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Abstract
Backgrounds. The fibrosis-4 index is a simple biomarker tool widely recommended 
to diagnose advanced hepatic fibrosis in patients with type 2 diabetes mellitus 
(T2DM). The primary aim of this study was to assess liver fibrosis risk among 
type 2 diabetes mellitus patients using the Fib-4 score, secondary to compare the 
prevalence of degenerative complications between patients according to Fib-4 index 
risk, and to evaluate the prevalence of metabolic dysfunction-associated-steatotic 
liver disease in our population.
Methods. This is a descriptive-analytical cross-sectional study including 600 
patients with type 2 diabetes mellitus who were followed at the Endocrinology-
Diabetology and Nutrition Department of a university hospital center, for a period 
of 8 years and 10 months from January 2016 to October 2024.
Results. The mean age in our population was 59±12.8 years. The median duration 
of diabetes was 6.4 years (1–15 years) with a median HbA1c value of 10.2±2.7%. 
Overweight and obesity were found in 39.2% and 34.5% of patients respectively, 
with a mean BMI of 28.2±5.9 kg/m². The median of fibrosis-4 index was 1.09. 
Sixty-one percent of patients had a low risk of advanced liver fibrosis, 31% had 
an intermediate risk, and 8% had a high risk to develop an advanced liver fibrosis. 
Patients with a Fib-4 score ≥1.3 (indicating intermediate to high risk of liver 
fibrosis) had a statistically significantly higher prevalence of all microvascular 
complications and ischemic heart disease (p<0.001) compared to those with a 
Fib-4<1.3. There was no significant difference in HbA1c, arterial hypertension, 
metabolic syndrome, and dyslipidemia. However, the mean LDL-cholesterol was 
lower in the group with a Fib-4≥1.3 (p:0.024). Liver ultrasonography showed signs 
of metabolic dysfunction-associated steatotic liver disease in 47.7% of cases.
Conclusion. Fibrosis-4 index should be considered for routine screening of liver 
fibrosis in patients with type 2 diabetes mellitus. This simple and cost-effective tool 
can help identify patients at high risk. The current study highlighted the benefits of 
using this score among patients with T2DM and supported the high prevalence of 
microvascular complications and ischemic heart disease among patients with Fib-4 
index ≥1.3. Furthermore prospective studies are required to evaluate the incidence 
outcomes in this population.
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Introduction
Metabolic dysfunction-associated steatotic liver 

disease (MASLD) previously known as non-alcoholic fatty 
liver disease (NAFLD) is an emerging public health issue of 
great interest. It ranges from simple hepatic steatosis without 
fibrosis, to steatohepatitis with metabolic dysfunction 
(MASH), which may lead to liver fibrosis, advanced 
cirrhosis, or even to hepatocellular carcinoma. It is commonly 
coexisting with type 2 diabetes mellitus (T2DM), with an 
increasing prevalence worldwide [1]. T2DM markedly 
alters glucose and lipid metabolism, leading to systemic 
insulin resistance, ectopic lipid accumulation, and chronic 
inflammation, all of which contribute to hepatic steatosis and 
fibrogenesis. The bidirectional relationship between T2DM 
and MASLD indicates that T2DM not only exacerbates 
MASLD progression to advanced fibrosis, but also increases 
the risk of both hepatic and extrahepatic complications. 
Conversely, MASLD itself is associated with a higher risk of 
developing T2DM and may further worsen glycemic control 
in individuals with pre-existing diabetes [2,3].

Differentiation of MASH from simple steatosis 
and assessment of advanced hepatic fibrosis are the key 
issues in MASLD patients. Liver biopsy remains the 
gold standard investigation to identify these two critical 
endpoints. However, it has many limitations including 
invasiveness, poor acceptability, sampling variability, 
cost, time-consuming and potentially life-threatening 
complications [4]. This situation has prompted the 
development of non-invasive alternatives, which have 

been extensively researched over the last decade [5]. 
A comprehensive understanding of the advantages and 
limitations of actually available biomarkers is imperative 
for selecting the appropriate biomarker for evaluating and 
managing patients with MASLD.

One of the non-invasive approaches is the 
Fibrosis-4 index. It is a simple biomarker used as a tool 
for diagnosing advanced hepatic fibrosis. Its calculation 
requires knowledge of age, ALT, and AST transaminases, 
and platelets count [6]. Nevertheless, several studies have 
reported reduced sensitivity of this index in patients with 
diabetes, raising concerns about the risk of missed advanced 
fibrosis in this population [7,8].

The primary aim of this study was to assess liver 
fibrosis risk among patients with type 2 diabetes mellitus 
using the Fib-4, and the second aim was to compare the 
prevalence of degenerative complications between patients 
according to Fib-4 risk and to evaluate the prevalence of 
metabolic dysfunction-associated steatotic liver disease in 
our population.

Methods
Participants
This was a descriptive-analytical, cross-sectional, 

single-center study involving 600 patients with T2DM. The 
study was conducted in the department of endocrinology-
diabetology and nutrition at a university hospital center and 
covered a period of 8 years and 10 months from January 
2016 to October 2024. 

Figure 1. The study population. 
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The Fib-4 score was calculated in all patients 
with complete medical records. We have excluded from 
analysis all patients with incomplete data and the ones with 
evidence of other chronic liver diseases including hepatitis 
B, hepatitis C, autoimmune hepatitis (AIH), alcoholic 
liver disease, or risky alcohol consumption (>30 g/day 
for men and >20 g/day for women). In addition, patients 
with other pathologies that could be responsible for hepatic 
steatosis (e.g. hypothyroidism, severe undernutrition, 
hypopituitarism), pregnancy and breastfeeding, and active 
smoking were excluded too. From 650 patients with T2DM 
who were followed up during the study period, we included 
600 patients following the inclusion and exclusion criteria 
(Figure 1).

Study design
All patients included in this study were followed 

and managed by specialists with recognized expertise in 
Endocrinology and Diabetology at our institution. The Fib-
4 was calculated for all of them based on the following 
formula: 

With aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) measured on the same day and 
platelets within ±30 days.

The normal ranges of serum ALT and AST were 
0-55 U/L and 5-34 U/L, respectively, and a platelet count 
of 150.000–400.000/µL was the normal range.

Advanced liver fibrosis was assessed using the 
Fibrosis-4 index, with cut-off values interpreted based on 
the European Association for the Study of the Liver (EASL) 
guidelines for non-invasive fibrosis assessment [9–11].

»» Fib-4 less than 1.3: low likelihood of advanced 
fibrosis.

»» Fib-4 between 1.3 and 2.67: intermediate 
likelihood of advanced fibrosis or cirrhosis, additional 
diagnostic tests are required for confirmation.

»» Fib-4 greater than 2.67: high likelihood of 
advanced fibrosis or cirrhosis, consideration for liver 
biopsy or other diagnostic tests for confirmation.

We then divided our study population into two 
groups based on the Fibrosis-4 score cutoff of 1.3, which 
distinguishes patients at low risk of liver fibrosis (<1.3) 
from those at intermediate to high risk (≥1.3). We then 
compared their anthropometric and laboratory data, as well 
as their degenerative complications.

Study protocol
We collected socio-demographic parameters (age, 

sex), co-morbid conditions, duration of diabetes, physical 
examination (weight, height, body mass index (BMI), 
waist circumference) from medical records. The presence 
of chronic diabetic complications was also recorded, 

including macrovascular complications (ischemic heart 
disease, ischemic stroke, and peripheral arterial disease) 
and microvascular complications (diabetic retinopathy, 
diabetic nephropathy, and diabetic neuropathy), as 
documented in the patients’ medical files.

Blood tests results, including liver enzymes levels, 
platelets count, lipid profile including total cholesterol; 
high-density lipoprotein cholesterol (HDL-c); low-
density lipoprotein cholesterol (LDL-c); and triglycerides 
(TG), HbA1c, serum creatinine, and serum 25-hydroxy 
vitamin D levels were obtained from medical files and the 
hospital information system. 

A liver ultrasound was performed to screen for 
hepatic steatosis, and the Fibrosis-4 index was used as a 
non-invasive tool to assess liver fibrosis. 

Objectives
The primary objective was to assess liver fibrosis 

risk among patients with T2DM using the Fib-4 score as 
a non-invasive tool. The secondary aim was to compare 
degenerative complications status between patients 
according to Fib-4 score, another outcome was to determine 
the prevalence of MASLD among this population.

Statistical analysis
Continuous and parametric values were expressed 

as mean ± standard deviation, and the non-parametric 
variables as median (first quartile-third quartile).

The Statistical Package for the Social Sciences, 
version 21, was used for all analyses. The association 
between Fib-4 score and certain factors (e.g. metabolic 
syndrome, arterial hypertension, dyslipidemia and 
degenerative complications) was analyzed using the 
Student t-test and the chi-square test. p values ≤0.05 were 
regarded as statistically significant.

Ethics approval
The patients were informed and consented 

to be included in the study. The data were collected 
anonymously. This study is registered in the Research 
registry under the number: researchregistry7700 and was 
approved by the Ethics Board Committee of Biomedical 
Research at our local faculty (CERBO) under the number: 
16/2020.

Results
Six hundred patients were included in the final 

analysis with 393 females (65.5%), and 207 males 
(34.5%). The mean age in our population was 59±12.8 
years (with extremes from 19 to 91 years). The median 
duration of diabetes was 6.4 years (1–15 years) with an 
average HbA1c value of 10.2±2.7% (range from 5% to 
19.8%). Overweight and obesity were found in 39.2% 
and 34.5% of patients respectively, with a mean BMI of 
28.2±5.9 kg/m².

Degenerative complications were dominated 
by microvascular complications in 38.7% of cases, 
with a predominance of diabetic nephropathy (24.6%). 
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Macrovascular complications were identified in 36.8% 
of our patients, with a predominance of coronary artery 
disease (31.1%). Arterial hypertension was observed 
in 43.2% of patients. Metabolic syndrome was found 
in 64.7% of cases. The general characteristics of our 
population are presented in the table below (Table Ⅰ).

Table Ⅰ. General characteristics of the study participants. 
Values

Age (years)  59 ± 12.8
Gender N (%)
* Male
* Female

207 (34.5)  
393 (65.5) 

HbA1c (%) 10.2 ± 2.7
Diabetes duration (years) 9.4 (1-15)
Body mass index (kg/m²) 28.2 ± 5.9
AST (UI/L) 19 (15-27)
ALT (UI/L) 17 (13-25)
Platelet count (*10⁹/L) 257.1 ± 88.3
Metabolic syndrome N (%) 388 (64.7)
Macrovascular complications N (%) 221 (36.8)
Microvascular complications N (%) 232 (38.7)

N - number, AST - aspartate aminotransferase, ALT - alanine 
aminotransferase. 
Data are presented as mean ± SD, median (25–75th percentile), 
or percentages.

The Fib-4 was calculated in all our patients, with a 
median of 1.09 (with extremes of 0.21 to 15.9). Sixty-one 
percent of patients had a low risk of advanced liver fibrosis, 
31% had an intermediate risk, and 8% had a high risk of 
developing advanced liver fibrosis. Otherwise, 321 patients 
(53.5%) underwent a liver ultrasonography that showed 
signs of MASLD in 47.7% of cases.

A comparative analysis was conducted between two 
groups: patients at intermediate to high risk of advanced 
liver fibrosis (Fib-4≥1.3), and those at low risk (Fib-4<1.3). 
The results showed that patients with Fib-4 above 1.3 
were statistically significantly older, had a longer diabetes 
duration, more elevated transaminases and creatininemia 
levels, and a lower platelet count compared to those with 
scores below 1.3. 

There was no significant difference in HbA1c, arterial 
hypertension, metabolic syndrome, and dyslipidemia. By 
contrast, the mean of LDL-cholesterol was lower in the 
group with a Fib-4 index ≥1.3 (p: 0.024).

Microvascular complications were found in 47.6% 
of patients with a Fib-4 greater than 1.3 (vs 32.9% in 
the group with a Fib-4 <1.3) predominated by diabetic 
nephropathy in 33.9% of cases. There was a statistically 
significant correlation between the Fib-4 index ≥1.3 and the 
prevalence of all microvascular complications.

Table Ⅱ. Comparison of anthropometric and laboratory data in patients according to fibrosis-4 score.
Fib-4< 1.3 (N= 366) Fib-4 ≥ 1.3 (N= 234) P values

Age (years) 54.9 ± 12.5 65.2 ± 10.8 <0.001
Hba1c (%) 10.4 ± 2.6 9.9 ± 2.8 0.062
Diabetes duration (years) 6 (1-1.8) 10 (1.9-17) 0.004
AST (UI/L) 17 (14-21.5) 25 (19-36) <0.001
ALT (UI/L) 16 (12-22) 19 (14-29.3) 0.003
Platelet count (*10⁹/L) 291± 84.2 204.3 ± 66.1 <0.001
Cholesterol (g/l) 1.7 ± 0.5 1.6 ± 0.5 0.046
Triglyceride (g/l) 1.5 ± 0.9 1.4 ± 1 0.462
HDL (g/l) 0.4 ± 0.1 0.4 ± 0.2 0.567
LDL (g/l) 1.1 ± 0.6 1 ± 0.4 0.024
BMI (kg/m²) 28.4 ± 6.2 27.8 ± 5.4 0.260
Abdominal circumference (cm) 98.5 ±13.6 98.4 ± 14.3 0.969
Hypertension N (%) 153 (41.9) 105 (44.9) 0.500
Dyslipidemia N (%) 119 (32.6) 91 (38.9) 0.132
Metabolic syndrome N (%) 237 (64.9) 150 (64.1) 0.817
Macrovascular complications: 
Ischemic heart disease N (%)
Ischemic stroke N (%)
Obliterative arteriopathy of the lower limbs N (%)

78 (21.4)
20 (5.5)
21 (5.8)

107 (45.9)
14 (6)

13 (5.6)

<0.001
0.779
0.826

Microvascular complications : 
Diabetic retinopathy N (%)
Diabetic nephropathy N (%)
Diabetic neuropathy N (%)

69 (19)
68 (18.7)
44 (12.2)

67 (28.8)
79 (33.9)
45 (19.3)

0.007
<0.001
0.021

Creatininemia (mg/l) 9.8 ± 8.4 11.9 ± 10.8 <0.001
Serum 25-hydroxy vitamin D (ng/ml) 15.1 ± 8.4 14.5 ± 8.5 0.351
MASLD confirmed on liver ultrasonography N: 153 (%) 96 (62.7) 57 (37.3) 0.557

N - number, AST - aspartate aminotransferase, ALT - alanine aminotransferase, HbA1c - hemoglobin A1c.
Data are presented as mean ± SD, median (25–75th percentile), or percentages. 
The comparisons were analyzed using the t-student test and chi-square test. A value of p<0.05 indicated significance.
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Macrovascular complications were observed in 50% 
of patients with a Fib-4 ≥1.3 (vs 28.2% in patients with 
a Fib-4 <1.3) predominated by ischemic heart disease in 
45.9% of cases with a significant correlation between Fib-4 
index ≥1.3 and the prevalence of ischemic heart disease (p 
< 0.001; r: 0.256).

Among patients older than 65 years, by using the 
Fib-4 score cut-off of 1.3, 39.7% were classified as low 
risk, 45.7% as intermediate risk, and 14.6% as high risk 
for advanced liver fibrosis. When the cut-off was adjusted 
to 2 in accordance with current guidelines that recommend 
a higher cut-off of 2 for the Fib-4 index in the elderly 
population, the proportion of patients in the intermediate 
zone decreased to 13.6%.

All anthropometric and biological data of the two 
study groups are presented in the table Ⅱ.

To manage MASLD in our population, a 
multidisciplinary approach with coordination between 
the departments of endocrinology-diabetology-nutrition 
and hepato-gastro-enterology was used. It was based on 
dietary interventions with physical activity, evaluation 
and adjustment of antidiabetic and anti-lipid medications, 
assessment of degenerative complications, and management 
of comorbidities and associated cardiovascular risk factors. 
All patients with a high risk of advanced liver fibrosis have 
been referred to a specialized hepato-gastro-enterology 
consultation.

Discussion
MASLD and T2DM are commonly coexisting. 

Their association is complex and bidirectional, and it has 
been linked to an increased risk of developing advanced 
liver fibrosis, cirrhosis, and hepatocellular carcinoma 
[12]. Hepatic steatosis is usually identified using liver 
ultrasonography, which is the initial noninvasive imaging 
modality for detecting MASLD in clinical practice due 
to its accessibility and costeffectiveness. Despite its high 
diagnostic accuracy for detecting moderate to severe 
hepatic steatosis (≥30% liver fat), its sensitivity is lower in 
cases of mild steatosis (<30% liver fat) [13]. In the present 
study, 53,5% of patients underwent liver ultrasonography, 
which revealed signs of MASLD in 47,7% of cases in the 
examined subgroup, highlighting the high prevalence of 
this condition in patients with T2DM.

In comparison to existing studies, a meta-analysis of 
123 studies (N = 2.224.144 patients with T2DM) reported 
a global MASLD prevalence of 65.3% in this population. 
The prevalence increased from 55.86% in 1990–2004 to 
68.81% in 2016–2021. Eastern Europe had the highest 
MASLD prevalence among patients with T2DM, followed 
by the Middle East, while the lowest prevalence was 
recorded in Africa [14]. Another meta-analysis of seventeen 
studies involving 10.897 patients with T2DM reported an 
overall MASLD prevalence of 54% in this population [15].

Identifying patients with advanced liver fibrosis 

or cirrhosis, which are at high risk of developing 
complications, is the main challenge in clinical practice. 
Liver biopsy remains the gold standard for staging liver 
fibrosis. However, it appears practically difficult to 
realize for all high-risk patients. This has encouraged 
the development of alternative non-invasive approaches, 
which have been the subject of massive research over the 
last decade. Although none of the non-invasive tests can 
adequately discriminate MASH from simple steatosis in 
patients with MASLD [16], they are now widely used in 
liver clinics for the detection of advanced liver fibrosis and 
are recommended by international guidelines [17]. The 
Fib-4 index, represents the first line of non-invasive tools 
in current recommendations. It was initially developed to 
evaluate liver fibrosis in patients with hepatitis C/human 
immunodeficiency virus co-infection [17]. It is now 
recommended by several international guidelines as the 
first step in assessing liver fibrosis in patients with type 2 
diabetes mellitus. It is a reliable and affordable parameter, 
the calculation of which is widely accessible and based 
on routinely measured blood tests (age, AST, ALT, and 
platelet count). Because the Fib-4 shows a high negative 
predictive value (NPV) for detecting advanced fibrosis, it is 
recommended to exclude people who do not have advanced 
fibrosis before moving on to a second-tier test. However, it 
also has several drawbacks, including the overpredicting 
risk of liver fibrosis in older patients because its formula 
includes age [18,19]. In this regard, many studies have 
reported that using Fib-4 score in elderly patients may 
increase the false positive rate [20,21]. As a result, several 
guidelines reported the upper cut-off of 2 in the Fib-4 in 
patients over 65 years while the existing thresholds should 
continue to be used in patients aged 35–65 years. In the 
present study, we observed that utilizing an upper cut-off 
value of 2 significantly reduced the percentage of patients 
aged over 65 who fell into the grey zone. The grey zone rate 
dropped to 13.6% when the age-adjusted Fib-4 threshold 
was applied, compared to 45.7% when using the cut-off 
value of 1.3.

Using the new cutoffs for elderly patients may offer 
a better patient classification, helping avoid unnecessary 
and potentially invasive investigations while reducing 
costs through fewer inappropriate referrals.

Our patients with a Fib-4 score ≥1.3 exhibited 
a statistically significantly higher prevalence of all 
microvascular complications and ischemic heart disease. 
Consistent with our findings, multiple studies have 
reported similar associations. For instance, Papanas et al 
[22] recently demonstrated that patients with Fib-4≥1.3 had 
markedly higher rates of chronic vascular complications, 
including peripheral neuropathy, chronic kidney disease, 
retinopathy, stroke, coronary artery disease, and peripheral 
arterial disease; moreover, Fib-4 correlated with greater 
neuropathy severity. Saito et al [23] found that Fib-4≥1.3 had 
prognostic value for diabetic kidney disease and proteinuria 
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in patients with type 2 diabetes mellitus. Similarly, Zhang 
et al [24] reported a strong association between Fib-4 and 
both diabetic kidney disease and its progression in this 
population. Erdogan et al [25] also observed a significantly 
higher prevalence of diabetic nephropathy among patients 
with Fib-4 ≥1.3. 

Additionally, Fib-4 appears to be associated with 
increased cardiovascular mortality [26]. In our study, 
patients with Fib-4≥1.3 exhibited a significantly higher 
prevalence of ischemic heart disease than those with Fib-
4<1.3. Sun et al [27] further reported that elevated Fib-4 
levels were independently associated with myocardial 
infarction risk, particularly among females and those with 
hypertension.

The strengths of our study include, to the best of our 
knowledge, that it is the first in our country to estimate the 
risk of liver fibrosis among patients with type 2 diabetes 
using the Fib-4 index. We also evaluate the degenerative 
status of patients with a positive score and assess the effect 
of age on the performance of the Fib-4 index.

We acknowledge that our study has some limitations 
that require consideration. First, this is a single-center study. 
However, it includes a considerable number of patients 
with T2DM recruited from all parts of the eastern region 
of our country. Second, in this study, liver ultrasonography 
was not available for all patients, because it was not used 
as an inclusion criterion in the study, since the assessment 
of MASLD prevalence was a secondary objective. Despite 
this limitation, the prevalence of MASLD in the examined 
subgroup remained considerable highlighting the high 
prevalence of this condition in patients with T2DM. 
Third, we enrolled a cross-sectional analysis based on 
retrospective data and the present findings reflect prevalent 
and non-incident outcomes which led us to initiate a 
prospective study to overcome this limitation.

Conclusion
In conclusion, using non-invasive methods to 

screen for liver fibrosis in patients with T2DM should 
be considered as an essential approach of their routine 
evaluation. Fibrosis-4 score can serve as a simple and 
cost-effective tool for identifying patients at high risk of 
liver fibrosis. Despite the limitations, the study findings 
highlighted the benefits of using this score among 
patients with T2DM and supported the high prevalence of 
microvascular complications and ischemic heart disease 
among patients with Fib-4 index ≥1.3. Further prospective 
studies are required to evaluate the incidence outcomes in 
these population.
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