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Abstract
Background: Ultrasound is widely used to evaluate liver morphology in nonalcoholic fatty liver disease (NAFLD), yet the 
relationships between ultrasound-derived liver size and patient characteristics remain incompletely described in Saudi populations. 
This study assessed the association between right-lobe liver size and demographic/anthropometric variables among adults with 
ultrasound-confirmed NAFLD in Jeddah, Saudi Arabia.
Methods and Results: This retrospective, cross-sectional, two-center study included 212 adults (≥18 years) with NAFLD 
documented on ultrasound reports from 2 tertiary hospitals in Jeddah between 2020 and 2025. The primary outcome was right-lobe 
liver size (cm) extracted from ultrasound reports and/or PACS measurements. Predictors included sex, age, BMI, and hospital site. 
Of 212 participants, 114 (53.8%) were female; mean age was 49.5 years, and mean BMI was 31.6 kg/m², with most participants 
classified as overweight or obese. Mean right-lobe liver size was similar between Hospital A and Hospital B (15.98±2.02 vs 
16.07±2.03 cm; P=0.763). Females had numerically larger right-lobe measurements than males in both hospitals, but differences 
were not statistically significant overall (16.18±2.07 vs 15.84±1.94 cm; P=0.218). Liver size correlated inversely and weakly 
with age (r=−0.160, P=0.019) and weakly and positively with weight (r=0.221, P=0.001) and BMI (r=0.180, P=0.009). In 
multivariable regression adjusting for sex, BMI, and hospital, age remained independently associated with liver size (β=−0.023 
cm/year; P=0.026), while BMI did not retain significance (β=0.043 cm per kg/m²; P=0.110); sex and hospital were not significant 
predictors. 
Conclusion: In adults with ultrasound-reported NAFLD in Jeddah, right-lobe liver size showed modest associations with age and 
adiposity, with age remaining an independent predictor after adjustment. Sex-based differences were small and non-significant, 
and measurements were consistent across two hospitals. Standardized acquisition and inclusion of objective NAFLD severity 
measures (e.g., elastography and laboratory markers) are needed to refine the interpretation of routine ultrasound liver size metrics 
in regional NAFLD populations.(International Journal of Biomedicine. 2026;16(1):64-70.)
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Introduction
Ultrasound (US) is a diagnostic imaging modality 

that uses high-frequency sound waves to produce real-
time images; it is also referred to as ultrasonography, 
sonography, and real-time echography.1 It is preferably 
used as a diagnostic modality because it is non-invasive, 

cost-effective, non-ionizing, and widely accessible across 
medical and clinical settings.2-4 A sonographer, a person who 
operates an ultrasound machine, typically uses a handheld 
probe called a transducer that both emits and receives sound 
waves.5 The transducer is placed directly on the patient’s skin 
and moved over the area of interest, emitting sound waves; 
a computer converts the returning echoes into visual grey-
scale images.3 Diagnostic ultrasound is primarily used to 
visualize subcutaneous structures and soft tissues, including 
tendons, muscles, joints, vessels, and internal organs, to 
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detect potential pathology or lesions.6 Air can be a source 
of artifact during ultrasound imaging, especially in hairy 
individuals, because it can trap between the transducer and 
the body; therefore, a water-based gel is used to couple the 
ultrasound transducer to the patient.3

The liver is a large, dense organ situated mainly in the 
right hypochondrium, spanning the epigastric region and 
extending into the left hypochondrium toward the left lateral 
line. Typical liver weight ranges from about 1,400–1,600 g 
in males and 1,200–1,400 g in females.7,8 Liver size can vary 
across many clinical conditions. It may be enlarged in diseases 
such as hepatitis, alcoholic liver disease, heart failure, and 
certain metabolic/storage disorders, or decreased in acute 
fulminant hepatitis and cirrhosis; in some cases, it remains 
normal. Overall, measuring liver size is a useful diagnostic 
marker.7,9 Liver size showed significant associations with sex, 
age, body mass index (BMI), the presence of fatty liver, and 
hepatic steatosis grade.10

Nonalcoholic fatty liver disease (NAFLD) is among the 
most prevalent metabolic conditions globally, characterized by 
abnormal fat buildup in liver cells and potentially progressing 
to serious complications, including fibrosis, cirrhosis, 
and hepatocellular carcinoma (HCC).11-13 NAFLD affects 
approximately 25% of the global population. Its prevalence 
is highest in the Middle East (31.79%) and South America 
(30.45%), while the lowest rates have been reported in Africa 
(13.48%).14,15 In 2017, the estimated NAFLD burden was 
8,451,000 cases (25.7%) in Saudi Arabia and 255,000 cases 
(25%) in the UAE. By 2030, NAFLD cases are expected to 
increase by 48% in Saudi Arabia, reaching 12,534,000, and by 
46% in the UAE, reaching 372,000.16 NAFLD occurs across 
all sexes, age groups, and ethnicities, and is most strongly 
associated with obesity, hyperlipidemia, diabetes mellitus, and 
metabolic syndrome driven by insulin resistance.17,18

Ultrasound is an important imaging modality used to 
assess liver volume, particularly in NAFLD patients.11,19 It 
offers a non-invasive approach for evaluating liver size and 
fat content.11 Additionally, it enables visualization of liver 
size and parenchymal texture. Measurements are obtained 
in multiple planes to ensure accurate liver volume.17 Studies 
have demonstrated that B-mode US is effective for identifying 
moderate-to-severe steatosis, with sensitivity and specificity 
varying with the degree of fat accumulation.11,20-24 

Ultrasound B-mode imaging enables a subjective 
assessment of the extent of fatty infiltration in the liver.11 The 
grading of liver steatosis is typically determined using several 
US features, including liver brightness, liver–kidney contrast, 
the US appearance of intrahepatic vessels, liver parenchyma, 
and the diaphragm.2,11,25 Steatosis is graded as follows: Absent 
(score 0) when the liver echotexture is normal; mild (score 1), 
when there is a slight, diffuse increase in liver echogenicity 
with normal visualization of the diaphragm and the portal 
vein wall; moderate (score 2), when liver echogenicity is 
moderately increased with mildly reduced visualization of the 
portal vein wall and the diaphragm; severe (score 3), when 
liver echogenicity is markedly increased with poor or absent 
visualization of the portal vein wall, diaphragm, and the 
posterior portion of the right liver lobe.26-29

This study aims to examine the association between 
liver size and demographic variables, including gender, age, 
and BMI, among patients with NAFLD attending healthcare 
centers in Jeddah, Saudi Arabia. By evaluating ultrasound 
findings in a representative sample, the study seeks to expand 
the evidence base on liver disease within the Saudi population. 
Furthermore, the results may support improved early detection 
and assist healthcare professionals in developing management 
strategies tailored to individual patient characteristics.

Methods
Study Design and Setting

This retrospective, cross-sectional study evaluated adult 
patients who underwent liver ultrasound examinations at two 
tertiary hospitals in Jeddah, Western Saudi Arabia. Ultrasound 
and clinical record data were retrieved for examinations 
performed between 2020 and 2025.

The study included 212 adults aged 18 years or older 
with ultrasound-based evidence of NAFLD documented in the 
imaging report.

Inclusion criteria:
Age ≥18 years.
Liver ultrasound performed during 2020–2025 at one of 

the participating hospitals.
NAFLD reported on ultrasound.
Availability of right lobe liver measurement and core 

demographic/anthropometric variables (sex, age, weight, 
height, or BMI).

Exclusion criteria: records indicated alternative causes 
of hepatic steatosis or liver size alteration (e.g., significant 
alcohol use if documented, viral hepatitis, known chronic 
liver disease of other etiology, focal liver mass affecting 
measurement, prior hepatic surgery/transplantation), 
pregnancy, or incomplete/uninterpretable ultrasound images/
measurements.
Ultrasound Acquisition and Measurement Protocol

All ultrasound examinations were performed as part 
of routine clinical care at the two participating hospitals. 
Images and reports were archived in the Picture Archiving 
and Communication System (PACS). Because this was a 
retrospective study, a prespecified research acquisition protocol 
was not implemented, and detailed acquisition parameters 
(e.g., transducer frequency, exact respiratory phase, and 
standardized measurement landmarks) were inconsistently 
documented and therefore could not be fully verified. 
Right-lobe liver size was extracted from the original clinical 
documentation (ultrasound report and/or PACS annotations), 
reflecting the measurements recorded at the time of the 
examination. When more than one right-lobe measurement 
was documented, the value labeled as the right-lobe length 
in the report was used; if multiple right-lobe length values 
were recorded, the largest documented value was selected for 
analysis.
Data Sources and Data Collection

Study variables were collected using a structured data 
extraction sheet. Imaging measurements were obtained from 
PACS, while demographic and anthropometric data were 
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retrieved from the hospital’s electronic medical record system 
(Oasis). Trained data collectors extracted the data following a 
predefined coding manual to reduce variability and improve 
reproducibility.
Variables

Outcome variable: right lobe liver size (cm).
Predictor variables: gender (male/female), age (years), 

and BMI (kg/m²).
Anthropometric inputs used to compute BMI (when not 

recorded): weight (kg) and height (m).
Data Management and Quality Control

All data were de-identified before analysis and stored 
in password-protected files accessible only to the study 
team. Data cleaning included range checks (e.g., biologically 
plausible limits for height/weight/BMI and liver size), 
duplicate removal, and verification of outliers against source 
records (PACS/EMR). A predefined dataset dictionary was 
used to ensure uniform data entry.
Statistical Analysis

Statistical analyses were performed using the Statistical 
Package for Social Sciences SPSS v26. Continuous variables 
(right-lobe liver size, age, weight, height, and BMI) were 
summarized as mean ± standard deviation (SD), while 
categorical variables (sex, age categories, weight categories, 
height categories, and BMI classifications) were summarized 
as frequency and percentage. Mean right-lobe liver size was 
compared between males and females within each hospital 
(Hospital A and Hospital B) using the independent-samples 
t-test. Associations between right-lobe liver size and continuous 
variables (age, weight, height, and BMI) were examined using 
Pearson’s correlation coefficient (r) with two-tailed P-values. 
A P-value <0.05 was considered statistically significant. 
Records with missing values for the primary outcome (right-
lobe measurement) were excluded. For covariates, analyses 
were performed using complete-case analysis for the variables 
included in the study.

Results
A total of 212 adults with ultrasound-reported NAFLD 

were included. As shown in Table 1, Hospital A contributed 
109 patients (63/57.8% female and 46/42.2% male), and 
Hospital B contributed 103 patients (51/49.5% female and 
52/50.5% male). Age distribution differed slightly between 
hospitals; patients aged ≥60 years comprised 19.27% of 
Hospital A compared with 32.03% of Hospital B (Table 1).

The cohort demonstrated a high metabolic risk profile, 
with an overall mean BMI of 31.56±7.53 kg/m² (Table 
2). Consistent with this, the majority of participants were 
classified as overweight or obese (Table 1). Specifically, 
obesity was more frequent in Hospital A (56.88%) than in 
Hospital B (46.60%), whereas overweight status was more 
frequent in Hospital B (37.86%) than in Hospital A (24.77%) 
(Table 1, Figure 1).

Right-lobe liver size estimates by sex and hospital are 
summarized in Table 3 and visualized in Figure 2. In Hospital 
A, females demonstrated a larger mean right-lobe liver size 
than males (16.24±1.77 cm vs. 15.63±2.28 cm), although this 

difference was not statistically significant (mean difference 
0.61 cm, 95% CI −0.19 to 1.41, P=0.135). In Hospital B, 
mean liver size was comparable between females and males 
(16.11±2.40 cm vs. 16.02±1.59 cm; mean difference 0.08 cm, 
95% CI −0.72 to 0.88, P=0.836) (Table 3).

Table 1.
Demographic characteristics of patients in Hospital (H) A and B.

Variable Categories H-A
(n) 

H-A
 (%)

H-B
(n)

H-B
 (%)

Total
n(%)

Age
(years)

< 20 0 0.00% 1 0.97% 1(0.47%)

20-29 7 6.42% 3 2.91% 10(4.72%)

30-39 24 22.02% 19 18.45% 43(20.28%)

40-49 31 28.44% 29 28.16% 60(28.3%)

50-59 26 23.85% 18 17.48% 44(20.75%)

60+ 21 19.27% 33 32.03% 54(25.48%)

Total 109 100% 103 100% 212(100%)

Gender
Male 46 42.20% 52 50.49% 98(46.23%)

Female 63 57.80% 51 49.51% 114(53.77%)

Total 109 100% 103 100% 100%

Weight
(kg)

40-49.9 1 0.92% 0 0.00% 1(0.47%)

50-59.9 5 4.59% 12 11.65% 17(8.02%)

60-69.9 21 19.27% 16 15.54% 37(17.45%)

70-79.9 22 20.18% 26 25.24% 48(22.64%)

80-89.9 23 21.10% 21 20.39% 44(20.76%)

90-99.9 19 17.43% 11 10.68% 30(14.15%)

100+ 18 16.51% 17 16.50% 35(16.51%)

Total 109 100% 103 100% 212(100%)

Height
(m)

1.5-1.599 48 44.0% 40 38.83% 88(41.51%)

1.6-1.699 36 33.0% 41 39.81% 77(36.32%)

1.7-1.799 21 19.3% 20 19.42% 41(19.34%)

1.8-1.899 4 3.7% 2 1.94% 6(2.83%)

Total 109 100% 103 100% 212(100%)

BMI
(kg/m²)

Underweight 1 0.92% 0 0.00% 1(0.47%)

Normal 19 17.43% 16 15.54% 35(16.51%)

Overweight 27 24.77% 39 37.86% 66(31.13%)

Obese 62 56.88% 48 46.60% 110(51.89%)

Total 109 100% 103 100% 212(100%)

Table 2.
Continuous variables (mean ± SD) in Hospital A and Hospital B.

Variable Hospital A Hospital B

Age (years) 47.94 ± 12.55 51.16 ± 14.13
Weight (kg) 83.18 ± 18.28 81.96 ± 21.12
Height (m) 1.62 ± 0.09 1.62 ± 0.09
BMI (kg/m²) 31.69 ± 6.97 31.41 ± 8.12
Right-lobe liver size (cm) 15.98 ± 2.02 16.07 ± 2.03
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When both hospitals were pooled, females continued 
to show a numerically larger mean liver size than males 
(16.18±2.07 cm vs. 15.84±1.94 cm); however, the between-
sex difference remained non-significant (mean difference 0.34 
cm, 95% CI −0.20 to 0.89, P=0.218) (Table 3).

Across the full sample, mean right-lobe liver size did 
not differ between hospitals (15.98±2.02 cm in Hospital 
A vs. 16.07±2.03 cm in Hospital B; P=0.763). This finding 
was consistent in sex-stratified analyses, with no statistically 
significant hospital-related differences among males (P=0.329) 
or females (P=0.746) (hospital comparison output).

As shown in Table 4 and Figure 3, Pearson correlation 
analysis demonstrated a weak but statistically significant 
inverse association between age and liver size (r=−0.160, 
P=0.019). Liver size correlated positively and weakly with 
body weight (r=0.221, P=0.001) and BMI (r=0.180, P=0.009), 

while height was not associated with liver size (r=0.031, 
P=0.658) (Table 4).

Multivariable linear regression results are shown in 
Table 5. After adjustment for sex, BMI, and hospital, age 
remained independently associated with liver size (β=−0.023 
cm/year, 95% CI −0.044 to −0.003, P=0.026). BMI showed a 
positive coefficient but did not reach statistical significance in 
the adjusted model (β=0.043 cm per 1 kg/m², 95% CI −0.010 
to 0.097, P=0.110). Sex and hospital were not significant 
predictors after adjustment (female versus male: P=0.560; 
Hospital B versus A: P=0.515) (Table 5). The model explained 
a modest proportion of variance in liver size (R²=0.058, 
adjusted R²=0.040).

Discussion
This retrospective two-center study evaluated ultrasound-

derived right-lobe liver size in 212 adults with ultrasound-
reported NAFLD in Jeddah, Saudi Arabia, and examined 

Figure 1. BMI category distribution by hospital.

Table 3. 
Right-lobe liver size (cm) by sex and hospital, with sex comparisons 
using independent-samples t-tests.

Comparison Female
(n)

Male
(n)

Female 
mean 
(cm)

Male 
mean 
(cm)

Mean diff 
(F-M) [95% CI] P-value

Hospital A: 
Female vs Male 63 46 16.24 15.63 0.61 [-0.19, 1.41] 0.135

Hospital B: 
Female vs Male 51 52 16.11 16.02 0.08 [-0.72, 0.88] 0.836

Overall: 
Female vs Male 114 98 16.18 15.84 0.34 [-0.20, 0.89] 0.218

Figure 2. Right-lobe liver size by sex and hospital (boxplot).

Table 4.
Pearson correlation between right-lobe liver size and age, weight, 
height, and BMI.

Predictor r P-value
Age (years) -0.16 0.0194
Weight (kg) 0.221 0.0012
Height (m) 0.031 0.6583
BMI (kg/m²) 0.18 0.0087

Figure 3. Association between BMI and right-lobe liver size 
(scatter plot).

Table 5. 
Multivariable linear regression for predictors of right-lobe liver 
size (sex, age, BMI, and hospital).

Predictor Beta (cm) SE 95% CI P-value
Intercept 15.619 1.052 [13.557, 17.681] <0.001
Sex (Female vs Male) 0.164 0.281 [-0.387, 0.715] 0.5598
Hospital (B vs A) 0.184 0.282 [-0.369, 0.736] 0.5149
Age (per 1 year) -0.023 0.01 [-0.044, -0.003] 0.0263
BMI (per 1 kg/m²) 0.043 0.027 [-0.010, 0.097] 0.1095
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associations with sex and demographic/anthropometric 
variables. The key findings were: (i) females demonstrated 
numerically larger mean right-lobe measurements than 
males in both hospitals, although sex differences were not 
statistically significant; (ii) liver size showed significant 
positive correlations with weight and BMI and a small inverse 
correlation with age; and (iii) in multivariable regression 
including sex, age, BMI, and hospital, age remained 
independently associated with liver size, whereas BMI did not 
remain significant after adjustment. These results highlight 
that ultrasound-measured right-lobe size in NAFLD varies 
modestly with patient characteristics, and that sex differences 
may be small and cohort-dependent.

In our cohort, females had a higher mean right-lobe size 
than males at Hospital A (16.24 vs 15.63 cm) and Hospital 
B (16.11 vs 16.02 cm), but these between-sex differences 
were not statistically significant. This contrasts with several 
studies reporting larger liver dimensions in males, including 
Dorostghol et al.10  and earlier reports by Patell et al.,30 Cruz 
et al.,31 and Kratzer et al.32 Heterogeneity across studies is 
expected in imaging-based NAFLD research and may reflect 
differences in cohort composition (age distribution, obesity 
burden, metabolic comorbidities, and NAFLD severity), as 
well as variability in ultrasound measurement definitions and 
technique.32,33-35   Even when “liver size” is reported, studies 
may use different planes, landmarks, and respiratory phases, 
or report linear dimensions rather than volume surrogates, 
all of which can influence observed sex differences and 
limit direct comparability.10,33 Therefore, our results do not 
necessarily contradict prior evidence but suggest that sex-
related differences in ultrasound-measured right-lobe size 
may not be consistent across NAFLD populations and may be 
sensitive to both clinical and technical factors.33,35

We observed significant positive correlations between 
liver size and both weight and BMI, aligning with the 
established relationship between adiposity and NAFLD-
related liver enlargement.10,18,36 However, BMI did not remain 
statistically significant in the multivariable model, whereas 
age remained independently associated. This divergence 
between unadjusted and adjusted analyses is common in 
clinical datasets and likely reflects shared variance between 
anthropometric measures and other covariates, as well as 
residual confounding from unmeasured clinical factors (e.g., 
diabetes, dyslipidemia, medication exposure, and NAFLD 
severity).37 In NAFLD, liver size may reflect not only steatosis-
related enlargement but also disease remodeling across the 
spectrum; without fibrosis staging (e.g., elastography) or 
biochemical indices, the independent contribution of BMI 
may be attenuated after adjustment.33,36 From an imaging 
standpoint, these findings support interpreting linear liver 
measurements as part of a broader assessment rather than as a 
stand-alone marker of disease severity.18

Age showed a small inverse association with liver 
size and remained significant after adjustment. While the 
effect size was modest, this suggests that liver size may not 
increase linearly with age in NAFLD cohorts.10 Age-related 
variation could reflect differences in metabolic phenotype, 
disease duration, or the distribution of fibrosis stages.18,36 

For example, advanced fibrosis and architectural remodeling 
could potentially alter gross liver morphology and may not be 
captured by a single linear right-lobe measurement.36 Because 
fibrosis staging and laboratory markers were not available 
in this dataset, causal explanations cannot be confirmed; 
nonetheless, the finding underscores the value of incorporating 
objective severity assessment (e.g., elastography) in future 
imaging studies of NAFLD.33,36 

A strength of this study is the inclusion of two tertiary 
hospitals and the adjustment for hospital site in the analysis. 
The findings, therefore, reflect real-world clinical ultrasound 
reporting across two centers. This cross-site consistency 
supports the robustness of the observed associations 
and suggests that the findings are not driven by a single 
institutional case mix. However, ultrasound measurements 
remain operator-dependent and can be affected by patient 
body habitus, transducer selection, scanning plane, and 
respiratory phase.10,33,35-36 Future work would be strengthened 
by explicit reporting of acquisition parameters, a standardized 
measurement protocol, and reproducibility assessment (intra- 
and inter-observer agreement), which are particularly valued 
in imaging journals and facilitate comparison across centers 
and studies.33,36

Clinical Relevance
Ultrasound remains widely used as a first-line imaging 

modality for suspected hepatic steatosis because it is 
accessible, noninvasive, and low-cost; however, its sensitivity 
for mild steatosis is limited, and it cannot stage fibrosis 
without additional techniques.10,26,33,34,36-38 In routine abdominal 
ultrasound reporting, right-lobe size is often available and 
may provide a supportive context when interpreted alongside 
steatosis grade, clinical risk profile, and (when available) 
fibrosis risk stratification tools.33,36 Our findings suggest that 
sex-based expectations of liver size may be unreliable in some 
NAFLD cohorts and underscore the importance of standardized 
measurement and cautious interpretation, particularly in light 
of patient-specific characteristics.

Limitations
Several limitations should be acknowledged. First, 

the retrospective design limited control over ultrasound 
acquisition conditions and may introduce measurement 
variability. Second, NAFLD was defined based on ultrasound 
report documentation without histological confirmation or 
elastography staging, introducing heterogeneity in disease 
severity and limiting inference regarding fibrosis-related 
morphological change. Third, the outcome was a single linear 
right-lobe measurement rather than true liver volume; linear 
dimensions may not fully represent three-dimensional liver 
size. Fourth, important clinical covariates (e.g., diabetes status, 
lipid profile, liver enzymes, medications, and fibrosis markers) 
were not available, limiting adjustment for confounding and 
severity. Finally, although exclusions were intended to reduce 
alternative causes of hepatomegaly, incomplete documentation 
is an inherent limitation of retrospective record review.
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Future Directions
Prospective multicenter studies in Saudi Arabia should 

implement standardized ultrasound measurement protocols, 
document acquisition parameters, and evaluate reproducibility. 
Integrating elastography with laboratory markers would enable 
stratification by fibrosis stage and clarify the relationship 
between linear right-lobe measurements and disease 
severity. Larger datasets would also allow formal testing of 
interaction effects (e.g., sex-by-BMI) and development of 
adjusted reference ranges or prediction models tailored to 
regional NAFLD populations.33,34 Where feasible, comparison 
with MRI- or CT-based volumetry could further validate 
ultrasound-derived size estimates and improve interpretability 
in clinical pathways.

Conclusion 
In this retrospective two-center study of 212 adults 

with ultrasound-reported NAFLD in Jeddah, Saudi Arabia, 
ultrasound-derived right-lobe liver size showed measurable 
associations with patient characteristics. Mean right-lobe 
liver size was numerically higher in females than in males in 
both hospitals; however, sex differences were not statistically 
significant.  Liver size showed a significant but weak correlation 
with weight and BMI and a weak inverse correlation with 
age. In multivariable analysis adjusting for sex, BMI, and 
hospital, age remained independently associated with liver 
size, whereas BMI did not remain statistically significant. 
No significant differences in mean liver size were observed 
between the two hospitals. These findings support the utility 
of routine ultrasound-based right-lobe measurements as a 
practical indicator that should be interpreted in the context of 
demographic and anthropometric factors, and they highlight the 
need for future multicenter prospective studies incorporating 
standardized acquisition protocols and objective NAFLD 
severity measures (e.g., elastography and laboratory markers) 
to refine clinical interpretation and risk stratification.
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