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Abstract
Background 　 As the incidence of chronic metabolic diseases continues to rise
annually, posing a threat to public health, research on non-coding RNAs and
endocrine metabolism-related diseases has become a hotspot both domestically
and internationally. However, few reports exist on long non-coding RNA nuclear-
enriched abundant transcript 1 (lncRNA NEAT1) and microRNA (miRNA)-182-
5p in type 2 diabetes mellitus (T2DM) complicated with metabolism-associated
fatty liver disease (MAFLD).

Objective 　 To investigate the mechanism and clinical significance of lncRNA
NEAT1 and miRNA-182-5p in the occurrence and development of liver fibrosis
in patients with T2DM complicated with MAFLD.

Methods 　 A total of 236 T2DM patients who visited the Department of En-
docrinology at The First Affiliated Hospital of Baotou Medical College, Inner
Mongolia University of Science and Technology between October 2021 and June
2022 were enrolled as study subjects, while 49 healthy individuals were included
as a healthy control group. General data and laboratory test results were col-
lected. Visceral fat area (VFA) and subcutaneous fat area (SFA) were measured.
Peripheral blood was collected to determine lncRNA NEAT1 and miRNA-182-
5p. The T2DM patients were divided into a T2DM without MAFLD group
(n=82) and a T2DM with MAFLD group (n=154). Furthermore, based on the
fibrosis index (FIB-4), the T2DM with MAFLD group was subdivided into a low-
risk fibrosis subgroup (n=55), an intermediate-risk fibrosis subgroup (n=69),
and a high-risk fibrosis subgroup (n=30). Additionally, healthy individuals
undergoing physical examination were selected as the control group (n=49).
Spearman rank correlation analysis was used to explore the correlation between
lncRNA NEAT1 and miRNA-182-5p expression levels in the high-risk fibrosis
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subgroup, and multivariate ordinal Logistic regression analysis was employed to
investigate the influencing factors of liver fibrosis risk.

Results 　 The healthy control group had lower age, neck circumference (NC),
fasting plasma glucose (FPG), and glycated hemoglobin (HbA1c), and higher al-
bumin (Alb) than both the T2DM with MAFLD group and the T2DM without
MAFLD group, with statistically significant differences (P<0.05). The T2DM
with MAFLD group had higher body mass index (BMI), waist circumference
(WC), VFA, SFA, homeostasis model assessment of insulin resistance (HOMA-
IR), triglycerides (TG), serum uric acid (SUA), and lncRNA NEAT1, lower
platelet count (PLT) than both the healthy control group and the T2DM with-
out MAFLD group, and lower total cholesterol (TC) than the healthy control
group, with statistically significant differences (P<0.05). The T2DM without
MAFLD group had higher HOMA-IR and lncRNA NEAT1 than the healthy
control group, higher miRNA-182-5p than both the healthy control group and
the T2DM with MAFLD group, and lower alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) than both the healthy control group and the
T2DM with MAFLD group, with statistically significant differences (P<0.05).
The low-risk fibrosis subgroup had lower VFA, SFA, AST, and lncRNA NEAT1,
higher PLT and miRNA-182-5p than both the intermediate-risk and high-risk
fibrosis subgroups, lower BMI, WC, and NC than the high-risk fibrosis sub-
group, and higher TC than the high-risk fibrosis subgroup, with statistically
significant differences (P<0.05). The intermediate-risk fibrosis subgroup had
higher PLT and miRNA-182-5p, and lower AST and lncRNA NEAT1 than the
high-risk fibrosis subgroup, with statistically significant differences (P<0.05).
Spearman rank correlation analysis revealed that lncRNA NEAT1 was signif-
icantly negatively correlated with miRNA-182-5p in patients in the high-risk
fibrosis subgroup (rs=-0.438, P<0.05). Multivariate ordinal Logistic regression
analysis showed that lncRNA NEAT1 [OR=1.326, 95%CI (1.087, 1.616)], VFA
[OR=1.019, 95%CI (1.006, 1.033)], miRNA-182-5p [OR=0.083, 95%CI (0.027,
0.257)], PLT [OR=0.956, 95%CI (0.942, 0.970)], and AST [OR=1.048, 95%CI
(1.022, 1.075)] were influencing factors for liver fibrosis risk in T2DM patients
with MAFLD.

Conclusion 　 Peripheral blood lncRNA NEAT1 and miRNA-182-5p are closely
associated with liver fibrosis in patients with T2DM complicated with MAFLD,
providing new evidence for the early prediction, diagnosis, and treatment of this
disease.
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Abstract

Background: With the rising incidence of chronic metabolic diseases pos-
ing a threat to public health, research on non-coding RNAs in endocrine and
metabolic disorders has become a global hotspot. However, studies on long
non-coding RNA nuclear enriched abundant transcript 1 (lncRNA NEAT1) and
microRNA (miRNA)-182-5p in type 2 diabetes mellitus (T2DM) complicated
with metabolic-associated fatty liver disease (MAFLD) remain scarce.

Objective: To investigate the mechanism and clinical significance of lncRNA
NEAT1 and miRNA-182-5p in the development of liver fibrosis in T2DM pa-
tients with MAFLD.

Methods: A total of 236 T2DM patients admitted to the Endocrinology De-
partment of the First Affiliated Hospital of Baotou Medical College, Inner Mon-
golia University of Science and Technology between October 2021 and June 2022
were enrolled as study subjects, along with 49 healthy individuals as healthy con-
trols. General information and laboratory test results were collected. Visceral
fat area (VFA) and subcutaneous fat area (SFA) were measured. Peripheral
blood samples were collected to determine lncRNA NEAT1 and miRNA-182-5p
expression levels. T2DM patients were divided into a T2DM without MAFLD
group (n=82) and a T2DM with MAFLD group (n=154). The T2DM with
MAFLD group was further stratified into low-risk (n=55), medium-risk (n=69),
and high-risk (n=30) subgroups based on the fibrosis index (FIB-4). Spearman
rank correlation analysis was used to explore the relationship between lncRNA
NEAT1 and miRNA-182-5p expression in the high-risk subgroup, while multi-
variate ordinal logistic regression was employed to identify factors influencing
liver fibrosis risk.

Results: The healthy control group showed significantly lower age, neck circum-
ference (NC), fasting plasma glucose (FPG), and glycated hemoglobin (HbA1c)
compared to both T2DM groups, while albumin (Alb) levels were significantly
higher (P<0.05). The T2DM with MAFLD group exhibited significantly higher
BMI, waist circumference (WC), VFA, SFA, homeostatic model assessment for
insulin resistance (HOMA-IR), triglycerides (TG), serum uric acid (SUA), and
lncRNA NEAT1, but lower platelet count (PLT) and total cholesterol (TC) com-
pared to the healthy control and T2DM without MAFLD groups (P<0.05). The
T2DM without MAFLD group showed higher HOMA-IR and lncRNA NEAT1
than healthy controls, while miRNA-182-5p was higher than in both other
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groups, and alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) were lower (P<0.05). Across fibrosis risk subgroups, VFA, SFA, AST, and
lncRNA NEAT1 progressively increased from low to high risk, while PLT and
miRNA-182-5p decreased significantly (P<0.05). Spearman analysis revealed
a significant negative correlation between lncRNA NEAT1 and miRNA-182-5p
in the high-risk subgroup (rs=-0.438, P<0.05). Multivariate ordinal logistic
regression identified lncRNA NEAT1 [OR=1.326, 95%CI (1.087, 1.616)], VFA
[OR=1.019, 95%CI (1.006, 1.033)], miRNA-182-5p [OR=0.083, 95%CI (0.027,
0.257)], PLT [OR=0.956, 95%CI (0.942, 0.970)], and AST [OR=1.048, 95%CI
(1.022, 1.075)] as independent factors influencing liver fibrosis risk in T2DM
patients with MAFLD.

Conclusion: Peripheral blood lncRNA NEAT1 and miRNA-182-5p are closely
associated with liver fibrosis development in T2DM patients with MAFLD, pro-
viding novel biomarkers for early prediction, diagnosis, and treatment of this
condition.

Keywords: Type 2 diabetes mellitus; Metabolic-associated fatty liver disease;
NEAT1; miRNA-182-5p; Hepatic fibrosis; Risk factor analysis

Introduction
Type 2 diabetes mellitus (T2DM) is a common chronic metabolic disease with
complex pathogenesis primarily involving insulin resistance (IR) and pancreatic
𝛽-cell dysfunction [1], both of which influence disease progression throughout
its course. Epidemiological surveys project that the global prevalence of dia-
betes will reach 784 million (12.2%) by 2045 [2]. T2DM is frequently compli-
cated by metabolic-associated fatty liver disease (MAFLD), which was renamed
from non-alcoholic fatty liver disease (NAFLD) following a 2020 international
expert consensus statement that MAFLD better describes liver diseases asso-
ciated with endocrine and metabolic dysfunction [3]. Approximately 55.5% of
T2DM patients have coexisting MAFLD, with 17.0% developing fibrosis [4].
This combination increases the risk of cirrhosis, hepatocellular carcinoma, dia-
betic nephropathy, and cardiovascular complications, posing a serious threat to
human health.

The pathogenesis of T2DM with MAFLD is intricate. Non-coding RNAs have
emerged as a research hotspot in this field. Long non-coding RNA nuclear
enriched abundant transcript 1 (lncRNA NEAT1) is closely associated with em-
bryonic development, cell proliferation and differentiation, steatosis, oxidative
stress, and endoplasmic reticulum stress [5]. Studies have shown that lncRNA
NEAT1 participates in regulating insulin synthesis, secretion, and sensitivity
[6]. MicroRNAs (miRNAs) represent another class of non-coding RNAs, among
which miRNA-182-5p has been demonstrated to play a role in T2DM and
its complications by regulating various signaling pathways that modulate IR
[7]. However, research on lncRNA NEAT1 and miRNA-182-5p in T2DM with
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MAFLD remains limited. This study investigated the expression of these non-
coding RNAs in peripheral blood of different patient groups and analyzed their
correlation with liver fibrosis to provide new insights for early clinical diagnosis
and disease prevention.

Methods
Study Subjects

We enrolled 236 T2DM patients who visited the Endocrinology Department of
the First Affiliated Hospital of Baotou Medical College, Inner Mongolia Univer-
sity of Science and Technology between October 2021 and June 2022 and were
admitted to the National Metabolic Management Center (MMC). Additionally,
49 healthy individuals undergoing physical examination at the same hospital
were included as healthy controls. The study was approved by the Medical
Ethics Committee of the First Affiliated Hospital of Baotou Medical College
(approval number: 2023011), and all participants provided informed consent.

Inclusion criteria were: (1) T2DM diagnosis according to the “Chinese Guide-
lines for the Prevention and Treatment of Type 2 Diabetes Mellitus (2020 Edi-
tion)” [8,9]; (2) MAFLD diagnosis based on the “International Expert Consen-
sus Statement on the New Definition of Metabolic Dysfunction-Associated Fatty
Liver Disease” [3]; and (3) age between 18-80 years. Exclusion criteria included:
(1) other types of diabetes or acute diabetic complications; (2) infectious, im-
mune, or malignant diseases; (3) severe hepatic or renal insufficiency; and (4)
recent use of medications affecting liver function.

General data collected included age, sex, T2DM duration, smoking history (de-
fined as $�$1 cigarette/day for >1 year [10]), and alcohol consumption (defined
as $�$100 mL/day of spirits [alcohol content >50%] for >1 year [10]). Anthro-
pometric measurements included height, weight, neck circumference (NC), and
waist circumference (WC), from which BMI was calculated.

Laboratory Measurements

All participants underwent measurement of platelet count (PLT), fasting plasma
glucose (FPG), glycated hemoglobin (HbA1c), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin (Alb), triglycerides (TG), total
cholesterol (TC), serum uric acid (SUA), and fasting C-peptide. The modified
homeostatic model assessment for insulin resistance (HOMA-IR) was calculated
as: HOMA-IR = 1.5 + FPG (mmol/L) × fasting C-peptide (pmol/L) / 2800.

Measurement of Visceral and Subcutaneous Fat Areas

VFA and SFA were measured using bioelectrical impedance analysis (Omron
DUALSCAN HDS-2000) and expressed in cm2.
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Detection of lncRNA NEAT1 and miRNA-182-5p

Peripheral blood (2 mL) was collected from each subject. Mononuclear cells
were isolated using human lymphocyte separation medium, and total RNA
was extracted using the Trizol method. Relative expression levels of lncRNA
NEAT1 and miRNA-182-5p were detected by quantitative real-time PCR
(qRT-PCR). For lncRNA NEAT1, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) served as the internal reference, with detection performed according
to kit instructions (Tiangen Biotech, catalog: FP402-02). For miRNA-182-5p,
U6 served as the internal reference, following kit instructions (Vazyme, catalog:
MQ101-02). Primers were synthesized by Sangon Biotech (Shanghai) Co., Ltd.,
with sequences shown in Table 1 .

Grouping

T2DM patients were divided into T2DM without MAFLD (n=82) and T2DM
with MAFLD (n=154) groups based on the international expert consensus state-
ment [3]. The T2DM with MAFLD group was further stratified using the fibrosis
index (FIB-4): FIB-4 = (age × AST) / (PLT × ALT1/2) [11]. Low-risk sub-
group: FIB-4 < 1.30 or age ≥ 65 years with FIB-4 < 2.0 (n=55); medium-risk
subgroup: 1.30 ≤ FIB-4 ≤ 2.67 or age ≥ 65 years with 2.00 ≤ FIB-4 ≤ 2.67
(n=69); high-risk subgroup: FIB-4 > 2.67 (n=30). Healthy controls (n=49)
were included for comparison.

Statistical Analysis

Data were analyzed using SPSS 26.0 software. The Kolmogorov-Smirnov test
assessed normality. Normally distributed continuous variables were expressed
as mean ± standard deviation, with one-way ANOVA for multi-group com-
parisons and LSD-t test for pairwise comparisons. Non-normally distributed
variables were presented as median (P25, P75), with Kruskal-Wallis H test for
multi-group comparisons and Mann-Whitney U test for pairwise comparisons.
Categorical data were expressed as percentages and compared using �2 test.
Spearman rank correlation analysis examined the relationship between lncRNA
NEAT1 and miRNA-182-5p in the high-risk subgroup. Multivariate ordinal
logistic regression analysis identified factors influencing liver fibrosis risk. Sta-
tistical significance was defined as P < 0.05.

Results
Comparison Among T2DM Without MAFLD, T2DM With MAFLD,
and Healthy Control Groups

Significant differences were observed among the three groups in age, BMI, NC,
WC, VFA, SFA, FPG, HbA1c, HOMA-IR, PLT, ALT, AST, Alb, TG, TC, SUA,
lncRNA NEAT1, and miRNA-182-5p (P<0.05). The healthy control group had
significantly lower age, NC, FPG, and HbA1c, and higher Alb compared to
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both T2DM groups (P<0.05). The T2DM with MAFLD group showed sig-
nificantly higher BMI, WC, VFA, SFA, HOMA-IR, TG, SUA, and lncRNA
NEAT1, but lower PLT and TC compared to healthy controls and T2DM with-
out MAFLD (P<0.05). The T2DM without MAFLD group had higher HOMA-
IR and lncRNA NEAT1 than healthy controls, higher miRNA-182-5p than both
other groups, and lower ALT and AST than both other groups (P<0.05). No
significant differences were found in sex distribution, T2DM duration, smoking
history, or alcohol consumption among the three groups. Detailed data are
presented in Table 2 .

Comparison Among Liver Fibrosis Risk Subgroups

Significant differences were observed among low-, medium-, and high-risk sub-
groups in sex distribution, BMI, NC, WC, VFA, SFA, PLT, AST, TC, lncRNA
NEAT1, and miRNA-182-5p (P<0.05). The low-risk subgroup had significantly
lower VFA, SFA, AST, and lncRNA NEAT1, but higher PLT and miRNA-
182-5p compared to medium- and high-risk subgroups. BMI, WC, and NC
were lower in the low-risk subgroup compared to the high-risk subgroup, while
TC was higher (P<0.05). The medium-risk subgroup showed higher PLT and
miRNA-182-5p but lower AST and lncRNA NEAT1 compared to the high-risk
subgroup (P<0.05). No significant differences were found in age, T2DM du-
ration, smoking history, alcohol consumption, FPG, HbA1c, HOMA-IR, ALT,
Alb, TG, or SUA among the three subgroups. Detailed data are presented in
Table 3 .

Correlation Between lncRNA NEAT1 and miRNA-182-5p in High-
Risk Subgroup

Spearman rank correlation analysis revealed a significant negative correlation
between lncRNA NEAT1 and miRNA-182-5p in the high-risk subgroup (rs =
-0.438, P < 0.05).

Multivariate Analysis of Liver Fibrosis Risk Factors

Multivariate ordinal logistic regression analysis was performed with liver fibro-
sis risk level as the dependent variable (1=low-risk, 2=medium-risk, 3=high-
risk) and sex, lncRNA NEAT1, miR-182-5p, BMI, NC, WC, VFA, SFA, AST,
PLT, and TC as independent variables. The results identified lncRNA NEAT1
[OR=1.326, 95%CI (1.087, 1.616)], VFA [OR=1.019, 95%CI (1.006, 1.033)],
miRNA-182-5p [OR=0.083, 95%CI (0.027, 0.257)], PLT [OR=0.956, 95%CI
(0.942, 0.970)], and AST [OR=1.048, 95%CI (1.022, 1.075)] as independent in-
fluencing factors for liver fibrosis risk in T2DM patients with MAFLD (P<0.05).
Detailed results are presented in Table 4 .
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Discussion
Changes in dietary patterns have led to increasing incidence of obesity, diabetes,
and fatty liver disease, becoming major global health concerns. MAFLD has
replaced chronic hepatitis as the most common chronic liver disease worldwide
[12]. The widely accepted pathogenic mechanism is the “multiple-hit” hypoth-
esis, wherein unhealthy diet, lifestyle, environmental and genetic factors lead
to IR, obesity, metabolic disorders, oxidative stress, and mitochondrial dysfunc-
tion, collectively causing hepatocyte injury and fibrosis that may progress to
cirrhosis. Therefore, early monitoring and identification of fibrosis risk are cru-
cial for patient prognosis. Although liver biopsy remains the gold standard for
diagnosing fibrosis, its invasive nature and common complications have led to
widespread adoption of the FIB-4 index for assessing fibrosis severity [11].

Our study found that T2DM patients with MAFLD had significantly elevated
BMI, WC, VFA, SFA, and TG, indicating more severe fat accumulation and
metabolic abnormalities. This suggests that increased body weight and abdom-
inal obesity may augment MAFLD risk in T2DM patients. Compared with
low-risk patients, those in the high-risk fibrosis subgroup showed significantly
increased AST, VFA, SFA, BMI, NC, and WC. Multivariate analysis confirmed
VFA as an independent risk factor for fibrosis, with higher VFA levels associated
with greater fibrosis risk. Yu et al. [12] demonstrated that increased VFA inde-
pendently correlates with non-alcoholic steatohepatitis and fibrosis, suggesting
VFA may be a central target for lifestyle interventions in MAFLD patients. The
pathological mechanisms of visceral adipose tissue (VAT) may involve: (1) en-
hanced lipase activity due to its unique anatomical location, leading to elevated
free fatty acids (FFA) that directly enter the liver via the portal system and
accumulate in hepatic adipocytes, exacerbating IR and glucolipid metabolism
disorders; and (2) VAT accumulation causing hepatic steatosis through lipid re-
modeling, mitochondrial dysfunction, reactive oxygen species production, lipid
peroxidation, and endoplasmic reticulum stress, ultimately promoting inflam-
mation and progression from non-alcoholic steatohepatitis to fibrosis [13,14].

Another study found that neck circumference correlates with dysglycemia and
metabolic syndrome markers and can predict MAFLD risk [15]. However, our
results did not support an association between NC and fibrosis, consistent with
some previous research. Our multivariate analysis also indicated that NC was
not an independent risk factor for fibrosis.

Platelet count emerged as an independent protective factor, with lower PLT
associated with higher fibrosis risk. Han et al. [16] found that the PLT/white
blood cell ratio significantly decreased in fibrosis patients and served as an
independent predictor. Our findings align with this observation. Liu et al. [17]
proposed that the liver produces thrombopoietin (TPO), and mitochondrial
dysfunction in MAFLD may impair TPO synthesis, leading to reduced PLT.
Additionally, while IR alone may not decrease PLT, its presence in MAFLD can
trigger PLT reduction, with the degree of reduction correlating with hepatic fat
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infiltration [18], consistent with our results.

Recent studies indicate that lncRNA NEAT1 plays an important regulatory
role in lipid metabolism [19]. LncRNA NEAT1 is highly expressed in liver
tissue of MAFLD rats, and its downregulation can alleviate MAFLD by modu-
lating lipid synthesis via the mTOR/S6K1 signaling pathway [20]. Research also
shows that miRNA-140 interacts with lncRNA NEAT1 to enhance its expression
and stability, while lncRNA NEAT1 can increase steatosis and worsen MAFLD
progression by targeting miRNA-146a-5p to regulate the AMPK/SREBP path-
way [21,22]. Our study found significantly elevated peripheral blood lncRNA
NEAT1 in T2DM patients with MAFLD, with expression increasing progres-
sively from low- to high-risk fibrosis subgroups. Multivariate analysis identified
lncRNA NEAT1 as an independent risk factor for fibrosis. In vitro studies have
confirmed that lncRNA NEAT1 can regulate hepatic fibrosis, inflammation,
and lipid metabolism by competitively binding miRNA-506 to glioma-associated
oncogene homolog 3 (GLI3) [23]. Therefore, we propose that peripheral blood
lncRNA NEAT1 expression correlates with fibrosis progression.

MiRNAs are increasingly recognized as important regulators of glucose and
lipid metabolism. MiRNA-182-5p has been shown to influence IR and lipid
metabolism [24]. Our study found significantly higher miRNA-182-5p in T2DM
patients without MAFLD compared to those with MAFLD, consistent with
Weale et al. [25] who reported elevated miRNA-182-5p in T2DM and predi-
abetic subjects. However, Karolina et al. [26] found downregulated miRNA-
182-5p in T2DM and suggested it promotes glucose production by targeting
forkhead box protein O1 (FOXO1), playing a key role in hepatic IR signal-
ing. Our analysis across fibrosis risk subgroups revealed significantly decreased
miRNA-182-5p in the high-risk group. Other researchers have reported reduced
miRNA-182-5p in visceral adipose tissue of obese rats and humans, identify-
ing it as a novel negative regulator of adipogenesis [27]. In contrast, studies
on schistosomiasis-induced hepatic fibrosis found upregulated miRNA-182 and
downregulated FOXO1, which promoted fibroblast proliferation and inhibited
apoptosis [28,29]. The relationship between miRNA-182-5p and fibrosis risk in
T2DM with MAFLD requires further investigation.

A study on lipopolysaccharide (LPS)-induced acute lung injury found that
lncRNA NEAT1 regulates WNT1 inducible signaling pathway protein 1
(WISP1) expression by binding miRNA-182-5p, and that NEAT1 overex-
pression suppresses alveolar macrophage viability, promoting apoptosis and
inflammation via the miRNA-182-5p/WISP1 axis [30]. The role of the lncRNA
NEAT1/miRNA-182-5p axis in hepatic fibrosis remains unclear. Our Spearman
correlation analysis revealed a negative correlation between these molecules in
high-risk fibrosis patients. While animal and cellular experiments are needed for
definitive mechanistic insights, our preliminary findings suggest that lncRNA
NEAT1 and miRNA-182-5p may play important roles in the pathogenesis of
liver fibrosis in T2DM with MAFLD.

This study has several limitations. Many hypoglycemic agents affect MAFLD
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and fibrosis through complex mechanisms that are difficult to analyze compre-
hensively; therefore, we did not evaluate medication effects. Additionally, we
used the FIB-4 index rather than histopathological validation to assess fibrosis,
which may introduce some error [11].

In conclusion, lncRNA NEAT1 and miRNA-182-5p appear to play important
roles in T2DM patients with MAFLD and fibrosis. Elevated lncRNA NEAT1,
high VFA, low miRNA-182-5p, and low PLT may represent independent risk
factors for liver fibrosis. These findings provide new insights into the mechanisms
linking peripheral blood lncRNA NEAT1 and miRNA-182-5p to fibrosis and
offer novel directions for preventing fibrosis progression in T2DM patients with
MAFLD.
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