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Differential Associations of Circulating 
MicroRNAs With Pathogenic Factors in 
NAFLD
Ghideon Ezaz ,1* Hirsh D. Trivedi ,2* Margery A. Connelly,3 Claudia Filozof,4 Kellie Howard,5 Mark L.Parrish,5  
Misung Kim,6 Mark A. Herman,7 Imad Nasser,8 Nezam H. Afdhal,2 Z. Gordon Jiang ,2** and Michelle Lai2**

Nonalcoholic fatty liver disease (NAFLD) is a heterogeneous disease driven by genetic and environmental factors. 
MicroRNAs (miRNAs) serve as pleiotropic post-transcriptional regulators of cellular pathways. Although several miRNAs  
have been associated with NAFLD and fibrosis, there are limited studies in humans examining their differential  
association with pathogenic factors or histological features of NAFLD. We examined the differential relationships of 
five of the best-described circulating microRNAs (miR-34a, miR-122, miR-191, miR-192, and miR-200a) with histo-
logical features and pathogenic factors of NAFLD. A cross-sectional study was conducted to examine the relationship 
between relative levels of circulating microRNAs standardized by z-scores and histological features of NAFLD, com-
mon NAFLD genetic polymorphisms, and insulin resistance measured by the enhanced lipoprotein insulin resistance 
index in 132 subjects with biopsy-proven NAFLD. We found that miR-34a, miR-122, miR-192, miR-200a, but not 
miR-191, strongly correlate with fibrosis in NAFLD by increases of 0.20 to 0.40 SD (P  <  0.005) with each stage 
of fibrosis. In multivariate analysis, miR-34a, miR-122, and miR-192 levels are independently associated with hepatic 
steatosis and fibrosis, but not lobular inflammation or ballooning degeneration, whereas miR-200a is only associated 
with fibrosis. Among the four miRNAs, miR-34a, miR-122, and miR-192 are associated with pathogenic factors of 
NAFLD, including insulin resistance measured by eLP-IR, patatin-like phospholipase domain containing 3 I148M, 
and transmembrane 6 superfamily 2 (TM6SF2) E167K polymorphisms. In contrast, miR-200a is only associated with 
the TM6SF2 E167K variant. Finally, miR-34a has the strongest predictive value for various stages of fibrosis, with 
C-statistic approximates–combined predictive score for miRNAs. Conclusion: miR-34a, miR-122, miR-192, and miR-
200a demonstrate strong associations with NAFLD severity by histology, but differential associations with pathogenic 
factors. (Hepatology Communications 2020;4:670-680).

Nonalcoholic fatty liver disease (NAFLD) is 
the most common form of chronic liver dis-
ease. NAFLD affects 10% to 30% of individ-

uals globally and about 30% of adults within North 
America.(1,2) It is projected to become the leading 

cause of liver transplantation and impose an increas-
ingly significant health care burden.(3) NAFLD is a 
heterogeneous disease manifested by a wide spectrum 
of disease severity that ranges from simple hepatic 
steatosis to nonalcoholic steatohepatitis (NASH) and 
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progressive fibrosis leading to cirrhosis. The cause of 
NAFLD is multifactorial with known genetic and 
acquired factors playing significant roles.(4-6) We pre-
viously proposed that genetics and insulin resistance 
are the main pathogenic drivers for most patients 
with NAFLD.(7) Familial aggregation and twin stud-
ies suggest that the risk for NAFLD is approximately 
50% heritable.(8,9). Genome-wide association studies 
have identified two common genetic variants associ-
ated with hepatic steatosis and accelerated fibrosis: an 
I148M variant in patatin-like phospholipase domain 
containing protein 3 (PNPLA3) and an E167K 
variant in transmembrane 6 superfamily member 2 
(TM6SF2).(10,11) Both PNPLA3 and TM6SF2 are 
implicated in hepatic lipid and lipoprotein metabo-
lism, a core hepatic function that is essential to the 
pathogenesis of NAFLD.(12-14)

MicroRNAs (miRNAs) are small, endogenous, 
noncoding RNAs involved in the posttranscriptional 
regulation of target messenger RNA.(15) They are 
pleiotropic regulators of various cellular pathways, 
including metabolic stress response, cellular differenti-
ation, and energy metabolism processes that are pivotal 
to the pathogenesis of NAFLD.(16,17) Recent studies 
have associated several miRNAs with NAFLD and 
its consequent liver fibrosis.(18-21) Higher circulating 
levels of miR-34a are seen in patients with NAFLD 
compared to healthy controls and correlate with the 

degree of liver fibrosis.(22-24) miR-122 and miR-192 
are two liver-predominant miRNAs that are impli-
cated in various forms of liver injury.(25-28) Higher lev-
els of miR-122 and miR-192 are present in patients 
with NASH relative to those with nonalcoholic fatty 
liver alone.(20,21,24,29-31) Additionally, miR-200a levels 
are associated with hepatic steatosis in murine models 
and humans.(31) In comparison, high levels of miR-
191 levels can be found in patients with hepatocellular 
carcinoma (HCC) and acute liver failure, but not in 
NAFLD.(32)

Despite the expanding body of literature on 
miRNA in NAFLD, most human studies are small, 
primarily comparing groups of patients with NAFLD 
or NASH to healthy controls.(20) The studies exam-
ining the relationship between miRNAs and liver 
fibrosis have not dissected the relationship with cardi-
nal histological features of NAFLD, which are often 
collinear. More importantly, it is not known how 
these miRNAs are implicated in the pathogenesis of 
NAFLD and how they are linked to pathogenic fac-
tors of NAFLD.

Herein, we focused on five of the best-described 
NAFLD-related miRNAs: miR-34a, miR-122, miR-
192, miR-200a, and miR-191 (included as a non-NA-
FLD control), and aimed to perform an independent 
validation. Specifically, we compared the relative 
strength of their association with histological features 
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of NAFLD and defined their differential associations 
with major pathogenic factors of NAFLD, namely 
genetic risk factors and insulin resistance.

Patients and Methods
PATIENT POPULATION

Patients for this study were derived from a pro-
spective NAFLD registry at Beth Israel Deaconess 
Medical Center (BIDMC) starting in 2009. Patients 
were enrolled after they had a confirmed diagnosis of 
NAFLD on liver biopsy. Patients who were excluded 
were those with other forms of chronic liver diseases 
or alternative causes for fatty liver, such as medica-
tion, hereditary hemochromatosis, or consumption of 
alcohol greater than 20  g daily. Pertinent data such 
as patient demographics, medical history, and phys-
ical exam findings were obtained at the enrollment 
of the study. Laboratory tests and serum were also 
collected at the time of enrollment. A liver biopsy 
was performed on each enrolled patient within  
3 months of the index visit. Baseline whole blood and 
sera were stored at −80°C. The study was approved by 
the BIDMC institutional review board and was con-
ducted in accordance with the Helsinki declaration of 
1975, as revised in 1983. All participants consented to 
the study at enrollment.

LIVER BIOPSY
Nontargeted liver biopsy was performed under 

ultrasound guidance by an interventional radiologist. 
Staff pathologists at BIDMC who specialize in hepa-
topathology interpreted the biopsy results and were 
blinded to genetic and microRNA data. Liver biopsies 
were assessed and reported in a standardized fashion 
using the NASH Clinical Research Network scoring 
system, including fibrosis stages (1-4) and NAFLD 
activity score (NAS; 0-8) calculated based on the 
degrees of hepatic steatosis, lobular inflammation, and 
ballooning degeneration.(33)

miRNA QUANTITATION
miRNA quantification was performed on stored 

serum from 182 subjects using Exiqon’s miRCURY 
LNA Universal RT microRNA PCR assay (Exiqon; 
QIAGEN, Denmark) according to the manufacturer’s 

directions. The following panel of miRNAs and con-
trols were placed on custom plates: UniSp2, 3, 4, 
5, 6, miR-34a-5p, miR-122-5p, miR-191-5p, hsa-
miR-103a-3p, hsa-miR-30c-5p, miR-192-5p, and 
miR-200a-3p. The detection of each miRNA was nor-
malized to the average detection of two control miR-
NAs (hsa-miR-103a-3p and hsa-miR-30c-5p) and 
was expressed in delta cycle-threshold values (ΔCt). 
We confirmed that our chosen control miRNA (hsa-
miR-103a-3p and hsa-miR-30c-5p) did not correlate 
with clinical parameters of aspartate aminotransfer-
ase, alanine aminotransferase, insulin resistance, and 
fibrosis stage (Supporting Table S3). A total of 132 
subjects had all five measurable miRNAs that met the 
quality control.

DNA EXTRACTION AND  
SINGLE-NUCLEOTIDE 
POLYMORPHISM GENOTYPING

Genomic DNA was extracted from frozen human 
whole-blood samples using phenol chloroform and 
resuspended in double distilled water. Single nucleo-
tide polymorphism (SNP) rs738409 in the PNPLA3 
gene, and rs58542926 in TM6SF2, were genotyped 
by TaqMan allelic discrimination using predesigned 
TaqMan SNP genotyping assays (Applied Biosystems, 
Foster City, CA).

CALCULATION OF  
ENHANCED LIPOPROTEIN 
INSULIN-RESISTANCE INDEX 
SCORES

Nuclear magnetic resonance (NMR) spectra were 
collected using 1H-NMR on a 400-MHz Vantera 
Clinical Analyzer (LipoScience Inc., Morrisville, 
NC) as previously described.(34,35) The LP4 algo-
rithm, which reports concentrations of lipoprotein 
particles, glucose, alanine, and total branched-chain 
amino acids (BCAA), was used to reanalyze stored 
NMR spectra and calculate the enhanced lipo-
protein insulin-resistance index (eLP-IR) scores 
(1-100). The eLP-IR takes into account changes 
that occur in eight NMR-measured lipoprotein 
parameters (the six parameters in LP-IR [prede-
cessor to eLP-IR], medium triglyceride-rich lipo-
protein particle number, and small HDL particle 
number), GlycA, a marker of systemic inflammation, 
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and BCAA, all of which are altered in patients with 
insulin resistance.(36-38)

STATISTICAL ANALYSIS
All five miRNAs (miR-34a, miR-122, miR-191, 

miR-192, and miR-200a) were found have to a 
near-parametric distribution among the studied sub-
jects. The relative miRNA levels were converted to 
z-scores calculated by the difference from the mean 
divided by the SD. This allowed the comparison of 
relative strength of each miRNA within the sample 
set. Positive numbers represented an increase in the 
level from the mean.

We first determined univariate associations of the 
five miRNAs (miR-34a, miR-122, miR-191, miR-192,  
and miR-200a) with NAFLD histological pheno-
types, genetics, and components of the metabolic 
syndrome. We examined univariate association of 
standardized miRNA levels with hepatic steatosis 
(0-3), lobular inflammation (0-3), and ballooning 
degeneration (0-2) using bivariate normal regressions 
in which miRNA z-scores were used as outcomes. We 
then determined the association between miRNA lev-
els and PNPLA3 I148M carrier relative to the 148I 
genotype and the TM6SF2 genotype’s E167K carrier 
relative to the 167E genotype. Due to power limita-
tions, homozygotes and heterozygotes were combined 
into single groups for analysis. We determined univar-
iate associations between standardized miRNA levels 
and insulin resistance estimated by eLP-IR (0-100), 
body mass index (BMI), and fasting lipids (triglycer-
ide, low-density lipoprotein cholesterol [LDL-C], 
and high-density lipoprotein cholesterol [HDL-C]) 
as continuous variables, as well as diabetes and hyper-
tension as binary variables. Because the goal was to 
examine pathogenic associations with levels of each 
of the miRNA, the standardized miRNA levels were 
used as dependent variable in all analyses.

We then performed multivariable analysis using 
normal regression models for each miRNA, estimating 
its concentration in relation to the major pathogenic 
factors of insulin resistance (eLP-IR) and genetics 
(PNPLA3 and TM6SF2 genotypes).

Finally, we investigated the potential value of 
miRNAs in predicting fibrosis stage among patients 
with NAFLD. Logistic regression models were con-
structed for stage 1+, 2+, 3+, or 4 level of fibrosis 
with miR-34a alone, then four miRNAs (miR-34a, 

miR-122, miR-192, and miR-200a), and finally 
Fibrosis-4 (FIB-4) as predictors. Receiver operating 
characteristic curves were calculated to compare the 
C-statistics of the three predictive models for each of 
the fibrosis stages. All analyses were performed using 
STATA 14 (StataCorp LLC, College Station, TX).

Results
PATIENT CHARACTERISTICS

The baseline characteristics of our study population 
are given in Table 1. A total of 132 patients are eval-
uated with the mean age of 50.6 years (interquartile 
range [IQR] 43.0-60.2), and 38.6% of the patients are 
of female gender. The mean BMI is 34 (IQR 29.6-
36.7), with 28% of the patients having diabetes and 
47% having hypertension. Most of the patients have 
NASH with a mean NAS of 4.6 (IQR 4-6) and stage 
0-1 fibrosis, while 34.9% and 15.9% of patients had 
stage 2 and stages 3-4 fibrosis, respectively.

TABLE 1. PATIENT CHARACTERISTICS

Total (n) 132

Age (mean, IQR) 50.6 (43.0-60.2)

Female (%) 38.6

Hispanic ethnicity (%) 14.3

BMI (mean, IQR) 34.0 (29.6-36.7)

Diabetes (%) 28.0

Hypertension (%) 47.0

Fasting lipids (mean, IQR)

Triglycerides (mg/dL) 200.8 (110-261)

LDL-C (mg/dL) 109.4 (83-132)

HDL-C (mg/dL) 45.9 (37-52)

Fibrosis stage (%)

0-1 49.2

2 34.9

3-4 15.9

NAS score (mean, IQR) 4.6 (4-6)

PNPLA3 genotype (%)

CC 34.1

CG 42.2

GG 23.5

TM6SF2 genotype (%)

CC 78.0

CT or TT 22.0

eLP-IR (mean, IQR) 67.6 (57.0-83.2)

Abbreviation: NAS, NAFLD activity score.
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RELATIONSHIPS BETWEEN miRNA 
AND HISTOLOGICAL FEATURES 
OF NAFLD

The measured miRNA concentration adjusted by 
housekeeping genes measured in cycle threshold val-
ues and the relative concentration measured in SD 
via z-score are shown by the stage of liver fibrosis in 
Supporting Table S1. Four miRNAs (miR-34a, miR-
122, miR-192, and miR-200a) demonstrate strong 
associations with the stage of liver fibrosis, with an 
increase of each fibrosis stage associated with 0.2 to 
0.4 SD in serum miRNA concentration (P  <  0.001-
0.005) (Table 2). Notably, among these four miRNAs,  
miR-34a has the largest β-coefficient in association with  
fibrosis, and is the only miRNA that associates with 
all three histological features of NASH with a sizable 
β-coefficient of 0.3-0.4 SD. miR-122 and miR-192 
are strongly associated with hepatic steatosis (~0.4 SD) 
and moderately with ballooning degeneration (0.2-0.3 
SD). In comparison, the association between miR-200a 
and histological features of NASH is insignificant. As 

histological features of NASH are often colinear, we 
performed multivariate analysis to allow the histolog-
ical scores to compete simultaneously. In this compe-
tition analysis, only the associations with fibrosis and 
steatosis are independent, whereas the associations with 
lobular inflammation and ballooning degeneration are 
no longer significant (Table 2). miR-122 remains 
strongly associated with hepatic steatosis, while its rela-
tionship with fibrosis is weakened in this competing 
analysis. miR-200a is only associated with fibrosis in 
multivariate analysis. In contrast, miR-191, a miRNA 
linked to HCC but not NAFLD in existing literature, 
showed an inverse association with balloon degenera-
tion on both univariate and multivariable analyses, but 
not with other histological features of NAFLD.

RELATIONSHIPS BETWEEN miRNA 
AND PATHOGENIC FACTORS OF 
NAFLD

We then examined the relationship between  
miRNAs and common genetic risk factors for NAFLD.  

TABLE 2. UNIVARIATE AND MULTIVARIATE ASSOCIATIONS BETWEEN miRNA AND HISTOLOGICAL 
FEATURES OF NAFLD

miR-34a miR-122 miR-192 miR-200a miR-191

β*, P value β, P value β, P value β, P value β, P value

Univariate analysis

Fibrosis 0.395 0.199 0.245 0.267 −0.015

<0.001 0.005 0.001 <0.001 0.8

Hepatic steatosis 0.338 0.411 0.365 0.114 0.023

0.004 <0.001 0.002 0.3 0.9

Lobular inflammation 0.337 0.269 0.195 0.182 0.052

0.03 0.08 0.2 0.2 0.7

Ballooning degeneration 0.442 0.361 0.259 0.317 −0.256

<0.001 0.002 0.03 0.007 0.03

miR-34a miR-122 miR-192 miR-200a miR-191

β, P value β, P value β, P value β, P value β, P value

Multivariate analysis

Fibrosis 0.352 0.136 0.233 0.231 0.059

<0.001 0.08 0.003 0.004 0.5

Hepatic steatosis 0.263 0.347 0.341 0.052 0.086

0.02 0.004 0.004 0.7 0.5

Lobular inflammation −0.022 −0.001 −0.058 −0.054 0.176

0.9 0.9 0.7 0.7 0.3

Ballooning degeneration 0.120 0.169 0.014 0.150 −0.374

0.3 0.2 0.9 0.3 0.008

*All β-coefficients for miRNAs as outcome variables are normalized by z-score in the unit of SD.



Hepatology Communications,  Vol. 4, N o. 5,  2020 EZAZ, TRIVEDI, ET AL.

675

The GC and GG variants at rs738409 of PNPLA3 
are robustly associated with higher levels of miR-34a, 
miR-122, and miR-192 with β-coefficient of 0.78-
0.86 SD, but not miR-200a (Supporting Table S2; 
Table 3). Instead, miR-200a is strongly associated with 
the CT and TT variants at rs58542926 of TM6SF2 
with a β-coefficient of 0.45 SD. Like miR-200a, miR-
34a demonstrates a similar extent of associations with 
the E167K variant at TM6SF2, whereas miR-122 
and miR-192 demonstrate a much weaker association.

The eLP-IR score, a measurement of insulin resis-
tance, strongly correlates with miR-34a and miR-122 
concentrations, with every 1% increase in eLP-IR asso-
ciated with a 1% SD increase in the levels of miRNA 
concentration (Table 4). Interestingly, miR-34a is 

also associated with diabetes and hypertension with  
β-coefficient of 0.81 and 0.54 SD, respectively, whereas 
miR-122 is not. In contrast, miR-200a is not associ-
ated with insulin resistance. Interestingly, BMI does 
not correlate with any of the miRNA levels, despite 
their relationships with insulin resistance. Not sur-
prisingly, miR-191 does not demonstrate associations 
with either genetic risk factors of NALFD or factors 
related to insulin resistance and metabolic syndrome.

We then constructed multivariate models of 
miRNA levels using both genetic risk factors of 
NAFLD and insulin resistance to evaluate whether 
these associations are collinear. The associations in 
multivariate models remain similar to those seen in 
univariate models (Table 5). miR-34a, miR-122, and 

TABLE 3. UNIVARIATE ASSOCIATIONS BETWEEN MicroRNA AND NAFLD GENOTYPES

miR-34a miR-122 miR-192 miR-200a miR-191

β*, P value β, P value β, P value β, P value β, P value

Univariate analysis

PNPLA3 rs738409 0.776 0.857 0.807 0.272 −0.066

C → G variant <0.001 <0.001 <0.001 0.1 0.7

TM6SF2 rs58542926 0.401 0.270 0.255 0.448 0.219

C → T variant 0.06 0.2 0.2 0.03 0.3

*All β-coefficients for miRNAs as outcome variables are normalized by z-score in the unit of SD.

TABLE 4. UNIVARIATE ASSOCIATIONS BETWEEN miRNA AND NONGENETIC PATHOGENIC FACTORS IN 
NAFLD

miR-34a miR-122 miR-192 miR-200a miR-191

β*, P value β, P value β, P value β, P value β, P value

eLP-IR 0.010 0.011 0.007 0.002 0.002

0.02 0.009 0.08 0.6 0.6

BMI 0.010 −0.002 −0.018 −0.008 −0.017

0.5 0.9 0.2 0.6 0.2

Diabetes 0.810 0.293 0.447 0.551 0.006

<0.001 0.1 0.02 0.004 1.0

Dyslipidemia

Triglyceride 0.001 0.001 0.002 0.001 −0.0001

0.3 0.09 0.02 0.1 0.9

LDL-C −0.002 −0.001 −0.0003 −0.002 0.004

0.3 0.7 0.9 0.5 0.1

HDL-C −0.013 −0.013 −0.013 0.002 −0.007

0.06 0.05 0.05 0.7 0.3

Hypertension 0.537 0.030 0.102 0.428 −0.030

0.002 0.9 0.6 0.01 0.9

*All β-coefficients for miRNAs as outcome variables are normalized by z-score in the unit of SD.
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miR-192 demonstrate associations with both insulin 
resistance measured by eLP-IR and genetic risk fac-
tors conferred by PNPLA3 and TM6SF2 variants. 
Of note, all three miRNAs demonstrate independent 
associations to these causal risk factors of NAFLD, 
as the β-coefficient and P values remained largely 
unchanged compared with those in univariate analy-
sis. In comparison, miR-200a is only associated with 
the E167K variant in TM6SF2.

PREDICTIVE VALUE OF miRNAs 
FOR LIVER FIBROSIS

To test the predictive value of miRNA for liver 
fibrosis in NAFLD, we compared the C-statistic of 
FIB-4, a validated score for liver fibrosis, with two 
models: miR34a alone and a combined score from 
four miRNAs (Fig. 1). As expected, FIB-4 provided 
great predictive value for stage 4 fibrosis with area 
under the curve (AUROC) of 0.92, but its predictive 
value for stage 1+, 2+, or even 3+ fibrosis is suboptimal 
(AUROC: 0.69-0.78). In comparison, the predictive 
value of miR34a performs similarly across all stages of 
liver fibrosis, with AUROC from 0.73 to 0.76. The 
score derived from four miRNAs does not signifi-
cantly improve the predictive value from miR34a alone 
for stage 1+, 2+ or 3+ fibrosis, but does moderately 
increase the predictive value to predict stage 4 fibrosis.

Discussion
Circulating miRNAs have emerged as powerful 

biomarkers in recent years. MicroRNAs are read-
ily assessable, quantifiable, and most importantly 
can inform tissue-specific disease pathogenesis. 

In NAFLD, studies demonstrate several miRNAs 
being differentially associated with NAFLD.(20) This 
study builds upon existing knowledge of miRNAs in 
NALFD and aims to cross-validate four previously 
described miRNAs in their relative strength of asso-
ciation with the histological and pathogenic features 
that drive NAFLD. We hypothesize that if a miRNA 
is uniformly associated with all pathogenic factors and 
histological features of NAFLD, it is likely a conse-
quence of NAFLD or NASH, whereas a differential 
association with such features would indicate linkage 
to a distinct causal pathway.

This study contributes to the growing under-
standing of miRNA in NAFLD. First, it provides 
an independent validation that miR-34a, miR-122, 
miR-192, and miR-200a are all robustly associated 
with liver fibrosis in NAFLD. miRNAs provide a 
moderate predictive value to determine early stages 
of liver fibrosis (stages 1-3), and outperform FIB-4 
in predicting early stages of fibrosis (stages 1 and 2). 
This is of potential clinical utility as a minimally 
invasive blood-based fibrosis staging tool. However, 
in-depth analyses illustrate their differences. When 
measured on a uniform scale of z-score, miR-34a 
has a higher correlation with fibrosis than miRNA-
122, miR-192, and miR-200a measured by the 
β-coefficient. In fact, miRNA34a alone provides 
similar predictive value for stage 1+, 2+, or 3+ 
fibrosis to a score that combines all four miRNAs.  
This may inform the development of cost-effective 
miRNA-based diagnostic strategies.

Although most of the miRNAs are associated with 
more than one histological feature of NAFLD, liver 
fibrosis is the only feature that is associated with all 
four miRNAs in multivariate analyses when histologi-
cal features of NAFLD are competing simultaneously. 

TABLE 5. MULTIVARIATE ANALYSIS BETWEEN miRNA AND KEY PATHOGENIC FACTORS IN NAFLD

miR-34a miR-122 miR-192 miR-200a miR-191

β*, P value β, P value β, P value β, P value β, P value

eLP-IR 0.010 0.011 0.008 0.003 0.002

0.005 0.003 0.05 0.5 0.6

PNPLA3 rs738409 0.763 0.860 0.814 0.285 0.039

C → G variant <0.001 <0.001 <0.001 0.1 0.8

TM6SF2 rs58542926 0.559 0.392 0.357 0.485 0.089

C → T variant 0.004 0.04 0.07 0.02 0.7

*All β-coefficients for miRNAs as outcome variables are normalized by z-score in the unit of SD.
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Lobular inflammation and ballooning degeneration 
are no longer significant factors in multivariate anal-
yses. miR-122 and miR-192 are strongly associated 
with hepatic steatosis, with a β-coefficient higher 
than those with fibrosis. In comparison, miR-200a 
is only associated with fibrosis. In our cohort, a con-
trol microRNA, miR-191, is not associated with liver 
fibrosis or hepatic steatosis, but only inversely associ-
ated with ballooning degeneration. This is potentially 
in keeping with its link to cell proliferation and inhi-
bition against apoptosis.(39)

The development and progression of fibrosis in 
most patients with NAFLD are driven by an interplay 
between genetic risk factors and insulin resistance, an 
acquired trait. On such basis, we have proposed a con-
ceptual framework that genetics and insulin resistance 
are key predictors of NASH, and together with the 
duration of disease, they can predict liver fibrosis.(7) 
This study reveals a differential association of these 
four miRNAs with pathogenic factors of NAFLD 

(Fig. 2). miR-34a was associated with insulin resis-
tance and both genetic risk factors in PNPLA3 and 
TM6SF2. Both miR-192 and miR-122 are similar to 
miR34a in their associations with insulin resistance 
and PNPLA3 I148M variant, but they have a lesser 
association with the TM6SF2 E167K variant with 
lower β-coefficients. In contrast, miR-200a was only 
associated with the TM6SF2 E167K variant.

Although cross-sectional studies do not deter-
mine causality, the observed differential associations 
with various histological and pathogenic factors offer 
insights about potential causal relationships. In this 
study, miR-34a, miR-122, and miR-192 unexpect-
edly demonstrate similar patterns of associations 
with nearly all pathogenic factors of NAFLD, among 
which miR-34a appears to have the strongest asso-
ciation. Hence, the elevation of these miRNAs is 
likely a consequence of NASH and fibrosis. In con-
trast, miR-200a is associated with liver fibrosis and 
TM6SF2 E167K variant, but not hepatic steatosis or 

FIG. 1. Predictive values of miRNA for liver fibrosis. Receiver operating characteristic curves of miR-34a (blue), a combined score 
calculated from miR-34a, miR-122, miR-192 and miR-200a (red), and FIB-4 in predicting stage 1+ (A), 2+ (B), 3+ (C), and 4 fibrosis (D).
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insulin resistance. This indicates that the relationship 
between miR-200a and NASH may involve a distinct 
pathway.

Among the four miRNAs, miR-122 is probably 
the best studied. miR-122 is a liver-predominant 
miRNA. Elevated circulating levels of free fatty acids 
from insulin resistance increases hepatic production of 
miR-122, which in turn regulates the balance between 
energy storage and expenditure in the liver.(40) It is 
regulated by grainyhead-like transcription factor 2 
(GRHL2) in the setting of alcoholic liver disease.(41) 
A study by Wu et al. demonstrates that miR-122 is 
also involved in intrahepatic lipid droplet formation 
through the farnesoid X receptor–small heterodimer 
partner signaling pathway.(42) Less is known about 
miR-34a, miR-192, and miR-200a. miR-34a func-
tions as a master regulator in tumor suppression 
and is used for cancer treatment.(43) Interestingly, 
the induction of miR-34a is linked to age-related 
decline in the proliferative capacity of pancreatic beta 
cells in rats and associated with the development of 
diabetes in humans.(44) Other studies suggest that 
miR-34a promotes the activation of human hepatic 
stellate cells through peroxisome proliferator-activated 
receptor γ in vitro.(45) miR-192 is one of the most 
elevated miRNAs in response to drug-induced liver 
injury.(26,27) Two clinical observational studies indicate 
that miR-192 is elevated in patients with diabetic 
nephropathy.(46,47) Finally, miR-200a is a member of 
the miR-200 microRNA family, and was recognized 
as a tumor suppressor that functions in part through 
the regulation of notch signaling.(48) The level of 

miR-200a is often reduced in association with tumor 
invasion and metastasis.

The current understanding of miR-34a, miR-192,  
and miR-200a does not explain their associations 
with NAFLD. Further mechanistic studies are 
needed. Several limitations need to be considered 
to interpret current data and guide future investiga-
tions. This cohort reflects patients seen in a tertiary 
NAFLD referral center, which skews toward NASH 
and early fibrosis and does not include heathy con-
trols. The sample size is moderate and limits the abil-
ity to define weaker associations. Larger prospective 
studies are needed to better address these issues and 
account for potential unadjusted confounders.

In conclusion, this study independently validates 
the association between liver fibrosis and four previ-
ously discovered miRNAs: miR-34a, miR-122, miR-
192, and miR-200a. Among these four miRNAs,  
miR-34a demonstrates the most robust associations 
with all histological features of NAFLD and asso-
ciations with both genetic risk factors and insulin 
resistance. Meanwhile, miR-200a differs from the 
other three miRNAs exhibiting associations with liver 
fibrosis and the TM6SF2 E167K variant. This study 
highlights important observations that help bridge 
the gap in understanding the underlying mechanism 
linking miRNA and NAFLD and that inform future 
strategies to use miRNA in risk stratification and per-
sonalized management of NAFLD.

Author Contributions: G.E., H.D.T., Z.G.J., and M.L. 
were responsible for the study design and data analysis. 

FIG. 2. Differential associations between miRNAs and pathogenic factors in NAFLD. Abbreviation: IR, insulin resistance.
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