MOLECULAR MEDICINE REPORTS 19: 320-326, 2019

Hepatitis B virus infection is not associated with fatty liver
disease: Evidence from a cohort study and functional analysis
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Abstract. Chronic hepatitis B virus (HBV) infection has been
reported to be associated with the prevalence of non-alcoholic
fatty liver disease (NAFLD). However, the present study
demonstrated that the incidence of fatty liver disease in
HBV-infected subjects (16/152, 10.5%) was not significantly
different from in non-HBV-infected subjects (292/1,714, 17%),
following adjustment for age (odds ratio=0.656; 95% confi-
dence interval=0.379-1.134; P=0.131). Hepatitis B protein X
(HBx) is considered a key regulator in HBV infection and
several studies have confirmed that HBx serves a pivotal role
in the process of fatty liver disease. In the present study, it was
demonstrated that HBx-expressing cells exhibited increased
mitochondrial membrane potential, ATP generation, and
endogenous mitochondrial respiration. In addition, higher
levels of mitochondrial reactive oxygen species (ROS) were
detected in HBx-expressing cells compared with in control
cells. Increased ROS production may contribute to increased
lipid droplet formation in HBx-expressing cells, whereas
the removal of ROS with N-acetylcysteine may decrease the
accumulation of lipid droplets in a time-dependent manner.
In conclusion, the present findings indicated that HBV, and
perhaps more specifically HBx, was not a protective factor
against NAFLD. HBx may function as a risk factor for fatty
liver disease, based on the findings of the present functional
study; however, further studies are required to clarify the
effects of HBx on hepatic steatosis.
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Introduction

Fatty liver disease, particularly non-alcoholic fatty liver
disease (NAFLD), is a major subtype of liver disease (1).
Fatty liver disease is characterized by lipid accumulation
in the liver and is closely associated with mitochondrial
abnormality (2). Generally, abnormal mitochondrial function
and increased mitochondrial reactive oxygen species (ROS)
affect fatty liver disease via impaired insulin sensitivity (3).
Elevated mitochondrial ROS production can also cause
steatohepatitis, due to fatty acid oxidation disorder, which is
an increased inflammatory response in the liver (4). Therefore,
mitochondrial-targeted antioxidants are considered potential,
effective therapeutic compounds for the treatment of fatty liver
disease (5).

Millions of people worldwide suffer from chronic
hepatitis B virus (HBV) infection (6). Chronic HBV infec-
tion affects numerous organ systems and is associated with
several human diseases (7). The pathogenesis of liver disease
is the most studied aspect of HBV infection, since the liver
is the most affected organ in HBV carriers (8); however, the
underlying molecular mechanisms by which HBV affects the
liver remain poorly understood. Recently, a case-control study
involving different populations indicated that patients with
HBYV infection suffer from fewer fatty liver diseases, including
NAFLD (9); however,some studies hold the opposite view, that
HBYV infection increases the prevalence of NAFLD (10,11).

The HBV genome is a partially double-stranded, circular
DNA molecule that encodes four main HBV proteins:
Proteins C, X, P and S. Of these, hepatitis B protein X (HBx)
is a multifunctional regulator involved in cellular signal
transduction pathways and gene transcription (12). HBV
infection and HBx expression in cells affect cellular processes,
including cell growth, cell cycle progression and apoptosis,
thus indicating a pivotal role for HBx in HBV infection (13).
Therefore, it is not surprising that HBV infection is associated
with NAFLD (14). HBx was originally detected in the
cytoplasm and nucleus (12), and due to its transcriptional
function, HBx can alter the gene expression of the host
cell (15). In mitochondria, HBx has been reported serve as
an enhancer of mitochondrial function by direct interaction
with the mitochondrial respiratory chain complex subunit (15).
However, HBx may also contribute to mitochondrial function
via increased fission and mitophagy (16). These conflicting
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findings increase the difficulty of analyzing the mitochondrial
role in HBV/HBx-associated fatty liver disease, specifically
NAFLD. While there is no consensus in the literature regarding
the association between HBV and protection against NAFLD,
to understand the effects of HBV infection on NAFLD, the
present study conducted a large-scale case-control study on
Han Chinese individuals. In addition, a functional study using
HBx-expressing hepatocytes was performed to validate the
effect of HBx-mediated HBV infection on NAFLD.

Patients and methods

Subjects. A total of 1,882 female subjects that underwent
comprehensive health examination were recruited at the First
Affiliated Hospital of Wenzhou Medical University (Wenzhou,
China) between October 2011 and March 2014 (mean
age + standard deviation, 46.42+10.291 years; median age,
45 years; age range 19-83 years). Since subjects with hepatitis
C virus (HCV) have alterations in lipid metabolism (17), HCV
infection was tested by Roche Cobas7 Amplicor HCV Monitor
Test, version 2.0, (Roche Molecular Diagnostics, Pleasanton,
CA, USA). Subsequently, 16 subjects with chronic HCV infec-
tion were excluded from the present study; the response rate for
the enrolled subjects was thus 99.1% (1,866/1,882; Fig. 1). By
ultrasonography, using the Hitachi VISION Preirus (Hitachi,
Ltd., Tokyo, Japan), according to four ultrasound criteria (liver
brightness, deep attenuation, hepatorenal echo contrast and
vascular blurring), 308 and 1,558 subjects were diagnosed
with fatty liver and non-fatty liver disease, respectively. The
presence of hepatitis B virus antigen (HBsAg) was determined
in all enrolled subjects using the Roche Cobas 6800/8800
Systems (Roche Diagnostics). As demonstrated in Fig. 1,
16 subjects from the fatty liver group and 136 subjects from
the non-fatty liver group were considered to have HBV, due
to the presence of HBsAg (9). Informed consent was obtained
from all subjects and this study was approved by the Ethical
Committee of Wenzhou Medical University.

Cells and culture conditions. The hepatocyte cell lines Huh7 and
MIHA were purchased from the Cell Resource Center, Chinese
Academy of Medical Sciences (Beijing, China); the two cell
types are widely used for the study of HBV infection (18,19). All
cells were cultured in high-glucose Dulbecco's modified Eagle's
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) containing 10% fetal bovine serum (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) and were maintained
at 37°C in a humidified atmosphere containing 5% CO,.

Plasmid infection. The coding sequence of HBx with a c-Myc
tag at the C terminus (Gene ID: 944566) was synthesized
and cloned into a pCDH plasmid (donated by Dr. Zhenfen
Chi, Beijing Institute of Genomics). 293T cells were from
Cell Resource Center, Chinese Academy of Medical Sciences
(Shanghai, China). Briefly, 293T cells (~1x10°) were co-trans-
fected with 1 ug pCDH with or without HBx, 1 ug psPAX2,
and 0.5 ug PMD2G (donated by Dr. Zhenfen Chi; 2:2:1) for
72 h. Culture medium with packaged lentivirus was used to
infect Huh7 and MIHA cells for 24 h. Cells expressing HBx
were selected using 4 pg/ml puromycin (Sigma-Aldrich;
Merck KGaA). An empty plasmid was used as a control.
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Figure 1. Cohort study flow chart. HBV, hepatitis B virus; HBsAg, hepatitis B
antigen; HCV, hepatitis C virus.

Antibodies and immunoblotting. Protein was extracted from
whole cell lysates using radioimmunoprecipitation assay
lysis buffer (Cell Signaling Technology, Inc., Danvers, MA,
USA). Protein concentration was quantified using Pierce
BCA Protein Assay kit (Thermo Fisher Scientific, Inc.).
Samples containing 30 ug proteins were electrophoresed
through 12% Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), and transferred onto PVDF
membranes with 0.2 ym pore size (Thermo Fisher Scientific,
Inc.), the membrane was blocked with tris buffered saline
with 1% Tween 20 (TBST) buffer containing 10% non-fat
milk at room temperature for 1 h. Proteins were probed with
anti-HBx antibody (ab2741; 1:1,000; Abcam, Cambridge, UK)
or anti-B-actin at 4°C for 16 h (3700; 1:1,000; Cell Signaling
Technology, Inc., Danvers, MA, USA). Horseradish peroxidase
conjugated anti mouse IgG (4410; 1:2,000; Cell Signaling
Technology, Inc.) was used as secondary antibodies and
incubated for 1 h at room temperature. Signals were detected
with Super Signal West Pico chemiluminescent substrate
(Thermo Fisher Scientific, Inc.). Integrated optical density
was semi-quantified using a Gel-Pro Analyzer 4.0 (Media
Cybernetics, Inc., Rockville, MD, USA).

Immunofluorescence staining. Cells (3x10°) were treated
with 100 nM MitoTracker Red (Invitrogen; Thermo Fisher
Scientific, Inc.) for 10 min at 37°C and were fixed with
4% paraformaldehyde for 30 min in room temperature. After
treatment with 0.2% Triton X-100 for 3 min, cells were incu-
bated overnight with anti-c-Myc antibody (2276s; 1:1,000; Cell
Signaling Technology, Inc.). Subsequently, cells were washed
with PBS and incubated with an Alexa Fluor® 488-labeled
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Table I. Factors associated with HBV and non-HBV subjects.

Characteristic HBsAg* HBsAg  P-value®
Number 152 1,714 -
Age (years) 45.1+£8.7 46.5+104  0.052
BMI (kg/m?) 23.94+3.16 22.85+3.07 <0.001
SBP (mmHg) 118.6+x149 1159149 0.010
DBP (mmHg) 78.7+9.7 75393  <0.001
ALT (UN) 3714410 19.8+17.6 <0.001
AST (U/T) 30.9+29.8 20.5+10.2 <0.001
GGT (U/D) 362+642 21.2+19.6 <0.001
Glucose (mg/dl) 5.6+1.1 5.5+10 0.363
Total cholesterol (mg/dl)  4.7+0.8 49+0.9 0.261
LDL-C (mg/dl) 2.8+0.7 2.7+0.8 0.094
HDL-C (mg/dl) 1.4+04 1.5£0.3  P<0.001
Triglycerides (mg/dl) 1.4+0.8 1.2+1.0 0.061

*Adjusted for age. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; DBP, diastolic blood pres-
sure; GGT, y-glutamyl transferase; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP,
systolic blood pressure.

immunoglobulin secondary antibody (9854; 1:250; Cell
Signaling Technology, Inc.) for 45 min at room temperature.
A final incubation was performed to stain the cells with
DAPI (Beyotime Institute of Biotechnology, Haimen, China)
for 5 min at room temperature. Images were captured using
a confocal laser microscope at a magnification x400 (Nikon
Corporation, Tokyo, Japan).

Measurement of endogenous oxygen consumption. The
endogenous oxygen consumption of intact cells was determined
using a Clark-type oxygen electrode (Oroboros Instruments
Corp., Innsbruck, Austria), as described previously (20). After
recording basal respiration, oligomycin (an ATP synthase
inhibitor; 0.2 pg/ml; Sigma-Aldrich; Merck KGaA) was added
to measure uncoupling respiration, and carbonyl cyanide
m-chlorophenyl hydrazone (CCCP; a mitochondrial oxidative
phosphorylation uncoupling agent; 0.1 xM; Sigma-Aldrich;
Merck KGaA) was added to measure maximum respiration.

ATP, mitochondrial membrane potential (MMP) and ROS
measurements. ATP was measured using an ATP determina-
tion kit (A22066; Molecular Probes; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Briefly, cells
were grown in 6-well plates to ~80% confluence. Cells
(~1x10°) were then washed with cold PBS and boiled in 100 gl
boiling buffer (100 mM Tris,4 mM EDTA, adjusted to pH 7.75
with acetic acid) for 90 sec. Supernatants were retrieved by
centrifugation at 10,000 x g for 1 min. ATP content was deter-
mined by measuring the luminescence of supernatants mixed
with luciferase assay buffer and luminescence measured at
~560 nm using a Varioskan™ Flash Multimode Reader (both
Thermo Fisher Scientific, Inc.).

Mitochondrial ROS levels were measured as described
previously (21). Briefly, 1x10° cells were washed in Hank's
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buffered salt solution (HBSS; Sigma-Aldrich; Merck KGaA)
resuspended in HBSS containing 5 uM Mito SOX (Molecular
Probes; Thermo Fisher Scientific, Inc.), and incubated at 37°C
for 15 min. Cells were then washed twice with HBSS, and
fluorescence with excitation/emission at 510/580 nm was
recorded using a Varioskan™ Flash Multimode Reader. To
measure the ROS level in cells with NAC, Huh7 and MIHA
cells were cultured with 10 mM NAC for 48 h at 37°C in a cell
culture incubator (Sigma-Aldrich; Merck KGaA) for 48 h. MMP
was determined using the cationic fluorescent redistribution
dye TMRM (Thermo Fisher Scientific, Inc.) as described
previously (22). ATP, MMP and ROS signals were normalized
by the protein concentration measured with the Pierce BCA
Protein Assay kit.

Oil Red O (ORO) staining. Cells (5x10°) were fixed with
4% formaldehyde at room temperature for 25 min, and were
stained with freshly diluted ORO reagent (Sangon Biotech
Co., Ltd., Shanghai, China; diluted distilled water:Oil red O
4:6) for 20 min at room temperature. Subsequently, cells were
stained with 0.5% hematoxylin (Sangon Biotech Co., Ltd.) for
5 min at room temperature and washed with PBS twice. Lipid
accumulation in the cells was observed using an inverted phase
contrast optical microscope at magnification, x200 (ECLIPSE
Ti-S; Nikon Corporation). To measure lipid droplet accumula-
tion in cell with NAC treatment, Huh7 and MIHA cells were
cultured with 10 nm NAC for 48 h at 37°C in a cell culture
incubator before ORO staining.

Statistical analysis.Clinical data are presented as means =+ stan-
dard deviation. Categorical variables were compared using the
x> test. The association between fatty liver and HBV infec-
tion was adjusted for age using the logistic regression. Data
from cell models are presented as the means + standard error
of the mean. To evaluate cell model data, an independent
Student's t-test was used. P<0.05 was considered to indicate a
statistically significant difference. All statistical analyses were
performed using SPSS 21.0 (IBM Corp., Armonk, NY, USA).

Results

HBYV infection is not associated with fatty liver disease occur-
rence. Only 30% of women in China consume alcohol, and few
of them have at least one drink per day (23). Correspondingly,
in women with fatty liver disease, few are diagnosed with
alcoholic fatty liver disease (24). Therefore, to assess the
risk of HBV infection in NAFLD, women undergoing health
check-ups were recruited to the present study. The clinical
characteristics in subjects with or without HBV infection were
initially analyzed. As demonstrated in Table I, HBV-infected
subjects had significantly higher levels of alanine aminotrans-
ferase, aspartate aminotransferase and y-glutamyl transferase
than HBV-free subjects, which indicated that hepatocyte
injury was present in HBV carriers. Additionally, although the
levels of high-density lipoprotein, a protective factor against
fatty liver disease, were significantly lower in HBV-infected
patients compared with in HBV-free subjects, other fatty liver
disease-associated factors, such as total cholesterol, low-density
lipoprotein and triglycerides, were not significantly affected
by HBV (Table I). Furthermore, the incidence of fatty liver in
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Table II. Unadjusted prevalence and age-adjusted odds ratios for fatty liver by HBV status.
Fatty liver
Group Total number Total cases (prevalence %) OR 95% CI P-value®
HBsAg 1,714 292 (17.0) 1
HBsAg* 152 16 (10.5) 0.656 0.379-1.134 0.131
*Adjusted for age. HBsAg, hepatitis B virus antigen; CI, confidence interval; OR, odds ratio.
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Figure 2. HBx localizes to the mitochondria in Huh7 and MIHA cells expressing HBx. Representative (A) immunoblotting and (B) immunofluorescence
images of HBx protein in Huh7 cells, and (C) immunoblotting and (D) immunofluorescence images of HBx protein in MIHA cells. Cells were probed with
anti-c-Myc (green) and a mitochondrial marker (MitoTracker Red). Magnification, x400. HBx, hepatitis B protein X.

HBV-infected subjects (16/152, 10.5%) was not significantly
different from that in HBV-free subjects (292/1,714, 17%) when
adjusted for age (Table IT). These findings indicated that HBV
was not associated with a decreased incidence of NAFLD.

Expression of HBx protein in Huh7 and MIHA cells increases
mitochondrial function. HBx is the major HBV component
that contributes to steatohepatitis (25). To examine if and
how HBV affects the occurrence of NAFLD, the HBx protein
was expressed in Huh7 and MIHA cell lines. Mitochondrial
localization of HBx was observed in Huh7 (Fig. 2A and B)
and MIHA cells (Fig. 2C and D), which confirmed that HBx
targeted the mitochondria in the cytoplasm. Subsequently,
whether HBx affects mitochondrial function was investigated
by measuring mitochondrial respiration, MMP and ATP
content. As shown in Fig. 3A and B, endogenous basal mito-
chondrial respiration in cells expressing HBx was significantly
increased compared with in the control cells. In addition,
lowest mitochondrial respiration (uncoupled respiration) in the

presence of oligomycin (0.2 yg/ml) and maximal mitochondrial
respiration in the presence of CCCP (0.1 uM) were signifi-
cantly increased in the two HBx-expressing cells compared
with the control cells (Fig. 3A and B). To further clarify the
alterations of mitochondrial function in cells expressing HBx,
the MMP and ATP content were investigated. As shown in
Fig. 3C and D, MMP and ATP content were significantly
increased in HBx-expressing Huh7 and MIHA cells compared
with in control cells. Although the underlying mechanism is
not currently known, the present results indicated that HBx
may be associated with increased mitochondrial function.

HBx mediates lipid droplet accumulation in Huh7 and MIHA
cells by altering mitochondrial ROS levels. Excessive mito-
chondrial ROS production serves an important role in the
development of NAFLD (26). Therefore, mitochondrial ROS
levels in Huh7 and MIHA cells with or without HBx were
investigated. As shown in Fig. 4A and B, mitochondrial ROS
levels were significantly increased in Huh7 and MIHA cells
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Figure 3. HBx protein increases mitochondrial function in Huh7 and MIHA cells expressing HBx. Analysis of the oxygen consumption rate in (A) Huh7 and
(B) MIHA cells, with or without HBx expression, using a Clark-type oxygen electrode. Basal, basal mitochondrial respiration; uncoupled, respiration in the
presence of oligomycin (0.2 yg/ml); maximal, respiration in the presence of carbonyl cyanide m-chlorophenyl hydrazone (0.1 xM). (C) Relative MMP levels
and (D) total ATP generation was determined in Huh7 (Ctrl and Huh7-HBx) and MIHA (Ctrl and MIHA-HBx) cells. Data are presented as the means + stan-
dard deviation (n=3). “P<0.01, “"P<0.001. ATP, adenosine triphosphate; HBx, hepatitis B protein X; MMP, matrix metalloproteinase.

expressing HBx compared with in control cells without HBx,and
this effect was reversed by treating cells with N-acetylcysteine
for up to 48 h. Furthermore, it was demonstrated that Huh7 and
MIHA cells expressing HBx exhibit increased fatty droplet
formation compared with in the control cells (Fig. 4C and D),
which further confirmed that HBV infection may increase the
pathogenesis of fatty liver disease. Alternatively, increased ROS
production in hepatocytes expressing HBx may promote lipid
droplet accumulation, and this effect was reversed by treating
the cells with a ROS scavenger in a time-dependent manner
(Fig. 4C and D). Therefore, the present findings indicated that,
HBYV, or at least the HBx protein, may not be a protective factor
against NAFLD; however, this requires further validation.

Discussion

Viral infections, such as chronic HBV or HCV, can cause a
multitude of liver diseases, including hepatic fibrosis, cirrhosis
and liver cancer (27,28). Unlike HCV, conflicting conclu-
sions regarding the association between HBV infection and
fatty liver disease have been reported in different popula-
tions (29-31). The prevalence of NAFLD is 28.3% in Hong
Kong (age range, 18-70) (31) and 43.9% in Taiwan (mean age,
51.9 years), whereas in patients with HBV, the prevalence
of NAFLD decreases to 13.5 and 38.9% in Hong Kong and
Taiwan, respectively (31,32). However, in Hong Kong, a
significant difference in the prevalence of NAFLD between
HBV-infected individuals and controls was detected only in the
population aged between 40 and 59 years. Conversely, whereas
HBYV infection has been reported to be negatively associated
with NAFLD in patients >40 years, the same association is

not true in younger patients (32). Despite this contradiction, a
recent large cohort study in Korea supported the hypothesis that
HBYV is a protective factor against NAFLD (9). In the present
study, female patients with fatty liver disease were recruited, in
order to study the association between HBV infection and fatty
liver disease. The majority of women in China do not consume
alcohol, and few have a history of daily consumption, due to
traditional Chinese culture; therefore, few female patients
with fatty liver disease are diagnosed with alcoholic fatty liver
disease. The prevalence of female fatty liver disease in the
present study (24.8% in 50-59 year old age group) is similar to
that reported for Chinese female patients with NAFLD in the
same age range (22.8%) (33). Studying the association between
female patients with fatty liver disease and HBV infection may
provide important information regarding the effects of HBV
infection on NAFLD. Since age has been demonstrated to be a
major contributor to HBV-associated NAFLD (31,32), logistic
regression analysis was applied to adjust for the risks associated
with age and HBV infection in fatty liver disease. Although
the prevalence of fatty liver disease was lower in patients with
HBV (10.5%) compared with in HBV-free patients (17%), this
finding was not significant. These findings suggested that HBV
may not be a protective factor against fatty liver disease or
NAFLD in mainland China.

The present epidemiological data is preliminary and
limitations exist. Factors such as anti-viral usage, the stage of
HBYV infection and infection history in HBV-infected patients
were not considered. Furthermore, information regarding
alcohol consumption and drug administration in the enrolled
subjects were not included. However, Joo et al (9) reported
similar limitations, but the large sample size used in their study
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Figure 4. ROS mediate lipid droplet accumulation in Huh7 and MIHA cells expressing HBx. Relative mitochondrial ROS levels in (A) Huh7 (Ctrl and
Huh7-HBx) and (B) MIHA (Ctrl and MIHA-HBXx) cells. (C) Huh7 (Ctrl and Huh7-HBx) and (D) MIHA (Ctrl and MIHA-HBX) cells were cultured with or
without 2 mM NAC for 24, 48, and 72 h. Lipid droplets (shown with black arrows) in liver cells were examined by Oil Red O staining and were observed
under an inverted phase contrast microscope. Magnification, x200. Data are presented as the means + standard deviation (n=3). “P<0.01, ““P<0.001, NS, not
significant; HBx, hepatitis B protein X; NAC, N-acetylcysteine; ROS, reactive oxygen species.

helped to overcome them. In the present study, the effects of HBx
on lipid levels in the two cell lines were investigated to further
evaluate the effects of HBV, specifically HBx, on fatty liver
disease. The present results demonstrated that HBx increased the
formation of lipid droplets in vitro, a key indicator of NAFLD,
suggesting that HBx may serve as an inducer of NAFLD. HBx
is believed to act as a promoter in hepatic lipid accumulation
through HBx/fatty acid-binding protein 1/hepatocyte nuclear
factor 3-f (HNF3f), CCAAT-enhancer-binding protein o
and peroxisome proliferator-activated receptor o axis in
HBV-induced NAFLD (34). In addition, HBx can directly
interact with liver X receptor (LXR)a to upregulate the levels
of sterol regulatory element-binding protein 1 (SREBPIc) to
support lipogenesis, thereby causing fatty liver disease (35).
In the present study, it was demonstrated that HBx may
promote lipid droplet formation via increased mitochondrial
ROS levels, whereas the addition of a ROS scavenger inhibited
lipid droplet formation. The underlying mechanism of ROS
in lipid droplet formation and NAFLD has been widely
studied (36). In addition to the HBx/LXRa/SREBP1 axis,
an HBx/mitochondrial ROS/c-Jun N-terminal kinase axis
can also promote SREBPIc to support the formation of lipid
droplet formation (37). Although increased generation of ROS
production has been implicated in damaged mitochondria,
increased mitochondrial ROS are also detected in cells with
elevated aerobic metabolism (38). Consistently, our finding
of increased mitochondrial function and ROS production in
HBx transfected cells imply a possibility of increased electron
leakage from over-activated electron transfer.

In conclusion, unlike previous studies, the present study
demonstrated that HBV infection may not act as a protective
factor against NAFLD in the Chinese population. Conversely,

it was revealed that HBV may serve a role in the development
of NAFLD in vitro via increased production of mitochondrial
ROS; however, this requires further validation in future studies.
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