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Abstract: (1) Background: The relationship between non-alcoholic fatty liver disease (NAFLD) and
type 2 diabetes mellitus (T2DM) is bidirectional: NAFLD increases the risk of T2DM, and T2DM
promotes the progression of the disease into non-alcoholic steatohepatitis (NASH). (2) Material and
methods: We performed a retrospective, open study that included 59 patients with NAFLD and
T2DM who were distributed into two groups: 44 (74.57%) patients were diagnosed with hepatic
steatosis (HS) and 15 (25.42%) patients were diagnosed with NASH. (3) Results: Among the non-
specific inflammatory biomarkers, serum ferritin (SF) and the neutrophil-percentage-to-albumin ratio
(NPAR) showed higher and statistically significant mean values (p = 0.003 respectively p = 0.03) in
the group of patients with NASH and T2DM. Conclusions: Consequently, it is essential to identify
alternative markers for the inflammatory process, particularly in individuals with diabetes, as it is a
key characteristic of NASH. This need arises from the desire to avoid the risks associated with liver
biopsy procedures (LBP) and to prevent the unpredictable and unfavorable progression of NAFLD in
patients with T2DM.

Keywords: non-alcoholic fatty liver disease; type 2 diabetes mellitus; inflammatory process;
biological markers

1. Introduction

The term NAFLD dates back more than 40 years and encompasses a broad spectrum
of diseases ranging from simple HS with low mortality risk to NASH with progression
to cirrhosis and hepatocellular carcinoma (HCC) [1]. Worldwide, NAFLD represents the
most common liver disease, with a prevalence of 25%, and is closely related to T2DM and
obesity. The association of this disease with T2DM increases the likelihood of developing
steatohepatitis, which is characterized by the presence of lobular inflammation and hepato-
cellular ballooning. This combination poses an increased risk of progression to advanced
stages of the disease [2,3]. Current evidence suggests that the overall burden of NAFLD is
closely related to the occurrence of extrahepatic complications, such as cardio-metabolic
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pathologies including diabetes, dyslipidemia, metabolic syndrome (MS), and cardiovascu-
lar disease (CVD) which are the leading causes of death among NAFLD patients [4—6]. The
relationship between T2DM and NAFLD is supported by numerous studies, and there is
a complex bidirectional relationship that pejoratively affects the prognosis and outcome
of both pathologies [7-9]. Patients with NAFLD and diabetes develop advanced forms
of the disease, even in the absence of other risk factors for advanced fibrosis such as age,
dyslipidemia, hypertension, and an inherited history of NAFLD-associated cirrhosis [10].

The diagnosis of NAFLD is typically confirmed through LBP, an invasive procedure
associated with various complications, including bleeding, pain, and abdominal discomfort,
which limit its practical utility. Non-invasive techniques such as computed tomography
(CT), nuclear magnetic resonance (NMR), and liver ultrasonography, are commonly in-
cluded in the diagnosis of NAFLD. Among these techniques, liver ultrasonography is the
most frequently used method in medical practice due to its simplicity and non-invasive
nature. It can detect HS when it affects around 20-30% of hepatocytes [11]. To facilitate
the diagnosis of the disease, experts have introduced a range of blood biomarkers into
medical practice. Currently, the fatty liver index (FLI), and hepatic steatosis index (HSI)
have been validated for diagnosing HS [12]. HS is generally considered to have a benign
clinical course while NASH has the potential to contribute to progressive liver fibrosis,
eventually leading to cirrhosis, liver failure, and HCC [13].

Thus, it is necessary to distinguish between fatty liver and NASH (inflammation with
or without fibrosis). Given the prevalence of HS, a liver biopsy cannot be considered for all
patients. Indeed, in a recent study by an Italian group, fatty liver regressed in 50% of all
examined cases and had a benign evolution [12,14]. Therefore, there have been efforts to
determine predictive markers of fibrosis and/or steatohepatitis to avoid biopsies [15]. For
the diagnosis of NASH, the American Gastroenterological Association (AGA) recommends
considering an initial stage of biochemical suspicion, characterized by a moderate increase
in transaminase levels, reaching up to five times the upper limit of normal [16]. Additionally,
elevated levels of gamma-glutamyltransferase (GGT) have been observed in these patients
and are associated with advanced fibrosis and higher mortality rates. GGT is included as a
biomarker in several non-invasive tests used to assess liver fibrosis, such as FibroTest and
Hepascore [17].

Chronic inflammation plays a crucial role in the development of the disease, involving
various cell types such as neutrophils, lymphocytes, monocytes, and platelets. The leuko-
cytes are assessed through a range of biological markers that evaluate the inflammatory
status, including the neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ra-
tio (MLR), and systemic inflammatory index (SII) [18]. Platelets also actively contribute
to the inflammatory process by facilitating the recruitment of leukocytes and their mor-
phology changes in patients with T2DM and MS. Therefore, mean platelet volume (MPV)
and platelet distribution width (PDW) serve as biological markers for platelet activa-
tion and are associated with the presence of insulin resistance (IR) and the severity of
its complications [19]. Other inflammatory markers used in current medical practice are
serum C-reactive protein (CRP), C-reactive protein/albumin ratio (CAR), NPAR, and SF.
NPAR is an easily determined biomarker that evaluates systemic inflammation and was
initially used to evaluate the prognosis of cancer patients and CVD [20,21]. Recent studies
have demonstrated a significant association between the presence of NAFLD and a high
value of NPAR, this inflammatory marker having a great potential to be used in evaluating
the prognosis of the disease [20,22,23].

Another widely studied biomarker for the diagnosis and prognosis of NAFLD is
the level of SF, which is known as both an acute phase reactant and a pro-inflammatory
cytokine in infectious and non-infectious systemic inflammation. In individuals diagnosed
with NAFLD, around 30% of them showed an elevation in their serum ferritin levels,
which some researchers have suggested could potentially serve as a diagnostic marker for
inflammation [24,25]. A recent investigation indicated that serum ferritin might serve as a
non-invasive biomarker to assess the progression stage of NAFLD, although more research
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is necessary for confirmation [26]. Furthermore, serum ferritin levels were examined in
patients with both T2DM and NAFLD, revealing significantly higher values. The prevalence
of NAFLD in T2DM patients exhibited a gradual increase corresponding to the rise in serum
ferritin levels. The study’s authors concluded that serum ferritin is an independent risk
factor for liver disease in individuals with T2DM [27].

The present study aimed to determine which biological markers (“surrogate” biomark-
ers), other than aminotransferases (alanine aminotransferase (ALT) and aspartate amino-
transferase (AST)), differentiate the two forms of liver disease in NAFLD (HS from NASH),
with emphasis on inflammatory factors.

2. Materials and Methods
2.1. Selection of Patients

We conducted a retrospective, open study at the Diabetes and Nutritional Diseases
Clinic of the Filantropia Municipal Clinical Hospital (Craiova, Romania) during 2020-2023.
Initially, 120 patients with T2DM and chronic liver disease were included in the study,
of which, after applying the exclusion criteria, 59 patients were subsequently diagnosed,
based on the specified inclusion criteria, with NAFLD and T2DM. The medical data of
these patients were recorded and analyzed by us in this study (Figure 1).

Exclusion criteria: (N = 61)
- HST <30 and FLI <60

- excessive consumption of alcohol

- chronic viral hepatitis C, especially
120 patients with liver disease genotype 3

and T2DM were included in the _ o .
study between January 2020 and —>| - chronic viral hepatitis B and autoimmune

May 2023 hepatitis
- consumption of hepatotoxic drugs

- type 1 diabetes

- severe infections

- neoplasias
|
\
The diagnosis of NAFLD was
59 patients with established based on:
NAFLD and T2DM [ > - FLI
- HSI

- abdominal ultrasound

Figure 1. Study Flow Chart depicts the patient selection process for our study. Abbreviations: T2DM:
type 2 diabetes mellitus; HSI: hepatic steatosis index; FLI: fatty liver index; NAFLD: non-alcoholic
fatty liver disease.

In order to facilitate the comparative analysis of the outcomes, we divided the patients
into two groups: one comprising 44 individuals diagnosed with HS, and the other con-
sisting of 15 patients diagnosed with NASH. The structure of the patient groups under
study was determined according to specific criteria. To be included in the study, patients
needed to meet certain inclusion criteria, such as having a diagnosis of T2DM, exhibiting
ultrasonographic evidence of HS, and demonstrating elevated values of the two diagnostic
indicators, namely HSI above 30 and FLI above 60 [28].

The diagnosis of T2DM was established on diabetes symptoms (polyuria, poly-
dipsia, and polyphagia) in combination with a random venous plasma glucose con-
centration > 11.1 mmol/L (200 mg/dL), a fasting plasma glucose concentration > 7.0 mmol /L
(126 mg/dL), two-hour plasma glucose concentration > 11.1 mmol/L (200 mg/dL)
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two hours after an oral glucose tolerance test (OGTT) with 75 g anhydrous glucose, gly-
cated hemoglobin (HbAlc) greater than 6.4% or ongoing therapy for T2DM. The diagnosis
of NAFLD was established based on abdominal ultrasound (AU), FLI, and HSI values [28].
AU was performed by specialist doctors in module B, which allowed the subjective estima-
tion of steatosis. HS was defined according to the criteria of the AGA, such as the increase
of hepatic echogenicity compared to renal echogenicity, the presence of intensity as well as
the lack of differentiation of periportal and vascular wall intensity as a result of hepatic
hyperechogenicity and eventually the presence of hepatomegaly. According to EASL, AU
is the first screening imaging investigation performed in patients with NAFLD due to its
profitability; however, it does have several limitations [29]. AU exhibits a sensitivity of
90% for detecting liver fat content above 30%, but this sensitivity decreases as the liver fat
content decreases as well [30].
FLI was calculated based on the formula:

ey/(1 +ey) x 100 1)

where y = 0.953 x TG (mg/dL) + 0.139 x BMI (kg/m2) + 0.718 x GGT(U/L) + 0.053 x
WC (cm) —15,745. In this formula TG stands for triglycerides (mg/dL), GGT for gamma-
glutamyltransferase (U/L), and WC represents the waist circumference (cm) [31].

FLI ranges from 0 to 100. In a study conducted by Bedogni et al., a diagnosis of
NAFLD was confirmed when the FLI value reached or exceeded 60, while a value below 30
excluded the diagnosis, demonstrating excellent diagnostic accuracy [32].

HSI serves as a screening tool to optimize the management of NAFLD. HSI is calculated
based on the formula:

8 x ALT/AST + BMI, @)

where 2 points more will be added if the patient has diabetes and 2 points more if the
individual is a female [33].

The validation of HSI enables clinicians to effectively identify patients who require
dietary and lifestyle modifications, as well as those who may need further assessment
through AU. A value of HIS < 30 excludes the diagnosis of NAFLD (negative probability
of 0.186), while a value > 36 supports the diagnosis. The AUROC value is 0.182 (95%
CI, 0.801-0.824) and the sensitivity of AU for a value below 30 was 93.1%, effectively
excluding the diagnosis, while a value above 36 demonstrated a specificity of 92.4% to
confirm the diagnosis [34]. The diagnostic criteria used to distinguish HS from NASH
in diabetic patients with NAFLD were increased values of ALT and AST, with values for
ALT >55U/L and for AST >34 U/L.

The exclusion criteria were excessive alcohol consumption (for men more than
30 mL/day and women more than 20 mL/day), the presence of chronic viral hepatitis
C, especially genotype 3, chronic viral hepatitis B, autoimmune hepatitis, the utilization
of medications known for their hepatotoxic properties (amiodarone, methotrexate, glu-
cocorticoids), type 1 diabetes, severe infections, neoplasias, and patients with HSI < 30
and FLI < 60.

2.2. Characterization of the Studied Variables
2.2.1. Clinical Parameters

Detailed clinical data were collected from all patients included in the study. The
anthropometric data obtained from the patients included measurements of height and
body weight, which were utilized to evaluate or calculate the body mass index (BMI) and
waist circumference (WC). The BMI was calculated based on the formula weight/height?.
Based on the resulting value, the degree of obesity was determined. Patients with a BMI be-
tween 24 and 29.9 kg/m? were classified as overweight, while those with a BMI exceeding
30 kg/m? were categorized as having obesity. WC was measured halfway between the
lowest rib and the iliac crest to assess the degree of abdominal adiposity. In women, values
greater than 80 cm were associated with abdominal adiposity, while men with abdominal
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adiposity presented values greater than 94 cm. Comorbidities such as hypertension (sys-
tolic blood pressure > 130 mmHg or diastolic blood pressure > 85 mm Hg, or those on
treatment) and dyslipidemia (serum triglyceride concentration > 150 mg/dL or fasting
HDL-C < 40 mg/dL in men and <50 mg/dL in women, or patients on treatment) were also
recorded. Based on these comorbidities, the diagnosis of MS was established according to
the already known diagnostic criteria.

2.2.2. Laboratory Parameters

Measurements of hematological (complete blood count), biochemical parameters
(glycemia, total cholesterol, triglycerides, albumin), liver tissue function (ALT, AST, GGT),
and inflammatory parameters (erythrocyte sedimentation rate (ESR), CRP, fibrinogen (Fg)),
and SF were performed by standard laboratory methods in the Clinical Laboratory of the
“Filantropia” Municipal Clinical Hospital, Craiova, with the help of analyzers using the
Mindray BC Auto Hematology and Architect Clinical Chemistry Systems.

In order to assess the subclinical systemic inflammation commonly observed in pa-
tients with NASH, we conducted a comprehensive analysis of various biological markers,
apart from traditional inflammatory markers like white blood cell count (WBC), ESR, CRP,
Fg, SF levels, and other hematological markers and biochemical parameters described in
the existing literature to evaluate the inflammatory status.

In this context, we calculated the ratio neutrophils%/lymphocytes% (NLR), the
ratio monocytes% /lymphocytes% (MLR), the systemic inflammatory index (SII) based
on the formula: neutrophils (/mm?3) x platelets (/mm?)/ lymphocytes (no /mm?3),
the CAR as well as the NPAR, which was calculated based on the formula neutrophil
count (%) x 100/albumin (g/dL). We also used MPV and PDW, which are closely corre-
lated with IR, considering that platelets are active participants in the liver inflammatory
process, as a result of their role in recruiting leukocytes through the liver sinusoids.

2.3. Statistical Analysis

Patient data were initially recorded using Microsoft Excel software, with subsequent
data processing conducted using the free statistical and graphical analysis software R-
Studio. Descriptive statistics were computed using both Excel and R-Studio and normality
testing was performed through the Shapiro-Wilk and Kolmogorov-Smirnov tests. Spear-
man’s method was employed for correlation and covariance analysis, while the comparison
of group differences utilized the Student’s ¢-test and Mann-Whitney U-test. The inter-
pretation of statistical test results adhered to the following criteria: p < 0.05 indicated a
statistically significant difference, p < 0.01 denoted a highly significant difference, and
p < 0.001 signified an exceptionally high level of statistical significance.

2.4. Ethical Considerations

The present study was carried out after obtaining the approval of the Scientific Aca-
demic Ethics and Deontology Committee of the University of Medicine and Pharmacy
in Craiova, number 94 /27 April 2023. Each patient signed an informed consent form for
inclusion in the study.

3. Results
3.1. Descriptive Analysis of Anthropometric, Clinical, and Ultrasonographic Parameters

The study population comprised 59 individuals diagnosed with both NAFLD and
T2DM, with 44 patients (74.57%) having HS and T2DM, while 15 patients (25.42%) had
NASH and T2DM. Demographic and epidemiological studies followed the distribution
of the studied patients and highlighted the main risk factors that were associated with
NAFLD (Table 1).
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Table 1. The incidence and the mean value of the demographic and diagnostic parameters of patients
with HS (44 patients) and NASH (15 patients) with T2DM, and the p-value of the comparative analysis
of the two groups studied.

Incidence and
Mean Value in
Patients with

Incidence and
Mean Value in

Incidence and
mean Value in
Patients with

* Statistical

Parameter NAFLD and g;t;‘:lt;vz"]‘)t;‘q NASH and S‘g'_‘\‘gffe‘ce
T2DM (@4 pts) T2DM P
(59 pts.) ’ (15 pts.)
Women (number)  25/59 (42.37%)  21/44 (47.27%)  4/15 (26.66%) 0.07
Men (number) 34/59 (57.62%)  23/44 (52.27%)  11/15 (73.33%) 0.15
Age (years) 61.52 & 10.07 62.20 + 0.70 59.53 + 10.06 0.38
The urban
environment of 36/59 (61.01%)  25/44 (56.81%)  11/15 (73.33%) 0.26
origin (number)
The rural
environment of 23/59 (38.89%) 19/44 (43.18%) 4/15 (26.66%) 0.29
origin (number)
T2DM 59/59 (100%) 44/44 (100%) 15/15 (100%) N
Hypertension 53/59 (89.83%)  39/44 (88.63%)  14/15 (93.33%) 0.61
Obesity 54/59 (91.52%)  41/44 (93.18%)  13/15 (86.66%) 0.44
Dyslipidemia 47759 (79.66%)  36/44 (81.81%)  11/15 (73.33%) 0.48
MS 56/59 (94.91%)  42/44 (95.45%)  14/15 (93.33%) 0.75
FLI 77.76 & 22.42 7440 + 22.62 88.93 & 10.59 0.04
HSI 4658 + 8.71 4531 + 7.91 50.39 + 10.17 0.05 *
US'L”(“C—I:;*‘“‘““ 7.54 + 1.14 7.38 + 1.83 84137 0.07
US'RH(];:)‘ama"er 14.3 + 1.95 14.05 + 2.03 15.02 + 1.48 0.09
US'PV(;i‘;‘mete’ 1.084 + 0.108 1.072 + 0.07 1.12 + 0.104 0.15
US-Spleen_ 10.35 + 1.09 1021 +1 10.7 +1.22 0.09

diameter (cm)
Abbreviations: NAFLD: non-alcoholic fatty liver disease; HS: hepatic steatosis; NASH: non-alcoholic steatohepati-
tis; T2DM: type 2 diabetes mellitus; pts: patients; MS: metabolic syndrome; FLI: fatty liver index; HSI: hepatic
steatosis index; US: ultrasonography, US-LLL: left liver lobe measured US; US-RHL: right hepatic lobe evaluated
US, US-PV: portal vein assessed US; * p-value was established by comparing the values of patients with HS and
T2DM and the values of patients with NASH and T2DM.

Among the patients, there were 25 women (42.37%) and 34 men (57.62%). In both
the HS and T2DM subgroup (52.27%) and the NASH and T2DM subgroup (73.33%), men
constituted the majority. The mean age of patients with NAFLD was 61.52 & 10.07 years,
with small differences between the values of the mean age of patients with SH and T2DM
(62.20 £ 0.70 years) compared to those with NASH and T2DM (59.53 + 10.06 years).
Regarding the patients’ geographical background, 36 (61.01%) patients came from urban
areas, while 23 (38.98%) patients were from rural areas. In the studied patients, T2DM
presented an equal incidence in both groups of patients. This equality was due to the
inclusion criteria of the study, which required patients to have diabetes mellitus. Patients
with HS and DM2 presented a higher incidence of obesity (93.18% vs. 86.66%), dyslipidemia
(81.81% vs. 86.66%), and MS (95.45% vs. 93.33%), while patients with NASH and T2DM
showed a higher incidence of hypertension (93.33% vs. 88.63%).

In these patients, the diagnosis of NAFLD was established based on AU and the
calculation of the FLI and HSI diagnostic scores values. The imaging study showed that
hyperechoic appearance with inhomogeneous structure was the sonographic appearance
encountered in all selected patients. The sagittal diameter of the left lobe recorded a mean
value of 7.54 £ 1.14 cm in patients with NAFLD. NASH patients presented a higher mean
value (8 = 1.37 cm) than HS patients (7.38 4= 1.83 cm). The longitudinal diameter of the right
liver lobe, measured on the midclavicular line, showed a mean value of 14.3 4= 1.95 cm in
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patients with NAFLD. Patients with NASH presented a higher mean value of this diameter
(15.02 £ 1.48 cm) as compared to patients with HS (14.05 £ 2.03 cm). The diameter of
the portal vein assessed by ultrasound exhibited a mean value of 1.084 &£ 0.108 cm in
patients with NAFLD. This value was higher in patients with NASH (1.12 £ 0.104 cm)
as compared to patients with HS (1.072 £ 0.07 cm). The longitudinal diameter of the
spleen measured by echography registered a mean value of 10.35 &= 1.09 cm, a higher mean
value being observed in patients with NASH (10.7 & 1.22 cm) compared to patients with
HS (10.21 £+ 1 cm). Patients with NAFLD recorded a mean value of FLI of 77.76 & 22.42,
while patients with NASH (88.93 & 10.59) presented a statistically significant higher mean
value (p = 0.04), compared to patients with HS (74.40 £ 22.62). The mean value of HSI
in patients with NAFLD was 46.58 £ 8.71, with patients with NASH (50.39 £ 10.17)
showing a statistically significant higher mean value (p = 0.05), compared to patients with
HS (45.31 £ 7.91).

3.2. Descriptive Analysis of the Biochemical Parameters

The biochemical study analyzed the main metabolic and enzymatic parameters used
to diagnose HS and NASH in patients with T2DM (Table 2).

Table 2. The mean values of the metabolic and enzymatic parameters found in patients with HS
(44 patients) and NASH (15 patients) with T2DM as well as the values of the statistical test of the
comparative analysis of the two studied groups.

Incidence and
Mean Value in
Patients with

Incidence and
Mean Value in

Incidence and
Mean Value in
Patients with

* Statistical

Parameter NAFLD and I?S‘t;::?r‘z"gi‘d NASH and s‘i‘_‘\l,f;i‘e‘ce
T2DM @4 pto) T2DM
(59 pts.) ) (15 pts.)

Glucose (mg/dL) 22074 +103.61 21611+ 107.59  234.33 + 89.56 0.56
HbATc (%) 834 +1.97 8.26 + 2.74 857 + 1.67 0.60
Clnelisstiz ol 204.40 + 88.62 193.59 + 1626  235.73 + 145.13 0.10

(mg/dL)
Triglycerides 271.30 4+ 290.061 23279 + 14.14  384.26 -+ 450.90 0.05 *
(mg/dL)
ALT (U/L) 43.89 & 44.39 23.61 +9.19 103.4 + 54.26 0.0001 *
AST (U/L) 2833 + 23.64 1818 £ 5.11 56.26 + 32.80 0.005 *
GGT (U/L) 47.74 % 47.58 30.15 + 21.21 99.33 + 70.17 0.002
Albumin (g/dL) 4.48 £ 0.60 4.66 + 0.44 442 1 035 0.19

Abbreviations: NAFLD: non-alcoholic fatty liver disease; HS: hepatic steatosis; NASH: non-alcoholic steatohep-
atitis; T2DM.: type 2 diabetes mellitus; pts: patients; HbAlc: glycosylated hemoglobin; ALT: alanine transferase;
AST: aspartate transferase; GGT: gamma-glutamyltransferase; * p-value was established by comparing the values
of patients with HS and T2DM and the values of patients with NASH and T2DM.

“Fasting” blood glucose showed a higher mean value in patients with NASH and T2DM
(234.33 = 89.56 g/dL) compared to patients with HS and T2DM (216.11 & 107.59 g/dL). Re-
garding the mean value of HbAlc, patients with NASH and T2DM presented higher mean
values (8.57 £ 1.67%), compared to the group of patients with HS and T2DM (8.26 + 2.74%).

Cholesterolemia showed higher mean values in patients with NASH and T2DM
(235.73 £ 145.13 mg/dL) compared to patients with HS and T2DM (193.59 & 16.26 mg/dL).

Triglyceridaemia also exhibited statistically significant (p = 0.05) higher mean values
in patients with NASH and T2DM (384.26 + 45.90 mg/dL) compared to patients with HS
and T2DM (232.79 + 14.14 mg/dL) (Figure 2).
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The mean values and the statistical significance of the

metabolic parameters
B NASH mHS

450
400
350
300
250
200
150
100

p=0.56 p=0.10 p=0.05

Glucose Cholesterol Triglycerides

Figure 2. Mean values and statistical significance of metabolic parameters in the studied patients
(44 patients with HS and 15 patients with NASH associated with T2DM). Abbreviations: NASH:
non-alcoholic steatohepatitis, HS: hepatic steatosis; p-value was established by comparing the values
of patients with HS and T2DM and the values of patients with NASH and T2DM.

The enzymes of the liver cytolysis syndrome (ALT and AST) recorded statistically
significant higher mean values (p = 0.0001 respectively p = 0.005) in patients with NASH
and T2DM (103.4 £ 54.26 U/L and 56.26 + 32.80 U/L) compared to the values in pa-
tients with HS and T2DM (23.61 £+ 9.19 U/L and 18.18 £ 5.11 U/L). Among the en-
zymes of hepatic cholestasis syndrome, GGT recorded statistically significant higher values
(p = 0.002) in patients with NASH and T2DM (99.33 £ 70.17 U/L) in comparison to patients
with HS and T2DM (30.15 + 21.21 U/L) (Figure 3).

The mean values and statistical significance of cytolysis and
hepatic cholestasis enzymes

»=0.002
a7 = 0,005
[
ALT P =0.0001
0 20 40 60 80 100 120
u/L
EHS = NASH

Figure 3. Mean values and statistical significance of cytolysis and hepatic cholestasis enzymes in the
studied patients (44 patients with HS and 15 patients with NASH associated with T2DM). Abbrevi-
ations: NASH: non-alcoholic steatohepatitis; HS: hepatic steatosis; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; GGT: gamma-glutamyltranspeptidase; established by comparing
the values of patients with HS and T2DM and the values of patients with NASH and T2DM.

Regarding the liver synthesis function, the mean value of albumin was lower in
patients with NASH and T2DM (4.42 + 0.35 g/dL) compared to the group of patients with
HS and T2DM (4.66 £ 0.44 g/dL).
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3.3. Descriptive Analysis of the Hematological Parameters

The hematological study analyzed the behavior of the hematological parameters in
the studied patients (Table 3).

Table 3. The mean values of the hematological parameters found in patients with HS (44 patients)
and NASH (15 patients) with T2DM as well as the value of the statistical test of the comparative
analysis of the two studied groups.

Incidence and
Mean Value in
Patients with

Incidence and
Mean Value in

Incidence and
Mean Value in
Patients with

* Statistical

Parameter NAFLD and I?S‘t;;‘:?r‘z"gi‘d NASH and S‘i‘_‘\lgfzgce
T2DM a4 pto) T2DM
(59 pts) (15 pts)
Hb (g/dl) 13.35 4 1.58 13.09 + 1.64 141 + 1.27 0.03 *
WBC (no/mm°) 7901 + 1893 8066 + 1945 7415 + 1635 0.25
NP (%) 59.37 + 7.88 59.67 + 0.94 58.46 + 6.13 0.62
LP (%) 29.16 + 8.13 28.65 + 4.10 30.65 + 6.96 0.42
Monocytes (%) 617 + 1.38 599 £ 1.72 672 £ 147 0.07
PLT (no/mm3) 245,502 + 62489 251,992 + 91,923 226,666 + 77,524 0.45
MLR 022 + 0.07 021 + 0.07 0.23 + 0.07 0.62
NLR 237+ 0.93 231+ 097 2.53 =+ 0.80 0.45
PDW (%) 4119 £ 1437 4198 £ 12.62 38.87 + 18.36 0.47
MPV (fL) 9.86 + 1.03 9.92 + 0.92 9.68 + 1.28 0.44

Abbreviations: NAFLD: non-alcoholic fatty liver disease; HS: hepatic steatosis; NASH: non-alcoholic steatohep-
atitis; T2DM: type 2 diabetes mellitus; pts: patients; Hb: hemoglobin; WBC: white blood cells; NP: neutrophils
percentage; LP: lymphocytes percentage; NLR: neutrophil/lymphocyte ratio; MLR: monocyte/lymphocyte ratio;
PDW: platelet distribution width; MPV: mean platelet volume; * p-value was established by comparing the values
of patients with HS and T2DM and the values of patients with NASH and T2DM.

Hb recorded a statistically significant lower mean value (p = 0.03) in patients with
HS and T2DM (13.09 & 1.64 g/dL) in comparison with patients with NASH and T2DM
(14.1 £ 1.27 g/dL). Regarding the leukocyte series, the patients with HS and T2DM showed
higher mean WBC values (8066 & 1945/mmc vs. 7415 + 1635/mmc) compared to patients
with NASH and T2DM. The behavior of leukocyte subpopulations was different in the
two groups of patients. Thus, the percentage of neutrophils (NP) registered a slightly
higher but statistically insignificantly increased mean value in patients with HS and T2DM
(59.67 £+ 0.94%) compared to patients with NASH and T2DM (58.46 + 6.13%), while the
mean value of the percentage of lymphocytes (LP) was higher in NASH and T2DM patients
(30.65 £ 6.96%) in comparison to the mean value in HS and T2DM patients (28.65 & 4.10%).
Moreover, the mean value of the percentage of monocytes (MP) was higher in patients
with NASH and T2DM (6.72 & 1.47%) compared to the mean percentage value recorded in
patients with HS and T2DM (5.99 £ 1.72%).

Inflammatory biomarkers, NLR and MLR, showed higher mean values in patients
with NASH and T2DM (2.53 + 0.80 respectively 0.23 & 0.07) compared to patients with HS
and T2DM (2.31 £ 0.97 respectively 0.21 & 0.07). In the case of platelets, patients with HS
and T2DM presented a higher mean value compared to patients with NASH and T2DM
(251,992 £ 91,923 /mmc vs. 226,666 + 77,524 /mmc). Regarding platelet indices, the mean
value of PDW in patients with HS and T2DM (41.98 £ 12.62%) was higher than in patients
with NASH and T2DM (38.87 + 18.36%). The same behavior was found in the case of
the MPV, which presented a higher value in patients with HS and T2DM (9.92 &+ 0.92 fL)
compared to patients with NASH and T2DM (9.68 + 1.28 fL).

3.4. Descriptive Analysis of the Inflammatory Parameters

The study of systemic inflammation parameters that evaluate the subclinical inflam-
matory process from T2DM, allowed us to identify the parameters that are associated with
inflammation in NASH, apart from ALT and AST (Table 4).
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Table 4. The mean values of the inflammatory parameters found in patients with HS (44 patients)
and NASH (15 patients) with T2DM as well as the values of the statistical test of the comparative
analysis of the two studied groups.

Incidence and
Mean Value in
Patients with

Incidence and
Mean Value in

Incidence and
Mean Value in
Patients with

* Statistical

Parameter NAFLD and ggﬁ’:ﬁgg& NASH and S‘g'_“‘,ifzzce
T2DM (@4 pts) T2DM P
(59 pts.) ’ (15 pts.)
ESR (mm/1h) 38.42 + 27.08 37.54 + 26.16 41 + 25.29 0.67
CRP (mg/dL) 0.81 + 1.55 0.60 + 0.21 1.44 + 287 0.07
Fg (mg/dL) 361.84 + 103.65  351.76 + 19516  391.4 + 111.27 0.20
SF (ng/mL) 20693 + 9297  186.70 + 8626  266.26 & 96.74 0.003 *
SII 48759 + 190.19 47620 + 3675  520.97 + 238.10 0.43
CAR 0.39 + 1.56 0.38 + 1.77 0.40 = 0.67 0.97
NPAR 1386.9 £ 429.88  1317.79 + 235.88  1589.6 + 713.15 0.03 *

Abbreviations: NAFLD: non-alcoholic fatty liver disease; HS: hepatic steatosis; NASH: non-alcoholic steatohepati-
tis; T2DM: type 2 diabetes mellitus; pts: patients; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein;
Fb: fibrinogen; SF: serum ferritin; SII: systemic inflammatory index; CAR: C-reactive protein/albumin ratio;
NPAR: ratio of neutrophils x100/albumin; * p-value was established by comparing the values of patients with HS
and T2DM and the values of patients with NASH and T2DM.

The mean value of the ESR in one hour (ESR/1 h) was higher in patients with NASH
and T2DM (41 £ 25.29 mm/1 h) compared to that recorded in HS and T2DM patients
(37.54 £ 26.16 mm/1 h). Additionally, the CRP recorded a higher mean value in patients
with NASH and T2DM (1.44 + 2.87 mg/dL) compared to the values found in those with
HS and T2DM (0.60 & 0.21 mg/dL). The same behavior was found in the case of Fg, which
showed a higher mean value in patients with NASH and T2DM (391.4 &= 111.27 mg/dL)
compared to patients with HS and T2DM (351.76 & 195.16 mg/dL).

Moreover, there was a statistically significant difference (p = 0.003) in the mean SF
levels between patients with NASH and T2DM (266.26 £+ 96.74 ng/mL) compared to
patients with HS and T2DM (186.70 + 86.26 ng/mL) (Figure 4).

Mean values of serum ferritin and statistical significance
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Figure 4. The mean values and statistical significance of serum ferritin in the two groups of patients
(44 patients with HS and T2DM and 15 patients with NASH and T2DM). Abbreviations: NASH:
non-alcoholic steatohepatitis; HS: hepatic steatosis; p-value was established by comparing the values
of patients with HS and T2DM and the values of patients with NASH and T2DM.

The mean value of the SII was higher in patients with NASH and T2DM (520.97 + 238.10)
compared to patients with HS and T2DM (476.20 =+ 36.75). The mean CAR ratio in patients
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with NASH and T2DM (0.40 =+ 0.67) was slightly higher compared to patients with HS and
T2DM (0.38 & 1.77), although this difference was not statistically significant.

Furthermore, the mean value of the NPAR exhibited a statistically significant increase
(p = 0.03) in patients with NASH and T2DM (1589.6 & 713.15) when compared to patients
with HS and T2DM (1317.79 + 235.88) (Figure 5).

Mean values of NPAR and statistical significance
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Figure 5. The mean values and the statistical significance of NPAR in the two groups studied
(44 patients with HS and T2DM and 15 patients with NASH and T2DM). Abbreviations: NPAR:
neutrophil percentage to albumin ratio; NASH: non-alcoholic steatohepatitis; HS: hepatic steatosis;
p-value was established by comparing the values of patients with HS and T2DM and the values of
patients with NASH and T2DM.

4. Discussion

Considering the different evolutions of the two pathological entities that define
NAFLD, HS, and NASH, as well as the current limited diagnostic methods that differentiate
the two forms, through the present study we aimed to identify a series of non-invasive
biomarkers that differentiate the two forms. Following the statistical analyses, based on the
obtained data, we identified a series of differences between the two groups of patients.

In both groups of patients, the male gender was predominant; in the group of patients
with HS and T2DM, the incidence was 52.27%, while in the group of patients with NASH
and T2DM, the incidence was higher, 73.33%. NAFLD is known to be a pathology with
a higher incidence in men, at least until the woman’s menopause. After the onset of
menopause, the incidence is comparable. The same higher incidence for the male gender,
but lower compared to our study (51.8%), was present in a Chinese study that investigated
the factors of progression to fibrosis in patients with NAFLD and T2DM [35]. Regarding
the mean age of the patients, it was higher in patients with HS and T2DM compared to
the group of patients with NASH and T2DM. Age is acknowledged to be a factor that
contributes to the progression of the disease, an aspect that was also present in our study.
Moreover, in the study by Lamonaco et al., it was observed that the mean age of patients
with HS and T2DM was higher compared to the mean age of patients with NASH and
T2DM [36]. Both patients with HS and those with NASH and T2DM mostly came from
urban environments. The incidence of urban patients in the literature is lower (34.1%)
compared to our study [37].

The main risk factors of the progression of NAFLD to NASH and subsequently to
advanced stages of the disease are represented by MS components. In our study, the inclu-
sion criteria required the presence of diabetes, resulting in a 100% incidence of diabetes
in both patient groups. Regarding the comorbidities of the patients included in the study,
patients with NASH and T2DM had a higher incidence of arterial hypertension (93.33%),
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while patients with HS and T2DM presented a higher incidence of obesity (93.18%), dys-
lipidemia (81.81%), and MS (94.45%). The incidence of arterial hypertension in the study
by Bazick et al. [38] was lower (40.7%) compared to our study, while Chen’s study only
reported a higher incidence of dyslipidemia (84.44%) in patients with HS and T2DM, the
incidence of obesity and MS being lower (68.89% respectively 63.63%) compared to the
results of our study [39].

The analysis of carbohydrate metabolism parameters revealed a higher value of both
blood glucose and HbAlc in patients with NASH and T2DM compared to the group
of patients with HS and T2DM. Currently, the risk factors associated with the develop-
ment of fibrosis in patients with NAFLD and T2DM are not fully known. To emphasize
these factors and their prevalence in patients with T2DM, Julian’s study, which included
930 patients with NAFLD and T2DM, showed lower mean blood glucose values in pa-
tients with HS and T2DM (148 + 45 mg/dL) compared to patients with NASH and T2DM
(151 £ 50 mg/dL). Regarding the mean value of HbAlc, patients with HS (7.0 & 1.2%)
had lower values in comparison to patients with NASH (7.1 & 1.3%), without statistically
significant differences [40].

The analysis of lipid metabolism parameters demonstrated the presence of dyslipi-
demia with statistically substantially higher values (in the case of triglycerides) in patients
with NASH and T2DM. The mechanisms of dyslipidemia are related to the appearance
of hepatic and peripheral insulin resistance associated with disorders of hepatic glucose
metabolism and lipoproteins [41]. In our study, both the mean value of cholesterol and
triglycerides were higher and statistically significant in the case of triglycerides (p = 0.05)
in patients with NASH and T2DM. The mean values of the two components of lipid
metabolism were documented in a study made up of 204 patients with NAFLD and T2DM
that examined the prevalence of risk factors in these patients. Both the mean values of
cholesterol and triglycerides were higher but statistically insignificant in patients with
NASH and T2DM (190.56 £ 44.02 mg/dL respectively 173.51 + 68.84 md/dL) compared to
patients with HS and T2DM (183.97 & 48.84 md/dL respectively 147.37 4= 74.86 mg/dL) [42].
The analysis of protein metabolism demonstrated a lower mean value of albumin in pa-
tients with NASH and T2DM compared to patients with HS and T2DM. Albumin levels
can fall in patients with inflammatory disorders and other conditions. This may be due to
downregulated production of albumin mRNA by the liver, leading to reduced synthesis,
increased albumin catabolism, and increased vascular permeability [43]. In a study made
up of 1249 patients that explored the determinants of fibrosis in patients with NAFLD
and T2DM, the mean value of albumin was also lower in patients with NASH and T2DM
(4.15 + 0.41 g/dL) compared to patients with HS and T2DM (4.21 4+ 0.43 g/dL) [37].

The analysis of the enzymatic parameters of the liver functions highlighted notably
higher mean values of liver cytolysis enzymes, ALT and AST (p = 0.0001 respectively
p = 0.005), in patients with NASH and T2DM, compared to patients with HS and T2DM.
Most patients with NAFLD are asymptomatic and are typically identified when abnormal
liver studies are noted on routine laboratory assessment. In particular, the liver enzymes,
ALT, and AST levels are elevated. However, these enzymes may not be elevated in all
cases of NAFLD, and the level of aminotransferases may not reliably predict the extent of
inflammation and cirrhosis [44]. In a study by Mandal et al., an independent association
between liver enzymes, particularly ALT, and NAFLD in a population of individuals with
T2DM was observed [45]. Mandal et al. also found that 40.4% of the diabetic population
had elevated ALT levels, while increases in AST and ALP levels were observed in only
17% and 16% of diabetic individuals, respectively [46]. Similar findings were reported by
Shrestha and Bhatt in Nepal, where they also observed a statistically significant elevation
in ALT levels among diabetic patients compared to the control groups [47]. Furthermore, a
higher prevalence of abnormalities in liver function tests has been linked to individuals
with T2DM compared to those without T2DM [48]. Moreover, the enzyme of hepatic
cholestasis syndrome, GGT, presented a higher and statistically significant mean value
(p=0.002) in patients with NASH and T2DM compared to patients with HS and T2DM. GGT
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plays a crucial role in the breakdown of glutathione, facilitating the transfer of the glutamyl
component and preserving intracellular balance against oxidative stress [48]. Previous
research has established connections between serum GGT levels and various chronic
conditions, including NAFLD, cardiovascular diseases (CVD), diabetes, and MS [49]. The
mechanisms underlying elevated GGT levels in NAFLD patients involve oxidative stress,
inflammatory response, and excessive hepatic fat accumulation, all of which contribute to
impaired insulin signaling and IR [50].

The analysis of the mean values of the hematological parameters highlighted a statis-
tically considerably higher mean Hb value (p = 0.03) in patients with NASH and T2DM.
In the literature, the mean value of Hb in a study that investigated the association be-
tween the glycated albumin (GA) and glycated hemoglobin (GA/HbAlc) ratio and the
grade of NAFLD in patients with NAFLD and T2DM, who were ultrasonographical evalu-
ated, was also statistically significantly lower (p < 0.001) in patients with HS and T2DM
(12.5 & 2.2 g/dL) compared to patients with NASH and T2DM (13.8 + 1.6 g/dL) [51].

The mean value of the parameters of the leukocyte series was different in the two
groups of patients, without statistically significant differences being evident. Thus, the
mean value of WBC was higher in patients with HS and T2DM compared to patients
with NASH and T2DM. In Bazick’s study, which investigated the determinants of fibrosis
in 1249 patients with NAFLD, of which 435 (34.8%) had been diagnosed with diabetes,
the mean value of leukocytes in patients with HS and T2DM (7180 + 230 mm?®) was
statistically insignificant lower compared to the group of patients with NASH and T2DM
(7230 £ 210 mm?) [38]. Regarding the NP, their mean value was higher in patients with HS
and T2DM compared to patients with NASH and T2DM. Instead, the mean value of the LP
was lower in patients with HS and T2DM compared to patients with NASH and T2DM. The
mean values of NP and LP have been studied by many authors, as well as the relationship
between the value of the NLR ratio and the severity of the degree of steatosis in patients
with NAFLD and T2DM. The mean value of the NP in Kahraman'’s study, which included
143 patients with NAFLD and T2DM, evaluated by liver ultrasonography, reported a lower
value in patients with NAFLD and mild fatty liver (59.2 &+ 8.2%) compared to patients with
NAFLD and severe fattening (68.6 = 7.9%). The mean LP varied significantly, with patients
diagnosed with NAFLD and mild fatty liver (30.8 & 8.6%) exhibiting a higher mean value
compared to patients with NAFLD and severe fatty liver (22.3 £ 6.4%) [52].

The mean value of the inflammatory indices derived from the leukocyte series in
our study was lower in patients with HS and T2DM compared to patients with NASH
and T2DM. NLR is known as an easily obtained blood biomarker that evaluates both the
inflammatory state and the severity of liver fibrosis in patients with NAFLD. This aspect
was suggested in Kahraman’s study, which concluded that NLR increased with the degree
of obesity in patients with T2DM [52]. To determine the severity of fibrosis in patients with
NAFLD and T2DM, a Chinese study investigated the association between NLR, NPAR,
and the presence of NAFLD or advanced liver fibrosis in a group of 3991 patients with
T2DM, of which 1355 (33.95%) had NAFLD and T2DM, while 162 (4.05%) patients had
T2DM and advanced liver fibrosis. In this study, it was concluded that the NLR is an
easily measurable inflammatory marker, that correlated significantly and positively with
the degree of steatosis and fibrosis [20]. Another blood biomarker used to assess the
inflammatory state in patients with NAFLD is MLR, which has not yet been studied in
patients with T2DM. It has been used as a blood biomarker in several studies in patients
with different degrees of steatosis. In this regard, a recent study that consisted of 81 patients
with NAFLD and associated comorbidities, including diabetes and obesity, reported a
higher mean value of MLR in patients with mild steatosis (0.25) compared to patients with
severe steatosis (0.19), results that differ compared to our study [53]. The platelets count
and their characteristics were also investigated as another hematological parameter in the
study. In our study, the average value of the PLT was higher in patients with HS and T2DM
compared to the group of patients with NASH and T2DM. The role of platelets in the
inflammatory process in NAFLD is well known, as they are included in numerous scores
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that evaluate the process of non-invasive fibrosis. Thus, a study that included 565 patients
with NAFLD and diabetes, and aimed to highlight the factors that are associated with
liver fibrosis in these patients, showed a statistically significant (p < 0.01) higher average
value of platelets in NAFLD without liver fibrosis patients (a mean value of 226.000/mmc,
with limits of 211.000-279.000/ mm?) compared to those with NAFLD and liver fibrosis
(a mean value of 201.000/ mmc, with limits of 173.500-238.000/mmc) [54]. Related to the
characteristics of platelets, in our study, the average value of PDW was higher in the group
of patients with HS and T2DM, compared to the group of patients with NASH and T2DM.
The same behavior was found in the case of MPV, where the average value in the group
of patients with HS and T2DM was higher compared to the group of patients with NASH
and T2DM. To demonstrate the diagnostic accuracy of platelets and platelet indices, a
study by Alempijevic et al. consisting of 98 patients with NAFLD and associated risk
factors (diabetes, MS), divided according to the presence or absence of liver fibrosis proven
using non-invasive tests, showed a statistically considerably (p < 0.01) higher average PDW
distribution in patients with fibrosis (16.91 & 0.35) compared to patients without fibrosis
(16.55 £ 0.77). In another study, a different behavior was found in the case of MPV, where
the average value in patients with liver fibrosis (9.21 £ 1.05 fL) was higher but statistically
insignificant compared to the group of patients without liver fibrosis (9.04 & 1.46 fL) [19].

In our study, we observed that patients diagnosed with both NASH and T2DM had
higher levels of all inflammatory markers compared to those with HS and T2DM. Par-
ticularly noteworthy was the mean NPAR, which exhibited significantly elevated values
(p = 0.03) in patients with NASH and T2DM, in contrast to patients with HS and T2DM.
Chi-Feng Liu et al. also conducted a study that revealed significant connections between
the NPAR, NLR, and the presence of NAFLD or advanced liver fibrosis. They found that
incremental increases in both the NLR and NPAR were linked to a higher risk of developing
NAFLD. Furthermore, among individuals with T2DM, a notable and independent correla-
tion existed between higher NPAR levels and the likelihood of having NAFLD. Based on
the findings, the NPAR demonstrates promise as a reliable predictive biomarker for NAFLD.
As far as we know, this is the only study besides ours that has looked at the association
between NPAR and NAFLD [20]. The NPAR has also been employed as a predictive tool
for systemic inflammation in various medical conditions, including unresectable pancreatic
cancer [55]. Furthermore, NPAR has been linked to all-cause mortality in critically ill
patients with acute kidney injury [56] and septic shock [57]. It is well known that chronic
inflammation plays a crucial role in the progression of NAFLD, which encompasses a
spectrum ranging from simple steatosis to NASH, advanced liver fibrosis, cirrhosis, and ul-
timately end-stage liver disease and hepatocellular carcinoma [58]. Consequently, NAFLD
represents a significant contributor to chronic and progressive liver damage, emphasizing
the importance of noninvasive diagnostic and monitoring methods for progressive liver
disease. The findings of Chi-Feng Liu et al. indicate that an elevated NPAR level is sig-
nificantly linked to an increased risk of NAFLD, surpassing the effectiveness of albumin,
neutrophil percentage, and NLR as biomarkers for predicting NAFLD [20]. Additionally,
the relationship between the NPAR and NAFLD was influenced by the presence of T2DM, a
recognized risk factor for NAFLD development and progression [59]. Furthermore, T2DM
itself is associated with systemic inflammation [60]. Hence, it is plausible that the presence
of concurrent T2DM might conceal the correlation between the NPAR and NAFLD [20].

To date, not all factors participating in the progression of NAFLD are known. Therefore,
the anticipation of clinical outcomes represents a huge challenge, considering the need for
identifying serum biomarkers that facilitate the diagnosis and prognosis of the disease.
In this sense, a recent study by Cocuranu et al., who evaluated the relationship between
NAFLD, NPAR, and NLR in a group of 115 patients diagnosed with NAFLD by means of
CT, demonstrated that patients with HS seen in CT had associated higher and statistically
significant values regarding the values of serum activities of GGT, triglycerides, albumin,
and NPAR (p = 0.001), compared to patients without steatosis. [61].
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In our study, we also observed a statistically significant rise (p = 0.003) in the average
SF level among patients diagnosed with NASH and T2DM compared with patients with HS
and T2DM. Previous studies have revealed that the level of SF, which is the main storage
form of iron in the body, is correlated with T2DM and NAFLD [62-64]. A study by Yan et al.
revealed that individuals with T2DM and NAFLD displayed notably higher levels of SF
when compared to T2DM patients without NAFLD. Moreover, as SF levels increased, the
proportions of NAFLD cases also showed a significant rise. Thus, SF was identified as
an independent risk factor for NAFLD among patients with T2DM [27]. Research has
indicated that elevated levels of SF without corresponding high transferrin saturation can
serve as an indicator of glucose or lipid metabolism dysfunction [65]. Increased iron levels
may contribute to the development of diabetes by triggering oxidative stress, inflammation,
IR, insulin insufficiency, liver impairment, and other factors [66]. Conversely, diabetes itself
can disrupt the balance of iron metabolism and lead to iron overload, thereby establishing
a detrimental cycle [67]. IR stands as a prominent characteristic of NAFLD [68]. Under
conditions of IR, the -oxidation process of free fatty acids becomes impeded, which
subsequently fosters the accumulation of fat within the liver [69] Mayneris-Perxachs et al.
also documented a positive association between SF levels and the extent of hepatic fat
accumulation [70].

Recently, studies have also demonstrated that the serum level of ferritin may be
involved in the occurrence of liver disease, playing the role of an inflammatory cytokine,
but the source of the high level remains unknown. The study by Ryan et al. considers
that the iron stored in the liver is the main source of SF that is associated with a negative
prognosis of NAFLD [71]. A Chinese study studied the correlations of SF levels in patients
with NAFLD and T2DM compared to patients without NAFLD to demonstrate whether
SF levels can be used as a biological marker for disease diagnosis. Thus, the results of the
study demonstrated that the serum level of ferritin was higher in patients with NAFLD
and T2DM compared to non-NAFLD diabetic patients and was also associated with an
advanced stage of the disease, the highest values being found in patients with F4 fibrosis.
Moreover, the authors demonstrated that the SF level was an independent risk factor for the
progression of NAFLD in patients with diabetes [27]. Another study, that investigated the
relationship between the severity of steatosis and the serum level of ferritin in overweight
diabetic patients, under treatment with Metformin and Sulfonylurea, showed that HS
was positively correlated with an increased level of ferritin, but without correlation with
transferrin. In conclusion, the study demonstrated that the evolution of steatosis correlates
directly proportionally with the serum level of ferritin, but other studies are needed to
evaluate this relationship [72].

Furthermore, we assessed the clinical utility of CRP as a diagnostic tool for NAFLD.
CRP displayed a higher mean value in our study in patients with NASH and DM2, although
statistically insignificant, compared to patients with HS and DM2. Several studies have
suggested a potential association between elevated serum CRP levels and NAFLD [73-75].
Since CRP has a short half-life of approximately 18 h, an increase in its serum levels typically
indicates its synthesis in response to a pathological process. As a result, CRP is regarded
as a valuable non-specific biochemical marker for chronic inflammation [76]. Oruc et al.
further validated that elevated circulating CRP levels can serve as an indicative marker for
the presence of NAFLD. However, it is important to note that, due to its limited specificity,
interpreting CRP values accurately requires consideration of all other clinical and laboratory
information. Consequently, it was proposed that serial CRP measurements could prove
beneficial in the clinical management and ongoing monitoring of NAFLD patients [77].
Ndumele et al. conducted a study involving 2388 individuals, both diabetic and non-
diabetic, without known coronary heart disease, which revealed a significant correlation
between HS, as detected by ultrasound, and elevated levels of high-sensitivity C-reactive
protein (hs-CRP). HS was associated with higher hs-CRP levels, irrespective of obesity
status, presence of MS, or absence of MS. Notably, obesity and MS were independently
linked to increased hs-CRP levels, as expected [78]. It is important to mention that the
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liver plays a crucial role as the main producer of CRP. Previous research suggests that
the level of HS and inflammation, as determined by histology, is linked to the systemic
levels of inflammatory biomarkers. In a study involving 85 patients, it was observed that
higher grades of HS, necroinflammation, and fibrosis in biopsy samples were associated
with progressively elevated hs-CRP levels, reaching the “high risk” range [79]. Additional
studies have discovered a direct correlation between the severity of NAFLD and the
expression of inflammatory mediators in hepatocytes [78,80].

The results of our study provide evidence supporting an independent association
between NASH and systemic inflammation in patients with T2DM. Nevertheless, further
research is required in the future to explore the link between inflammatory factors and
NAFLD in patients with diabetes. This is crucial since the existing studies on this subject
are limited in number.

5. Limitations

Our study has certain limitations that should be taken into account. The study design
was retrospective, and it was conducted at a single center. The number of patients studied
was reduced, because the time period in which they were analyzed overlapped with the
COVID-19 pandemic. Understanding these limits, we propose that, in the future, by
carrying out prospective, multicenter, longitudinal studies, with a larger population, we
will validate the results of this study and identify new non-invasive biological markers,
which can later be included in analysis panels with diagnosis and prognosis for NAFLD in
diabetic patients.

6. Conclusions

Given the current high rates of NAFLD and T2DM, along with the subclinical in-
flammatory mechanism contributing to the histological advancement of steatohepatitis
in diabetic patients, an urgent necessity arises to identify surrogate biomarkers for the
inflammatory process, the key characteristic of NASH in individuals with diabetes. The
essential objective is to avoid the risks associated with LBP and prevent the unpredictable
and unfavorable progression of NAFLD in T2DM patients. In our study, the inflammatory
biomarkers that recorded statistically significantly higher serum values in NASH patients
compared to HS patients were SF and NPAR.
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