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Abstract

Background: Tumor necrosis factor-a (TNF-x) is thought to be involved in the development of non-alcoholic fatty liver disease
(NAFLD). However, it is still undetermined whether TNF-cv is a significant indicator of major adverse hepatic events (MAHE).
Methods: A total of 279 participants with TNF-« data were enrolled and assigned into three different groups based on the serum
TNF- level. The severity of NAFLD was evaluated with magnetic resonance imaging to determine liver proton density fat fraction.
The association between TNF-c« and MAHE as well as the association between TNF-« and all-cause death were evaluated with the
risk-djusted Cox Proportional-hazards Model.

Results: Compared with those in the lowest tertile, participants with highest TNF-« level displayed higher serious hepatic events
or burden. After a median 3 years follow-up period, participants with highest TNF-«w had a higher risk of MAHE (HR 1.74, 95% CI1.05-
1.93, P < 0.001) and all-cause death rates (HR 2.63, 95% CI1.89 -3.35, P < 0.001) than those with low TNF-« level subjects.
Conclusions: Patients with high level of TNF-« have increased the burden of NAFLD and higher MAHE risk compared to patients

with low level of TNF-c..
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1. Background

Hepatic events, especially non-alcoholic fatty liver dis-
ease (NAFLD), which affects 20% - 40% of the adult pop-
ulation ranging from hepatic steatosis to non-alcoholic
steatohepatitis (NASH), are generally considered asymp-
tomatic and notoriously serious until decompensation oc-
curs (1-3). Decompensation mostly occurs in the presence
of steatosis and inflammation. Therefore, when assessing
the risk of hepatic events, it is important to give insight
into prognosis of advanced steatosis and inflammation (4-
6).

The exact nature of NAFLD is still unknown. However,
certain conditions such as obesity, insulin resistance, and
inflammation probably play a strong role in the disease
progress. Assessment of the severity of steatosis is impor-
tant in the evaluation of the stage of NAFLD, due to the fact
that the prevalence of steatosis associated with obesity is
dramatically affecting developed countries (1, 6).

Although liver biopsy is traditionally recommended as
the gold standard to diagnose and grade steatosis, inflam-
mation, and fibrosis, the poor patient acceptance and the
risk of non-representative sampling error further restrict

the widespread application (7, 8). In recent years, the de-
velopment and application of non-invasive tests of NAFLD
became a hot research area and have revolutionized the
hepatology practice. Numerous studies have confirmed
the accuracy of non-invasive tests in steatosis, steatohep-
atitis staging, and diagnosis (8-11). Among them, serum
assay and magnetic resonance imaging (MRI) evaluation
have become valuable tools to non-invasively diagnose and
monitor hepatic events.

Obesity and inflammation are closely linked with
NAFLD. Itis of clinical interest to assess the liver fat fraction
and inflammation molecules as a hallmark of NAFLD devel-
opment and progression. MRI determined that liver pro-
ton density fat fraction not only correlates with histology-
determined steatosis grade in adults with NAFLD, however,
it also accurately quantifies hepatic steatosis in NAFLD,
which can be used to monitor disease progression and is
considered a potential alternative to liver biopsy in clin-
ical practice (7, 12). Moreover, as one of the most impor-
tant adipocytokines, tumor necrosis factor alpha (TNF-«)
and its receptor is thought to be involved in the develop-
ment of NAFLD and sustains chronic inflammation leading
to liver fibrosis (13,14). TNF-« secretion is induced by a vari-
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ety of stimuli, including fat accumulation, and organ dam-
age. If the stimulus persists, the inflammation can become
chronic. However, it is still undetermined whether TNF-«v
is a significant indicator of major adverse hepatic events
(MAPE), including hepatic decompensation, hepatocarci-
noma, and liver-related death for participants without the
history of NAFLD who underwent MRI assessment of liver
fat fraction.

In this assay, we investigated the potential role of
serum TNF-« level as a useful clinical biomarker to predict
the risk of future hepatic events in Chinese participants
without NAFLD history who underwent an MRI.

2. Methods

2.1. Study Population

A total of 325 participants without a history of NAFLD
undergoing MRI evaluation were retrospectively enrolled
and only those participants (279 participants) with avail-
able serum TNF-« level data were included in the present
study. The study procedure was approved by the ethics
committee of Cangzhou Central hospital, and written in-
formed consent forms were given by all participants. Then,
the participants were assigned into three different groups
based on serum TNF-« levels (< 1.60, 1.61 - 3.10, and > 3.11
pg/mL).

The clinical diagnosis was made using ICD-9 codes
from inpatient and outpatient encounters, such as 570
(acute or subacute liver necrosis), 571.5 (cirrhosis without
the use of alcohol), 572.2 (hepatic coma), and 573.3 (toxic,
noninfectious hepatitis). These events of NAFLD were con-
sidered serious if the diagnosis was recorded as part of
a hospitalization; all others were considered non-serious
NAFLD (15).

2.2. Procedures

Demographic data and hepatic events risk factors,
such as gender, age, family history, smoking status, di-
abetes, dyslipidemia, body mass index (BMI), waist cir-
cumference, low-density lipoprotein (LDL), high-density
lipoprotein (HDL), glucose, liver fat fraction, liver volume,
visceral fat volume, and subcutaneous fat volume were
acquired by a standardized questionnaire and clinical as-
say. Smoking status was classified into never, past, or cur-
rent smoker (at least 6 months, at least one cigarette per
day) (16). Diabetes was defined as hemoglobin Aic (HbA1c)
higher than 6.5%. Body mass index (BMI) was computed as
body weight/ (height?). Waist circumferences (narrowest
diameter between the xiphoid process and iliac crest) were
measured. TNF-o« was measured by ELISA (BD Biosciences,
Franklin Lakes, NJ, USA), according to the manufacturer’s
instructions.

2.3. MRI for Liver Fat Fraction Quantification

Baseline and follow-up MRI were used to assess
changes in liver fat fraction utilizing a most advanced MRI-
determined proton density fat fraction (MRI-PDFF) method
(12). A standard non-contrast enhanced Ti-weighted VIBE
(volume interpolated breath-hold examination) sequence
combined with a Dixon fat separation technique (spatial
resolution 2.9 X 2.0 X 3.0 mm?; acquisition time 28 s;
and echo times 2.39 ms and 4.78 ms) was adopted and
performed with 1.5 T MRI system (Verio, Siemens, Erlangen,
Germany) (17). OsiriX 4.0 (OsiriX Foundation, Geneva,
Switzerland) was used to analyze the images. Three con-
secutive slices were scanned in the right liver lobe and two
consecutive slices were scanned in the left lobe. The center
slice was at the level of the portal vein. The second level
of measurement for both lobes was two consecutive slices
above the center and additionally on the right side two
slices below the center. The MRI-PDFF was calculated using
the following previously described equation: FF = fat [ (fat
+ water).

All scans were independently assessed by two radiolo-
gists blind to the group assignment and clinical informa-
tion and a final decision was obtained based on consensus
interpretation.

2.4. Endpoints

The endpoints of this study were all-cause death and
MAHE, which included fibrosis or cirrhosis, liver failure,
and hepatocellular carcinoma.

2.5. Statistical Analysis

Wilcoxon Rank-sum Test was used to analyze inter-
mgroup comparisons across tertiles. Risk-adjusted and un-
adjusted Cox Proportional-hazards Model were employed
to examine the relationship between TNF-« level and
MAHE or all-cause death. The hazard ratio (HR) and
95% confidence interval (CI) were determined by the Cox
Model. P < 0.05 was considered to be statistically signif-
icant. Free survival curves of MAHE and all-cause-death
were generated across different tertiles using the multi-
variate Cox Proportional-hazards Model. GraphPad Prism
6.00 (GraphPad Software, San Diego, CA) was used to draw
the figures.

3. Results

3.1. Baseline Characteristics

Among 325 participants without known NAFLD un-
dergoing MRI assessment, TNF-« detection was available
for 279 participants (85.8%; Figure 1). The baseline demo-
graphic and clinical characteristics of participants based
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Figure 1. Study flow chart

on TNF-« tertiles were listed in Table 1. Participants with
high TNF-« serum level displayed a higher rate of BMI (P
=0.0362), LDL (P = 0.0293), and glucose levels (P = 0.0396)
compared with participants in the low TNF-a group. Fur-
thermore, participants with high TNF-« level exhibited a
significantly elevated rate of diabetes (P = 0.0007), dyslipi-
demia (P =0.0004), and waist circumference (P = 0.0072).
However, liver fat fraction (P = 0.0505), liver volume (P =
0.0868), visceral fat volume (P=0.0507),and subcutaneous
fatvolume (P=0.0753) did not show significant differences
among different groups in the initial phase of observation.

3.2. Severity of NAFLD

The severity of NAFLD evaluated by normal, non-
serious, and serious hepatic events is showed in Table 2.
Compared with participants with low TNF-« level, those
with high TNF-« displayed a greater rate of serious hep-
atic events, while there was no significant difference at the
rate of non-serious hepatic events (P =0.0003). Compared
with participants in lower TNF-c group, those with higher
serum TNF-a showed increased liver fat fraction value (P =
0.0008). Such phenomenon can also be seen after 3 years
follow-up study (Figure 2).

3.3. Rates and Adjusted Risk of MAHE and All-Cause Death

After 3.0 £ 2.6 years of follow-up study, MAHE (P =
0.0009) and all-cause death rates (P = 0.0002) were found
to be progressively increased with elevating TNF-« levels
using the unadjusted Cox Model. Using the adjusted Cox
Proportional-hazards Model, adjusted for gender, age, di-
abetes, dyslipidemia, family history, current smoke, BMI,
waist circumference, glucose, and liver fat fraction, partic-
ipants with highest TNF-a had higher risk of MAHE (HR
1.74, 95% CI1.05 - 1.93, P < 0.001) and all-cause death rates
(HR 2.63, 95% CI1.89 - 3.35, P < 0.001) than those with low
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Figure 2. Box plots of liver fat fraction among three different groups based on serum
TNF-«x level. *P < 0.05, **P < 0.01,and ***P < 0.001.

TNF-« level subjects (Table 3). Free survival curves also
clearly showed increased MAHE and all-cause death in par-
ticipants with a higher level of TNF-« (Figure 3).

4. Discussion

As the most common form of the chronic liver disease
in obese patients, most NAFLD is asymptomatic and the di-
agnosis often followed by abnormal findings on routine ex-
amination, or abdominal MRI, was adopted for other ex-
amination related with hepatic risk events. While with a
prevalence of approximately 20% - 30% in adult popula-
tion, NAFLD might be a progressive disease: over a 10-year
period, up to 20% of patients with NASH will develop cir-
rhosis, and 10% will suffer death related disease (18). How-
ever, due to lack of effective therapies for NAFLD and the
non-acceptance of liver biopsy, the identification of risk
factors for MAHE would help to give a higher insight into
prognosis (8).

Obesity, insulin resistance, and inflammation are con-
sidered to be related with the development of NAFLD (5, 6,
19). While due to the relatively short duration and possi-
bly mild degree of the underlying obesity in Chinese pa-
tients with NAFLD, the histological severity of steatohep-
atitis and fibrosis are generally mild. Some evidence has
linked TNF-a with the metabolic abnormalities of insulin
resistance. Adipose tissue has been approved to be a site
for TNF-o synthesis and increased TNF-« levels favor the de-
velopment of insulin resistance and impaired glucose tol-
erance. Moreover, TNF-« has a central role in the develop-
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Table 1. Characteristics of Study Population®

Total (N=279) Low INF-ot (N=93) Intermediate TNF-« (N=93) High TNF-«« (N=93) PValue
TNF-c, pg/mL <160 1.61-3.10 > 31 0.0005
Male gender 152 (54.5) 51(54.83) 51(54.83) 50(53.76) 0.2584
Age,y 52.5110.26 51.2 4 9.12 523 £ 9.85 52.7 £10.02 0.1735
Family history 87(31.18) 28(30) 29(32) 30(323) 0.0748
Current smoke 85(30.46) 22(23.66) 28(30.1) 35(37.63) 0.0847
Diabetes 50(17.9) 13 (13.98) 16 (17.2) 21(22.58) 0.0007
Dyslipidemia 189 (67.7) 57(61.29) 61(65.59) 71(76.34) 0.0004
BMJ, kg/m” 2634 113 26.57 =112 26.78 £1.21 27.89 £113 0.0362
Waist circumference, cm 973 £85 943 +7.6 96.5+9.7 99.6 £ 8.9 0.0072
LDL, mmol/L 32109 28+11 31£0.9 34%038 0.0293
HDL, mmol/L 11+04 11+04 12405 12403 0.1623
Glucose, mmol/L 58+15 5.6 14 61113 62%15 0.0396
Liver fat fraction, % 25412 22+15 24417 23+11 0.0305
Liver volume, cm® 1946 + 686 1940 = 510 1944 + 398 1949 +(450 0.0868
Visceral fat volume, cm® 612 =+ 457 605 1 446 614 + 420 617 + 465 0.0507
Subcutaneous fat volume, cm® 2616 =+ 786 2645 =+ 748 2601 =+ 698 2633 £ 753 0.0753

Abbreviations: BMI, Body Mass Index; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; TNF-cx, Tumor Necrosis Factor-cv.
*Values are expressed as No. (%) or mean = SD.

Table 2. The Extent and Severity of Non-Alcoholic Fatty Liver Disease (NAFLD)?

Total (N=279) Low TNF-« (N=93) Intermediate TNF-o (N =93) High TNF- (N =93) P Value
Normal 117 (41.9) 51(54.84) 40 (43) 26 (27.96) 0.0003
Non-obstructive disease 103 (36.9) 34(36.56) 36(38.72) 37(36.56) 0.0079
Obstructive disease 59 (21.2) 8(8.6) 17(18.28) 30 (32.26) 0.0006
LFF 6.62 6.5 3.92+47 6.56 =43 938 +3.4 0.0008
LFF< 6 117 (41.94) 40 (43) 39 (41.94) 37(39.78) 0.0743
LFF6-9 112 (40.14) 32(34.4) 37(39.78) 43(46.24) 0.0082
LFF> 9 50 (17.92) 10 (10.75) 17(18.28) 23(24.73) 0.0005

Abbreviation: LFF, Liver Fat Fraction.
*Values are expressed as No. (%) or mean = SD.

Table 3. Cox Proportional-Hazards Model of MAHE and All-Cause Death®

MAHE All-Cause Death
HR 95% CI PValue P Value for Trend HR 95% CI P Value P Value for Trend
Unadjusted model
Low TNF-«¢ Reference - - 0.0009 Reference - - 0.0002
Intermediate TNF-« 17 1.23-1.98 0.0007 2.02 1.71-2.82 0.0005
High TNF-« 2.26 1.81-2.73 0.0003 313 2.51-4.18 0.0009
Adjusted model
Low INF-« Reference - - 0.0007 Reference - - 0.0008
Intermediate TNF-o 1.32 1.02-1.68 0.0009 1.72 1.34-2.25 0.0057
High TNF-« 174 1.05-1.93 0.0006 2.63 1.89-3.35 0.0005

Abbreviations: Cl, Confidence Interval; HR, Hazard Ratio; MAHE, Major Adverse Hepatic Events.
?Adjusted-for variables were age, BMI, diabetes. The covariates were added to this model only if identified statistically as predictors of MAHE and all-cause death (P <
0.05)

ment of fatty liver and subsequently NASH (20, 21). Pen- However, such results are not consistent in humans (22),
toxifylline, a phosphodiesterase inhibitor and non-specific which can be attributed to the diversity of different study
TNF-o. pathway antagonist, has been shown to improve populations or the lack of adjustment for several factors
the histological features of NASH in adult patients (22-24). that might influence the results (23-25).
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Figure 3. Major adverse hepatic events A, and all-cause death B, free survival curves for participants stratified by the concentration of TNF-cx

The role of TNF-«x as a marker for NAFLD has been in-
vestigated in several cross-sectional analyses; however, the
results show some contradictory (23-25). Therefore, multi-
center longitudinal cohort studies are needed to demon-
strate the relationship between TNF-« and NAFLD in the
different population (26, 27). However, for the first time,
the association of TNF-a with NAFLD in Chinese is demon-
strated in this study, and will be a helpful supplement to
TNF-ov and NAFLD research. Relatively small and only one-
center participants are enrolled; further multi-center in-
vestigations on a large scale of participants are needed to
confirm the present results.

PDFF measurement is an advanced MRI-based method
for quantitatively assessing steatosis (28, 29). Compared
with conventional MR imaging techniques, PDFF is a
more objective, quantitative, and non-invasive imaging
biomarker of liver fat content and the measurement is in-
dependent of scanner manufacturer, field strength, and
other factors that may need to be adjusted to get the con-
sistentresults among different platforms. Thus, the results
are more reproducible and valuable. Our analysis also tes-
tified that PDFF is an effective tool to evaluate liver fat frac-
tion changes in NAFLD.

In summary, high TNF-« is found to be independent
predictors of the risk of MAHE high serum. TNF-« level
is strongly associated with increased incidences of MAHE
and all-cause death in participants without NAFLD history
who underwent MRI assessment.
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