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Background and Aims. Nonalcoholic fatty liver disease (NAFLD) is one of the most prevalent chronic liver diseases. In this
prospective study, we aim to explore the role of angiotensin II (Ang II) and NLRP3 inflammasome in NAFLD patients.
Methods. We prospectively enrolled 96 patients in our hospital from September 2014 to February 2016. Patients were divided
into two groups (NAFLD group and Control group), and the serum Ang II level, IL-18, IL-18, and lipids were analyzed.
Correlation and multivariable analyses were used in order to identify the potential risk factors of NAFLD. Results. Although the
two groups share a similar demographic background, the Ang II level of NAFLD group patients was significantly higher than
that of the Control group (42.18 +12.37 vs. 36.69 + 13.90, p = 0.014) when abdominal ultrasound was used for grouping. This
finding was confirmed when a FibroScan Cap value was selected to divide participants into the NAFLD group and Control
group (41.16 + 13.06 vs. 34.85 + 12.64, p =0.040). Multivariable analysis showed that Ang II level is an independent risk factor
of NAFLD whether abdominal ultrasound (OR = 1.056, p = 0.037) or FibroScan Cap value (OR =1.069, p =0.013) was deemed
as the diagnostic standard. Furthermore, stepwise regression analysis was carried out between Ang II with other parameters and
we discovered that Ang II had a linear correlation with IL-18. Conclusion. Ang II levels of NAFLD patients significantly
increased, and elevated Ang II level is an independent risk factor of NAFLD. Our preliminary results also indicate that Ang II

may promote the development of NAFLD by activating NLRP3 inflammasome.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) has become one of
the most common chronic liver diseases. NAFLD affects over
30% of the US adult population, reaching levels as high as
75-100% in obese individuals [1]. Statistics from the National
Health and Nutrition Examination Survey showed that 34%
of American adults were obese [2]. Furthermore, it is
estimated that more and more people worldwide will be over-
weight or obese [3], which is closely associated with a number
of metabolic syndrome including NAFLD and type II diabe-
tes. NAFLD is now recognized as a pathological spectrum of
disease, ranging from simple hepatic steatosis to nonalco-
holic steatohepatitis (NASH), fibrosis, and cirrhosis [4]. As
it is well known, a two-hit hypothesis is one of the most
important mechanisms explaining the development and

progression of NAFLD/NASH [5]. Recently, NLRP3 inflam-
masome has drawn considerable attention. Multiple studies
have demonstrated that inflammasome activation promoted
inflammation, triglyceride accumulation, and insulin resis-
tance in NASH [6-11]. It is generally recognized that
inflammasome activation is the result of two distinct signals:
one that activates the transcription of prointerleukin-1p3
(IL-13) and another that mediates the assembly of the inflam-
masome [12, 13]. Mitochondrial dysfunction mediated
NLRP3 inflammasome activation via increased mitochon-
drial reactive oxygen species, and oxidized mitochondrial
DNA is an important pathway of the second signals [14-17].
Ang 1II is considered the ultimate effector of the renin-
angiotensin system (RAS) on systemic blood pressure regula-
tion and has been implicated as a major contributor in
NAFLD development and progression in recent years [18].
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Furthermore, Ang II blocking drugs, such as angiotensin-
converting enzyme inhibitors (ACEILs) and angiotensin
receptor blockers (ARBs), have been also found to reduce
the development of NAFLD in large amounts of literature
[18-23]. However, regulatory mechanism underlying these
effects of Ang II blocking drugs on NAFLD remains to be
unsolved and the relationship between Ang II and NLRP3
inflammasome also has not been reported. In this study, we
aimed to determine whether Ang II and NLRP3 inflamma-
some are involved in NAFLD patients. We also aim to deter-
mine the possible mechanism underpinning the effect of
Ang IT on NAFLD patients based on our clinical data.

2. Patients and Methods

A total of 121 adult patients in our hospital were prospec-
tively collected during the period from September 2014 to
February 2016. The inclusion criteria included (1) 18 to
70-year-old adults and (2) no serious accompanied diseases
such as advanced malignant tumor and organ failure. The
exclusion criteria included (1) the administration of angioten-
sin II receptor blockers, 3 receptor antagonist, vasodilator,
diuretics, and other drugs that have effects on angiotensin
levels; (2) virus, alcohol, drugs, and other coexisting causes
of chronic liver disease; (3) infectious diseases and autoim-
mune diseases that may have effects on IL-13 and IL-18 levels;
(4) patients with mental disorders; and (5) pregnant women
and nursing mothers. However, 96 patients fulfilled our inclu-
sion and exclusion criteria and were eventually enrolled in the
current study. Blood samples were taken from NAFLD
patients (NAFLD group) and healthy volunteers (Control
group). Body weight, BMI, alanine aminotransferase, lipids,
fasting glucose, fasting insulin, homeostasis model assessment
insulin resistance (HOMA-IR), plasma renin activity (PRA),
plasma Ang II level, plasma aldosterone, and NLRP3 inflam-
masome downstream cytokines IL-1f3 and IL-18 were col-
lected and analyzed. The diagnosis of NAFLD required that
[24] (1) there was hepatic steatosis by imaging or histology;
(2) there was no significant alcohol consumption (>20 g/day
for women and >30 g/day for men); (3) there were no compet-
ing etiologies for hepatic steatosis; and (4) there were no coex-
isting causes for chronic liver disease. Abdominal ultrasound
and FibroScan examination were selected as the imaging eval-
uation to detect the presence of hepatic steatosis, due to the
fact that most NAFLD patients were simple hepatic steatosis,
making it difficult to obtain liver biopsy. Two experienced
operators with more than 5000 cases of ultrasound examina-
tion performed the abdominal ultrasound, and they were
trained to detect steatosis according to the same criteria before
the study. Abdominal ultrasound examination for the diagno-
sis of NAFLD required at least two of the following three cri-
teria [25, 26]: (1) in the diffused enhancement of the near-field
echo of the liver, the echo was stronger than that of the kidney;
(2) the intrahepatic duct structure display was not clear; and
(3) the far-field echo of the liver was fading. FibroScan exam-
ination is a noninvasive, immediate, objective, and efficient
method to detect and quantify steatosis [27], which was
approved by the Food and Drug Administration for the non-
invasive assessment of liver disease in 2013. Optimal cut-offs
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of the FibroScan Cap value have been recommended as
238 dB/m for the detection of steatosis [28]. In our study, all
the FibroScan examinations were carried out by one certified
operator using a FibroScan device (FibroScan 502F01269,
Echosens, Paris, France). Blood chemistry and lipid profiles
were measured using a blood chemistry analyzer (Olympus
AU600, Tokyo, Japan). HOMA-IR was calculated using the
equation homeostasis model assessment: insulin resistance =

[fasting insulin (mU/mL) x fasting glucose (mmol/L)]/22.5.

Serum IL-1f and IL-18 levels in the supernatants were mea-
sured with a commercial ELISA kit (RayBiotech, Inc., Atlanta,
America) according to the manufacturer’s protocols. This
research was approved by the Institutional Review Board of
Nanfang Hospital affiliated to Southern Medical University
(Ethical No. NFEC-2014-086), and all participants provided
written informed consent.

2.1. Statistical Analysis. All data are expressed as the
means + SEM. The difference of measurement data between
the groups was detected by the analysis of Student’s -test
or Wilcoxon test. Correlation analysis was used to explore
the relationship between Ang II, IL-1f3, IL-18, and NAFLD.
Two variables in accordance with normal distribution were
analyzed using Pearson correlation analysis, and the variables
that do not conform to the normal distribution or classifica-
tion variables were analyzed using the Spearman correlation
analysis. Multivariate analysis was used to find the risk fac-
tors of NAFLD, and receiver operating curve (ROC) analysis
was also performed. A value of p < 0.05 was considered to be
statistically significant.

3. Results

3.1. Ang II Levels of NAFLD Patients Significantly Increased,
and Elevated Ang II Level Is an Independent Risk Factor of
NAFLD. Firstly, the patients were divided into two groups
(NAFLD group and Control group) according to the abdom-
inal ultrasonography results. The demographic data of the
NAFLD group (male/female, 40/7; age, 47.49 + 6.86 years)
and Control group (male/female, 33/16; age, 48.53 + 10.65
years) were similar (Table 1). However, significant differ-
ences were observed between the two groups concerning
about body weight, BMI, alanine aminotransferase (ALT),
triglycerides, high-density lipoprotein cholesterol (HDL),
low-density lipoprotein cholesterol (LDL), serum insulin,
HOMA-IR, Ang II, IL-1p3, and IL-18. The Ang II level of
the NAFLD group was significantly higher than that of the
Control group (NAFLD group (42.18 £ 12.37) vs. Control
group (36.69 +13.90), p=0.014) (Figure 1). Multivariate
logistic analysis showed that the risk factors of NAFLD
included weight (OR=1.126,p=0.001), triglycerides
(OR=2.289, p=0.010), serum insulin (OR=1.279,
p=0.014), and Ang II level (OR =1.056, p =0.037) when
abdominal ultrasound results were selected as the measuring
standard (Table 2). Furthermore, ROC analysis showed that
Ang II alone can discriminate control and NAFLD patients
with an area under curve (AUC) of 0.6452. Especially when
Ang II was combined with body weight, TG, and serum
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TasLE 1: Clinical and laboratory characteristics of the study patients divided into two groups according to abdominal ultrasound results.
Significant p values are in bold.

Variables Control group (N =49) NAFLD group (N =47) p value
Age (years) 48.53 £10.65 47.49 £ 6.86 0.572
Gender (male, %) 33, 67.35% 40, 85.11% 0.056
Body weight (kg) 63.95 £ 10.07 76.37 £9.47 <0.001
BMI value 22.97 £2.81 26.21 +2.47 <0.001
ALT (U/L) 19.85 +8.56 27.02+11.81 0.001
AST (U/L) 21.83 £ 7.06 23.36 +6.34 0.270
Albumin (g/L) 40.68 +2.57 41.73 +4.65 0.171
CRP (mg/L) 2.62+£6.23 1.22+£0.99 0.131
TG (mmol/L) 1.30 £ 0.62 236+ 1.71 <0.001
CHOL (mmol/L) 5.14+1.04 523+1.15 0.702
HDL (mmol/L) 1.39+£0.86 1.01+£0.23 0.005
LDL (mmol/L) 3.24+0.84 3.30+0.89 0.747
VLDL (mmol/L) 0.62+0.31 0.93 +0.48 <0.001
FBG (mmol/L) 5.11+0.83 5.48 +1.06 0.061
Serum insulin (mIU/L) 5.29 +2.80 9.19 +4.26 <0.001
HOMA-IR 1.23+£0.83 2.26+1.34 <0.001
Ang II (pg/mL) 36.69 +13.90 42.18 +12.37 0.014
PRA (pg/mL) 0.50 +0.62 0.95 +3.00 0.311
ALD (pg/mL) 17.03 £5.94 19.31 £ 8.95 0.142
PRA/ALD 127.10 £ 206.73 106.60 £ 129.15 0.565
IL-18 (pg/mL) 629.26 + 259.00 743.54 + 290.51 0.045
IL-18 (pg/mL) 1.81+1.56 2.36£3.85 0.049
p=0.044 p=0.039
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FiGure 1: Ang II levels of NAFLD patients significantly increased. (a) The Ang II level of the NAFLD group was significantly higher than that
of the Control group according to abdominal ultrasound results (NAFLD group (42.18 + 12.37) vs. Control group (36.69 + 13.90); p = 0.014).
(b) We also confirmed the same finding when the patients were divided into two groups according to the FibroScan Cap value.
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TABLE 2: Multivariate analysis showed the risk factors of NAFLD when abdominal ultrasound results were selected as measuring standard.

95% CI of OR value

Variables B SE Wald p value OR value
Upper Lower
Body weight 0.118 0.035 11.621 0.001 1.126 1.052 1.205
TG 0.828 0.319 6.718 0.010 2.289 1.224 4.281
Serum insulin 0.246 0.100 6.049 0.014 1.279 1.051 1.555
Ang II 0.054 0.026 4.344 0.037 1.056 1.003 1.111
ROC curve for model ROC curve for model
Area under the curve = 0.6452 Area under the curve = 0.9167
1.00 4 - 1.00 4 -
0.75 4 - 0754 -
s g
= =
£ 0504 2 0.50 1
& : &
A A
0.25 A - 0.25 A
0.00 A 0.00 A
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

1 - specificity
(@)

1 - specificity
(b)

FIGURE 2: Receiver operating curve (ROC) analysis showed that Ang IT alone can discriminate control and NAFLD patients where the area
under curve (AUC) was 0.6452 (a) and, especially when Ang IT was combined with body weight, TG, and serum insulin which are shown in
Table 2, the AUC was 0.9167 (b), suggesting that Ang II was an important factor associated with NAFLD.

insulin which were risk factors shown in Table 2, the AUC
was 0.9167 (Figure 2).

Then, the patients were divided into two groups
according to the FibroScan Cap value and we also con-
firmed that the Ang II level of patients with FibroScan
Cap values greater than 238 was significantly higher than
that of patients with FibroScan Cap values less than 238.
(41.16 £ 13.06 vs. 34.85 + 12.64, p =0.040) (Table 3). Mul-
tivariate analysis showed that risk factors of NAFLD
included body weight (OR =1.118, p =0.001), serum albu-
min (OR =1.306, p=0.019), and Ang II level (OR =1.069,
p=0.013) when FibroScan Cap values were selected as the
measuring standard (Table 4). We found that Ang II level
is always an independent risk factor of NAFLD, whether
abdominal ultrasound results or FibroScan Cap value was
selected as the measuring standard. Ang II may play an
important role in the pathogenesis of the disease.

3.2. NLRP3 Inflammasome Activation and the Release of Its
Downstream Inflammatory Cytokines Were Involved in the
NAFLD/NASH. Correlation analysis showed that FibroScan
Cap values had significant correlation with IL-18 and
IL-1B. The correlation coefficient between the Cap value
and IL-18 is 0.254 (p=0.029). The correlation coefficient

between the Cap value and IL-18 is 0.377 (p=0.011). Two
variables in accordance with normal distribution were
analyzed using Pearson correlation analysis. The variables
that do not conform to the normal distribution or clas-
sification variables were analyzed using the Spearman
correlation analysis.

3.3. Ang II May Promote Liver Inflammation and the
Progression of NAFLD/NASH by Activating NLRP3
Inflammasome and Its Downstream Inflammatory Cytokines.
When we carried out correlation analysis between Ang II
and the other observational index, we also discovered that
Ang II level had significant correlation with serum insulin,
aldosterone, and IL-1f. The Pearson correlation coefficient
between Ang II and IL-1f is 0.366 (p = 0.005). Furthermore,
stepwise regression revealed that Ang II only had significant
linear correlation with IL-18, and we deduced the following
linear regression equation: AngIl=1.6481L -1+ 35.924
(p=0.013).

4. Discussion

Ang II blockade drugs ACEIs and ARBs have been univer-
sally accepted as the first-line drugs for the treatment of
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TasLE 3: Clinical and laboratory characteristics of the study patients divided into two groups according to the FibroScan Cap value.
Variables FibroScan Cap value < 238 (N = 42) FibroScan Cap value > 238 (N = 32) p value
Age (years) 48.17£9.42 48.50 £7.94 0.872
Gender (male, %) 33, 78.57% 28, 87.50% 0.371
Body weight (kg) 66.44 +11.19 76.41 +9.34 <0.001
BMI value 23.72+3.13 25.81+2.59 0.003
ALT (U/L) 22.00+11.10 26.78 £11.39 0.074
AST (U/L) 22.31+7.14 23.81+7.18 0.374
Albumin (g/L) 40.93 +2.47 42.26 +2.86 0.036
CRP (mg/L) 2.75+6.72 1.19+£1.01 0.198
TG (mmol/L) 1.72+1.46 2.09+1.62 0.314
CHOL (mmol/L) 5.15+0.97 5.44+1.08 0.230
HDL (mmol/L) 1.35+0.92 1.06 +£0.22 0.094
LDL (mmol/L) 3.20+0.81 3.52+0.84 0.107
VLDL (mmol/L) 0.75+0.44 0.84 +0.47 0.377
FBG (mmol/L) 5.14+0.86 547+1.18 0.165
Serum insulin (mIU/L) 6.06 +3.27 8.65+4.57 0.007
HOMA-IR 1.44 +0.95 2.13+1.46 0.016
Ang II (pg/mL) 34.85 + 12.64 41.16 + 13.06 0.040
PRA (pg/mL) 0.55+0.60 1.00 + 3.60 0.427
ALD (pg/mL) 17.53 +5.67 19.29+9.17 0.312
PRA/ALD 101.74 +£176.88 122.85+134.82 0.577
IL-18 (pg/mL) 678.69 +319.41 741.79 +222.06 0.343
IL-18 (pg/mL) 1.47 £1.26 1.82+£1.12 0.339
TaBLE 4: Multivariate analysis showed the risk factors of NAFLD when the FibroScan Cap value was selected as the measuring standard.
Variables B SE Wald p value OR value Uglioe/z Clof OR Vlﬂ)liser
Body weight 0.112 0.034 11.086 0.001 1.118 1.047 1.194
Albumin 0.267 0.114 5.505 0.019 1.306 1.045 1.632
AngII 0.066 0.027 6.151 0.013 1.069 1.014 1.126

hypertension based on the Joint National Committee on
prevention, detection, evaluation, and treatment of high
blood pressure guidelines [29]. Experimental studies have
also demonstrated the beneficial effects of ACEIs and
ARBs on the development and progression of NAFLD
[18-21, 30-33]. Additionally, a prospective clinical study
with small sample size suggests that treatment with losartan
results in the improvement of serum liver enzyme levels
and hepatic necroinflammation [23]. In a larger study, 54
patients with NASH and hypertension were randomly
assigned either to the valsartan group (standard dose
80 mg/d, n =26), r to the telmisartan group (standard dose
20mg/d, n=28). Both ARBs reduced transaminase levels
and improved insulin resistance, but telmisartan showed a
higher efficacy regarding insulin resistance and histology
[34]. However, the mechanism behind the effects of Ang II

on NAFLD remained unclear. Our data demonstrated that
there are significantly increased Ang II levels in patients with
NAFLD. Ang II levels of NAFLD patients significantly
increased, and this may be the theoretical basis for the thera-
peutical effect of Ang II blocking drugs for NAFLD. We also
found that Ang II level was one independent risk factor of
NAFLD patients, whether abdominal ultrasound results or
FibroScan Cap value was selected as the diagnostic standard,
indicating that Ang II may contribute to the progression of
NAFLD. ROC analysis showed that Ang II can predict
NAFLD and, when Ang IT was combined with body weight,
TG, and serum insulin which were all risk factors of NAFLD,
the AUC was 0.9167, also suggesting that Ang II was an
important factor associated with NAFLD.

Numerous researches have showed that the activation of
NLRP3 inflammasome and the release of downstream IL-1



and IL-18 can promote the process of liver inflammation,
triglyceride deposition, and insulin resistance during the
NAFLD/NASH [6-11, 17]. In the present study, it is noted
that the FibroScan Cap value had a significant correlation
with IL-1$ and IL-18. Thus, it can be seen that Ang II and
NLRP3 inflammasome-mediated cytokines IL-1f and IL-18
are all involved in NAFLD patients. However, the relation-
ship between Ang IT and NLRP3 inflammasome has not been
reported, and the interacting mechanism remains unclear. In
our previous experimental study, we have found that Ang II
can activate the NLRP3 inflammasome in hepatocyte and
induce caspase-1-dependent cell apoptosis. Meanwhile, in a
methionine-choline-deficient diet-induced mouse NASH
model, Ang IT blocking drugs losartan and perindopril can
downregulate expression of NLRP3-related protein and
alleviate the liver steatosis. On the basis of the previous
work, we try to explore the relationship between Ang II
and NLRP3 inflammasome from the aspects of clinical data
for the first time. Our results revealed that Ang IT had a signif-
icant linear correlation with IL-1f and the equation of linear
regression was AngIl=1.6481L — 15+ 35.924 (p=0.013).
This shows that Ang II may promote liver inflammation
and the progression of NAFLD/NASH by activating
NLRP3 inflammasome and its downstream inflammatory
cytokines.

One of the major limitations is the limited sample size,
which included 96 patients, thus limiting the power to detect
significant differences of some parameters. In addition, this
study is a prospective observational study, lacking interven-
tion measures, and the persuasive power is relatively limited.
Therefore, randomized controlled clinical trials and inter-
ventional studies are needed to evaluate the specific mecha-
nism of the Ang II effect on NAFLD patients.

5. Conclusion

Ang II levels of NAFLD patients significantly increased, and
the elevated Ang II level is an independent risk factor of
NAFLD. Our preliminary findings also indicate that Ang II
may promote liver inflammation and the progression of
NAFLD/NASH by activating NLRP3 inflammasome and its
downstream inflammatory cytokines.
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