance level was less than 0.05.

Results

Out of the 181 participants in the study, 19
individuals (10.5%) were men and 162 (89.5%)
were women. The average age of patients was 37.98
+ 15.02 in the range of 15 to 92 years. Thyroid
dysfunction was the most common underlying
condition, affecting 14 individuals (7.7% of the
population), whereas anemia and multiple sclerosis
were the least common, affecting 1 individual each
(0.6%) (Figure 1). In terms of BMI, the highest
frequency was related to the overweight group
(39.8%), and the lowest frequency was related to

severe obesity (Figure 2).
2
1 1
Heart Failure Anemia MS

Figure 1. Distribution of underlying disease history in the study subjects.
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Among 181 patients, 85 patients (0.47%) had
normal liver and 77 patients (42.5%) had mild fatty
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Figure 2. BMI distribution in study subjects.
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Figure 2. Fatty liver distribution of study subjects.
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subcutaneous fat of the anterior abdominal wall was
16.31+6.45 mm (Figure 3).

Age and the study participants' fatty liver grade did gender of participants doesnt have a significant

not significantly correlate. Furthermore, most of the

males and females had normal grades, and the

Table 1. Relation between gender and hepatic steatosis grading.

Grading Gender p-value
male female
Normal 7 (36.8) 78 (48.1) 0.16
Mild 7 (36.85) 70 (43.3)

relation with the grading of fatty liver (Table 1).
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Moderate & Sever
Total

5 (26.4)
19 (10.5)

14 (8.6)
162 (89.5)

Chi-square test

A significant relation was found between BMI and  between the history of diabetes and fatty liver

fatty liver grading in the studied subjects (P=0.001) grading in the studied subjects (Table 3).
(Table 2). There was no significant relationship
Table 2. relation between BMI and fatty liver grading.
Gradin BMI -value
& low normal overweight Obesity p
Normal 6(7.1) 38 (44.7) 33 (38.8) 8(9.4)
Mild 1(1.1) 19 (21.8) 31 (35.6) 26 (29.9) 0.001
Moderate & Sever 1(4.6) 2(9.1) 8 (36/4) 11 (50) '
Total 6(3.3) 58(32) 72(39.8) 45(24.9.7)
Chi-square test
Table 3. Relation between DM and fatty liver grading.
Grading DM p-value
- +
Normal 82 (96.5) 3(3.5) 0.94
Mild 74 (96.1) 3(3.9)
Moderate & Sever 18 (94.7) 1(5.3)
Total 174 (96.1) 7(3.9)

Chi-square test

There was no discernible relation between the
participants' fatty liver grades and their histories of
hypertension, heart failure, or thyroid conditions
(p=0.94). In the participants under study, the degree
of fatty liver was shown to be significantly
correlated with the thickness of the front abdominal
wall's subcutaneous fat. in a way that made the

severity of fatty liver worse by making the
subcutaneous fat thicker. Also, Spearman's
correlation coefficient showed that the severity of
fatty liver increased with the increase of
subcutaneous thickness (the correlation coefficient
(r) was positive and equal to 0.391) (Table 4).

Table 4. Relation between subcutaneous thickness and grading of hepatic steatosis.

Grading subcutaneous thickness (mm) p-value r
mean SD
Normal 13.75 5.43 0.001 0.392
Mild 16.4 6.6
Moderate 20.06 6.76

Pearson correlation and analysis of variance (ANOVA) were used

Discussion

In the present study, 181 participants were included
and 85 subjects (47%) had normal liver findings and

77 patients (42.5%) had mild fatty liver (grade 1).
These findings are in good agreement with previous
epidemiological reports that NAFLD is currently the
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most common chronic liver disease worldwide,
affecting nearly one-third of adults in developed
countries (7). The rise in NAFLD has been mainly
associated with sedentary lifestyle, obesity, poor
dietary habits and decreased physical activity. It has
also been reported in previous studies that the
prevalence of fatty liver disease increases with age
and is generally more common in men before the
age of 60 (8-12). After menopause, however,
women become more susceptible to NAFLD, owing
to hormonal and metabolic changes (13-15). In our
study, there was no statistically significant
association between age and fatty liver grade,
suggesting that factors other than age may be more
dominant in the studied population.

Fan et al. reported a dramatic increase in the
prevalence of NAFLD in Asian populations,
especially in urban and affluent areas where obesity
rates have increased substantially. The results
showed that NAFLD affected about 15% of the
people in developed areas of China and the
prevalence has doubled in the last decade due to the
obesity epidemic. Moreover, many studies have
verified that weight loss could remarkably improve
hepatic steatosis. In diabetic and non-diabetic
subjects, a 5-10% loss of body weight can reduce
the content of liver fat by almost 40% (16-17).
Aerobic exercise has been demonstrated to
independently decrease hepatic fat accumulation
independently of weight loss through mechanisms
such as improved insulin sensitivity, increased fatty
acid oxidation, and suppression of peripheral
lipolysis (18-19). Dietary restriction and exercise
may improve hepatic steatosis in obese patients, but
the effects on liver fibrosis and inflammation remain
unclear (20), as shown by Sugawara et al. Similarly,
lifestyle interventions have been shown to enhance
physical  fitness, serum cholesterol, insulin
sensitivity, and blood pressure in older adults (21).
Overall, these results are in line with the strong
association between BMI and hepatic steatosis
found in our study and support the role of obesity

and metabolic dysfunction in the pathogenesis and
progression of NAFLD.

The association of NAFLD with metabolic
syndrome has been widely discussed in the
literature. Lenzi et al. pointed out that insulin
resistance, the main mechanism of metabolic
syndrome recognised today, is strongly associated
with the progression of NAFLD (22). They found
that the prevalence of metabolic syndrome increases
significantly with increasing BMI from about 18%
in normal-weight to more than 60% in obese
patients. Our results also demonstrated a significant
correlation between BMI and the grade of fatty
liver, in support of the hypothesis that obesity and
accumulation of adipose tissue are major
contributors to the severity of hepatic steatosis.
However, other factors such as ethnicity, genetic
predisposition and coexisting disease may also play
a role in the evolution of NAFLD and may account
for the discrepancy between different populations.

Cardiovascular diseases represent another important
concern in patients with NAFLD. NAFLD patients
often suffer from multiple cardiovascular risk
factors like obesity, hypertension, dyslipidaemia and
insulin resistance (23). Various mechanisms have
been proposed to explain the association between
NAFLD and cardiovascular disease including
systemic inflammation, oxidative stress, endothelial
dysfunction, altered adipokine secretion and
abnormal lipid metabolism (24). In the present
study, no significant relationship was found between
the grade of fatty liver and history of hypertension
or heart failure. Esposito et al. (25) reported that
even non-obese NAFLD patients without diabetes or
hypertension may show early signs of left
ventricular dysfunction detected by
echocardiography. Targher et al. also suggested that
NAFLD may be not only a marker of cardiovascular
disease, but also an active contributor to the
development of atherosclerosis through pro-
inflammatory and proatherogenic mechanisms (23).
We did not observe a direct association of
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cardiovascular disease with the degree of hepatic
steatosis; nevertheless, patients with NAFLD should
be considered as being at increased cardiovascular
risk and should be regularly monitored for metabolic
and cardiovascular health.

Diabetes mellitus is another major metabolic
disorder closely associated with NAFLD. While
previous studies reported this relationship, our
investigation was unable to show significant
association between fatty liver grading and history
of diabetes. An association between fatty liver and
increased risk of future hyperglycemia and type 2
diabetes was found by Okamoto et al. (26).
Similarly, Yamazaki et al. showed that improvement
of NAFLD is independently associated with reduced
incidence of type 2 diabetes (27). Salehi et al. also
reported that high triglyceride levels and low HDL
concentrations are associated with worsening of
glycaemic indices in patients with fatty liver disease
(28). In addition, the incidence of type 2 diabetes
was also significantly higher in those with fatty liver
than in those without fatty liver according to
Yamada et al. (29). Similarly, Williams et al.
concluded that diabetic patients are most likely to
develop NAFLD and non-alcoholic steatohepatitis
(30). Thus, although in our study, no statistically
significant association was found between diabetes
and NAFLD severity, the role of insulin resistance
and glucose metabolism abnormalities in the
pathogenesis of NAFLD is well established in the
literature (31).

Our results further support the close association
between the components of metabolic syndrome and
the severity of NAFLD. Obesity, hypertension,
dyslipidaemia and insulin resistance have been
repeatedly proved in previous studies to be closely
associated with the progression of hepatic steatosis
(14-15, 32-34). Specifically, insulin resistance
causes an increase in fatty acids accumulation in the
hepatocytes, resulting in  oxidative  stress,
inflammation, and cellular injury. Although our
study was largely based on BMI and not on detailed

metabolic parameters, the strong association of
obesity with fatty liver grading in our participants is
in line with these pathogenic mechanisms. The lack
of robust associations with diabetes and
cardiovascular diseases in our study could be due to
differences in population characteristics, sample size
or study design.

One of the most important findings of the present
study was the significant positive correlation
between the anterior abdominal wall subcutaneous
fat thickness and hepatic steatosis grade.
Ultrasonography measurement of abdominal fat has
been suggested as a simple non invasive method for
evaluating severity and metabolic risk of NAFLD.
Fukuda et al. showed that ultrasonographic
estimation of preperitoneal and subcutaneous fat
thickness is useful in the diagnosis of NAFLD
among diabetic patients and might even predict
advanced fibrosis (35). Similarly, our study found
that increased subcutaneous fat thickness was
significantly associated with more severe grades of
fatty liver. These findings support the possible
clinical utility of measuring abdominal fat during
routine ultrasonography as an accessible marker for
screening NAFLD and for assessing its severity.

But the results of previous studies were not all
consistent. Murad Hasli et al. showed that the degree
of hepatic steatosis was independently associated
with mesenteric fat thickness in patients with
NAFLD (2). However, Liu et al. found that
mesenteric fat thickness was significantly increased
in fatty liver patients, while thickness of abdominal
subcutaneous fat was not significantly associated
with hepatic steatosis (36). The discrepancy in
results may be attributed to differences in study
populations, imaging modalities, sample sizes or the
methods used to quantify adiposity. However,
visceral and abdominal adiposity is important in the
development and progression of NAFLD according
to the weight of evidence. Hence further large and
controlled studies are needed to define the exact
relationship between the different abdominal fat
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compartments and the severity of the hepatic
steatosis.

Limitations and Strengths

One of the main strengths of this study was the use
of ultrasonography as a non-invasive, accessible,
and cost-effective method for simultaneous
evaluation of hepatic steatosis and abdominal
subcutaneous fat thickness. The evaluation of the
relationship between anterior abdominal wall fat
thickness and severity of NAFLD in the Iranian
population provided useful local data that may be
useful for future metabolic and hepatologic research.
An additional strength was the inclusion of patients
with different grades of fatty liver, allowing
comparison across different severities of disease.

However, this study had some limitations as well.
First, the cross-sectional design of the study limited
the ability to establish causal relationships between
the thickness of abdominal fat and the severity of
NAFLD. Second, the generalisability of the findings
may be limited by the relatively small sample size
and the predominance of women. Third, liver
biopsy, the gold standard for diagnosis of NAFLD,
was not performed. Finally, not all the metabolic
and laboratory parameters in detail were completely
evaluated.

Conclusion

The present study shows a significant positive
correlation  between the thickness of the
subcutaneous fat of the anterior abdominal wall and
the grade of hepatic steatosis in patients undergoing
ultrasound examination. Our results suggest that
measurement of subcutaneous fat thickness may be
a useful non-invasive parameter of NAFLD severity.
This association underscores the clinical importance
of measuring abdominal fat in routine work-ups to
better identify those at risk of advanced fatty liver
disease and guide timely interventions.
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