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Abstract 
Long non-coding RNA H19 (lncRNA H19) plays an important role in lipid metabolism, however, its relationship with metabolic 
dysfunction-associated fatty liver disease (MAFLD) remains unclear. The aim of this study is to investigate the expression and 
clinical significance of serum lncRNA H19 in patients with MAFLD. This study enrolled patients with MAFLD and a control group of 
healthy subjects from January 2023 to March 2024. The serum levels of lncRNA H19 were quantified using real-time quantitative 
polymerase chain reaction. The serum levels of lncRNA H19 in patients with MAFLD were significantly higher compared to 
the control group (P < .05). Moreover, there was a positive correlation between serum lncRNA H19 and body mass index, 
triglyceride, total cholesterol (TC), low-density lipoprotein cholesterol, fasting blood glucose and uric acid (all P < .05). Conversely, 
a negative correlation was observed between serum lncRNA H19 and high-density lipoprotein cholesterol (HDL-C; P = .009). 
Additionally, significant positive associations were found between serum lncRNA H19 and alanine aminotransferase, aspartate 
aminotransferase, gamma-glutamyl transpeptidase and liver stiffness measurement(all P < .05). The optimal cutoff value of serum 
lncRNA H19 for diagnosing MAFLD was 1.15, with an area under the curve of the receiver operating characteristic curve of 0.83, 
and the sensitivity and specificity were observed to be 87.7% and 72.5%, respectively. The lncRNA H19 exhibits associations with 
metabolic risk factors, liver function, and liver fibrosis, and can serve as a potential diagnostic biomarker for MAFLD.

Abbreviations: ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, AUC = area under the 
curve, BMI = body mass index, FPG = fasting plasma glucose, GGT = gamma-glutamyl transferase, LDL-C = low-density 
lipoprotein cholesterol, lncRNA = long non-coding RNA, LSM = liver stiffness measurement, MAFLD = metabolic dysfunction-
associated fatty liver disease, MD = metabolic dysfunction, NAFLD = nonalcoholic fatty liver disease, T2DM = type 2 diabetes 
mellitus, TBIL = total bilirubin, TG = triglyceride, UA = uric acid.
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1. Introduction
The term metabolic dysfunction-associated fatty liver disease 
(MAFLD) was proposed in 2020, replacing the previous desig-
nation of nonalcoholic fatty liver disease (NAFLD). It is recog-
nized as a chronic progressive hepatic disorder stemming from 
metabolic disorders.[1] Due to the escalating prevalence of over-
weight/obesity and type 2 diabetes mellitus (T2DM), MAFLD 
has emerged as the predominant chronic liver disease world-
wide, exhibiting an incidence rate of up to 25%.[2] Moreover, 
it can progress to cirrhosis and hepatocellular carcinoma, 
posing a significant threat to human health. The introduc-
tion of the MAFLD designation has enhanced comprehension 

and facilitated patient classification and management; how-
ever, there remains a dearth of specific serological diagnostic 
markers.

With the rapid advancement of deep sequencing technology, 
the biological functions of long non-coding RNA (lncRNA) as 
crucial regulators of gene expression and cell signaling path-
ways have gained increasing recognition. LncRNA H19 stands 
out as the pioneering example of an imprinted gene, being 
the first to be identified and characterized during the pre- 
genomic era. LncRNA H19 plays a pivotal role in the regula-
tion of numerous biological functions and is implicated in the 
pathogenesis and progression of diverse liver diseases through 
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distinct mechanisms.[3] The expression of lncRNA H19 was 
upregulated by fatty acids in hepatocytes and diet-induced 
fatty liver, leading to the promotion of steatosis and enhance-
ment of lipid accumulation.[4] Moreover, hepatic overexpres-
sion of lncRNA H19 facilitated the progression of obstructive 
cholestatic liver fibrosis.[5] Currently, the expression and clinical 
significance of lncRNA H19 in patients with MAFLD remain 
unclear. Therefore, this study aimed to investigate the correla-
tion between serum lncRNA H19 levels in MAFLD patients and 
metabolic risk factors as well as liver function indicators, while 
also evaluating its diagnostic value for MAFLD.

2. Methods

2.1. Study population

A total of 81 patients diagnosed with MAFLD and treated at 
Mengchao Hepatobiliary Hospital of Fujian Medical University 
from January 2023 to March 2024 were enrolled. Additionally, 
40 subjects who were clinically evaluated and determined not to 
have MAFLD at the physical examination center from the same 
hospital during the corresponding period were selected as the 
control group.

The diagnostic criteria for MAFLD met the 2020 clinical 
practice guidelines of the Asian Pacific Association for the Study 
of the Liver.[6] These criteria require evidence of hepatic steato-
sis along with at least one of the following: body mass index 
(BMI) ≥ 23 kg/m2, T2DM, or metabolic dysfunction (MD) char-
acterized by increased waist circumference, hypertension, hyper-
lipidemia, hyperglycemia, and insulin resistance.[6] The diagnostic 
criteria for T2DM were based on the Chinese expert consensus 
on the management of hypertension in adults with T2DM.[7] 
Hypertension was defined as systolic blood pressure ≥ 140 mm 
Hg and/or diastolic blood pressure ≥ 90 mm Hg.[8] Patients with 
chronic hepatitis B or hepatitis C virus infection, drug-induced 
liver injury, having autoimmune disorders, parasitic infestations, 
malignant neoplasms, and severe cardiovascular, neurological, 
or renal diseases were excluded. All participants provided writ-
ten informed consent and obtained approval from the Medical 
Ethics Committee of Mengchao Hepatobiliary Hospital of 
Fujian Medical University (No. 2023-095-01).

2.2. Sample and data collection

A fasting venous blood sample of 5 mL was collected from all 
subjects and placed in an EDTA anticoagulant tube. The sam-
ple was then centrifuged at 3000 rpm for 10 minutes, and the 
resulting serum was stored at −80°C until RNA extraction. 
Age, sex, BMI, T2DM, hypertension, albumin (ALB), total bil-
irubin (TBIL), alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), gamma-glutamyl transferase (GGT), total 
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), 
fasting plasma glucose (FPG), uric acid (UA), hemoglobin A1C, 
hypersensitive C-reactive protein levels and liver stiffness mea-
surement (LSM) were obtained from the electronic medical 
records system used in the hospital. LSM was assessed using 
FibroScan technology.

2.3. Detection of serum lncRNA H19

The expression level of serum lncRNA H19 was quantified 
using real-time quantitative polymerase chain reaction. Total 
RNA was extracted from 200 μL serum samples using RNA 
isolation kit (Takara, China), and cDNA synthesis was per-
formed using a high-capacity cDNA reverse transcription kit 
(Takara, China) according to the manufacturer’s instructions. 
Subsequently, qPCR analysis was conducted on the synthesized 
cDNA utilizing real-time quantitative polymerase chain reaction 

instrument. The qPCR reaction conditions consisted of an initial 
activation step at 95°C for 10 minutes, followed by 40 cycles 
comprising denaturation at 95°C for 15 seconds, annealing at 
55°C for 30 seconds, and extension at 72°C for 30 seconds. 
Primers targeting the sequences of lncRNA H19 and GAPDH 
genes were procured from Shanghai BioEngineering Company. 
The relative expression levels of serum lncRNA H19 in MAFLD 
patients and healthy controls were determined through the cal-
culation of fold change values using the 2−ΔΔCT method.

2.4. Statistical analysis

Statistical analysis was performed using SPSS 23 (SPSS Inc., 
Chicago). For continuous variables, mean ± standard deviation 
( x̄± s</mathgraphic>) was used based on the data distribution. 
Inter-group comparisons were conducted using independent 
sample t test, while multi-group comparisons were analyzed 
through 1-way analysis of variance. The statistical data were 
presented as percentages (%) and group comparisons were 
assessed using χ2 test. Pearson correlation was employed to ana-
lyze the relationship between serum lncRNA H19 and clinical 
indicators, and receiver operating characteristic curve analysis 
was conducted to evaluate the potential diagnostic value of 
serum lncRNA H19 for MAFLD. Statistical significance was 
defined as P < .05.

3. Results

3.1. Clinical characteristics of this study cohort

The proportions of BMI ≥ 23 (kg/m2) and MD in the MAFLD 
group were significantly higher compared to the control group 
(all P < .05). Additionally, BMI, ALT, AST, GGT, TG, TC, LDL-
C, UA and LSM levels were significantly elevated in the MAFLD 
group compared to the control group (all P < .05), while 
HDL-C levels were lower than those observed in the control 
group. Although there was a higher proportion of patients with 
T2DM in the MAFLD group compared to the control group, 
this difference did not reach statistical significance (P = .183). 
The 2 groups did not exhibit any significant differences in terms 
of age, sex, ALB, TBIL, and other variables (all P > .05; Table 1).

3.2. Serum lncRNA H19 expression levels

The serum level of lncRNA H19 in patients with MAFLD was 
significantly higher compared to the control group (1.60 ± 0.52 
vs 1.09 ± 0.28, P < .0001; Fig. 1A). To further determine the 
levels of serum lncRNA H19 in each subtype of MAFLD, the 
patients with MAFLD were categorized into 2 groups based 
on BMI: lean-MAFLD group (BMI < 23 kg/m2) consisting of 8 
cases (9.9%), and non-lean-MAFLD group (BMI ≥ 23 kg/m2) 
comprising 73 cases (90.1%). The level of serum lncRNA H19 
in the non-lean-MAFLD group was significantly higher com-
pared to that in the control group (P < .05; Fig. 1B). According 
to the presence or absence of T2DM, patients with MAFLD were 
categorized into 2 groups: T2DM-MAFLD group (15 cases, 
18.5%) and non-T2DM-MAFLD group (66 cases, 81.5%). 
Serum lncRNA H19 exhibited a gradual increase in all 3 groups 
(all P < .05; Fig. 1C). Based on the presence or absence of MD, 
MAFLD patients were categorized into MD-MAFLD group (24 
cases, 29.6%) and non-MD-MAFLD group (57 cases, 70.4%). 
Furthermore, serum levels of lncRNA H19 also demonstrated 
a progressive elevation across the 3 MD groups (all P < .05; 
Fig. 1D).

3.3. Correlation of lncRNA H19 with metabolic risk factors

The Pearson correlation analysis revealed a positive association 
between serum lncRNA H19 levels and metabolic risk factors 
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(BMI, TG, TC, LDL-C, FPG, and UA) in MAFLD patients (all 
P < .05), while a negative correlation was observed with HDL-C 
levels (P = .009; Table 2).

3.4. Correlation of lncRNA H19 with clinical indicators

The Pearson correlation analysis revealed significant positive 
associations between serum lncRNA H19 levels and liver func-
tion indicators (ALT, AST, and GGT) as well as the fibrosis indi-
cator (LSM) in the study population (all P < .05; Table 3).

3.5. Diagnostic value of lncRNA H19 in MAFLD

The receiver operating characteristic curve analysis revealed that 
the optimal cutoff value of serum lncRNA H19 for diagnosing 
MAFLD was determined to be 1.15, with an area under the 
curve (AUC) of 0.83. The sensitivity and specificity were found 
to be 87.7% and 72.5%, respectively (Table 4 and Fig. 2A). 
Further subgroup analysis among individuals with BMI ≥ 23 kg/
m2 demonstrated that the optimal cutoff value of serum lncRNA 
H19 for diagnosing MAFLD remained at 1.25, while the AUC 
improved to 0.87, with a sensitivity of 87.0% and specificity of 
76.9% (Table 4 and Fig. 2B).

4. Discussion
The pathogenesis of MAFLD remains elusive, and there is a 
dearth of serum-specific diagnostic markers. In this study, we 
conducted the first investigation into the expression of lncRNA 
H19 in MAFLD patients to explore its clinical significance. 
Our findings revealed a significant association between elevated 
serum levels of lncRNA H19 in MAFLD patients and metabolic 
risk factors as well as liver-related indicators, suggesting its 
potential utility as a diagnostic marker for MAFLD.

The pathogenesis of MAFLD is intricate, with emerging evi-
dence highlighting the pivotal role of metabolic disorders in 
its etiology.[9] The lncRNA H19 has garnered increasing atten-
tion owing to its wide-ranging physiological and pathological 

functionalities. While the basal expression level of lncRNA H19 
in the liver remains low under normal physiological conditions, 
it exhibits a propensity for up-regulation during pathological 
states.[10] Previous animal studies[11,12] have demonstrated that 
lncRNA H19 expression is upregulated during the develop-
ment of oleic acid-induced steatosis and high-fat diet-induced 
NAFLD mouse models, leading to lipid accumulation in hepato-
cytes. Conversely, the downregulation of lncRNA H19 expres-
sion results in reduced hepatic lipid accumulation. Furthermore, 
additional investigations have demonstrated that lncRNA H19 
exerts a hepatoprotective effect by directly modulating the 
miR-130a/PPARγ axis, thereby attenuating hepatic lipid accu-
mulation and potentially contributing to the pathogenesis of 
NAFLD.[13] The expression of lncRNA H19 in the liver of db/
db mice was downregulated, leading to an increased binding 
of p53 on the FoxO1 promoter and subsequently promoting 
FoxO1 transcription. FoxO1 was an important transcriptional 
regulator of gluconeogenesis. The knockout of lncRNA H19 in 
the liver of normal mice resulted in elevated blood glucose lev-
els, impaired glucose tolerance, and upregulated expression of 
gluconeogenic genes.[14] Relevant investigation has also demon-
strated the involvement of lncRNA H19 in the regulation of 
gluconeogenesis.[15] These findings suggest that lncRNA H19 
plays a crucial role in lipid and glucose metabolism. From a 
clinical perspective, this study revealed that serum levels of 
lncRNA H19 were elevated in patients with MAFLD compared 
to the control group. Furthermore, these levels exhibited signif-
icant correlations with various metabolic risk factors, including 
BMI, TG, TC, HDL-C, LDL-C, FPG, and UA. It is suggested 
that lncRNA H19 is closely associated with the development 
of MAFLD.

Despite the recognized significance of lncRNA H19 in diet- 
induced hepatic steatosis and glucose metabolism, it remains 
unclear whether and how lncRNA H19 is involved in MAFLD 
disease progression. In this study, a significant correlation was 
observed between lncRNA H19 and liver function markers, 
including ALT, AST, and GGT. Additionally, an association 
between lncRNA H19 and LSM, an indicator of liver fibro-
sis, was identified. The pathogenesis of liver fibrosis is closely 
associated with liver inflammation. Prolonged and dysregu-
lated chronic inflammation facilitates this process by inducing 
the production of anti-inflammatory and pro-fibrotic cytokines 
and chemokines. Irrespective of etiology, hepatic overexpression 
of lncRNA H19 significantly facilitates liver fibrosis, whereas 
ablation of lncRNA H19 confers protection against this patho-
logical process.[16,17] Hepatic fibrosis is a reparative process char-
acterized by excessive deposition of extracellular matrix (ECM) 
due to the activation of hepatic stellate cells (HSCs). A recent 
study has demonstrated that elevated expression of lncRNA 
H19 in various chronic liver diseases contributes to liver fibro-
sis by directly interacting with enhancer of zeste homolog 2, 
thereby facilitating the activation of HSCs.[18] The findings of 
this study suggest that lncRNA H19 is not only implicated in 
the pathogenesis of MAFLD but also plays a significant role in 
its progression.

MAFLD can result in liver fibrosis, cirrhosis, and hepatocellu-
lar carcinoma, as well as increase the risk of extrahepatic diseases 
such as cardiovascular disease. With the rising global incidence 
of MAFLD, it poses an escalating health burden. However, 
MAFLD lacks specific clinical symptoms and currently lacks 
a standardized universal screening method. Although various 
noninvasive tests are employed to assess MAFLD, each has its 
limitations.[19] Consequently, an increasing amount of research 
is being conducted to investigate user-friendly, pragmatic, and 
dependable approaches for predicting MAFLD, a pressing con-
cern that necessitates attention in clinical practice. Previous 
studies have demonstrated the involvement of serological 
markers, including adipocyte-secreted lipoprotein lipase, leptin, 
and macrophage scavenger receptor 1, in the pathogenesis of 
MAFLD through their regulation of hepatic lipid accumulation, 

Table 1

Clinical characteristics of this study cohort.

Variables MAFLD (n = 81) Control group (n = 40) P value

Age (yr) 42.79 ± 12.96 41.68 ± 12.68 .448
Male 53 (65.4%) 21 (52.5%) .170
Hypertension 17 (21.0%) 4 (10.0%) .201
T2DM 15 (18.5%) 3 (7.5%) .183
MD 24 (29.6%) 4 (10%) .029
BMI ≥ 23 (kg/m2) 69 (85.2%) 26 (65.0%) .011
BMI (kg/m2) 24.93 ± 2.16 22.54 ± 4.17 .001
ALB (g/L) 47.80 ± 3.23 47.18 ± 2.56 .312
TBIL (µmol/L) 13.52 ± 3.65 13.17 ± 4.11 .678
ALT (IU/L) 41.04 ± 15.52 24.48 ± 5.82 <.001
AST (IU/L) 32.11 ± 12.98 20.30 ± 6.46 <.001
GGT (IU/L) 37.62 ± 29.95 20.63 ± 9.90 <.001
TG (mmol/L) 1.60 ± 0.44 1.42 ± 0.25 .006
TC (mmol/L) 5.25 ± 0.79 4.61 ± 0.80 <.001
HDL-C (mmol/L) 1.26 ± 0.32 1.52 ± 0.30 <.001
LDL-C (mmol/L) 3.33 ± 0.77 2.89 ± 0.83 .005
UA (µmol/L) 377.56 ± 90.73 310.95 ± 80.57 <.001
FPG (mmol/L) 5.24 ± 0.80 5.06 ± 0.58 .180
Prothrombin time (s) 11.91 ± 0.99 11.80 ± 0.93 .476
Platelets (109/L) 229.68 ± 39.00 225.93 ± 38.65 .853
LSM (KPa) 6.20 ± 1.75 5.39 ± 1.15 .002

ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body 
mass index, FPG = fasting blood glucose, GGT = gamma-glutamyl transferase, HDL-C = high 
density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, MAFLD = metabolic 
dysfunction-associated fatty liver disease, MD = metabolic dysfunction, T2DM = type 2 diabetes 
mellitus, TBIL = total bilirubin, TC = total cholesterol, TG = triglyceride, UA = uric acid.
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Figure 1.  Serum lncRNA H19 expression levels. LncRNA = long non-coding RNA, MAFLD = metabolic dysfunction-associated fatty liver disease, MD = meta-
bolic dysfunction, T2DM = type 2 diabetes mellitus.

Table 2

Correlation of lncRNA H19 with metabolic risk factors.

Variables 1 2 3 4 5 6 7

1 lncRNA H19 Correlation
P

2 BMI Correlation 0.252**
P .005

3 TG Correlation 0.297** 0.101
P .001 .269

4 TC Correlation 0.344** 0.356** 0.084
P 0 0 .359

5 HLD-C Correlation −0.382** −0.212* 0.103 −0.273**
P 0 .019 .259 .002

6 LDL-C Correlation 0.323** 0.165 0.155 0.386** −0.087
P 0 .070 .090 .000 .345

7 UA Correlation 0.364** 0.193* 0.149 0.299** −0.242** 0.227*
P 0 .034 .102 .001 .008 .012

8 FBG Correlation 0.208* 0.002 0.198* 0.094 0.045 0.077 0.141
P .022 .982 .029 .306 .623 .402 .123

BMI = body mass index, FPG = fasting blood glucose, HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, lncRNA = long non-coding RNA, TC = total cholesterol, TG 
= triglyceride, UA = uric acid.
* P < .05.
** P < .01.
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insulin resistance, and fibrosis.[20–22] Another study has also 
demonstrated that clinical indicators, including BMI, waist cir-
cumference, visceral fat index, lipid accumulation products, and 
triglyceride glucose index, play a crucial role in identifying the 
risk of MAFLD.[23] This study demonstrates that serum lncRNA 
H19 exhibits excellent diagnostic performance for MAFLD, 
with an AUC of 0.83, a sensitivity of 87.7%, and a specificity of 
72.5%. Furthermore, the subgroup analysis revealed even higher 
diagnostic accuracy in individuals with BMI ≥ 23 kg/m2, with an 
AUC of 0.87, sensitivity of 87.0%, and specificity of 76.9%. 
These findings suggest that serum lncRNA H19 holds promise 
as a serological biomarker for early detection of MAFLD.

The study also has certain limitations. Firstly, it should be 
noted that this study is conducted at a single center, and there-
fore the findings necessitate validation through multi-center 
studies with a larger sample size. Secondly, as this study falls 
under the category of clinical research, further investigation 
into the underlying participation mechanism is warranted. 
Furthermore, in this study, none of the participants underwent 
liver tissue biopsy; only noninvasive indicators were utilized to 
assess liver inflammation and fibrosis.

In conclusion, lncRNA H19 is implicated in the pathogene-
sis and progression of MAFLD, rendering it a promising serum 
diagnostic marker and potential therapeutic target for this 

Table 3

Correlation of lncRNA H19 with clinical indicators.

Variables 1 2 3 4 5 6

1 LncRNA H19 Correlation
P

2 ALB Correlation −0.144
P .115

3 TBIL Correlation 0.039 −0.135
P .674 .140

4 ALT Correlation 0.497** 0.052 0.072
P 0 .570 .429

5 AST Correlation 0.484** 0.002 −0.036 0.808**
P .000 .985 .692 0

6 GGT Correlation 0.302** 0.061 −0.021 0.410** 0.467**
P .001 .509 .819 0 0

7 LSM Correlation 0.509** −0.238** 0.134 0.283** 0.189* 0.224*
P 0 .008 .142 .002 .038 .013

ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = gamma-glutamyl transferase, lncRNA = long non-coding RNA, LSM = liver stiffness measurement, TBIL = total 
bilirubin.
* P < .05.
** P < .01.

Table 4

Diagnostic value of lncRNA H19 in MAFLD.

Variables Cutoff value Sen (%) Spe (%) PPV (%) NPV (%) Youden index (%)

lncRNA H19* 1.15 87.7 72.5 86.6 74.4 60.2
lncRNA H19** 1.25 87.0 76.9 90.9 69.0 63.9

lncRNA = long non-coding RNA, MAFLD = metabolic dysfunction-associated fatty liver disease, NPV = negative predictive value, PPV = positive predictive value, Sen = sensitivity, Spe = specificity, Youden 
index = sensitivity + specificity − 1.
* All subjects.
** Subjects with BMI ≥23 kg/m2.

Figure 2.  Diagnostic value analysis of lncRNA H19 in MAFLD. lncRNA = long non-coding RNA, MAFLD = metabolic dysfunction-associated fatty liver disease.
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disease. However, further fundamental research is warranted to 
elucidate the precise mechanism underlying the involvement of 
lncRNA H19 in MAFLD.

Author contributions
Conceptualization: Ke-Gong Xiong, Kun-Yu Ke.
Data curation: Ke-Gong Xiong, Jin-Feng Kong.
Formal analysis: Ke-Gong Xiong, Tai-Shun Lin.
Funding acquisition: Ke-Gong Xiong.
Investigation: Ke-Gong Xiong, Jin-Feng Kong, Tai-Shun Lin, 

Qing-Biao Lin.
Project administration: Jin-Feng Kong, Li-Fang Chen, Kun-Yu 

Ke.
Resources: Tai-Shun Lin, Qing-Biao Lin, Li-Fang Chen.
Supervision: Kun-Yu Ke.
Validation: Jin-Feng Kong.
Writing – original draft: Ke-Gong Xiong.
Writing – review & editing: Jin-Feng Kong, Kun-Yu Ke.

References
	 [1]	 Eslam M, Newsome PN, Sarin SK, et al. A new definition for metabolic 

dysfunction-associated fatty liver disease: an international expert con-
sensus statement. J Hepatol. 2020;73:202–9.

	 [2]	 Huang TD, Behary J, Zekry A. Non-alcoholic fatty liver disease: a 
review of epidemiology, risk factors, diagnosis and management. Intern 
Med J. 2020;50:1038–47.

	 [3]	 Yang Z, Zhang T, Han S, et al. Long noncoding RNA H19 – a new player 
in the pathogenesis of liver diseases. Transl Res. 2021;230:139–50.

	 [4]	 Liu C, Yang Z, Wu J, et al. Long noncoding RNA H19 interacts with 
polypyrimidine tract-binding protein 1 to reprogram hepatic lipid 
homeostasis. Hepatology. 2018;67:1768–83.

	 [5]	 Song Y, Liu C, Liu X, et al. H19 promotes cholestatic liver fibrosis by 
preventing ZEB1-mediated inhibition of epithelial cell adhesion mole-
cule. Hepatology. 2017;66:1183–96.

	 [6]	 Eslam M, Sarin SK, Wong VW, et al. The Asian Pacific Association for 
the Study of the Liver clinical practice guidelines for the diagnosis and 
management of metabolic associated fatty liver disease. Hepatol Int. 
2020;14:889–919.

	 [7]	 Pan X, He H, Bao Y, et al.; Diabetes and Obesity Research Group of 
Chinese Diabetes Society (CDS) and Chinese Hypertension League 
(CHL). Chinese expert consensus on the management of hypertension 
in adults with type 2 diabetes. J Evid Based Med. 2024;17:851–64.

	 [8]	 Chinese Society of Cardiology, Chinese Medical Association; 
Hypertension Committee of Cross-Straits Medicine Exchange 
Association; Cardiovascular Disease Prevention and Rehabilitation 

Committee, Chinese Association of Rehabilitation Medicine. Clinical 
practice guideline for the management of hypertension in China. Chin 
Med J (Engl). 2024;137:2907–52.

	 [9]	 Liao J, Chen B, Zhu Z, et al. Long noncoding RNA (lncRNA) H19: 
An essential developmental regulator with expanding roles in can-
cer, stem cell differentiation, and metabolic diseases. Genes Dis. 
2023;10:1351–66.

	[10]	 Li X, Liu R, Yang J, et al. The role of long noncoding RNA H19 in gen-
der disparity of cholestatic liver injury in multidrug resistance 2 gene 
knockout mice. Hepatology. 2017;66:869–84.

	[11]	 Wang H, Cao Y, Shu L, et al. Long non-coding RNA (lncRNA) H19 
induces hepatic steatosis through activating MLXIPL and mTORC1 
networks in hepatocytes. J Cell Mol Med. 2020;24:1399–412.

	[12]	 Di Mauro S, Salomone F, Scamporrino A, et al. Coffee restores expres-
sion of lncRNAs involved in steatosis and fibrosis in a mouse model of 
NAFLD. Nutrients. 2021;13:2952.

	[13]	 Liu J, Tang T, Wang G-D, Liu B. LncRNA-H19 promotes hepatic lipo-
genesis by directly regulating miR-130a/PPARγ axis in non-alcoholic 
fatty liver disease. Biosci Rep. 2019;39:BSR20181722.

	[14]	 Goyal N, Tiwary S, Kesharwani D, Datta M. Long non-coding RNA 
H19 inhibition promotes hyperglycemia in mice by upregulating 
hepatic FoxO1 levels and promoting gluconeogenesis. J Mol Med 
(Berl). 2019;97:115–26.

	[15]	 Nandwani A, Rathore S, Datta M. LncRNA H19 inhibition impairs 
endoplasmic reticulum-mitochondria contact in hepatic cells and 
augments gluconeogenesis by increasing VDAC1 levels. Redox Biol. 
2024;69:102989.

	[16]	 Li X, Liu R. Long non-coding RNA H19 in the liver-gut axis: A diag-
nostic marker and therapeutic target for liver diseases. Exp Mol Pathol. 
2020;115:104472.

	[17]	 Qu J, Xue X, Wang Z, et al. Si-Wu-Tang attenuates liver fibrosis via 
regulating lncRNA H19-dependent pathways involving cytoskeleton 
remodeling and ECM deposition. Chin J Nat Med. 2024;22:31–46.

	[18]	 Li XJ, Zhou F, Li YJ, et al. LncRNA H19-EZH2 interaction promotes 
liver fibrosis via reprogramming H3K27me3 profiles. Acta Pharmacol 
Sin. 2023;44:2479–91.

	[19]	 Pal SC, Méndez-Sánchez N. Screening for MAFLD: who, when and 
how? Ther Adv Endocrinol Metab. 2023;14:20420188221145650.

	[20]	 Kim KE, Lee J, Shin HJ, et al. Lipocalin-2 activates hepatic stellate cells 
and promotes nonalcoholic steatohepatitis in high-fat diet–fed Ob/Ob 
mice. Hepatology. 2023;77:888–901.

	[21]	 Pal SC, Eslam M, Mendez-Sanchez N. Detangling the interrelations 
between MAFLD, insulin resistance, and key hormones. Hormones 
(Athens). 2022;21:573–89.

	[22]	 Govaere O, Petersen SK, Martinez-Lopez N, et al. Macrophage scav-
enger receptor 1 mediates lipid-induced inflammation in non-alcoholic 
fatty liver disease. J Hepatol. 2022;76:1001–12.

	[23]	 Peng H, Pan L, Ran S, et al. Prediction of MAFLD and NAFLD using 
different screening indexes: a cross-sectional study in U.S. adults. Front 
Endocrinol. 2023;14:1083032.


