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Abstract

Introduction: Metabolic dysfunction-associated steatotic liver disease (MASLD) is highly prevalent among patients
with type 2 diabetes (T2DM), with a reported risk of up to 55%. It may progress to advanced fibrosis or cirrhosis.
Current guidelines recommend systematic screening for liver fibrosis in this high-risk population. The aim of this study
was to assess the severity and prevalence of hepatic fibrosis in T2DM patients using FibroScan, to identify associated
risk factors, and to analyze the correlation with the FIB-4 score. Patients and Methods: A prospective study was
conducted at Hassan II Hospital in Agadir between December 2023 and February 2025, including 100 patients with
T2DM. All participants underwent abdominal ultrasound followed by FibroScan for liver stiffness measurement. Data
were collected using a structured extraction form and analyzed with Jamovi software. Results: The study included 100
patients with a female predominance (74%) and a mean age of 54.6 years. Body mass index (BMI) was above 25 kg/m?
in 80% of participants, with a mean BMI of 29.3 kg/m?. A history of hypertension, dyslipidemia, and smoking was
reported in 52%, 36%, and 20% of patients, respectively. Mean liver stiffness measured by FibroScan was 6.7 kPa.
Significant hepatic fibrosis was associated with higher BMI and waist circumference, greater frequency of hepatic
steatosis, longer duration of diabetes, and poor glycemic control (p < 0.05). Regarding the FIB-4 score, 74% of patients
had a score <1.3, 20% between 1.3 and 2.67, and 6% >2.67. Discordance between FIB-4 and FibroScan results was
observed, including false positives and false negatives. Conclusion: This study highlights the high prevalence of
MASLD and hepatic fibrosis in T2DM patients. The main risk factors identified were obesity, increased waist
circumference, longer diabetes duration, and poor glycemic control. Although FIB-4 is a useful initial tool, its diagnostic
limitations underscore the need for cautious interpretation and complementary assessment with FibroScan.
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I. INTRODUCTION

Metabolic  dysfunction—associated  steatotic
liver disease (MASLD) has emerged as the most
common chronic liver disease worldwide, with its global
prevalence increasing by nearly 50% over the past three
decades, reaching an estimated 38.2% between 2016 and
2019 [1]. Despite this alarming trend, MASLD remains
largely underdiagnosed and under-referred, with fewer
than 10% of patients being evaluated by a specialist [2].

MASLD encompasses a spectrum of hepatic
conditions ranging from simple steatosis without
significant inflammation to metabolic dysfunction—
associated steatohepatitis (MASH, formerly known as
nonalcoholic  steatohepatitis, NASH). MASH is

characterized by steatosis associated with hepatocellular
injury (ballooning of hepatocytes) and inflammation,
ultimately leading to the development of fibrosis [3,4].
The risk of cirrhosis-related complications and liver-
related mortality rises substantially with the onset of
advanced fibrosis [5].

Diabetes mellitus represents a major global
public health concern. In 2021, an estimated 537 million
individuals were living with diabetes worldwide, a
number projected to rise to 643 million by 2030 and 783
million by 2045. The severity of diabetes stems primarily
from its chronic hyperglycemia—induced complications,
with over 6.7 million diabetes-related deaths reported
among adults aged 20—79 in the same year [6].
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The presence of MASLD is strongly linked to
type 2 diabetes (T2D), obesity, and other
cardiometabolic risk factors [3]. T2D is a major risk
factor for the development of MASH [7]. Patients with
MASLD and T2D are at significantly increased risk of
progressive chronic liver disease, with estimated
prevalences of MASH, advanced fibrosis, and cirrhosis
of 58%, 38%, and 10%, respectively [8]. This high-risk
population requires systematic screening for fibrosing
MASH. The coexistence of these two conditions
adversely impacts the natural history and prognosis of
both diseases, as both are closely tied to underlying
insulin resistance. Moreover, T2D is frequently
associated with an increased risk of hepatocellular
carcinoma [9,10].

II. PATIENTS AND METHODS
A. Study Design and Participants:
Study population:

This was a prospective, single-center study
conducted at Hassan II Regional Hospital in Agadir over
a three-month period, from December 2023 to February
2025, including a sample of 100 patients.

Inclusion criteria:

Patients with type 2 diabetes followed in the
endocrinology department and admitted to the day
hospital of the gastroenterology unit at Hassan II
Hospital in Agadir for liver assessment.

All patients underwent abdominal ultrasound
prior to FibroScan. Hepatic fibrosis was assessed by liver
stiffness measurement (LSM) using a FibroScan 502
device equipped with M/XL probes.

Exclusion criteria:
Patients with type 1 diabetes.
Patients with cirrhosis due to non-MASH etiologies.

B. Data Collection:

Data were collected using pre-established case report
forms. For each patient, the following information
was obtained:
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* Epidemiological and clinical data
=  Anthropometric data
= Biological data

Assessment of hepatic fibrosis using noninvasive
tools:

Fibrosis-4 (FIB-4) index: calculated for all
patients based on age, AST, ALT, and platelet count.
This score serves as a rapid screening tool for liver
fibrosis in patients with steatosis.

FibroScan: all patients underwent FibroScan
evaluation at the day  hospital of the
hepatogastroenterology unit, aiming to diagnose and
quantify hepatic fibrosis in patients with type 2 diabetes.
Ultrasound findings: screened for signs of chronic liver
disease, hepatic steatosis, and portal hypertension.

C. Statistical Analysis:

Quantitative variables were expressed as means
with standard deviations or as medians with interquartile
ranges, while qualitative variables were expressed as
frequencies and percentages.

Patients were stratified into two groups
according to FibroScan results: those with hepatic
fibrosis and those without.

Logistic regression analysis was used to
identify risk factors associated with hepatic fibrosis. A p-
value of <0.05 was considered statistically significant.
Statistical analyses were performed using JAMOVI
software (version 1.6).

HI.RESULTS

The study population included 100 patients with
a mean age of 54.6 = 10.3 years. A marked female
predominance was observed (74%). The median duration
of diabetes was 15 years. Nearly half of the patients had
arterial hypertension (52%), while more than one-third
had dyslipidemia (36%). Smoking was reported in 20%
of cases.

20%

Dyslipidemia Smoking

Figure 1: Distribution of patients according to medical history
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The mean body mass index (BMI) was 29.3 +
3.8 kg/m? indicating that the cohort was globally
overweight. Waist circumference was also elevated,
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Figure 2: Distribution

Abdominal ultrasound revealed hepatic
steatosis in 34% of cases. The mean liver stiffness
measurement (LSM) on FibroScan was 6.7 kPa. Sixteen

confirming a high prevalence of abdominal obesity.
Glycemic control was inadequate in 43% of patients,
with HbAlc values > 7.5%.
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of patients according to BMI

patients (16%) had significant fibrosis (> F2), including
8 cases of cirrhosis (8%).
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Figure 3: Distribution of patie

The mean liver stiffness measurement (LSM)
obtained by FibroScan was 6.7 kPa, with values ranging
from 4.0 to 22.0 kPa [4.0-22.0]. An LSM greater than 8

nts according to ultrasound findings

kPa was observed in 16% of patients (n = 16), including
6% with significant fibrosis, 2% with advanced fibrosis,
and 8% with cirrhosis.

Table 1: FibroScan results

Fibroscan value | <8 kPa

[8-10] kPa | [10-13] kPa | >13 kPa

n (%) 84 (84%)

6 (6%) 2 2%) 8 (8%)

Significant factors associated with the presence
of fibrosis were longer diabetes duration, poor glycemic
control, higher BMI, and increased waist circumference

(p <0.05). In contrast, sex and age were not significantly
correlated with fibrosis severity.

Table 2: Demographic and anthropometric data in both groups

Group with liver fibrosis | Group without liver fibrosis | P value

Number (Total=100) 16 (16%) 84 (84%)
Age 54.38 +11.36 54.73 £13.95 0.989
Sex

Woman 11 (68.7%) 48 (57.1%) 1

Man 531.2%) 36 (42.8%)
BMI 36.1£94 28.1+4.9 0.009
Waist circumference 109 £15 93 £12 0.003
Smoking 5 (30%) 9 (10.7%) 1
Duration of diabetes (years) | 17.7 +/- 6.4 13.34/-7.7 0.04
Blood sugar imbalance 13 (81.2%) 32 (38%) 0.003

FIB-4 was < 1.3 in 74% of patients,
intermediate in 20%, and > 2.67 in 6%. However, a
notable discordance with FibroScan was observed: 10%

false negatives and 33% false positives. These findings
confirm that FIB-4 alone is insufficient for accurately
identifying patients at risk of advanced fibrosis.
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Table 3: Correlation between FIB-4 score and FibroScan results

Fib 4 <1.3 | 2.67<Fib 4 < 1.3 (n=20) | Fib 4 >2.67

(n=74) (n=6)
Fibroscan <8 kPa (n=84) 66 (66%) | 16 (16%) 2 (2%)
Fibroscan [8-10] kPa (n=6) | 6 (6%) 0 0
Fibroscan [10-13] kPa (n=2) | 2 (2%) 0 0
Fibroscan >13 kPa (n=8) 0 4 (4%) 4 (4%)

IV.DISCUSSION
1. Prevalence of Steatosis in Patients with Type 2
Diabetes:

Metabolic dysfunction-associated steatotic liver
disease (MASLD) is currently the leading cause of
chronic liver disease worldwide, with a prevalence
estimated between 20% and 30% in the general
population. In patients with type 2 diabetes, this
prevalence is even higher, often exceeding 50%, due to
the strong association between insulin resistance,
visceral obesity, and hepatic steatosis. Progression to
metabolic dysfunction-associated steatohepatitis
(MASH) exposes patients to an increased risk of
advanced fibrosis, cirrhosis, and hepatocellular
carcinoma, hence the importance of early screening in
this high-risk population [7].

In Morocco, few recent studies have
specifically addressed NAFLD in type 2 diabetic
patients, and available data remain fragmented [11]. In
our series, the prevalence of steatosis was 34%, which is

lower than the rates reported in most international
studies. Several hypotheses may explain this
discrepancy: methodological differences, the limited
sensitivity ~ of  ultrasonography, and  specific
characteristics of our study population. Interestingly,
Tada et al,[12] reported a similar prevalence (34%)
using visual ultrasound diagnosis, which aligns our
findings with some published standards.

Moreover, the literature emphasizes that the
prevalence of NAFLD varies depending on the
diagnostic tools used [13]. While liver biopsy remains
the gold standard, its invasive nature limits its clinical
use. Abdominal ultrasound, although widely available,
lacks sensitivity when fat infiltration is below 33% [40].
FibroScan, with the controlled attenuation parameter
(CAP), is now considered the preferred tool, combining
simplicity, reproducibility, and strong diagnostic
performance [14]. Recent international
recommendations advocate its systematic use for
screening steatosis in type 2 diabetic patients [15].

Table 4: Prevalence of hepatic steatosis in type 2 diabetics across different studies based on ultrasound findings:

Study Normal ultrasound | Hépatic steatosis
Targher et al., [16] 25,4% 69,5%
Williamson et al,, [17] | 40,1% 56,9%

Dvorak et al., [18] 21% 66%

Tada et al,, [12] 60,1% 33,7%

Sporea et al., [19] 21% 64%

Our study 58% 34%

2. Prevalence_of Hepatic Fibrosis:

In our study, 16% of patients presented with
significant fibrosis (> 8 kPa on FibroScan), a proportion
consistent with the literature, where figures range
between 12% and 32%. This finding confirms the need
for systematic screening of hepatic fibrosis in diabetic
patients, particularly those over 50 years of age.

For comparison, Jacqueminet et al,[20]
reported a prevalence of severe fibrosis of 5.6% using
FibroTest, with elastography confirmation in only 2.8%
of patients. These differences could be related to sample
size, inclusion criteria, and diagnostic methods used. In
our population, the higher prevalence may reflect a
greater burden of metabolic comorbidities and a longer
duration of diabetes.

Table 5: Prevalence of hepatic fibrosis in type 2 diabetics across different studies based on FibroScan results:

Study effective | Prevalence of advanced fibrosis
Kwok et al, [21] 1886 17,7%

Ciardullo et al., [22] 825 15,4%

Mikolasevic et al,, [23] | 679 12,6%

Vigano et al,, [24] 1338 32%

Jordan et al.,, [25] 1153 22%

Sporea et al., [26] 534 19,4%

Graupera et al., [27] 1150 29%

Our study 100 16%
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3. Risk Factors Associated with Hepatic Fibrosis:

Age: The mean age of our population was 54
years. Unlike many studies demonstrating increased
fibrosis with age, we did not observe a statistically
significant correlation. This may be explained by the
small sample size and the relative homogeneity of the
age range in our cohort [29].

Sex: Our series showed a female predominance,
without significant correlation between sex and fibrosis.
However, the literature describes hormonal influences,
with higher prevalence in men before the age of 50,
which tends to equalize after menopause [28, 30].

Glycemic control and duration of diabetes:
These parameters emerged as major determinants. In our
study, poor glycemic control (elevated HbA1c) increased
the risk of fibrosis nearly tenfold, while each additional
year of diabetes increased this risk by 22% [33]. These
findings corroborate those of Bril, Cusi, and Ismaili [31,
38], who identified both diabetes duration and poor
glycemic control as independent predictors of NAFLD
progression and fibrosis.

Obesity and waist circumference: The mean
BMI in our cohort was high (36.1 kg/m?), confirming the
major role of obesity in NAFLD pathogenesis. The mean

waist circumference was 109 cm, also representing a
significant risk factor, sometimes more predictive than
BMI. Several studies have highlighted that abdominal
adiposity is a better predictor of fibrosis than BMI alone
[31, 32, 34, 35].

Transaminases (ALT): We found no
significant association between elevated ALT levels and
fibrosis. Although some studies have reported such a
correlation, most evidence suggests that liver enzymes
lack sensitivity and cannot independently identify
significant fibrosis. Nevertheless, elevated ALT may
serve as a warning sign requiring further evaluation.

4. Correlation Between FIB-4 Score and
FibroScan:

An important aspect of our work is the
comparison between FibroScan and the FIB-4 score.
Although FIB-4 is useful as a first-line tool due to its
simplicity, its sensitivity and specificity are limited. In
our series, one-third of patients classified as at risk by
FIB-4 did not have significant fibrosis on FibroScan,
highlighting the need for confirmation using more
specific methods. Conversely, some patients categorized
as low risk by FIB-4 had advanced fibrosis on FibroScan,
raising the risk of underdiagnosis if FIB-4 is used in
isolation.

Table 6: Correlation between FibroScan results and FIB-4 scores:

Study False Negatives | False Positives
FIB-4 <1,3 >2,67

Trivedi ef al., [37] 13% 10,9%

Ciardullo et al,, [22] | 18% 17,2%

Jordan et al., [25] 14% 16%

Vigano et al,, [39] 17% (3%) 11%

Graupera et al., [36] | 16% (4,5%) 17,1%

Our study

10,8% (2,7%) | 33,3%

Our findings emphasize the importance of a
combined diagnostic algorithm using both simple scores
and FibroScan, to better identify patients requiring closer
follow-up or specific management.

5. Study Limitations:

Our study has several limitations, including its
monocentric design, relatively small sample size, short
inclusion period, absence of histological confirmation by
liver biopsy, and the unavailability of CAP for precise
quantification of steatosis.

Nevertheless, this work represents one of the
first Moroccan series highlighting the prevalence and
risk factors of hepatic fibrosis in type 2 diabetic patients,
providing a useful contribution to regional data.

V. CONCLUSION

Metabolic dysfunction-associated steatotic liver
disease (MASLD) is frequent and concerning among
patients with type 2 diabetes. Our study shows that nearly
one in six patients presents with significant fibrosis and

almost one in ten with cirrhosis, conditions that are often
underdiagnosed. FibroScan proves to be a reliable tool,
complementary to simple scores such as FIB-4, which
should not be used in isolation.

We recommend systematic screening for
hepatic fibrosis in all patients with type 2 diabetes,
combining non-invasive scoring systems with
elastography. ~ Management  should  emphasize
optimization of glycemic control and reduction of
abdominal obesity. Multicenter studies with longitudinal
follow-up are needed to better assess the natural history
of these patients and to refine screening and management
strategies.
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