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Background: Gut-microbiota alterations and bacterial translocation might attribute to 
hepatic inflammation. Lipopolysaccharide stimulates toll-like receptor 4 leading to the 
activation of Kupffer cells which express the surface receptor, CD 163.
Objective: To assess the levels of CD 163 and LPS in overweight and obese patients with 
different degrees of NAFLD as confirmed by liver biopsy (NAS score).
Methods: This is an observational case–control study. Sixty overweight and obese patients 
with NAFLD and 40 healthy controls were enrolled in the study. Liver biopsy was obtained 
from all participants with NAFLD. LPS and CD 163 levels were assessed using ELISA.
Results: The mean LPS and CD163 levels were significantly higher in patients with NAFLD 
when compared with healthy controls (p-value <0.001, p-value <0.001, respectively). LPS 
and CD163 levels were the lowest in Non-NASH (13.17 ± 3.34, 5.61 ± 2.35 ng/mL, 
respectively) and the highest in NASH (58.61 3± 3.81, 18.11 ± 6.84, respectively) (p-value 
<0.001, p-value <0.001, respectively). Statistically significant correlation was found between 
the levels of LPS and CD163 and NAS score (p-value <0.001, p-value < 0.001, respectively), 
steatosis grade (p-value <0.001, p-value <0.001, respectively), degree of inflammation (p- 
value 0.017, p-value <0.001, respectively) and ballooning (r= 0.663, p-value <0.001, r= 
0.558, p-value <0.001, respectively). In ROC analysis, both sCD163 and LPS had high 
sensitivity and specificity in diagnosing NAFLD. CD163 and LPS had the high sensitivity 
and accuracy in discriminating NASH from Non-NASH (p-value <0.0001 in both). 
Moreover, the mean serum levels of LPS and sCD163 correlated positively and significantly 
with the BMI (r=0.329, p value<0.01; r=0.477. p value <0.001, respectively).
Conclusion: sCD163 and LPS can be used as non-invasive tools for diagnosis and grading 
of NAFLD severity in overweight and obese patients, thus confirming the role of dysbiosis in 
fat deposition and inflammation and suggesting the potential benefits of gut-microbiota- 
targeted therapies in restoring the gut homeostasis.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is regarded as one of the manifestations 
of cardiometabolic syndrome comprising diabetes mellitus, dyslipidemia and 
obesity.1 In the USA, NAFLD is currently considered the second most frequent 
indication for liver transplantation after chronic hepatitis C.2 NAFLD encompasses 
a range of pathological changes in the liver which includes simple steatosis, non- 
alcoholic steatohepatitis, liver cirrhosis and may be hepatocellular carcinoma.2 
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Non-alcoholic steatohepatitis (NASH) is distinguished by 
progressive inflammation that is followed by hepatocyte 
degenerative changes.2

The precise cause of NASH has not been so far clearly 
elucidated, but studies have proposed the role of the gut 
microbiota and dysbiosis in the pathogenesis of this 
disease.3–5 Studies on germ-free mice that were fed with 
high-fat content in diet had lower lipid in the liver com
pared with conventionally housed mice suggesting a role 
of germs in NAFLD pathogenesis.6 Some bacterial species 
were found to be associated with NAFLD such as 
Proteobacteria, Enterobacteria, Escherichia,7 and 
Bacteroides.8 Gut microbiota might be implicated in the 
evolution of NAFLD and NASH and this may be attribu
table to the translocation of bacteria involved in dysbiosis 
and their metabolic products to the liver via disrupted gut 
barrier leading to hepatic inflammation.9,10 Obesity is 
related to alterations in gut bacteria and is also associated 
with an increase in gut permeability.11

Metagenomics studies12–15 suggested that gut dysbiosis 
and its metabolic outcomes modulate the development of 
obesity in different ways and that it is not only a mere 
imbalance status of the commensal phyla.16 Gut micro
biome alteration may change the size and composition of 
bile acid pool with subsequent altered signaling and acti
vation of bile acid receptors such as farnesoid X receptor 
(FXR) and Takeda G protein-coupled receptor 5(TGR5) 
and hence perturbing lipid and glucose homeostasis.16,17 

Dysbiosis also alters short-chain fatty acids (SCFA) pro
duction with a consequent altered secretion of gut peptide 
YY(PYY) and glucagon-like peptide1 (GLP-1) thus affect
ing appetite and satiety.18

Lipopolysaccharide (LPS) (Endotoxin) is a microbial 
molecule found in the basic structure of the Gram-negative 
bacterial cell wall.19 LPS as a pathogen-associated mole
cular pattern (PAMP) is identified by certain pattern recog
nition receptor (PRR) called Toll-like Receptor 4. This 
induces a strong inflammatory response via TLR4 and 
nuclear factor kappa beta (NF Κβ) signaling pathway.20 

Studies on human beings showed elevated LPS levels in 
obese individuals and also in NAFLD.21 These findings 
suggested that dysbiosis is associated with the develop
ment of NAFLD in obese patients.22

TLR4 is expressed by various hepatic cells; hence, the 
effect of LPS is profound. Activation of Kupffer cells via 
TLR4-dependent mechanisms is associated with the con
sequent production of TNF-alpha, reactive oxygen species 
and insulin resistance.23

Kupffer cells are hepatic macrophages that express 
high levels of CD 163. CD 163 is a hemoglobin scavenger 
receptor that is expressed by the monocytes and 
macrophages.24 It can be found in a soluble form in 
serum (sCD163) after being shed from the cell surface 
by certain proteolytic enzymes and is upregulated in con
ditions with macrophage activation in inflammatory liver 
diseases.25 CD 163 levels are high in hepatitis C, hepatitis 
B infection, alcoholic hepatitis and liver cirrhosis with 
portal hypertension.26 However, the relation between CD 
163 levels, serum LPS and NAFLD severity has not been 
studied.27 Our hypothesis is that LPS and CD 163 are both 
associated with NAFLD severity and that they might be 
used as diagnostic biomarkers that correlate well with liver 
biopsy findings in overweight and obese NAFLD patients.

The aim of this study is to assess the levels of LPS and 
CD 163 (representing gut dysbiosis, and hepatic inflam
mation) patients with NAFLD and to correlate their levels 
with the presence of NASH in liver biopsy and to empha
size the role of gut dysbiosis in overweight and obese 
patients.

Patients and Methods
A total of 60 overweight and obese participants with 
NAFLD and 40 healthy controls were enrolled during the 
period from December 2015 to August 2017. Participants 
were prospectively recruited from Gastroenterology and 
Hepatology outpatient clinic of Kasr El Ainy Hospital, 
Cairo University. An informed consent was obtained 
from all participants before enrolment. The study protocol 
followed the ethical guidelines of the Declaration of 
Helsinki28 and was approved by Cairo University 
Hospital Research Ethics Committee (REC) and 
Institutional review Board (IRB) in 28-5-2011 (N-7-2011).

NAFLD patients included in the study were ≥18 years, 
overweight or obese with BMI >25 kg/m2 and demon
strated a bright liver on abdominal ultrasound with or 
without an elevation of liver transaminases. Patients were 
excluded from the study if they had hepatitis B or C, or 
other causes of chronic liver disease. Patients with any 
associated comorbidities as hypertension, diabetes, thyroid 
disease, malignancy or decompensated liver disease were 
all excluded from the study. Moreover, patients with a 
history of alcohol consumption, antibiotic use within the 
previous 3 months, or drug intake (amiodarone, corticos
teroids, tamoxifen, methotrexate, oral contraceptives) were 
excluded from the study. The control group was identified 
as being free of any existing or previous liver disease.
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Detailed history taking, complete physical examination 
including anthropometric measures (weight, height, waist 
circumference, and BMI was calculated) were obtained 
from all participants. Subjects were considered overweight 
if BMI was 25–29.9kg/m2 and were defined as obese if 
BMI was ≥30kg/m2.

Laboratory investigations included liver and kidney 
function tests, liver enzymes including transaminases 
(ALT, AST) and GGT. Fasting plasma glucose, a lipid 
profile, hepatitis markers (including hepatitis B surface 
antigen and hepatitis C virus antibodies), serum LPS and 
CD 163 were also obtained.

Abdominal ultrasonography was carried out for all 
participants after an 8 hour-fast in the supine, right and 
left lateral positions using a Toshiba Apilo XV scanner 
equipped with a 3.5 MHz curved array probe to detect the 
presence of liver steatosis. A single operator performed the 
ultrasound to circumvent inter-observer variability.

The ultrasonographic finding of bright liver confirmed 
the diagnosis of NAFLD and grading of steatosis was 
done.22

Liver biopsies were obtained, under complete aseptic 
technique, from all patients with NAFLD. A written con
sent was obtained. A single pathologist assessed the his
tological characteristics of the biopsies and they were 
graded according to the NAFLD activity score (NAS) 
recommended by the National Institute of Diabetes and 
Digestive and Kidney Diseases NASH Clinical Research 
Network and reported as NAFLD activity score (NAS).29

NAS score was employed to grade the activity of 
NAFLD. In patients with NAFLD, the total NAS score 
denotes the sum of scores for steatosis, lobular inflamma
tion, and ballooning and ranges from 0 to 8. NAS score of 
≥5 strongly matched a diagnosis of “definite NASH”, 3 or 
4 was considered “borderline NASH”, while NAS ≤2 was 
considered “Non-NASH”29 The stage of fibrosis was eval
uated discretely from NAS using a scale of four points: 0 = 
no fibrosis; 1 = mild/moderate zone 3 perisinusoidal fibro
sis or portal/periportal fibrosis only; 2 = perisinusoidal and 
portal/periportal fibrosis; 3 = bridging fibrosis and 4 = 
cirrhosis. A fibrosis grade of ≥2 was considered as sig
nificant fibrosis.30

Biochemical Analysis
Plasma endotoxin (LPS) levels: Samples were diluted with 
LAL reagent in a ratio of 1:3 and heated at a temperature 
of 65 °C for half an hour. All samples were analyzed in 
replica according to the instructions, using the Limulus 

Amoebocyte Lysate (LAL) assay QCL-1000 (Lonza, 
Valais Switzerland).

Soluble CD163 (sCD163): Blood samples were col
lected in a 10-mL EDTA-coated tube, centrifuged and 
serum was then stored at − 80 °C. The samples were 
thawed and serum sCD163 was analyzed using the 
Quantikine enzyme-linked immunosorbent assay system 
(R&D Systems, Minneapolis, MN). The mean assay coef
ficient of variance was 3.3% for sCD163.

Statistical Analysis
The statistical package SPSS version 21 was used for data 
coding and entry. Data were analyzed using mean, stan
dard deviation, median, minimum and maximum for quan
titative variables and frequencies (number of cases) and 
relative frequencies (percentages) for categorical variables. 
The nonparametric Kruskal–Wallis was employed when 
comparing more than 2 groups of quantitative variables 
and the Mann–Whitney U-test when comparing two 
groups. Chi-square (χ2) test was performed when compar
ing categorical data, whereas the Exact test was used when 
the estimated frequency was less than 5. Odds ratio (OR) 
with 95% confidence intervals was calculated. P value 
<0.05 was considered statistically significant.31,32

Results
Participants were subdivided according to NAS score33 

into three categories: 20 patients with NASH (33.3%) 
(18 females and 2 males), 20 patients with borderline 
NASH (33.3%) (20 females) and 20 patients who did not 
have NASH (33.3%) (19 females and 1 male). Only one 
patient in the NASH category had fibrosis. The demo
graphic and the laboratory data are demonstrated in 
Table 1 and Table 2.

The mean levels of LPS level and CD163 were more 
pronounced in participants with NAFLD when compared 
with their levels in healthy control subjects (p-value 
<0.001 in both), Figure 1.

When comparing the levels of LPS and CD163 in the 
three categories of participants with NAFLD, it was found 
that their mean levels were the lowest in simple steatosis 
(Non-NASH). The highest levels were found in NASH (p- 
value <0.001 in both) Figure 2.

There was a highly significant correlation between the 
level of LPS and CD163 with BMI (r= 0.329, p-value 
<0.01, r= 0.477, p-value < 0.001, respectively).

Focusing on the liver biopsy findings, LPS and CD163 
were significantly associated with steatosis grade (r= 
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0.634, p-value <0.001, r= 0.563, p-value < 0.001, respec
tively), lobular inflammation (r= 0.307, p-value <0.001, r= 
0.479, p-value < 0.001, respectively) and ballooning (r= 
0.663, p-value <0.001, r= 0.558, p-value < 0.001, respec
tively). Both markers had statistically significant positive 
correlation with NAS score (r=0.765, p-value <0.001, r= 
0.740, p-value <0.001, respectively). (Table 3). Moreover, 
it was found that the levels of CD163 and LPS were 
correlated with each other (r= 0.613, p-value <0.001). 
However, there was no significant correlation between 
both LPS and CD 163 levels and ALT, AST, GGT and 
metabolic parameters (Table 3)

Univariate analysis revealed that LPS and CD163 were 
significantly correlated with NAFLD (LPS, OR: 1.35, CI: 
1.152–1.576, p-value <0.001 and CD163, OR: 1.99, CI: 
1.455–2.746, p-value<0.001). (Table 4)

Furthermore, in multiple regression analysis, LPS and 
CD163 showed a highly significant independent associa
tion with borderline NASH and NASH with the high 
predictive power in discriminating between NASH and 
Non-NASH (AOR: 1.453, 95% CI: 1.015–2.078, p-value 
=0.04 for LPS and AOR: 2.16, 95% CI: 1.283–3.637 for 
CD163, p-value=0.004). (Table 4)

We also examined whether CD163 and LPS could be 
used as reliable biomarkers for the diagnosis of NAFLD. 
In ROC analysis, CD163 was found to have higher speci
ficity in diagnosing NAFLD with AUC 0.93, 76.7% sen
sitivity and 97.5% specificity as well as high positive 
predictive power 97.9%, p-value<0.0001. However, LPS 
had higher sensitivity of 86.7%, higher accuracy 89.5% 

and negative predictive power 80%, p-value<0.0001. 
Nevertheless, both biomarkers were found to be significant 
predictors of the disease (Figure 3).

The diagnostic performance of both biomarkers in the 
different grades of NAFLD according to by NAS score 
was illustrated using ROC curve in Figure 4. Considering 
the area under the curve, CD163 was the highest sensitiv
ity and accuracy to discriminate NASH from Non-NASH 
(AUC 0.981, 95% CI 98.1–98.1%, p-value <0.0001). Also, 
LPS showed higher specificity 100%, but lower sensitivity 
of 85% and accuracy of 92.5%, when compared with 
CD163, for diagnosis of NASH vs Non-NASH (AUC 
0.961, 95% CI 94.3–98%, p-value <0.0001). Both ROC 
curves (Figure 4B and E respectively) were closer to the 
perfect discrimination between NASH and Non-NASH in 
both biomarkers. Moreover, both LPS and CD163 showed 
high sensitivity, specificity and accuracy as regards the 
discrimination between borderline NASH and Non- 
NASH (Figure 4A and D respectively). However, LPS 
and CD163 did not show good accuracy in discriminating 
NASH from borderline NASH (Accuracy: 75% and 
67.5%, respectively) (Figure 4C and F). (Figure 4).

Discussion
The exact cause of NASH has not been yet clearly eluci
dated, but studies have suggested the role of the gut 
microbiota in the pathogenesis of this disease.3–5 LPS is 
a constituent of the cell wall of Gram-negative bacteria 
that is continuously released during the death of gut- 
derived bacteria and is a potent inflammatory trigger 

Table 1 Demographic and Laboratory Data in Patients and Healthy Controls

NAFLD, Mean ± SD Control, Mean ± SD P value

Age (years) 43.54±7.63 43.78±6.78 0.877
BMI (Kg/m2) 34.32±4.46 22.00±1.56 < 0.001

Waist (cm) 105.30±16.48 72.40±4.31 < 0.001

FBG (mg/dl) 99.47±8.94 96.10±9.88 0.080
T-CHOL (mg/dl) 204.65±33.89 156.92±7.49 < 0.001

LDL (mg/dl) 106.78±21.69 86.68±6.63 < 0.001

HDL (mg/dl) 45.83±8.97 52.30±6.98 < 0.001
TG (mg/dl) 162.62±46.00 112.88±15.25 < 0.001

ALT (IU/l) 30.47±17.95 16.32±5.02 < 0.001
AST (IU/l) 31.75±19.15 17.55±4.42 < 0.001

GGT (IU/l) 41.60±23.92 31.90±8.48 0.069

LPS (EU/mL) 33.37±28.21 10.78±3.50 < 0.001
CD163 (ng/mL) 12.32±7.23 3.32±1.71 < 0.001

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CD163, cluster of differentiation 163; FBG, fasting blood glucose; GGT, 
gamma-glutamyl transaminase; HDL, high-density cholesterol; LDL, low-density lipoprotein cholesterol; LPS, lipopolysaccharide; NAFLD, non-alcoholic fatty liver disease; 
T-CHOL, total cholesterol; TG, triglyceride.
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signaling through the TLR4/NF-κB pathway and in turn 
contributing to metabolic endotoxemia.20

CD163 is a haemoglobin scavenger receptor, that is 
expressed on monocytes and macrophages.34,35 In the set
tings of macrophage activation, its soluble form is shed on 
the cell surface through cleavage by proteolytic enzymes 
and then released into the circulation36 Kupffer cells, 
hepatic macrophages, that play a pivotal role in promoting 
liver inflammation and fibrosis, express very high levels of 
CD163, hence reflecting the strong association between 
macrophage activation and chronic hepatic inflammation.
37 Moreover, elevated CD163 levels have been linked to 
the chronic inflammatory state involved in the develop
ment of obesity.38,39

In the current study, the clinical and metabolic para
meters, the liver histology, and the serum levels of LPS 
and sCD163 in overweight and obese patients with 
NAFLD and control subjects were assessed. The associa
tion of these markers with the presence of NAFLD and its 
progression from simple steatosis to non-alcoholic steato
hepatitis were clarified.

The main findings in this study were the detection of 
greater levels of serum LPS and sCD163 in overweight 
and obese NAFLD patients as compared to the healthy 

controls, as well as its significant correlation with the 
amount of fat deposited in the liver and the severity of 
inflammation according to liver biopsy (NAS score).

The present study showed that LPS levels were signif
icantly elevated in overweight and obese participants with 
NAFLD and were found to correlate significantly with the 
BMI. This was in accordance with a study by Troseid et al 
conducted on obese patients undergoing bariatric surgery, 
that demonstrated significantly higher LPS levels in obese 
individuals as compared to controls and a markedly sig
nificant reduction in serum LPS levels following bariatric 
surgery.40 LPS levels also correlated significantly with 
cardiometabolic risk factors including the BMI in the latter 
study.

In addition, many cross-sectional studies41,42 have also 
reported elevated concentrations of circulating endotoxin 
(LPS) in obese subjects as compared to lean individuals as 
well as enhanced signaling of TLR-4 in skeletal muscles 
of obese individuals.43 The elevated LPS levels in obese 
individuals as observed in the present study and in pre
vious studies can be explained by altered gut microbiome 
(dysbiosis) and an increased gut permeability with a resul
tant increase in translocation of LPS from the gut into the 
circulation creating a state of metabolic endotoxemia and 

Table 2 Clinical and Laboratory Data in Subgroups of NAFLD Patients (NASH, Borderline NASH and Non-NASH)

According to NAS Score NASH 
Mean ± SD

Borderline 
Mean ± SD

Non-NASH 
Mean ± SD

P value

ALT (IU/l) 41.10±23.80 27.65±11.08 22.65±10.93 0.008

AST (IU/l) 43.00±28.43 26.85 ±7.68 25.40±8.40 0.037

GGT (IU/l) 43.50±21.14 41.10±18.79 40.20±31.16 0.465

NAS 5.35±0.59 3.65 ±0.49 2.00±0.00 <0.001

LPS (EU/mL) 58.61±33.81 28.33±13.80 13.17±3.34 <0.001

CD 163 (ng/mL) 18.11±6.84 13.22 ±5.15 5.61±2.35 <0.001

Steatosis 

G=grade

G 0 1(1.7%) 0 0 1(5.0%) <0.001
G 1 31(51.7%) 12(60%) 0 19(95.0%)
G 2 12(20.0%) 5(25%) 7(35.0%) 0

G 3 16(26.7%) 3(15%) 13(65.0%) 0

Inflammation G 0 34(56.7%) 11(55%) 6(30.0%) 17(85.0%) <0.001
G 1 25(41.7%) 9(45%) 13(65.0%) 3(15.0%)
G 2 1(1.7%) 0 1(5.0%) 0

Ballooning G 0 3(5%) 0 1(5%) 2(10%) <0.001
G 1 24(40%) 1(5%) 5(25%) 18(90%)

G 2 33(55%) 19(95%) 14(70%) 0

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CD163, cluster of differentiation 163; GGT, gamma-glutamyl transaminase; LPS, lipopolysaccharide; 
NAS, NAFLD activity score; NASH, non-alcoholic steatohepatitis.
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hence triggering a low-grade inflammatory state which is 
observed in obesity.44,45

In the current study, a highly significant difference in 
the serum LPS levels was observed between NAFLD sub
groups. The mean serum LPS level was found to be the 
lowest in patients with Non-NASH and the highest among 
patients with NASH. A positive correlation between mean 
LPS levels and the grade of steatosis, degree of inflamma
tion and ballooning on biopsy had also been demonstrated 
in the present study.

This was in concordance with a previous study by du 
Plessis et al46 where they found that LPS was increased in 

patients with NAFLD compared to healthy controls. 
However, when they compared LPS levels between baria
tric patients with limited liver disease (no NAFL and 
NAFL with NAS score <4) to patients with NASH/ 
NASH and fibrosis, they found that LPS levels were 
comparable between the subgroups, and did not also differ 
in obese subjects with normal histology of the liver as 
compared to patients with NASH, suggesting that LPS is 
not the chief factor associated with the progression to 
NASH.46

The present study revealed a highly significant correla
tion between the mean serum CD163 levels and the BMI. 

Figure 1 The serum levels of LPS (sub-figure (A)) and CD163 (sub-figure (B)) in patients with NAFLD and in control subjects are represented (Median with Interquartile 
range, 25% −75%), p-value<0.001 in both LPS and CD163. The data were analyzed by Mann–Whitney Test. 
Abbreviations: CD163, cluster of differentiation 163; LPS, lipopolysaccharides.
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This is in accordance with various studies that had demon
strated increased sCD163 levels in obese children and 
adults.47,48 In a study by Fjeldborg et al,49 serum CD163 
levels were elevated in obese healthy subjects, as com
pared to lean subjects and somewhat normalized after a 
dietary-induced weight loss by a very low energy diet 
(VLED) program for 8 weeks. Moreover, CD163 levels 
showed a positive correlation with BMI and the waist 
circumference at baseline and were significantly decreased 
with weight reduction.49

The association between CD163 levels and BMI in 
overweight and obese subjects in the present study was 
also confirmed in a study by Kazankov et al50 conducted 
on overweight and obese children who were considered for 
a 10-week period of dietary intervention (healthy diet and 
an exercise program) and a 12-month follow-up. Serum 

ALT levels were elevated in only 47.8% of the children 
and 39.3% had evidence of steatosis as demonstrated by a 
liver echogenicity score ≥1. CD163 levels were signifi
cantly lower after 12 months compared with baseline and 
at 10 weeks. A strong link was also observed between 
alterations in sCD163 and improvement in liver enzymes, 
but there was a weak tendency to an association with BMI- 
SD score during lifestyle intervention.30

The present study demonstrated a highly significant posi
tive correlation between the mean CD163 levels and the grade 
of steatosis, degree of inflammation and ballooning. This was 
in accordance with a study by De Vito et al which revealed a 
significant association between the intrahepatic expression of 
CD45+, CD3+ and CD163+ cells in the portal and lobular 
regions and all the markers of steatosis, ballooning and fibrosis 
in a pediatric population with biopsy-proven NAFLD.51

Figure 2 Comparison between the 3 categories of participants with NAFLD, who were classified according to NAS score into NASH, not NASH and borderline NASH as 
regards the serum levels of LPS in sub-figure (A) (p-value<0.001) and CD163 sub-figure (B) (p-value<0.001). 
Abbreviations: CD163, cluster of differentiation 163; LPS, lipopolysaccharides; NAFLD, non-alcoholic fatty liver disease; NAS, NAFLD activity score; NASH, non-alcoholic 
steatohepatitis.

Table 3 Correlation of Different Laboratory Parameters and Liver Biopsy and CD 163 and LPS Levels

Correlation Coefficient for LPS (P-value) Correlation Coefficient for CD 163 (P-value)

CD 163 0.613 (< 0.001) 1

BMI (Kg/m2) 0.329 (0.01) 0.477 (< 0.001)

ALT (IU/l) 0.176 (0.179) 0.201 (0.124)
AST (IU/l) 0.204 (0.118) 0.193 (0.141)

GGT (IU/l) 0.150 (0.251) 0.179 (0.172)

NAS 0.765 (< 0.001) 0.740 (< 0.001)
Steatosis 0.634 (< 0.001) 0.563 (< 0.001)

Inflammation 0.307 (0.017) 0.479 (< 0.001)

Ballooning 0.663 (<0.001) 0.558 (<0.001)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CD163, cluster of differentiation 163; GGT, gamma-glutamyl transaminase; 
LPS, lipopolysaccharide; NAS, NAFLD activity score.
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This confirmed the results of a study by Mueller et al 
which revealed that patients with NAS score<5 had 
significantly higher serum CD163 levels as compared 
to controls, suggesting a possible link between Kupffer 
cell activation and inflammation and the timely hepatic 
lipid accumulation even before being histologically 
evident.27 The latter study had also revealed a signifi
cant association between sCD163, NASH and the degree 
of fibrosis, with the smallest values of sCD163 being 
observed in healthy obese control subjects (with 

NAS=0) and the greatest values in those with NASH 
and advanced fibrosis. sCD163 also correlated with 
steatosis grade, lobular inflammation, and hepatocyte 
ballooning. Collectively, this supports the significant 
role of Kupffer cell activation in the pathogenesis of 
NASH and fibrosis.

Our study also was in line with other previous studies 
that reported elevated CD163 in patients with NASH sug
gesting that activation of the Kupffer cells is a causative 
agent for hepatic injury in NASH.52–54

Table 4 Univariate Analysis and Multiple Regression Analysis Showing the Predictive Power of Both Biomarkers for Diagnosing 
NAFLD and Its Grades According to NAS Score

Univariate Analysis* OR 95% CI p-value

LPS 1.35 1.152–1.576 0.001**

CD163 1.99 1.455–2.746 0.001**

Multiple Regression Analysis**

NAS AOR 95% CI p-value

LPS Not NASH 1 (Reference)

Borderline NASH 1.377 0.965–1.966 0.07

NASH 1.453 1.015–2.078 0.04

CD163 Not NASH 1 (Reference)

Borderline NASH 1.896 1.144–3.142 0.01

NASH 2.160 1.283–3.637 0.004

Notes: *Univariate analysis showing the predictive power of LPS (lipopolysaccharide) and CD163 for NAFLD (Non-alcoholic fatty liver disease). **Multiple regression 
analysis showing the predictive power of both biomarkers for the diagnosis of NASH and Borderline NASH versus Not-NASH with adjusted OR. p-value calculated depend 
on logistic regression analysis. 
Abbreviations: AOR, adjusted odd ratio; C.I, confidence interval; CD163, cluster of differentiation 163; LPS, lipopolysaccharide; NASH, non-alcoholic steatohepatitis; 
NAFLD, non-alcoholic fatty liver disease; OR, odds ratio.

Figure 3 Depicts 2 different ROC curves and shows the diagnostic performances of LPS (sub-figure (A)) and CD163 (sub-figure (B)) to discriminate patients from control 
(p-value<0.0001). Considering the area under the curve (AUC), CD163 is better than LPS, and the curve is closer to the perfect discrimination. In sub-figure (A): CD163 
was found to have high specificity reaching 97.5% (AUC: 0.93). In sub-figure (B): LPS was found to have high sensitivity 86.7% (AUC:0.89). 
Abbreviations: AUC, area under the curve; CD163, cluster of differentiation; LPS, lipopolysaccharides; ROC, receiver operating characteristic curve.
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One of the most important results of the present 
study was the ability of sCD163 and serum LPS levels 
to discriminate between NASH and Non-NASH. The 
AUC for serum LPS was 0.96 (95% CI: 0.94–0.98); 
the best cut-off point was 20.1 with sensitivity 85% 
and specificity 100%. As regards the sCD163, the 
AUC was 0.98 (95% CI: 0.97–0.99); the best cut-off 
point was 10 with sensitivity 95% and specificity 95%. 
We can hence conclude that serum LPS and sCD163 can 
be useful markers in predicting the severity of liver 
injury.

The association of sCD163 levels with biochemical and 
histological evidence of NAFLD was further explored in two 
distinct cohorts of 157 Australian and 174 Italian NAFLD 
patients.55 In non-parametric ROC analysis, sCD163 was 
found to be strongly associated with the stage of advanced 
fibrosis after adjustment for any identifiable risk factors for 
NAFLD. The study also demonstrated a continuing increase in 
sCD163 levels corresponding to an increased histologic sever
ity of NAFLD. This association was, however, independent of 
anthropometric, metabolic and inflammatory measures, pro
posing a direct link between liver injury and the activation of 

Figure 4 Depicts 6 different ROC curves and shows LPS and CD163 diagnostic performances to discriminate between NASH, Borderline and Not NASH. In sub-figures (A) 
(LPS) and (D) (CD163), LPS and CD163 showed high sensitivity, specificity and accuracy as regards the discrimination between borderline NASH and Non-NASH, (AUC in 
LPS: 0.879, AUC in CD163: 0.929). CD163 had the highest sensitivity and accuracy to discriminate NASH from Non-NASH (AUC 0.981, 95% CI 98.1–98.1%, p-value 
<0.0001). Also, LPS showed higher specificity 100%, but lower sensitivity of 85% and accuracy of 92.5%, when compared with CD163, for diagnosis of NASH vs Non-NASH 
(AUC 0.961, 95% CI 94.3–98%, p-value <0.0001). Both ROC curves (sub-figures (B) and (E) respectively) were closer to the perfect discrimination between NASH and 
Non-NASH in both biomarkers. LPS and CD163 did not show good accuracy in discriminating NASH from borderline NASH (Accuracy: 75% and 67.5% respectively) (sub- 
figure (C) and (F) respectively). 
Abbreviations: AUC, area under the curve; LPS, lipopolysaccharides; NASH, non-alcoholic steatohepatitis; ROC, receiver operating curve.
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macrophages. This is consistent with the results of the present 
study which through multivariate analysis also demonstrated 
the strong predictive power of sCD163 in the diagnosis of 
borderline NASH and NASH, independent of other para
meters, thus confirming the promising capability of sCD163 
as a non-invasive marker of disease stage in NAFLD 
patients.55

A strong association between serum LPS and sCD163 
levels had been demonstrated in the present study, indicat
ing that there might be a link between macrophage activa
tion by LPS and upregulation of CD163 on their surface 
and association with NAFLD specifically.

These findings highlighted the clinical implication of 
manipulating gut microbiota through gut microbiota-targeted 
therapies in overweight and obese NAFLD, particularly in the 
setting of accruing benefits of gut-microbiota alteration in 
clinical and experimental studies by using prebiotics,56–59 pro
biotics, synbiotics,60–63 antibiotics and herbal medicines.64,65

Several studies showed that the addition of prebiotics 
like oligofructose (OFS), to the diet of patients with 
NASH, decreased the levels of LPS and cytokines and 
lowered the expression of inflammatory and oxidative 
stress indicators by the liver, in obese and diabetic mice.56 

As a result, the strategy of gut-microbiota targeted thera
pies for NAFLD is greatly appreciated in re-establishing 
gut homeostasis.66

The present study emphasized the potential role of 
serum LPS & s CD 163 as noninvasive biomarkers for 
diagnosis and assessment of disease stage in overweight 
and obese NAFLD patients. Furthermore, they are inex
pensive, and highly reproducible markers. This will help in 
restricting liver biopsy to certain groups of patients and 
will also assist in early management of NAFLD and fol
low up of patients to avoid progression to fibrosis and its 
related complications.

Some of the limitations of our study were the prepon
derance of the female gender in the groups studied; and 
only one patient had fibrosis which hindered the study of 
the association between serum LPS and CD163 and the 
degree of fibrosis.

In conclusion, CD163 and LPS were significantly cor
related with NASH in liver biopsy of overweight and 
obese NAFLD patients and this confirmed the importance 
of dysbiosis in hepatic inflammation as well as fat deposi
tion. Moreover, alteration of the gut microbiome could 
pose a probable therapeutic target for the treatment of 
obesity. This study strongly recommends that both biomar
kers can be used as non-invasive tools for diagnosis and 

grading of NAFLD severity. Nevertheless, additional stu
dies with a greater population are needed to validate these 
biomarkers in overweight and obese NAFLD patients and 
to study the influence of microbiota-targeted therapies on 
these serological markers and if they can be used to 
monitor therapeutic response in NAFLD.

Abbreviations
BMI, body mass index; LPS, lipopolysaccharide; NAS, 
NAFLD activity score; NASH, non-alcoholic steatohepa
titis; NAFLD, non-alcoholic fatty liver disease; PAMP, 
pathogen-associated molecular pattern; PRR, pattern 
recognition receptor; TLR4, toll like receptor 4.
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