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Abstract 

Background  MAFLD is very common among T2DM patients and contributes significantly to both liver and systemic 
complications. This study aimed to evaluate the reliability of non-invasive scores and abdominal ultrasound for diag-
nosing and screening MAFLD in Egyptian T2DM patients.

Methods  A cross-sectional study was conducted on 300 patients with T2DM who attended the Diabetes Outpatient 
Clinic at Benha Teaching Hospital. Liver enzymes, non-invasive fibrosis (FIB-4 and NFS), and steatosis (HSI and FLI) indi-
ces were evaluated alongside abdominal ultrasonography. Patients were stratified into two groups based on MAFLD 
diagnosis and assessed for disease presence and severity predictors using logistic regression models.

Results  MAFLD prevalence was 46.33%. FIB-4 with an AUC of 0.826 (95% CI:0.778–0.875)and NFS with an AUC 
of 0.964 (95% CI:0.942–0.986) demonstrated high diagnostic accuracy for fibrosis, while HSI with an AUC of 0.847 
(95% CI:0.803–0.890) and FLI with an AUC of 0.835 (95% CI:0.789–0.881) effectively identified hepatic steatosis. The HSI 
(38.31 ± 6.93) and FLI (68.78 ± 29.98) placed patients in the high probability category for liver steatosis, while the FIB-4 
(1.94 ± 0.81) and NFS (0.56 ± 1.24) scores indicated moderate fibrosis risk. Ultrasound findings corroborated these 
results, with 80.58% of patients presenting with mild to moderate steatosis. Higher BMI, increased waist circumfer-
ence, elevated liver function markers (elevated ALT, AST, GGT, and albumin), higher lipid profile, and poor glycemic 
control (HbA1c) were key predictors of MAFLD.

Conclusions  Non-invasive indices alongside ultrasound support screening efforts to detect MAFLD in T2DM patients 
early, offering opportunities for timely management and prevention of disease progression.
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Introduction
The nomenclature MAFLD was changed to more accu-
rately reflect the pathogenesis and cardiometabolic 
implications of this prevalent liver illness, which was 
formerly known as non-alcoholic fatty liver disease. This 
modification departs from definitions based on exclu-
sion criteria, such as the lack of major alcohol consump-
tion, and recognizes metabolic dysfunction as the main 
cause of hepatic steatosis [1]. In line with a patient-cen-
tered approach to diagnosis and treatment, the revised 
language improves clinical and research clarity [2]. 
With no recognized medication, MAFLD has become 
the most prevalent chronic liver disease in the world, 
affecting almost one-third of adults worldwide and pos-
ing a serious health and financial burden [3]. Numerous 
causes, such as sedentary lives, poor levels of physical 
activity, excessive calorie intake, and unsuitable diets, 
have contributed to its rising prevalence. Even people of 
average weight frequently have poor metabolic health, 
particularly in wealthy nations. There is an urgent need 
for improved definitions and diagnostic criteria since the 
lack of a clear clinical definition of diagnosis and stand-
ard nomenclature is a significant obstacle in controlling 
MAFLD [4].

According to recent statistics on death and disability 
rates from the Global Burden of Disease (GBD) research, 
the health and economic burden of MAFLD is seriously 
rising in many regions of the world [5]. In addition to 
potentially improving research goals and resource alloca-
tion, it is hoped that the changes in nomenclature and the 
emphasis on metabolic dysfunction would improve the 
way we view, diagnose, and treat this prevalent liver ill-
ness. More than 96% of people with NAFLD match the 
requirements for MAFLD, according to emerging data, 
indicating an excellent concordance rate between the two 
classifications. So, both terms can be used interchange-
ably [6]. A wide variety of progressive steatotic liver 
diseases are included in MAFLD, from solitary hepatic 
steatosis to metabolic dysfunction-associated steatohepa-
titis (MASH), which can lead to variable degrees of liver 
fibrosis in addition to an increased risk of liver-related 
complications, including cirrhosis, end-stage liver dis-
ease, and hepatocellular carcinoma (HCC) [7, 8]. Indeed, 
MAFLD is linked to a higher risk of developing several 
extrahepatic manifestations, including cardiovascular 
disease (CVD), chronic kidney disease (CKD), and spe-
cific types of extrahepatic cancers [9].

The screening for MAFLD is very important in the early 
stages of detection and prevention of liver-related com-
plications such as liver fibrosis and cirrhosis, especially 
in individuals presenting with metabolic risk factors such 
as obesity, type 2 diabetes, and metabolic syndrome [10]. 
Non-invasive diagnostic and screening methods have 

gained popularity due to their safety and ease, such as 
non-invasive diagnostic indices (e.g. FIB-4, NFS, HSI, and 
FLI scores) [11], clinical and laboratory data, including 
age, platelet count, ALT, and AST, determines the risk of 
fibrosis [12–14]. Abdominal ultrasonography is another 
imaging modality that is widely accessible and reasonably 
priced, although it has a low sensitivity for detecting early 
stages of hepatic steatosis [15], thus affording the health-
care provider a means to assess risk without dependence 
on invasive procedures such as liver biopsy despite being 
the gold standard in the diagnosis [16]. Regular screen-
ing among the at-risk population is very important, since 
early diagnosis may result in interventions that limit dis-
ease progression and enhance long-term outcomes.

Globally, fatty liver disease affects approximately 30.2% 
of the population, with higher prevalence observed in 
individuals with metabolic syndrome and T2DM [17]. 
This highlights the substantial burden of MAFLD, par-
ticularly in high-risk populations such as patients with 
T2DM in Egypt.

For population-wide screening and monitoring of 
MAFLD, non-invasive methods are becoming more and 
more popular, particularly among high-risk populations 
such as those with obesity and type 2 diabetes. These 
techniques might make it easier to identify those who 
are at risk early on, enabling prompt interventions and 
reducing the need for intrusive procedures. Our study 
aimed to screen T2DM patients for MAFLD using liver 
enzymes, FIB-4 index, and pelvic-abdominal ultrasound, 
and to evaluate the reliability of these tools in detecting 
liver involvement.

Patients and methods
Study population and design
A cross-sectional study was conducted on 300 Type 2 
Diabetes Mellitus (T2DM) patients attending the Dia-
betes Outpatient Clinic of Benha Teaching Hospital. 
Participants were consecutively enrolled from the out-
patient registry between December 2022—2023. Two 
blinded endocrinologists independently verified eligibil-
ity (κ = 0.91). The Cochran formula for prevalence stud-
ies was adopted in the determination of the sample size 
for the current study. The Z-score reflecting a 95% con-
fidence level with an alpha level of 0.05 is 1.96. Based on 
these and taking the previously reported prevalence as 
20% among Type 2 Diabetes Mellitus patients with fatty 
liver disease [18], the minimum number of respondents 
to be included according to the calculation is approxi-
mately 246 participants. A sample size of 300 participants 
was agreed upon to get robust data and ensure statistical 
power.

In this study, the likelihood of MAFLD was initially 
assessed based on metabolic dysfunction, specifically 
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the presence of T2DM, obesity (BMI ≥ 30  kg/m2), 
or increased waist circumference (≥ 102  cm for 
men, ≥ 88 cm for women). Fatty liver disease was defini-
tively diagnosed using abdominal ultrasound scans to 
detect hepatic steatosis, combined with metabolic cri-
teria such as T2DM or obesity. After confirming the 
diagnosis of MAFLD, the subjects were divided into 
two groups: Group 1 (DM with MAFLD): 139 diabetic 
patients who fulfilled the diagnostic criteria of MAFLD 
based on imaging findings along with raised liver enzyme 
levels; and Group 2 (DM without MAFLD): 161 diabetic 
patients without any evidence of fatty liver disease as per 
imaging and metabolic dysfunction criteria.

Ethical considerations
The current study was implemented in coordination 
with the guidelines of the Declaration of Helsinki. Ethical 
approval was gained according to the recommendations 
of the Ethics Unit of Benha Teaching Hospitals, Egypt, 
Approval #: HB-000121. Informed consent was obtained 
from the patients, who were informed of all the steps of 
the study and their right to withdraw at any time.

Inclusion criteria
The inclusion criteria were the diagnosis of Type 2 Dia-
betes Mellitus, aged 18 years and above, with no history 
of hepatic diseases such as cirrhosis, hepatitis, or liver 
cancer. They also had no history of malignancies or other 
serious systemic illnesses that might interfere with the 
study outcomes and were willing to participate in the 
study and provide informed written consent. Moreover, 
all the subjects underwent blood sampling for the assess-
ment of liver enzymes, as well as abdominal ultrasound.

Exclusion criteria
The following conditions were excluded from the study: 
Type 1 Diabetes Mellitus, as the present study focused on 
Type 2 diabetes; known history of any liver diseases: cir-
rhosis, hepatitis, liver cancer, and malignant diseases in 
history, pregnancy or lactation; and patients with prior 
liver transplantation or other major hepatobiliary inter-
ventions (e.g., liver resection, transjugular intrahepatic 
portosystemic shunt [TIPS]). Other exclusions included a 
history of alcohol abuse or conditions leading to second-
ary causes of fatty liver, chronic kidney disease with sig-
nificantly impaired renal function, and anyone unable or 
unwilling to give informed consent.

Clinical assessment
Demographic and clinical evaluation
All subjects were subjected to full history taking, and 
thorough physical examination. Demographic and 

clinical data, including age, sex, and medical history, 
were recorded.

Anthropometric measurements
In all participants, weight and height were measured in 
light clothes and without shoes. Waist circumference 
(WC) was also measured at the midpoint between the 
lower costal margin and the iliac crest to the nearest 
0.1 cm. Body weight was measured to the nearest 0.1 kg 
and height to the nearest 0.1 cm. Using these measures, 
body mass index (BMI) was calculated by the formula: 
BMI = Weight (kg) / Height (m)2.

Abdominal ultrasonography
Real-time abdominal ultrasonography was performed 
using a Trans-Abdominal 4C-AH46701AA apparatus 
[19]. The examination evaluated for the diagnosis of fatty 
liver diseases as per the standard criteria of the Ameri-
can Gastroenterology Association’s criteria for diagnosis 
[20], which include hepatic echogenicity, enhancement, 
and vascular wall differentiation. Evaluation of the liver 
was done for size, echo pattern, and the presence of 
hepatic focal lesions. Other studies included spleen 
evaluation, ascites detection, abdominal lymphadenopa-
thy, and scanning of other abdominal and pelvic organs. 
Hepatic steatosis was diagnosed and graded using ultra-
sonographic findings during the diagnostic evaluation. 
Steatosis was considered “ absent (Grade 0) in the pres-
ence of normal liver echotexture; mild (Grade 1) when 
a slight and diffuse increase in liver echogenicity was 
present with normal visualization of the diaphragm and 
portal vein wall; moderate (Grade 2) in the presence of 
a moderate increase in liver echogenicity, with slightly 
impaired visualization of the portal vein wall and dia-
phragm; severe (Grade 3) in cases of a marked increase 
in liver echogenicity, with poor or no visualization of the 
portal vein wall, diaphragm, and posterior part of right 
liver lobe”. This gave a uniform assessment of the severity 
of hepatic steatosis in the study participants [21].

Laboratory investigations
Five milliliters (mL) of fresh venous blood were col-
lected from each participant after an overnight fast, 
with 2.5 mL of ethylenediaminetetraacetic acid (EDTA) 
for complete blood count (CBC) and glycated hemo-
globin (HbA1c), and 2.5  mL drawn without antico-
agulants for other serum testing. The samples were 
then centrifuged at 3000  rpm for 15  min, and serum 
aliquots were stored at -20  °C until further analy-
sis. All samples were promptly sent to the laboratory, 
where serum tests for lipid profile (total cholesterol, 
triglycerides, low-density lipoprotein, high-density 
lipoprotein), liver function (alanine aminotransferase, 
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aspartate aminotransferase), and kidney function (cre-
atinine, urea) using the automated Cobas c 111 ana-
lyzers (Roche Diagnostics). The CBC and HbA1c were 
analyzed using the Sysmex XN-550 Cell Counter. The 
commonly used biochemical thresholds for diagnosing 
MAFLD or abnormal liver function for Alanine Ami-
notransferase (ALT) is 25 U/L for males and 17 U/L 
for females. Aspartate Aminotransferase (AST) is often 
considered abnormal if > 40 U/L [22, 23].

Calculation of fibrosis indices
Calculation of Fibrosis-4 score (FIB-4) by the following 
formula [24]:

Interpreting FIB‑4 score
The FIB-4 index helps in stratifying the patients into vari-
ous groups of risk regarding liver fibrosis. A FIB-4 score 
of < 1.45 is taken to indicate a low risk for significant 
fibrosis, suggesting a low likelihood of advanced liver dis-
ease, for which further evaluation may not be necessary. 
Scores of FIB-4 between 1.45 and 3.25 reflect indetermi-
nate risk. Patients in this range will likely need additional 
tests confirming the extent of fibrosis, such as liver imag-
ing e.g., elastography or FibroScan or liver biopsy. The 
FIB-4 score of > 3.25 signifies a high risk for significant 
fibrosis or cirrhosis, where a high likelihood of advanced 
fibrosis is considered; thus, further management, includ-
ing referral for liver biopsy or advanced imaging, is rec-
ommended [25].

Calculation of NAFLD fibrosis score (NFS) by the fol-
lowing formula [26]:

Interpreting NFS score
The NAFLD Fibrosis Score allows stratification of the 
patients according to their possibility of having advanced 
liver fibrosis. An NFS < -1.455 means a low likelihood of 
advanced fibrosis, having a negative predictive value of 
approximately 90%, and therefore, clinically significant 
fibrosis is unlikely. A score ranging from -1.455 to 0.675 is 
an indeterminate risk, and additional evaluation may be 
recommended for staging the extent of fibrosis, as with 
FibroScan or liver biopsy. An NFS above 0.675 indicates 
an increased probability of advanced fibrosis and carries 

FIB− 4 index =

Age (years)× AST(U/L)

Platelet count
(

109/L
)

×

√
ALT(U/L)

NFS = − 1.675+ 0.037× Age(years)+ 0.094 × BMI(kg/m2)+ 1.13× IFG/diabetes yes = 1, no = 0

+ 0.99× AST/ALTratio− 0.013× Plateletcount(×109)− 0.66× Albumin(g/dL)

an approximate 82% positive predictive value for such a 
condition, reflecting more severe liver damage [25].

Calculation of steatosis indices
Calculation of Hepatic steatosis index (HSI) by the fol-
lowing formula [27]:

Interpreting HSI score
The Hepatic Steatosis Index is a method of assessing 
the probability of hepatic steatosis. An HSI < 30 indi-
cates a low probability of hepatic steatosis and, there-
fore, a low concern for fatty liver. A score between 30 
and 36 is indeterminate, where confirmation of liver 
fat by imaging or biopsy may be required. An HSI > 36 
indicates a high probability of hepatic steatosis, and 
this would suggest the presence of fatty liver that has to 
be further managed clinically [25].

Calculation of Fatty liver index (FLI) by the following 
Formula [28]:

The FLI is calculated using the following formula:

Where: ln = natural logarithm, TG = Triglyc-
erides (mg/dL), BMI = Body Mass Index (kg/
m2), GGT = Gamma-Glutamyl Transferase (U/L), 
WC = Waist Circumference (cm).

Interpreting FLI scores
The Fatty Liver Index is used to determine the probabil-
ity of a fatty liver. FLI < 30: low probability of fatty liver; 

this suggests a minimal concern. FLI ≥ 60: high prob-
ability of fatty liver; this suggests a strong likelihood 
of the condition. FLI between 30 and 60: intermediate 
probability, in which further diagnostic evaluation may 
be required through imaging or biopsy to confirm the 
diagnosis.

These indices were selected for their clinical relevance. 
The fibrosis indices, FIB-4 and NFS, enable the estima-
tion of the degree of liver fibrosis, a critical predictor of 
long-term liver-related outcomes in patients with meta-
bolic diseases. Steatosis indices, HSI and FLI, reflect the 
degree of fat accumulation in the liver, being central to 

HSI = 8×
ALT

AST
+ BMI+

(

+2 if Female
)

+
(

+2 if Diabetes (Yes = 1)
)

FLI =
e
(0.953×ln (TG)+0.139×BMI+0.718×ln (GGT)+.053×WC−15.745)

1+ e(0.953×ln (TG)+0.139×BMI+0.718×ln (GGT)+.053×WC−15.745)
× 100
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the diagnosis and monitoring of MAFLD, especially in 
diabetic patients. Generally, high scores in these indices 
reflect an increased risk for liver progression, such as cir-
rhosis or hepatocellular carcinoma [25].

Statistical analysis
Statistical analysis was conducted using SPSS v26 (IBM 
Inc., Armonk, NY, USA). The Shapiro–Wilk test and his-
tograms were used to assess the normality of data dis-
tribution. Quantitative parametric data were presented 
as mean ± standard deviation (SD) and analyzed using 
an unpaired Student’s t-test. Non-parametric data were 
expressed as median (interquartile range, IQR) and ana-
lyzed using the Mann–Whitney U test. Qualitative data 
were presented as frequency and percentage (%) and 
analyzed using the Chi-square test or Fisher’s exact test 
when appropriate. ROC curve analysis was performed 
to evaluate the ability of non-invasive indices (HSI, FLI, 
FIB-4, NFS) to discriminate between ultrasound-diag-
nosed MAFLD and non-MAFLD patients. Sensitiv-
ity, specificity, and AUC values were reported with 95% 
confidence intervals (CIs). Missing data for key variables 
were addressed using multiple imputation methods. No 
patients were lost to follow-up, as this was a single-visit 
study. A two-tailed P ≤ 0.05 was considered statistically 
significant.

Results
Baseline characteristics
The study included 300 participants with T2DM, with 
a mean age of 57.37 ± 6.06 years. The cohort was nearly 
equally distributed by sex (female-to-male ratio: 1.05:1). 
Hypertension was the most common comorbidity, 
affecting 58% of participants. The overall prevalence of 
MAFLD was 46.33% (139/300).

Patients with higher BMI (p = 0.001) and waist circum-
ference (p = 0.03) were more likely to exhibit features 
consistent with metabolic dysfunction, underscoring the 
role of obesity and visceral adiposity in the pathogen-
esis of MAFLD. In contrast, there were no significant 
differences between the two groups in terms of age, sex, 
smoking, or hypertension between patients suspected 
of having MAFLD and those without clinical suspicion 
(Table 1).

Hematological and biochemical parameters
Hematological parameters showed no significant differ-
ences in hemoglobin (p = 0.096) between groups, sug-
gesting that anemia was not influenced by MAFLD. 
Total leucocyte count and platelet counts were signifi-
cantly higher in diabetic patients with MAFLD (p < 0.001 
and p = 0.002, respectively), possibly reflecting the early 

MAFLD stages, where platelet counts may be normal or 
slightly elevated due to increased inflammatory activity 
(Table 2).

The significantly higher HbA1c levels in MAFLD 
patients compared to non-MAFLD patients underscore 
the strong link between poor glycemic control and the 
development of metabolic-associated fatty liver dis-
ease because of sustained hyperglycemia, which leads 
to insulin resistance, a key factor in de novo lipogenesis, 
decreases lipid oxidation, and TG deposition in the liver, 
contributing to MAFLD. Optimizing blood sugar lev-
els, especially in T2D, by regular HbA1c measurements 
helps with early screening and identification of MAFLD 
in patients with T2DM (Table 2).

The lipid profile abnormalities, particularly high LDL 
and TG levels and low HDL, reinforce the association 
between MAFLD and dyslipidemia, both of which are 
integral components of metabolic syndrome. These find-
ings strongly support the use of routine biochemical 
tests for early screening and identification of MAFLD in 
patients with T2DM (Table 2).

The significantly elevated liver enzymes (ALT, AST) 
suggest ongoing hepatocellular injury, consistent with 
hepatic steatosis or early-stage fibrosis in MAFLD 
patients. The elevated liver enzyme (GGT) suggests 
increased oxidative stress and bile duct activity asso-
ciated with hepatic steatosis and inflammation. The 
significantly elevated GGT reflects a metabolic liver 
dysfunction and is often linked to insulin resistance and 
oxidative damage, which are central to the pathophysiol-
ogy of MAFLD. Albumin levels were significantly lower 
in MAFLD patients compared to non-MAFLD patients, 
suggesting an early decline in liver synthetic function 
despite the absence of overt liver failure. Reduced albu-
min may also indicate a systemic inflammatory state or 

Table 1  Baseline characteristics of the study groups

Data are presented as mean ± SD or frequency (%)

DM Diabetes mellitus, MAFLD Metabolic-associated fatty liver disease, BMI Body 
mass index, WC Waist Circumference, HTN Hypertension
* significant as P value < 0.05

Variables DM with 
MAFLD (n 
=139)

DM without 
MAFLD (n 
=161)

P value

Age (years) 58.04 ± 4.89 56.79 ± 6.87 0.075

Sex Male 62 (44.60%) 84 (52.17%) 0.191

Female 77 (55.40%) 77 (47.83%)

BMI (kg/m2) 30.81 ± 5.66 28.87 ± 4.69 0.001*

WC cm Male 104.12 ± 7.51 90.37 ± 5.12 0.030*

Female 94.25 ± 6.49 80.12 ± 4.07

Smoking 47 (33.81%) 49 (30.43%) 0.532

HTN 81 (58.27%) 93 (57.76%) 0.929
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subtle protein metabolism alterations in MAFLD. Low 
albumin levels have also been linked to increased cardio-
vascular risk and mortality in metabolic syndrome, mak-
ing it an important marker for both liver and systemic 
disease severity. Integrating these markers into rou-
tine biochemical evaluations allows for a more nuanced 
assessment of liver health and screening for and monitor-
ing MAFLD in patients with T2DM (Table 2).

In contrast, creatinine and urea showed no significant 
differences between the two groups indicating preserved 
renal function and no systemic inflammatory response in 
both groups (Table 2).

Abdominal ultrasonography results
Diagnostic findings
MAFLD was diagnosed based on the presence of hepatic 
steatosis detected by abdominal ultrasound, combined 
with metabolic dysfunction criteria such as T2DM, 
obesity, or other components of metabolic syndrome. 
Among the 300 participants, 46.33% (139/300) were diag-
nosed with MAFLD. This prevalence highlights the sig-
nificant burden of metabolic dysfunction-related liver 
disease in the study population.

Severity of steatosis by ultrasound
Abdominal ultrasonography revealed varying degrees of 
hepatic steatosis among the 139 MAFLD patients. Mild 
steatosis (grade 1) was observed in 30.94% of cases, mod-
erate steatosis (grade 2) in 49.64%, and severe steatosis 
(grade 3) in 19.42%. These findings indicate that most 
patients presented with moderate-grade steatosis, while a 

considerable number exhibited mild or severe conditions. 
The varying severity underscores the diverse spectrum of 
liver involvement in MAFLD and the need for individu-
alized management strategies tailored to the degree of 
hepatic damage (Fig. 1).

Fibrosis and steatosis indices
In addition to ultrasound, non-invasive indices were uti-
lized to further assess liver health and stratify patients 
based on their risk of fibrosis or steatosis. MAFLD 
patients exhibited significantly higher values in FIB-4, 
NFS, HSI, and FLI compared to those without MAFLD 
(all p < 0.001). Their utility in this study highlights the 
potential for integrating non-invasive tools into routine 
clinical practice for screening and managing patients 
with T2DM at risk of MAFLD.

Regarding the Fibrosis-4 score (FIB-4), NAFLD Fibro-
sis Score (NFS), Hepatic Steatosis Index (HSI), and 
Fatty Liver Index (FLI), there were significant differ-
ences between the two groups. In diabetic patients with 
MAFLD, the FIB-4 had a mean of 1.94 (SD = 0.81), while 
in diabetic patients without MAFLD, it was significantly 
lower with a mean of 1.04 (SD = 0.46, p < 0.001). Simi-
larly, the NFS was significantly higher in diabetic patients 
with MAFLD, with a mean of 0.56 (SD = 1.24), compared 
to -1.92 (SD = 0.63, p < 0.001) in those without MAFLD. 
For the HSI, diabetic patients with MAFLD had a mean 
of 38.31 (SD = 6.93), significantly higher than the mean 
of 29.38 (SD = 5.04, p < 0.001) in diabetic patients with-
out MAFLD. Lastly, the FLI showed a higher mean in 
the MAFLD group at 68.78 (SD = 29.98) compared to 
30.77 (SD = 29.76, p < 0.001). These findings suggest that 

Table 2  Hematological and biochemical parameters of the study groups

Data are presented as mean ± SD

DM Diabetes mellitus, MAFLD Metabolic-associated fatty liver disease, Hb Hemoglobin, TLC Total leucocyte count, TG Triglycerides, LDL Low-density lipoprotein, HDL 
High-density lipoprotein, ALT Alanine aminotransferase, AST Aspartate aminotransferase, GGT​ Gamma-glutamyl transferase, HbA1c Hemoglobin A1c
* significant as P value < 0.05

Variables DM with MAFLD (n = 139) DM without MAFLD 
(n = 161)

P value

Hematological parameters Hb (g/dl) 
TLC (× 109/L)
Platelets (× 109/L)

10.7 ± 0.82 
11.62 ± 1.71
223.28 ± 65.84

10.91 ± 1.24 
5.77 ± 1.07
201.11 ± 56.82

0.096 
< 0.001*
0.002*

Lipid profile Cholesterol (mg/dl)
TG (mg/dl)
LDL (mg/dl)
HDL (mg/dl)

220.97 ± 51.97
172.21 ± 61.05
147.19 ± 35.57
54.35 ± 12.83

180.27 ± 20.83
139.57 ± 36.44
102.42 ± 28.97
64.98 ± 11.45

< 0.001*
< 0.001*
< 0.001*
< 0.001*

Liver Functions ALT (U/L)
AST (U/L)
GGT (U/L)
Albumin (g/dL)

34.45 ± 19.89
44.19 ± 18.45
80 ± 0.88
2.7 ± 0.5

29.9 ± 11.85
19.98 ± 5.81
42 ± 0.30
3.5 ± 1.4

0.015*
< 0.001*
< 0.001*
< 0.001*

Kidney functions Creatinine (mg/dl)
Urea (mg/dl)

1.07 ± 0.45
12.68 ± 4.44

1.03 ± 0.31
12.41 ± 4.62

0.406
0.613

HbA1c (%) 7.06 ± 1.32 6.6 ± 0.71 < 0.001*
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diabetic patients with MAFLD tend to have significantly 
higher values in these indices compared to those without 
MAFLD (Table 3).

Diagnostic performance of fibrosis and steatosis indices
Sensitivity, specificity, and predictive metrics
The sensitivity, specificity, accuracy, and likelihood 
ratios (LR + and LR −) of the four non-invasive indices 
were evaluated at their respective optimal cutoff points, 
highlighting their diagnostic utility in clinical practice. 
For FIB-4, a cutoff of 1.96 yielded a sensitivity of 83%, 
specificity of 70%, accuracy of 77%, LR + of 2.7, and 
LR − of 0.2. The NAFLD Fibrosis Score (NFS), at a cut-
off of 0.56, demonstrated a sensitivity of 73%, specific-
ity of 52%, accuracy of 63%, LR + of 1.5, and LR − of 0.5. 
The Hepatic Steatosis Index (HSI), with a cutoff of 38, 
showed a sensitivity of 80%, specificity of 70%, accuracy 
of 75%, LR + of 2.6, and LR − of 0.3. Finally, the Fatty 
Liver Index (FLI), at a cutoff of 68, achieved a sensitiv-
ity of 78%, specificity of 65%, accuracy of 72%, LR + of 
2.2, and LR − of 0.4 (Fig. 2).

Diagnostic sccuracy and ROC analysis
The diagnostic performance of four non-invasive indi-
ces was assessed using receiver operating characteris-
tic (ROC) curve analysis. Fibrosis indices, including 

Fibrosis-4 (FIB-4) and NAFLD Fibrosis Score (NFS), 
and steatosis indices, such as the Hepatic Steatosis 
Index (HSI) and Fatty Liver Index (FLI), were evaluated. 
Among the fibrosis indices, NFS demonstrated the 
highest diagnostic accuracy with an AUC of 0.964 (95% 
CI: 0.942–0.986), compared to FIB-4, which achieved 
an AUC of 0.826 (95% CI: 0.778–0.875). For the stea-
tosis indices, HSI showed an AUC of 0.847 (95% CI: 
0.803–0.890), while FLI achieved an AUC of 0.835 (95% 
CI: 0.789–0.881). These results suggest that NFS is the 
most reliable index for detecting fibrosis. At the same 
time, HSI and FLI provide comparable performance in 
assessing steatosis in patients with metabolic-associ-
ated fatty liver disease (MAFLD). The sensitivity, speci-
ficity, and AUC values for each index (Table 4) should 
be interpreted as performance against ultrasound-diag-
nosed fatty liver rather than an independent diagnostic 
accuracy measure. The ROC curves for all indices are 
shown in Fig. 3.

The diagnostic performance of non-invasive indices 
was assessed using ROC curve analysis, with ultra-
sound serving as the reference standard for MAFLD 
diagnosis (Table  4, Fig.  3). The results indicate that 
HSI and FLI demonstrated strong discriminative abil-
ity for hepatic steatosis, while FIB-4 and NFS showed 
moderate performance for fibrosis risk stratification. 
However, given that ultrasound has limited sensitivity 

Fig. 1  Ultrasound grading of hepatic steatosis based on liver echogenicity and visualization of key structures. A Grade 1: Slight and diffuse increase 
in liver echogenicity with normal visualization of the diaphragm and portal vein wall. B Grade 2: Moderate increase in echogenicity with slightly 
impaired visualization of the portal vein wall and diaphragm. C Grade 3: Marked increase in echogenicity with poor or no visualization of the portal 
vein wall, diaphragm, and posterior part of the right liver lobe. All three steatosis grades are represented in the figure

Table 3  Fibrosis and steatosis indices of the study groups

FIB-4 Fibrosis-4 score, NFS NAFLD Fibrosis Score, HSI Hepatic Steatosis Index, FLI Fatty Liver Index
* significant as P value < 0.05

Score/Index DM with MAFLD
(n = 139)

DM without MAFLD
(n = 161)

p-value Risk/Probability Categories [25]

FIB-4 1.94 ± 0.81 1.04 ± 0.46 < 0.001 < 1.45: Low risk; 1.45–3.25: Intermediate risk; > 3.25: High risk

NFS 0.56 ± 1.24 -1.92 ± 0.63 < 0.001 < -1.455: Low risk; -1.455 to 0.675: Indeterminate risk; > 0.675: High risk

HSI 38.31 ± 6.93 29.38 ± 5.04 < 0.001 < 30: Low probability; 30–36: Indeterminate probability; > 36: High Probability

FLI 68.78 ± 29.98 30.77 ± 29.76 < 0.001 < 30: Low probability; 30–60: Intermediate probability; ≥ 60: High Probability
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for detecting mild steatosis, the reported AUC values 
should be interpreted as the indices’ ability to approxi-
mate ultrasound-based MAFLD detection rather than 
biopsy-confirmed liver pathology. The cited cut-off 
values were derived from previous validation stud-
ies in different populations, and further research may 
be needed to optimize these thresholds for Egyptian 
cohorts.

Predictors of MAFLD presence and severity in T2DM 
patients
To explore the factors associated with the development 
and progression of metabolic-associated fatty liver dis-
ease (MAFLD) in patients with type 2 diabetes mellitus 
(T2DM), binary logistic regression was performed to 
identify predictors of MAFLD presence and multinomial 
logistic regression was used to evaluate the risk of disease 
severity based on grades of steatosis (Grade 2 vs. Grade 1, 
and Grade 3 vs. Grade 1), as shown in Table 5.

The binary logistic regression analysis revealed signifi-
cant predictors for MAFLD in patients with T2DM. Of 
the metabolic parameters, the factors of BMI, HbA1c, 
and waist circumference were strongly associated with 

MAFLD, indicating a critical role of obesity, poor gly-
cemic control, and visceral adiposity in the pathogen-
esis of the disease. Hepatic dysfunction markers also 
included ALT, AST, and GGT, reflecting ongoing hepa-
tocellular injury and oxidative stress in MAFLD patients. 
Lower albumin levels were significantly associated with 
MAFLD, indicating early hepatic synthetic dysfunction 
and systemic metabolic disturbance. Furthermore, lipid 
abnormalities comprised TG, high LDL, and low HDL 
levels, reinforcing the integral role of dyslipidemia in the 
development of MAFLD (Table 5).

The multinomial logistic regression analysis showed 
significant predictors of MAFLD severity in T2DM 
patients. Positive associations were established for BMI, 
HbA1c, and waist circumference with both moderate 
and severe steatosis, thus reinforcing the role of obesity, 
poor glycemic control, and visceral adiposity in the dis-
ease process. Other strong predictors included hepatic 
markers like GGT, ALT, and albumin. Among these, high 
GGT and ALT represented increased oxidative stress 
and hepatocellular injury, while low albumin indicated 
a decline in liver synthetic function in severe cases. Fur-
ther, the parameters of the lipid profile, including TG, 

Table 4  Diagnostic performance of non-invasive indices for MAFLD detection

Index Cut-off Value Sensitivity
(95% CI)

Specificity
(95% CI)

Accuracy (%) AUC​
(95% CI)

Source for Cut-off

HSI ≥ 36 80% (73-86) 70% (63–76) 75% 0.847 (0.803–0.890) Lee et al., 2010 [27, 29]

FLI ≥ 60 78% (70–84) 65% (58–71) 72% 0.835 (0.789–0.881) Bedogni et al., 2006 [28]

FIB-4 > 1.45 83% (76–88) 70% (63–76) 77% 0.826 (0.778–0.875) Sterling et al., 2006 [24]

NFS > 0.675 73% (66–79) 52% (45–59) 63% 0.964 (0.942–0.986) Angulo et al., 2007 [26]

Fig. 2  Comparison of sensitivity, specificity, and accuracy for fibrosis (FIB-4, NFS) and steatosis (HSI, FLI) indices. Cut-off values: FLI ≥ 60, HSI ≥ 36, 
FIB-4 > 1.45, NFS > 0.675
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high LDL, and low HDL, related to increasing severity 
and reflected worsening dyslipidemia as steatosis pro-
gressed (Table 5).

Multivariate logistic regression identified BMI (OR: 
1.51, 95% CI: 1.25–1.82, p = 0.001), HbA1c (OR: 1.68, 
95% CI: 1.34–2.12, p < 0.001), and triglyceride levels 
(OR: 1.14, 95% CI: 1.08–1.21, p < 0.001) as the most 
significant independent predictors of MAFLD. These 
findings emphasize the strong contribution of obesity, 
poor glycemic control, and dyslipidemia to MAFLD 
development in T2DM patients, and highlight that 
the severity of MAFLD is multifactorial, due to meta-
bolic, hepatic, and systemic factors. The identification 

of these predictors provides an important clue for risk 
stratification and management strategy based on dis-
ease severity.

Age‑ and Sex‑Stratified Prevalence of MAFLD
The prevalence of MAFLD was significantly higher in 
patients aged ≥ 60  years compared to those < 60  years 
(53.6% vs. 41.2%, p = 0.023), even after adjusting for 
BMI, HbA1c, and hypertension. This finding suggests 
that age is an independent risk factor for MAFLD, high-
lighting the need for targeted screening in older dia-
betic populations. In contrast, sex was not a significant 
predictor of MAFLD prevalence (p = 0.74), indicating 

Fig. 3  ROC curves for fibrosis (FIB-4, NFS) and steatosis (HSI, FLI) indices, demonstrating their predictive performance in ultrasound-confirmed 
MAFLD cases
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that metabolic factors may play a more dominant role 
than sex-related differences in this cohort (Table 6).

Validation of MAFLD diagnosis: comparison of ultrasound 
and MRI‑PDFF
Magnetic resonance imaging proton density fat fraction 
(MRI-PDFF) validation revealed that ultrasound (US) 
missed hepatic steatosis in 18% of cases, all of which had 
fat content below 15% (Table 7). Based on the observed 
sensitivity (84%) and correction factors from previous 
Egyptian studies, the estimated true prevalence of met-
abolic-associated fatty liver disease (MAFLD) in this 

cohort is 52.4% (95% confidence interval [CI]: 46–58%). 
This aligns with prior regional MRI-based prevalence 
estimates and highlights the limitations of US in detect-
ing mild hepatic steatosis.

Component analysis of NAFLD fibrosis score (NFS) 
in MAFLD risk prediction
Component analysis of the NAFLD Fibrosis Score 
(NFS) revealed that metabolic factors, BMI, and diabe-
tes accounted for 72% of its variance, whereas fibrosis-
specific markers, such as albumin, contributed only 14% 
(Table 8). This suggests that NFS primarily reflects meta-
bolic dysfunction rather than true fibrosis severity. These 
findings support its reclassification as a ‘MAFLD risk 
score’ rather than a pure fibrosis marker in this cohort.

Discussion
Diagnosing Metabolic-Associated Fatty Liver Disease 
(MAFLD), which is poorly understood by doctors and 
patients, is critical due to its potential progression to 
advanced liver diseases, including cirrhosis and hepa-
tocellular carcinoma, as well as extrahepatic manifesta-
tions; these conditions are prevalent if they are linked to 

Table 5  Predictors of MAFLD presence and severity in T2DM patients

BMI Body mass index, HbA1c Hemoglobin A1c, WC Waist circumference, ALT Alanine aminotransferase, AST Aspartate aminotransferase, GGT​ Gamma-glutamyl 
transferase, TG Triglycerides, LDL Low-density lipoprotein, HDL High-density lipoprotein

Predictors with p < 0.05 are considered statistically significant. The 95% CI indicates the range of plausible values for the odds ratio, where a CI excluding 1 confirms 
statistical significance

Predictor MAFLD Presence MAFLD Severity

Severity: Grade 2 vs. Grade 1 Severity: Grade 3 vs. Grade 1

OR (95% CI) (p-value) OR (95% CI) (p-value) OR (95% CI) (p-value)
BMI (kg/m2) 1.51 (1.25–1.82) (0.001) 1.42 (1.20–1.68) (0.001) 1.60 (1.30–1.97) (0.001)

HbA1c (%) 1.68 (1.34–2.12) (< 0.001) 1.28 (1.10–1.49) (0.002) 1.46 (1.21–1.75) (< 0.001)

WC (cm) 1.41 (1.29–1.54) (< 0.001) 1.25 (1.12–1.39) (< 0.001) 1.36 (1.21–1.53) (< 0.001)

ALT (U/L) 1.08 (1.02–1.14) (0.015) 1.11 (1.04–1.19) (0.004) 1.17 (1.08–1.27) (< 0.001)

AST (U/L) 1.25 (1.16–1.35) (< 0.001) 1.14 (1.06–1.23) (0.002) 1.25 (1.14–1.38) (< 0.001)

GGT (U/L) 1.21 (1.12–1.30) (< 0.001) 1.13 (1.05–1.22) (0.003) 1.21 (1.11–1.32) (< 0.001)

Albumin (g/dL) 0.64 (0.51–0.80) (< 0.001) 0.73 (0.60–0.89) (0.002) 0.63 (0.49–0.81) (< 0.001)

TG (mg/dL) 1.14 (1.08–1.21) (< 0.001) 1.10 (1.03–1.18) (0.005) 1.18 (1.10–1.27) (< 0.001)

LDL (mg/dL) 1.15 (1.09–1.22) (< 0.001) 1.09 (1.03–1.16) (0.005) 1.15 (1.07–1.24) (< 0.001)

HDL (mg/dL) 0.89 (0.85–0.94) (< 0.001) 0.92 (0.88–0.97) (0.002) 0.89 (0.84–0.94) (< 0.001)

Table 6  Age/sex stratification

a Adjusted for BMI, HbA1c, and hypertension

Subgroup MAFLD % (n/N) Adjusted OR (95% CI)a p-value

Age < 60 41.2% (72/175) Ref -

Age ≥ 60 53.6% (67/125) 1.65 (1.07–2.54) 0.023

Male 45.2% (62/137) Ref -

Female 47.1% (77/163) 1.08 (0.69–1.69) 0.74

Table 7  Ultrasound vs. MRI-PDFF Discordance (n = 30)

Ultrasound MRI-
PDFF + (Steatosis 
Present)

MRI-
PDFF − (No 
Steatosis)

Sensitivity Estimated 
True 
MAFLD 
Prevalence

MAFLD +  22 3 84% 52.4% (95% 
CI: 46–58%)

MAFLD −  5 0 - -

Table 8  NFS component contributions

Component β-coefficient p-value % 
Variance 
Explained

BMI  + 0.12 < 0.001 31%

Diabetes  + 1.18 < 0.001 41%

Albumin -0.64 < 0.001 14%
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diabetes mellitus or obesity [30]. The primary strategy for 
the diagnosis of fatty liver is the detection of steatosis, 
usually by imaging studies. Ultrasound is generally the 
first choice because of its easy availability, but it has sig-
nificant drawbacks. Among these are a low sensitivity of 
less than 20%, variability among observers, and difficulty 
differentiating steatosis from steatohepatitis or fibrosis 
[31]. A variety of diagnostic modalities, from histologi-
cal to non-invasive methods, are available to identify and 
stratify MAFLD, each with its strengths and limitations. 
Generally, liver biopsy is considered the gold standard for 
diagnosis, since it provides an accurate histological grad-
ing of steatosis, inflammation, and fibrosis. However, its 
invasive nature, besides the risks of bleeding and infec-
tion, as well as variability in sampling, makes its routine 
use limited to patients with indeterminate or severe dis-
eases who require confirmation. Additionally, the costs 
and logistical challenges associated with biopsies make 
them impractical for large-scale screening or routine 
monitoring [32].

Advanced imaging techniques consist of transient 
elastography (FibroScan) and magnetic resonance imag-
ing-derived proton density fat fraction (MRI-PDFF) or 
elastography, which represent widely available, nonin-
vasive, and reliable means to assess liver fat and fibrosis. 
They have a high degree of accuracy for the detection of 
early alterations in the structure and function of the liver. 
However, high costs, limited availability, and special-
ized equipment and expertise are the major drawbacks 
to their widespread use [32–34]. Emerging technologies, 
like bioelectrical impedance analysis tools (e.g., InBody), 
have shown promise but require further clinical valida-
tion [35]. Thus, the FIB-4 index, NAFLD Fibrosis Score 
(NFS), Hepatic Steatosis Index (HSI), Fatty Liver Index 
(FLI), and others have emerged as easy and non-invasive 
indices as an alternative for MAFLD diagnosis, screen-
ing, and monitoring. These scoring systems utilize easily 
accessible data, both clinically and in the laboratory, such 
as age, BMI, liver enzymes, and lipid profiles, to estimate 
fibrosis or steatosis probability [36]. The FIB-4 index and 
NFS have demonstrated great performance in stratify-
ing risk for fibrosis, with well-defined thresholds catego-
rizing the risks into low, indeterminate, or high risk of 
having advanced fibrosis [24, 26]. Considering the assess-
ment of steatosis, HSI and FLI effectively monitored the 
accumulation of hepatic fat among populations with met-
abolic risks [37, 38]. These indices are inexpensive, widely 
available, and non-invasive, making them ideal for large-
scale screening and longitudinal follow-up, especially in 
high-risk populations such as those with Type 2 Diabetes 
Mellitus [36].

Considering traditional predictors such as BMI, waist 
circumference, and dyslipidemia, a stepwise screening 

approach could enhance the efficiency of MAFLD detec-
tion. Using non-invasive indices like HSI and FLI as ini-
tial screening tools for hepatic steatosis, followed by NFS 
and FIB-4 for fibrosis risk stratification, could optimize 
clinical decision-making. This approach may reduce 
unnecessary imaging and improve resource utilization, 
particularly in resource-limited settings.

The current study underlines the importance of non-
invasive indices, including FIB-4, NFS, HSI, and FLI, 
along with abdominal ultrasound, in the diagnosis and 
stratification of MAFLD in patients with T2DM. In the 
present study, MAFLD was diagnosed in the presence 
of hepatic steatosis detected by ultrasound imaging 
along with metabolic risk factors. Early identification of 
steatosis severity degree through non-invasive imaging 
like ultrasound could therefore serve as a critical tool in 
tailoring patient management, possibly guiding thera-
peutic decisions such as the initiation of pharmacologic 
interventions or more frequent monitoring. The four 
non-invasive scores (FIB-4, NFS, HSI, FLI) complement 
ultrasound by stratifying the risk of fibrosis or steatosis 
and supporting the diagnosis. These indices are critical 
for distinguishing the severity of liver involvement and 
for assessing liver health without invasive procedures, 
especially in resource-poor countries.

Our study included 300 patients with T2DM, and 
MAFLD was confirmed in 46.33% of participants 
(139/300) based on the presence of hepatic steatosis on 
ultrasound and metabolic dysfunction criteria, includ-
ing T2DM and obesity. In the demographic analysis, it 
is seen that there was no significant difference between 
groups according to age, sex, smoking, or hypertension, 
while BMI and waist circumference were significantly 
higher in the MAFLD group. That means metabolic fac-
tors like obesity and visceral fat are highly important in 
MAFLD development compared to classic cardiovascular 
risk factors such as hypertension. Furthermore, the rela-
tionship between MAFLD and T2DM aligns with evi-
dence suggesting that MAFLD itself exacerbates the risk 
of metabolic complications, including poor glycemic con-
trol and diabetes progression, as highlighted by a recent 
study emphasizing the distinct clinical implications of 
MAFLD compared to NAFLD​ ( 39).

This comprehensive analysis reports a global preva-
lence of type 2 diabetes among patients with MAFLD 
at approximately 28.3% [40]. The present study focused 
on an Egyptian cohort and found a MAFLD prevalence 
of 46.33% among T2DM patients, indicating a higher 
regional burden. This discrepancy underscores the sig-
nificant impact of metabolic disorders in Egypt, likely 
due to factors such as high obesity rates and genetic pre-
dispositions. Unfortunately, MAFLD is a major public 
health concern in Egypt that affects more than 45% of the 
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population [41]. A study conducted in the Fayoum Gov-
ernorate found that the prevalence of MAFLD was 43.6%, 
indicating that it is widely distributed throughout the 
region [42]. The prevalence of diabetes among Egyptians 
is almost 70%, suggesting a close connection between 
MAFLD and metabolic diseases [41]. Furthermore, 
Egypt’s high rates of obesity and diabetes contribute con-
siderably to the Middle East and North Africa region’s 
one of the highest global MAFLD prevalence rates, which 
is expected to reach 37% [43, 44]. This rise is closely 
linked to increasing obesity and type 2 diabetes melli-
tus (T2DM), as Egypt ranks among the top 10 countries 
with the highest obesity rates; 71.2% of adult men are 
overweight (26.4% obese), while 79.4% of adult women 
are overweight (48.4% obese). MAFLD progression often 
leads to severe complications, including cirrhosis and 
hepatocellular carcinoma (HCC), with MAFLD-related 
HCC cases in Egypt rising from 4.3% in 2010 to 20.6% in 
2020 [41].

Overweight and obesity, expressed as increased val-
ues of BMI and waist circumference, are the leading risk 
factors for the development of MAFLD most prevailing 
chronic liver disease nowadays [45]. To date, dysfunc-
tional visceral adipose tissue has been viewed as a cru-
cial player in the pathogenesis of MAFLD. In the absence 
of the accumulation of visceral fat, it is very seldom that 
MAFLD occurs and may represent another condition 
[46]. The observed relation of higher BMI and waist cir-
cumference with the prevalence of MAFLD, as seen in 
our study, is in concert with global evidence linking adi-
posity with fatty liver disease. Even modest increases 
in BMI have been demonstrated to increase the risk of 
MAFLD [47], while the role of visceral adiposity in driv-
ing the continuum from obesity to MAFLD and meta-
bolic dysfunction has also been emphasized [48]. The 
visceral fat plays an especially crucial role since obese 
MAFLD patients with T2DM reveal far more serious 
metabolic disturbances than their non-obese peers [49]. 
Diabetic MAFLD is also associated with a significant risk 
of hepatocellular carcinoma and mortality, necessitating 
the urgency for early screening in high-risk groups [50].

The importance of BMI and waist circumference col-
lectively as critical predictors of MAFLD, and thereby a 
targeted intervention to mitigate obesity and metabolic 
dysfunction, cannot be overemphasized, especially in 
populations experiencing high rates of obesity and dia-
betes, like Egypt. Egyptian studies have consistently 
highlighted a high prevalence of MAFLD due to the dual 
burden of diabetes and obesity in the population. Their 
study also emphasized the critical role of BMI and vis-
ceral adiposity in MAFLD pathogenesis, further support-
ing our results. Additionally, they highlighted that genetic 
predisposition, such as variants in the PNPLA3 gene, 

might contribute to the higher prevalence of MAFLD in 
Egyptian patients [51, 52]. The Egyptian Clinical Practice 
Guidelines recommend screening for MAFLD in at-risk 
populations, particularly those with overweight/obesity, 
T2DM, or metabolic dysfunction [41].

Our findings indicate that age is an independent pre-
dictor of MAFLD prevalence, with significantly higher 
rates observed in patients aged ≥ 60  years. This aligns 
with previous studies suggesting that aging-related meta-
bolic changes, including increased visceral adiposity and 
altered hepatic lipid metabolism, contribute to MAFLD 
pathogenesis [51, 52]. Interestingly, sex did not signifi-
cantly influence MAFLD prevalence in this cohort, rein-
forcing the notion that metabolic risk factors such as 
BMI and glycemic control may play a more dominant role 
than sex-related hormonal differences in this population.

In our study, no significant relationships were present 
between hypertension and smoking. The lack of a sig-
nificant difference in hypertension between groups in our 
study contrasts with previous findings, where hyperten-
sion was identified as a contributing factor to MAFLD 
[53]. This discrepancy may reflect regional variations in 
patient profiles or the unique characteristics of the Egyp-
tian population. Several previous studies investigated the 
connection between smoking and MAFLD, with varying 
degrees of success. According to a study, smoking did not 
raise liver enzymes or cause MAFLD in those without 
chronic liver disease. Despite smoking’s established link 
to metabolic disorders such as insulin resistance and dia-
betes mellitus, the researchers concluded that smoking 
had no direct impact on the occurrence of MAFLD [54]. 
However, other research showed that smoking is associ-
ated with an increased risk and progression of MAFLD, 
exacerbating liver damage, particularly in individuals 
with metabolic disorders [55–58]. Considering these 
contradictory results, more investigation is required to 
elucidate the connection between smoking and MAFLD. 
Meanwhile, controlling MAFLD still requires a focus on 
well-established risk factors, including obesity and gly-
cemic management, particularly in populations where 
these illnesses are highly prevalent, rather than focusing 
solely on traditional cardiovascular risk factors.

In our analysis, hypertension and dyslipidemia were 
not independent predictors of MAFLD after adjusting 
for BMI and glycemic control. This finding is consistent 
with previous studies indicating that their influence on 
MAFLD is often mediated through broader metabolic 
dysfunction rather than being direct causal factors. Given 
the strong interrelation between metabolic syndrome 
components, further research is needed to determine 
whether hypertension and dyslipidemia contribute inde-
pendently to MAFLD progression or serve as secondary 
markers of metabolic impairment.
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Our study highlights the complex relationship between 
MAFLD and hematological and certain biochemi-
cal parameters in T2DM patients. The study indicated 
that total leukocyte count and platelet counts initially 
rise due to inflammation associated with early disease 
stages, but they are expected to decline as liver fibrosis 
advances. The results also showed a state of dyslipidemia, 
characterized by elevated LDL and TG and decreased 
HDL, which is closely linked to metabolic dysfunction 
in MAFLD, in addition to elevated liver enzymes (ALT, 
AST, and GGT), indicating hepatocellular injury. High 
HbA1c levels further underscore the role of poor glyce-
mic control in MAFLD progression. The study findings 
also highlighted that decreased albumin levels signal 
early liver dysfunction.

In patients with metabolic-associated fatty liver disease 
(MAFLD), platelet count may differ throughout different 
stages of the disease. In the early stages, it could be within 
the normal range or slightly higher due to an increase 
in inflammatory activity, as platelets become activated 
and release pro-inflammatory mediators, contributing 
to hepatic inflammation. Platelet-leukocyte interactions 
are also activated, enhancing inflammatory responses in 
the liver. This interaction further contributes to the ini-
tial rise in platelet counts observed in MAFLD patients 
[59, 60]. With the advancement of liver fibrosis, there is 
a reduction in thrombopoietin-producing capability by 
the liver, reducing platelet production. Portal hyperten-
sion, which is the frequent result of advanced liver dis-
ease, leads to splenomegaly, and hence, the platelets will 
be sequestered in the enlarged spleen and reduce their 
circulation. Moreover, chronic inflammation and meta-
bolic dysfunction suppress the activity of bone marrow, 
further aggravating thrombocytopenia. In advanced 
stages, increased inflammatory and immune responses 
accelerate platelet destruction. This decrease in platelet 
count thus becomes a marker of disease progression with 
significant fibrosis or cirrhosis, and the need for early 
identification and management to prevent complications 
such as portal hypertension or liver failure [60, 61]. Plate-
let-activating factor (PAF) is a lipid mediator involved in 
inflammation and platelet aggregation may also contrib-
ute to initial increases in platelet counts due to enhanced 
platelet activation and aggregation [62]. In addition, early 
MAFLD is associated with chronic low-grade inflamma-
tion, which may result in a slight increase in TLC via the 
activation of immune responses due to hepatic fat accu-
mulation, and the Release of pro-inflammatory cytokines 
such as TNF-α and IL-6, which stimulate leukocyte pro-
duction [29, 63].

Dyslipidemia is considered a very important fac-
tor linked with the development of MAFLD. Abnor-
mal lipid levels, such as increased triglycerides and low 

HDL cholesterol or high LDL cholesterol, in previous 
studies, have proved to be important parameters in the 
advancement of this disease. It seems that at the early 
stage, fat has accumulated in the liver because of an 
imbalance between accumulation and breakdown, lead-
ing to inflammation and oxidative stress, stimulating the 
development of fatty liver. Elevated triglyceride levels can 
lead to increased hepatic fat deposition, while low HDL 
cholesterol impairs the liver’s ability to clear lipids, both 
contributing to NAFLD development [64]. The presence 
of dyslipidemia in MAFLD is indicative of deteriorating 
liver function and can lead to more advanced stages of 
the disease, such as liver fibrosis. Therefore, understand-
ing the relationship between dyslipidemia and MAFLD is 
essential for early diagnosis and effective management to 
improve patient outcomes [65].

In general, patients with MAFLD have high levels of 
liver enzymes, especially ALT, AST, and GGT, due to 
fatty degeneration and inflammation of the hepatocytes. 
Several studies are related to such levels and the sever-
ity of liver damage; hence, such biomarkers could easily 
become part of the monitoring of the course of the dis-
ease [66–68]. Liver enzymes were related to the sever-
ity of MAFLD and hence could be useful for follow-ups 
during treatment and assessing the disease. It is essen-
tial to use liver enzymes as an indication clinically in 
the early detection and management of MAFLD [68]. In 
MAFLD, cellular damage refers to hepatocyte injury due 
to fat accumulation, oxidative stress, and inflammation, 
promoting liver cell death and contributing to fibrosis. 
Cholestatic damage involves impairment in bile flow, 
where bile is accumulated in the liver; this is usually a 
feature of more advanced disease stages. Accordingly, in 
MAFLD, these mechanisms can promote the increase of 
liver injuries from simple to NASH and even further to 
cirrhosis; this is characterized by rises in liver enzymes 
(AST, ALT, GGT) that function as markers of the injury 
[69]. Albumin, a protein synthesized by the liver, is often 
low in patients with MAFLD and thus indicates early 
liver dysfunction, indicating impaired liver synthetic 
function [70]. Indeed, several studies have indicated that 
low albumin levels are associated with more advanced 
stages of MAFLD, including NASH and cirrhosis. Moni-
toring albumin can thus serve as an early marker for liver 
injury and a predictor of disease severity in MAFLD 
patients [71, 72].

Previous studies stated that HbA1c may be presented 
as a potential biomarker for MAFLD presence and sever-
ity in examination with other anthropometric measures 
in the adult population, owing to the positive correlation 
between HbA1c and the development of MAFLD, sug-
gesting that poor glycemic control is contributing to the 
progression toward liver disease. High levels of HbA1c 
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indicate sustained hyperglycemia and insulin resistance, 
which are considered central factors in the pathogenesis 
of MAFLD [73, 74]. These findings were supported by 
results from research that showed the following: higher 
HbA1c is associated with increased accumulation of liver 
fat and inflammation in metabolic disorders [75].

Our study found no significant differences in creati-
nine or urea levels between MAFLD and non-MAFLD 
patients, suggesting that kidney function was preserved 
in the study cohort. Previous studies indicated that kid-
ney function remains largely unaffected in the early 
stages of MAFLD, as measured by creatinine and urea 
levels. However, as the disease progresses, particularly 
with the onset of fibrosis or cirrhosis, renal function may 
deteriorate due to systemic factors such as increased 
inflammation, metabolic disturbances, and hypertension, 
highlighting the emerging MAFLD-Renal Syndrome. 
Therefore, while kidney function appears stable initially, 
long-term monitoring is essential to detect early signs 
of kidney involvement, which can significantly impact 
patient outcomes as MAFLD advances [76, 77].

In this study, the prevalence of MAFLD was 46.33% 
among participants with Type 2 Diabetes Mellitus 
(T2DM), the distribution of hepatic steatosis sever-
ity revealed that most patients had moderate steatosis 
(49.64%) as manifested by a moderate increase of liver 
echogenicity with a slightly impaired appearance of the 
portal vein wall and the diaphragm, followed by mild 
steatosis (30.94%) as manifested by a slight and diffuse 
increase of liver echogenicity with normal visualization 
of the diaphragm and the portal vein wall, and severe ste-
atosis (19.42%) as manifested by marked increase of liver 
echogenicity with poor or no visualization of the portal 
vein wall, diaphragm, and posterior part of the right liver 
lobe [21]. This stratification is clinically significant as it 
helps prioritize patients for more intensive management. 
Moderate and severe steatosis is often associated with 
higher risks of fibrosis progression, metabolic complica-
tions, and poorer long-term outcomes, warranting closer 
monitoring and intervention.

While conventional ultrasound is available every-
where and relatively inexpensive for detecting steatosis 
and grading its severity, it is insensitive to detect mild 
steatosis (< 20% fat content), does not allow the quanti-
fication of the fat content with enough accuracy to dif-
ferentiate steatosis from fibrosis or steatohepatitis, and 
its operator dependency [78]. Thus, advanced modali-
ties such as quantitative ultrasound (QUS), magnetic 
resonance imaging-derived proton density fat fraction 
(MRI-PDFF), and transient elastography allow for more 
precise quantification of liver fat and fibrosis based on 
objective assessment of the liver fat via parameters like 
attenuation and backscatter coefficients [79, 80]. These 

techniques, unfortunately, become less accessible due to 
the cost and availability that limit their extensive appli-
cation [81], especially in resource-limited settings like 
Egypt, where ultrasound remains a mainstay for the diag-
nosis of MAFLD.

A validation substudy using MRI-PDFF (n = 30) indi-
cated that ultrasound failed to detect mild steatosis in 
18% of cases, primarily in patients with lower hepatic fat 
content. Consequently, the true prevalence of MAFLD in 
this cohort may be underestimated. Given ultrasound’s 
limited sensitivity for early steatosis, its use as a sole 
screening tool should be interpreted with caution. Inte-
grating additional non-invasive modalities, such as con-
trolled attenuation parameter (CAP) via FibroScan or 
MRI-PDFF, may improve detection accuracy, particularly 
in patients at high metabolic risk.

Our findings align with EASL’s recommendation for 
systematic screening of high-risk T2DM patients, con-
trasting with AASLD’s more selective approach. Given 
Egypt’s high prevalence of both T2DM (17.2%) and 
MAFLD (~ 46%), early detection through non-inva-
sive indices is a feasible, low-cost strategy to optimize 
resource allocation and prevent disease progression. 
Given the high burden of MAFLD in Egypt, integrating 
non-invasive indices into routine diabetes screening pro-
tocols could improve early detection. Current guidelines 
differ in their recommendations for MAFLD screening 
in T2DM patients. The European Association for the 
Study of the Liver (EASL) advocates screening in high-
risk individuals, while the American Association for the 
Study of Liver Diseases (AASLD) suggests a case-by-case 
approach. Our findings support a proactive screening 
strategy in line with EASL recommendations, especially 
in resource-limited settings where cost-effective, non-
invasive screening tools can improve early identification 
and timely intervention.

Our validation substudy using MRI-PDFF confirmed 
that ultrasound underestimates the prevalence of 
MAFLD, missing 18% of cases with mild steatosis. When 
adjusting for ultrasound sensitivity (84%), the estimated 
true prevalence of MAFLD in our cohort was 52.4% 
(95% CI: 46–58%). This aligns with regional studies using 
MRI-based assessment. Given ultrasound’s limitations, 
particularly in detecting mild hepatic steatosis, integrat-
ing additional non-invasive biomarkers or more sensi-
tive imaging techniques, such as transient elastography, 
may improve diagnostic accuracy. Future studies should 
explore the cost-effectiveness of incorporating these 
methods in routine MAFLD screening among high-risk 
populations.

In this context, non-invasive indices, including the 
FIB-4 index, NAFLD Fibrosis Score (NFS), Hepatic Stea-
tosis Index (HSI), and Fatty Liver Index (FLI), are gaining 
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popularity as practical alternatives. These indices, cou-
pled with ultrasound findings, are used to improve diag-
nostic and management accuracy and to provide reliable 
insights into the presence and severity of liver damage, 
especially among populations with limited resources 
because such indices utilize readily available clinical and 
laboratory data, such as age, BMI, liver enzymes, and 
lipid profiles, to provide reliable insights into the pres-
ence and severity of liver damage [24, 26, 36].

Our study explained the role of such non-invasive 
indices in liver health assessment and stratification of 
patients with T2DM based on fibrosis and steatosis risk. 
Among MAFLD patients, FIB-4, NFS, HSI, and FLI levels 
were significantly higher compared to their non-MAFLD 
counterparts, indicating that these could distinguish 
between the groups. The diagnostic performance, tested 
by sensitivity, specificity, and ROC analysis, was as fol-
lows: NFS had the best accuracy in detecting fibrosis with 
an AUC of 0.964, while for steatosis assessment, HSI and 
FLI showed comparable performance with AUCs of 0.847 
and 0.835, respectively. These indices also showed strong 
sensitivity and moderate specificity at the optimal cutoff 
values, where FIB-4 had the highest sensitivity for detect-
ing fibrosis at 83%, while HSI demonstrated 80% sensitiv-
ity for assessing steatosis.

The diagnostic performance of non-invasive indices 
observed in our study aligns with findings in existing lit-
erature. For fibrosis detection, a study identified FIB-4 
and NFS diagnostic performance concerning liver fibro-
sis in NAFLD. The FIB-4 score represented 82% sensitiv-
ity and 76% specificity, with an AUC of 0.85, indicating 
that it was reliable for distinguishing the presence of 
advanced fibrosis. For its part, NFS showed a sensitiv-
ity of 84% and a specificity of 79%, with an AUC of 0.88. 
Both tools performed well in this regard, as supported 
by the ROC analysis showing high accuracy for the pre-
diction of fibrosis [82]. A meta-analysis of 36 studies on 
biopsy-proven NAFLD involving 14,992 patients found 
that the FIB-4 score had a sensitivity of 69%, specificity of 
64%, and an AUC of 0.76 for predicting ≥ F3 fibrosis. For 
NFS, sensitivity was 70%, specificity 61%, with an AUC 
of 0.74 for predicting ≥ F3 fibrosis. The positive likeli-
hood ratios (LR +) for FIB-4 and NFS were 1.96 and 1.83, 
respectively, while their negative likelihood ratios (LR–) 
were 0.47 and 0.48 [83]. In a study on noninvasive diag-
nostic indices for MAFLD, the Hepatic Steatosis Index 
(HSI) and Fatty Liver Index (FLI) were evaluated. The 
AUROC for HSI was 0.874 (95% CI: 0.865–0.883), while 
FLI showed an AUROC of 0.884 (95% CI: 0.876–0.89. 
HSI’s specificity at a high cut-off (> 36) was 94.4%, with 
a sensitivity of 93.4% at a low cut-off (< 30). FLI demon-
strated a specificity of 98.4% at a high cut-off (> 60), but 
a lower sensitivity of 68.8% at a low cut-off (< 30). Both 

indices displayed strong diagnostic potential for MAFLD 
detection [84].

Given that ultrasound served as the reference stand-
ard, our ROC analysis reflects the ability of non-invasive 
indices to approximate ultrasound-based MAFLD detec-
tion rather than biopsy-confirmed liver pathology. The 
reliance on ultrasound may result in underestimation of 
mild steatosis cases, reinforcing the need for future vali-
dation against more sensitive imaging techniques such as 
MRI-PDFF or transient elastography.

In clinical practice, these cutoffs serve as screening 
tools where patients exceeding them may require fur-
ther evaluation. Individuals with HSI ≥ 36 or FLI ≥ 60 
may benefit from imaging confirmation to assess stea-
tosis severity [27, 28], while those with NFS > 0.675 or 
FIB-4 > 1.45 should be considered at risk for fibrosis and 
may require hepatology referral [24, 26]. For patients 
falling into indeterminate risk categories, combining 
multiple indices or incorporating additional imaging 
modalities can enhance risk stratification and guide clini-
cal decision-making.

In our study, the FIB-4 and NFS scores, which assess 
liver fibrosis, showed intermediate risk categories 
for both. Specifically, the FIB-4 score has a mean of 
1.94 ± 0.81, placing patients in the intermediate risk cat-
egory (1.45–3.25), and the NFS score has a mean of 
0.56 ± 1.24, placing patients in the indeterminate risk cat-
egory (-1.455 to 0.675), suggesting that while there is evi-
dence of potential fibrosis, it is not definitive. Meanwhile, 
the HSI and FLI, which assess liver steatosis, indicated a 
high probability of MAFLD. The HSI score has a mean of 
38.31 ± 6.93, placing patients in the high probability cate-
gory (> 36), and the FLI score has a mean of 68.78 ± 29.98, 
placing patients in the high probability category (≥ 60), 
indicating a high probability of MAFLD. This discrep-
ancy points to a situation where patients show significant 
liver steatosis, while the risk of fibrosis is not extensive, 
thus probably presenting an early stage of MAFLD. These 
findings were in concert with our ultrasonographic find-
ings, where it was determined that most of the patients 
were in the mild and moderate stages of steatosis, 30.94% 
and 49.64%, respectively. Besides, it agrees with the labo-
ratory outcome where the kidney function remained sta-
ble, the platelet count was higher, and the white blood 
cells rose to a high normal limit, with low levels of albu-
min. All these establish the fact that the patients are at 
an early stage of MAFLD. Thus, the combination of labo-
ratory tests, ultrasound, and the four diagnostic scores 
supports and strengthens each other for more accurate 
confirmation results.

Our findings indicate that NFS primarily reflects meta-
bolic dysfunction rather than independently confirmed 
fibrosis. A component analysis showed that BMI and 
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diabetes contributed 72% of the variance in NFS, whereas 
fibrosis-specific markers such as albumin contributed 
only 14%. Given this, we propose reclassifying NFS as a 
‘MAFLD risk score’ in T2DM rather than a direct fibro-
sis marker. Scores above 0.675 in this cohort likely indi-
cate a high probability of metabolic liver disease rather 
than true advanced fibrosis. Future studies should evalu-
ate modified fibrosis index cutoffs specific to MAFLD 
patients to improve diagnostic precision.

In our study, given the high probability of MAFLD in 
the studied population, it was crucial to investigate the 
predictors associated with patients with T2DM for the 
early detection and prevention of complications. Sev-
eral predictors were identified in our study for the pres-
ence and severity of MAFLD in patients with type 2 
diabetes. The main factors influencing the presence of 
MAFLD were obesity (increased BMI), visceral adiposity 
(increased waist circumference), poor glycemic control 
(increased HbA1c), increased liver enzymes (ALT, AST, 
GGT), lower albumin levels, and dyslipidemia (TG, LDL, 
HDL); all of them had statistically significant odds ratios 
for the diagnosis of MAFLD. For severity, predictors, 
especially BMI, HbA1c, and liver enzymes, were impor-
tant. Comparing the severities predictors between Grade 
2 vs. Grade 1 and Grade 3 vs. Grade 1, suggested that 
some biomarkers, including BMI, HbA1c, liver enzymes, 
and lipid profiles, are associated with disease progression 
from Grade 1 to Grade 2 and Grade 3, and proved that 
such factors are significant predictors of the severity of 
MAFLD even in its early stage.

The strong association of BMI, HbA1c, and triglycer-
ides with MAFLD highlights the importance of metabolic 
control in disease prevention. Since these are modifiable 
risk factors, interventions targeting weight loss, glycemic 
control, and lipid management may significantly reduce 
MAFLD risk in T2DM patients. These findings empha-
size the need for personalized treatment strategies that 
prioritize metabolic optimization to prevent disease pro-
gression [85].

Previous studies identified several predictors of 
metabolic-associated fatty liver disease (MAFLD) in 
adults, including increased body mass index (BMI), 
waist circumference (WC), and higher serum levels of 
triglycerides (TG), total cholesterol (TC), and alanine 
aminotransferase (AST). These factors were found to sig-
nificantly increase the likelihood of MAFLD, with odds 
ratios indicating strong associations [85–87].

The presence and severity predictors are crucial for 
early detection and stratification of MAFLD, allowing 
targeted interventions aimed at preventing complications 
such as cirrhosis and liver failure. Non-invasive scores, 
including FIB-4, NFS, HSI, and FLI, provide pragmatic 
tools for screening, enabling timely and individualized 

management of high-risk subjects, especially those with 
T2DM. Long-term outcomes can be improved by regu-
lar monitoring of these scores and associated biomarkers, 
guiding effective interventions for obesity, dyslipidemia, 
and glycemic control.

Recent studies highlight the role of gut microbiota in 
MAFLD pathogenesis via the gut-liver axis. Dysbiosis has 
been linked to increased intestinal permeability, endotox-
emia, and systemic inflammation, all of which contrib-
ute to hepatic fat accumulation and insulin resistance. 
Microbiota-targeted interventions, including probiotics 
and prebiotics, have demonstrated potential in modifying 
disease progression [88]. Future studies should explore 
microbiome-based therapeutic strategies for MAFLD 
prevention and treatment, particularly in resource-lim-
ited settings. Probiotic supplementation has been investi-
gated as a potential adjunctive therapy for MAFLD, with 
studies demonstrating improvements in hepatic fat con-
tent and metabolic markers. Given the accessibility and 
cost-effectiveness of probiotics, they may serve as a prac-
tical intervention in resource-limited settings [89]. Future 
research should explore the long-term efficacy and safety 
of probiotic-based interventions as part of comprehen-
sive MAFLD management strategies.

This study provides novel insights into the screen-
ing and diagnostic performance of non-invasive indi-
ces for MAFLD in patients with type 2 diabetes mellitus 
(T2DM) within an Egyptian population. To our knowl-
edge, this is the first study in Egypt to evaluate all four 
widely used non-invasive indices—HSI, FLI, FIB-4, and 
NFS—in parallel, allowing for a comprehensive assess-
ment of their utility in clinical practice. Our findings 
offer population-specific data on MAFLD prevalence 
and highlight the practicality of integrating these indices 
into routine screening protocols. Given the high burden 
of T2DM and MAFLD in Egypt, this study supports a 
cost-effective, scalable approach to early detection, align-
ing with global recommendations for systematic MAFLD 
screening in high-risk populations.

This study has several limitations that should be 
acknowledged. First, the cross-sectional design lim-
its the ability to establish causal relationships between 
metabolic risk factors and MAFLD severity. Longitudinal 
studies are needed to assess disease progression and the 
impact of interventions over time. Second, the study was 
conducted at a single tertiary diabetes center, which may 
restrict generalizability. However, patient characteristics 
closely align with national registry data, supporting exter-
nal validity. A larger multi-center study would enhance 
the reliability and broader applicability of the findings. 
Third, the study relied on non-invasive indices and ultra-
sound for diagnosing MAFLD and assessing fibrosis risk. 
While these tools are widely used, ultrasound has limited 
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sensitivity for detecting mild hepatic steatosis, and fibro-
sis scores such as FIB-4 and NFS were not validated 
against liver biopsy, which may have led to underestima-
tion of MAFLD prevalence and fibrosis misclassification. 
Additionally, ultrasound is operator-dependent, intro-
ducing variability in diagnosis. To mitigate this, all scans 
were conducted by a single radiologist, but future stud-
ies should incorporate standardized imaging protocols, 
transient elastography, or liver biopsy for improved diag-
nostic accuracy. Finally, unmeasured confounders such 
as medication use, dietary habits, and physical activity 
were not accounted for, despite their potential impact 
on hepatic fat accumulation and fibrosis risk. Future 
research should integrate histopathological validation, 
advanced imaging techniques, and longitudinal follow-up 
to improve diagnostic precision and better understand 
disease progression.

Alcohol consumption is a known factor that can exac-
erbate metabolic dysfunction and liver injury in patients 
with T2DM. However, in Egypt, alcohol consumption is 
relatively uncommon due to cultural and religious fac-
tors, which limit its impact on MAFLD prevalence in this 
population. While alcohol intake data were not collected 
in this study, future research in populations with higher 
alcohol consumption could further elucidate its role in 
MAFLD progression.

Conclusion
Our study emphasized the importance of non-invasive 
diagnostic scores and clinical parameters for evaluat-
ing the presence and severity of MAFLD in individuals 
with Type 2 diabetes. Early detection and stratification 
through tools like ultrasound and non-invasive scores 
such as FIB-4, NFS, HSI, and FLI, alongside clinical 
markers, is essential for the early management of patients 
at risk, providing timely interventions to prevent disease 
progression and improve long-term outcomes. Our find-
ings support a stepwise screening approach for MAFLD 
in T2DM patients: (1) HSI ≥ 36 or FLI ≥ 60 suggests high 
steatosis probability, warranting lifestyle intervention 
and potential imaging confirmation; (2) NFS > 0.675 or 
FIB-4 > 1.45 indicates a higher fibrosis risk, suggesting 
the need for hepatology referral. In regions with a high 
burden of T2DM, integrating non-invasive indices into 
routine diabetic care aligns with EASL recommenda-
tions and offers a cost-effective, scalable approach for 
early MAFLD detection, particularly in resource-limited 
settings.
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