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Abstract:
Background & Aims:
The gamma-glutamyl transpeptidase (GGT) to platelet ratio (GPR), the gamma-glutamyl transpeptidase to albumin (GAR) and S-index are novel
biomarkers suggested to assess liver fibrosis. The aim of the work was to assess the correlation between GGT and other related markers as GAR
and GPR among other previous documented markers and the degree of fibrosis and steatosis in chronic HBV Egyptian patients as measured by
fibroscan.
Materials And Methods:
After ethical approval of the protocol, a total of 170 chronic HBV patients were recruited from tropical medicine department, Tanta University.
They underwent fibroscan examination for fibrosis and steatosis measurement with concomitant testing of liver functions and complete blood
picture. Proposed serum markers were calculated. The relation between these ratios with the fibrosis and steatosis measured by fibroscan were
tested using Pearson rank correlation.
Results:
There was a highly significant positive correlation between gamma-glutamyl transpeptidase and platelet ratio (GPR), GAR, GGT, Fib4, APRI and
fibrosis (p=<0.001, <0.001,<0.001,<0.001,0.011 and <0.001 respectively), while there was no correlation with the degree of steatosis
(p=0.922,0.66,0.936,0.214,0.591 and 0.760 respectively). Also these markers were significantly higher in patients with higher grades of fibrosis
(f2-4) (p= 0.007,0.013,<0.001,0.018,0.029,and 0.002 respectively), they also showed high sensitivity and low specificity in detecting higher grades
of fibrosis with no statistically significant difference between the AUC of GPR and GAR (p=0.89).
Conclusion:
Noninvasive serum markers including GGT, GPR, GAR, Fib4, APRI, and S-index are positively correlated to the degree of fibrosis in CHB
patients with high sensitivity and low specificity. They were good negative tests for diagnosis of significant fibrosis.
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1. INTRODUCTION
Hepatitis B virus (HBV) infection is a challenging health
problem. According to the World Health Organization, an
estimated 240 million individuals (3.7%) suffered from chronic
HBV infection worldwide [1]. Fibrosis staging is an essential
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step in the clinical assessment of patients with chronic HBV
(CHB) infection to identify those who require treatment. Liver
Biopsy (LB) is an invasive and expensive procedure that is
very difficult to perform in routine practice. Thus, non-invasive
methods to evaluate liver fibrosis are essential [2 - 6].
Transient elastography (FibroScan) is considered as a
promising noninvasive rapid method for the diagnosis and
quantification of hepatic fibrosis in patients with chronic liver
disease [2].
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Gamma-glutamyl transpeptidase (GGT) is a microsomal
enzyme that can be isolated from hepatocytes and gall bladder
epithelium. GGT values increase in various liver, gall bladder,
and pancreatic diseases [7]. Historically, serum GGT level was
a common indicator for hepatobiliary disease reflecting bile
duct damage, the progression of liver cirrhosis and chronic
hepatitis [8]. In 2016, Lemoine and colleagues presented a
simple marker of liver fibrosis depending on the gammaglutamyl transpeptidase and platelet ratio (GPR) as a marker
for diagnosing liver fibrosis in patients with chronic (HBV)
infection in West Africa [9]. While another study presented
GGT to albumin ratio (GAR) as another marker for diagnosing
liver fibrosis in CHB [10].
In addition, S-index that consists of the most significant
predictors of fibrosis among routine markers (GGT, PLT and
ALB) was simplified from three complicated regression
functions; and it had been found to allow identification of both
significant fibrosis and cirrhosis using one simple formula [11].
The aim of the study was to assess the accuracy of GGT,
its related markers (GPR, GAR, and S-index) and other indirect
serum markers versus fibroscan in assessing the degree and
stage of fibrosis in chronic HBV Egyptian patients.
2. PATIENTS AND METHODS
A total of 200 patients were screened for participation in
this cross sectional study. Thirty patients were excluded and
170 patients who met the inclusion criteria and presented to the
Department of Tropical Medicine and Infectious diseases Tanta
University Hospital in the period between December 2018 to
June 2019” were enrolled. Ethical committee’s approval with
adherence to Helsinki declaration was taken before the start of
the study. The aim of the research was made clear to all
participants and an informed consent was signed by every
patient before enrolment in the study.
All authors had access to the study data and reviewed and
approved the final manuscript. A full history was taken from
all the patients who fulfilled inclusion criteria of being with
chronic hepatitis B with positive PCR for HBV DNA. CHB
was defined as the persistent presence of hepatitis B surface
antigen (HBsAg) for more than 6 months [12].
Patients with any of the following conditions: infection
with hepatitis C virus (HCV), hepatitis D virus (HDV) or
human immunodeficiency virus (HIV), significant alcohol
consumption (>20 g/day), accompanied by nonalcoholic fatty
liver disease (NAFLD), autoimmune liver diseases, inherited
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metabolic liver disease, or proved hepatic malignancy were
excluded from our study.
They were subjected to a full clinical examination, routine
laboratory investigation included: CBC, blood urea, serum
creatine, ALT, AST, INR, total bilirubin, serum albumin, GGT
(Table 1). Serology for hepatitis B surface antigen was detected
with an automated blood analyzer (Advia-Bayer, Leverkusen,
Germany) [13 - 19].
Fibroscan Transient Elastography: It was performed on all
patients using Echosens™ FibroScan. Fibroscan® probe
consists of a 3.5 MHz ultrasound transducer installed on the
axis of a low amplitude vibrator (frequency of 50 Hz and
amplitude of 2 mm peak to-peak). Liver stiffness measurement
(LSM) and Controlled Attenuation Parameter (CAP) were
performed by an experienced operator who was blinded to the
patient’s diagnosis and data. Only results with 10 valid shots
and interquartile range IQR/median liver stiffness ratio < 30%
were considered reliable. Both LSM and CAP were obtained in
the same area of liver parenchyma (between 25 and 65mm in
depth) [2]. The final LSM values and CAP values were
expressed in Kpa and dBm−1, respectively.
Definition: Significant fibrosis was defined as fibrosis
stage≥F2, severe fibrosis was defined as fibrosis stage≥F3, and
cirrhosis was defined as fibrosis stage=F4, according to the
METAVIR scoring system. These definitions represented at
least significant fibrosis and influenced the management of the
patients in terms of treatment indications [3 - 14].
2.1. Statistical Analysis
Data was analyzed by SPSS V. 23 (SPSS Inc. Released
2015. IBM SPSS statistics for windows, version 23.0, Armnok,
NY: IBM Corp.). Paired t test was used to compare readings of
normally distributed paired data, and Wilcoxon test was used to
compare readings of not-normally distributed paired data.
Student’s t-test is a test of significance used for comparison of
quantitative variables between two groups of normally
distributed data, while Mann Whitney's test was used for not
normally distributed ones. Chi-square test (χ2) was used to
study association between qualitative variables. Whenever any
of the expected cells were less than five, Fischer’s Exact test
was used. Logistic regression was performed to ascertain the
effect of the significant risk factor of responsiveness to
treatment. Receiver Operator Characteristic (ROC) with
respective points of maximal accuracy for sensitivity and
specificity were generated to determine biomarker
performance.

Table 1. Formulas for noninvasive fibrosis models using routine laboratory tests.
Models

Formulas

AAR

AST (IU/L)/ALT (IU/L)

GPR

GGT (IU/L)/PLT (IU/L)

GAR

GGT (IU/L)/ALB

S index

1000 × GGT (IU/L)/(PLT (109/L) × ALB2 (g/L))

APRI

AST (IU/L)/ULN (IU/L)/PLT (109/L)) × 100

FIB-4

(age (years) × AST (IU/L))/(PLT (109/L) × ALT1/2 (IU/L))
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3. RESULTS
In total, 200 patients were screened for study participation
out of whom 30 were excluded from the study; who failed to
fulfill the inclusion criteria. This cross-sectional study was

conducted on 170 patients presenting to the Department of
Tropical Medicine and Infectious diseases Tanta University
Hospital (Fig. 1). They were 118 males and 52 females with
median age 42.75 ± 12.01.demographic and laboratory data are
shown in Table 2.

200 patients
were
enrolled
Inclusion criteria: Patients with HBsAg
positive for more than 6 months and
positive PCR for HBV DNA were
included

Exclusion criteria: either co-infection
with HCV, HDV or HIV, alcoholism,
NAFLD,, AIH, inherited metabolic liver
disease, or hepatic malignancy (30
patients were exclude)

170 patients who met inclusion criteria were
enrolled (118 males and 52 females)
Patients were classified according
to fibrosis degree measured by
fibroscan

106 patients with fibrosis grade (01)

64 patients with fibrosis grade (2-4)

GPR, GAR, GGT, S index,
FIB4 and APRI were
calculated
All the above scores were markedly
elevated in group of patients with
advanced fibrosis

Fig. (1). Study flow chart.

Table 2. demographic, laboratory data and Fibroscan results of the patients.
Variable

Whole group (n=170)
Median, IQ range

Fibrosis 0-1 (n=106)
median, IQ range

Fibrosis grade 2-4 (n=64)
median, IQ range

Hb

13.0, 12.0-14.20

13.15, 11.67-15.07

12.9, 12.0-14.60

Platelets

218, 163.0-257.75

220, 175.25-275.25

208.0, 152.75-244.50

Total leukocytic count

6700, 5100-8900

6600, 5100-8200

6700, 5000-8900

Creatinine

0.90, 0.80-1.00

0.90, 0.72-1.01

0.90, 0.80-1.00

Blood urea

22.00,16.0-32.0

22.0, 180.0-32.0

22.0, 14.0-32.0
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Variable

Whole group (n=170)
Median, IQ range

Fibrosis 0-1 (n=106)
median, IQ range

Fibrosis grade 2-4 (n=64)
median, IQ range

FIB 4

1.00, 0.68-1.53

0.94, 0.59-1.33

1.12, 0.75-2.19

Total bilirubin

0.90, 0.60-1.02

0.80, 0.60-1.00

0.90, 0.70-1.04

ALT

26.0, 22.0-36.0

25.0, 21.25-32.0

32.0, 23.0-39.0

APRI

0.32, 0.21-0.47

0.28, 0.19-0.40

0.40, 0.25-0.58

AST

26.00, 23.0-35.0

25.0, 22.0-32.0

30.0, 24.0-42.0

AST/ALT

1.02, 0.81-1.15

1.00, 0.81-1.19

1.05, 0.77-1.14

S.albumin

4.31, 4.10-4.70

4.30, 4.0-4.77

4.36, 4.15-4.60

INR

1.02, 1.0-1.10

1.02, 1.0-1.07

1.02, 1.0-1.10

Prothrombine time

13.90, 13.0-14.0

13.70, 12.62-14.75

13.95, 13.0-14.0

Cholesterol

188.0, 147.0-211.0

188.0, 149.0-217.0

182.0, 136.5-206.50

Triglyceride

116.0, 91.0-140.0

133.0, 95.0-149.0

110.0, 75.25, 138.0

HDL

41.0, 35.0-57.0

45.0, 34.0-57.0

39.50, 36.50-51.50

LDL

101.00, 62.0-144.0

101.0, 64.0-145.0

99.0, 54.50-139.50

Insulin

21.10, 13.0-38.25

21.10, 13.0-27.60

20.70, 11.87-26.77

25.00, 15.30-38.25

21.0, 13.75-34.50

32.0, 22.70-50.75

3

GGT *10
Alb 2

18.49, 16.0-22.09

18.49, 16.0-22.32

18.61, 16.81-21.16

Plt/alb 2

4147200.0, 3041837.0-5054535

4329640.0-3167625.0-5315280.0

3765960.0, 2710730-4455935

S index

0.0060, 0.003-0.01

0.005, 0.003-0.008

0.008, 0.004-0.014

Neutrophils

55.00, 49.67-60.15

55.0, 53.0-57.60

55.0, 477.25-64.50

Lymphocytes

37.60, 31.22-41.0

37.20-35.0-41.0

38.0, 27.50-40.50

Monocytes

6.00, 5.0-7.0

6.0, 4.75-7.0

7.0, 6.0-8.0

GPR

0.12, 0.06-0.20

0.09, 0.05-0.16

0.16, 0.11-0.27

GAR

0.50, 3.33-9.14

4.66, 3.01-7.85

7.16, 4.70-12.88

Steatosis

238.0, 201.75-291.50

225.0, 205.25-281.75

243.0, 196.0-309.0

Fibrosis

6.05, 4.60-8.67

4.90, 4.0-5.85

10.30, 7.90-13.0

The patients were classified according to the degree of
fibrosis to four grades. Patients with significant fibrosis were
defined as LS value equal or more than 9kpa (fibrosis grade 2).
There were 64 patients (37.6%) with significant fibrosis.

Except for AST\ ALT ratio, there was a significant positive
correlation found between each of GPR, GAR, GGT, S index,
fib 4 and APRI with the grade of fibrosis, while, Steatosis did
not have any significant correlation with any of the same
markers (Tables 3-5).

Table 3. Correlation of GGT and fibrosis marker with the grade of fibrosis and steatosis.
Markers

Grades of Fibrosis

Steatosis

R

P value

r

P value

GPR

0.363

<0.001

0.008

0.922

GAR

0.345

<0.001

-0.034

0.66

GGT

0.342

<0.001

0.006

0.936

S index

0.337

<0.001

-0.096

0.214

Fib 4

0.197

0.011

0.042

0.591

APRI

0.274

<0.001

0.024

0.760

AST/ALT

0.023

0.768

0.037

0.632

Note: GPR, GAR, GGT, S index, FIB 4 and APRI were significantly higher in patients with advanced fibrosis (Table 4).

Table 4. GGT and fibrosis markers in both groups.
Fibrosis grades
Markers

0-1 (n=106)
Median, IQ range

2-4 (n=64)
Median, IQ range

P value

GGT

21.0, 13.75-34.50

32.0-22.70-50.75

<0.001

GPR

0.095, 0.054-0.169

0.163, 0.115- 0.271

0.007

GAR

4.66, 3.01-7.85

7.163, 4.70-12.88

0.013

S index

0.005, 0.003-0.008

0.008, 0.004-0.14

0.018
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Fibrosis grades
Markers

0-1 (n=106)
Median, IQ range

2-4 (n=64)
Median, IQ range

P value

Fib 4

0.94, 0.59-1.33

1.12, 0.75-2.19

0.029

APRI

0.28, 0.19-0.40

0.40, 0.25-0.58

0.002

AST/ALT

1.00, 0.81-1.19

1.05, 0.77-1.14

0.918

Note: All tests were sensitive but there was no statistically significant difference between the AUC of GPR and GAR (p 0.89) (Table 5a, b).

Table 5a. Validity of GGT and fibrosis markers in diagnosis of significant fibrosis.
Fibrosis

Cutoff

Sensitivity

Specificity

PPV

NPV

Accuracy

GGT

22.80

75.0

56.6

51

79

63

GPR

0.115

75.0

58.5

52

79

65

GAR

0.468

76.7

51.9

48

79

61

S index

0.0045

75.0

45.3

44

75

56

Fib 4

0.740

80.6

36.5

43

76

53

APRI

0.256

75.0

37.7

42

71

52

AST/ALT

0.800

75.0

24.5

38

62

44

Table 5b. Area Under ROC curve with 95% CI and C statistics.
95% CI

C st.

Fibrosis

AUC

Lower

Upper

GGT

0.663

0.577

0.749

GPR

0.675

0.590

0.760

0.423

GAR

0.665

0.578

0.752

0.487

S index

0.654

0.566

0.742

0.442

Fib 4

0.601

0.512

0.690

0.163

APRI

0.642

0.553

0.732

0.368

AST/ALT

0.505

0.416

0.593

0.045

Note: C st.: C statistics with GGT is the reference marker.

4. DISCUSSION
Despite that liver biopsy is the main method to determine
histological activity and fibrosis level, the need for noninvasive
tests to determine fibrosis is increasing due to the rapid
development of diagnosis methods and treatment options that
may be needed even after transplantation in CHB patients [20 22].
Fibroscan is validated as a method for estimating liver
stiffness in different countries [23 - 27]. But, its performance is
limited in several situations including obesity, food intake,
ascites and narrow intercostals space [28 - 30]. In addition, the
availability of Fibroscan devices in Egypt is still limited raising
the need for alternative noninvasive methods for assessment of
hepatic fibrosis.
Multiple noninvasive markers of hepatic fibrosis had been
introduced as a substitute to liver biopsy in the last few years
[21 - 30].
In this study we calculated GPR, GAR, GGT, S index, Fib
4, APRI and AST/ALT ratio in CHB and compared them with
steatosis and stiffness measures obtained by Fibroscan in order
to assess their value as noninvasive markers of fibrosis and
steatosis in CHB Egyptian patients.
Except for ALT/AST ratio other markers (GPR, GAR,

GGT, S index, Fib 4 and APRI scores) had a significant
positive correlation with stiffness measured by Fibroscan. In
accordance to our results, Vardar et al 2009 [31] concluded
that GGT among other markers was significantly associated
with the degree of hepatic fibrosis but they added that it still
can't replace liver biopsy.
Meanwhile, Lemoine et al. 2016 [9] compared the
accuracy of routine tests as GPR, APRI and Fib-4 to stage liver
fibrosis in CHP and they concluded that GPR was the most
accurate among these tests in detecting liver fibrosis and that it
was a simple and less expensive alternative to liver biopsy and
Fibroscan but they had a limitation of small number of their
study group. In addition, Hu et al. 2017 [32] had concluded
that GPR, APRI, and FIB-4 were positively correlated with
hepatic fibrosis.
When we grouped our patients according to stiffness
degree measured by fibroscan GPR, GAR, GGT, FIB4, APRI
and S-index were found to be higher in patients with significant
fibrosis than patients with lower degrees of fibrosis. While
AST/ALT ratio did not show any difference between studied
groups.
In accordance to our results Eminler et al. 2014 [22] who
made liver biopsy to HCV and HBV patients and compared
GGT level between different fibrosis grades and they
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concluded that GGT was higher in patients with higher fibrosis
grade especially in HBV patients and GGT should be taken
into consideration in diagnosing significant fibrosis, in addition
they found a positive correlation between GGT and degree of
activity in liver biopsy.

AVAILABILITY OF DATA AND MATERIALS

For the estimation of value of these tests in identifying
hepatic fibrosis ROC curve analysis was done and we found
that these tests had a high sensitivity in detecting significant
liver fibrosis (≥f2), unfortunately they had lower specificity
making these tests good negative tests in excluding significant
liver fibrosis. FIB-4 showed higher sensitivity followed by
GAR.

FUNDING

On the contrary to our study, Tarigan and his collegues
conducted a study in 2013 [33] on 40 CHB patients and
documented higher specificity and sensitivity of S –index
(100% and 87.5% respectively) in detecting liver fibrosis and
that S-index was more accurate in predicting significant
fibrosis and cirrhosis in patients with CHB than APRI but this
difference may be due to limited number of patients in their
study and different cutoff values. In addition, Zhou et al in
2010 [34] demonstrated that S-index had 42.65% sensitivity
and 94.87% specificity in detecting significant fibrosis.

ACKNOWLEDGEMENTS

Study limitations: Small sample size, also liver biopsy,
which is considered as the gold standard in detecting grade of
liver biopsy was not performed. In addition, no control group
was included in our study, so additional studies are needed to
validate our results.

The data sets used and/or analysed during the current study
are available from the corresponding author (S.A.E) on
reasonable request.

None.
CONFLICT OF INTEREST
The authors declare that they do not have any conflict of
interest.

Declared none.
REFERENCES
[1]

[2]

[3]

[4]

CONCLUSION
In conclusion we thought that noninvasive serum markers
including GGT, GPR, GAR, Fib4, APRI, and S-index are
positively correlated to the degree of fibrosis in CHB patients
and they are good indicators for exclusion of significant
fibrosis. Further studies on larger cohort of patients are needed
to validate our results.

[5]

[6]

AUTHORSHIP STATEMENT
All the authors participated sufficiently in the work and
approved the final version of the manuscript.
ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The study was approved by the Ethical Committee of
Faculty of Medicine, Tanta University, Tanta, Egypt, (approval
number 30118/05/31).

[7]

[8]

[9]

HUMAN AND ANIMAL RIGHTS
No animals were used in this research. All human research
procedures followed were in accordance with the ethical
standards of the committee responsible for human
experimentation (institutional and national), and with the
Helsinki Declaration of 1975, as revised in 2013.

[10]

[11]

CONSENT FOR PUBLICATION
All patients participated on a voluntary basis and gave their
informed consent.

[12]

Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology of
hepatitis B virus infection: new estimates of age-specific HBsAg
seroprevalence and endemicity. Vaccine 2012; 30(12): 2212-9.
[http://dx.doi.org/10.1016/j.vaccine.2011.12.116] [PMID: 22273662]
Sandrin L, Tanter M, Gennisson JL, Catheline S, Fink M. Shear
elasticity probe for soft tissues with 1-D transient elastography. IEEE
Trans Ultrason Ferroelectr Freq Control 2002; 49(4): 436-46.
[http://dx.doi.org/10.1109/58.996561] [PMID: 11989699]
Soliman H, Ziada D, Salama M, et al. Predictors for fibrosis regression
in chronic hcv patients after the treatment with DAAS: Results of a
real-world cohort study. Endocr Metab Immune Disord Drug Targets
2020; 20(1): 104-11.
[http://dx.doi.org/10.2174/1871530319666190826150344] [PMID:
31448717]
Abo-Elenein AM, Mabrouk MM, Abou-Saif S, et al. Role of both
protein c and antithrombin III as predictors of stage of liver disease in
chronic viral hepatitis b or c infected patients. Endocr Metab Immune
Disord Drug Targets 2020; 20(1): 112-7.
[http://dx.doi.org/10.2174/1871530319666190529092555] [PMID:
31142255]
Rizk FH, Sarhan NI, Soliman NA, Ibrahim MAA, Abd-Elsalam M,
Abd-Elsalam S. Heat shock protein 47 as indispensible participant in
liver fibrosis: Possible protective effect of lactoferrin. IUBMB Life
2018; 70(8): 795-805.
[http://dx.doi.org/10.1002/iub.1884] [PMID: 30092114]
Tawfik AK, Amin AM, Yousef M, et al. IL-1α correlates with severity
of hepatitis C virus-related liver diseases. J Inflamm Res 2018; 11:
289-95.
[http://dx.doi.org/10.2147/JIR.S166564] [PMID: 30022847]
Landau DA, Saadoun D, Halfon P, et al. Relapse of hepatitis C virusassociated mixed cryoglobulinemia vasculitis in patients with
sustained viral response. Arthritis Rheum 2008; 58(2): 604-11.
[http://dx.doi.org/10.1002/art.23305] [PMID: 18240235]
Everhart JE, Wright EC. Association of γ-glutamyl transferase (GGT)
activity with treatment and clinical outcomes in chronic hepatitis C
(HCV). Hepatology 2013; 57(5): 1725-33.
[http://dx.doi.org/10.1002/hep.26203] [PMID: 23258530]
Lemoine M, Shimakawa Y, Nayagam S, et al. The gamma-glutamyl
transpeptidase to platelet ratio (GPR) predicts significant liver fibrosis
and cirrhosis in patients with chronic HBV infection in West Africa.
Gut 2016; 65(8): 1369-76.
[http://dx.doi.org/10.1136/gutjnl-2015-309260] [PMID: 26109530]
Li Q, Lu C, Li W, Huang Y, Chen L. The gamma-glutamyl
transpeptidase-to-albumin ratio predicts significant fibrosis and
cirrhosis in chronic hepatitis B patients. J Viral Hepat 2017; 24(12):
1143-50.
[http://dx.doi.org/10.1111/jvh.12751] [PMID: 28685907]
Zhou K, Gao CF, Zhao YP, et al. Simpler score of routine laboratory
tests predicts liver fibrosis in patients with chronic hepatitis B. J
Gastroenterol Hepatol 2010; 25(9): 1569-77.
[http://dx.doi.org/10.1111/j.1440-1746.2010.06383.x]
[PMID:
20796157]
Sarin SK, Kumar M, Lau GK, et al. Asian-Pacific clinical practice
guidelines on the management of hepatitis B: a 2015 update. Hepatol

Serum Markers as a Predictor of Hepatic

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Int 2016; 10(1): 1-98.
[http://dx.doi.org/10.1007/s12072-015-9675-4] [PMID: 26563120]
Hanafy AS, Seleem WM, El-Kalla F, AbdAlkhalik Basha M, AbdElsalam S. Efficacy of a non-invasive model in predicting the
cardiovascular morbidity and histological severity in non-alcoholic
fatty liver disease. Diabetes Metab Syndr 2019; 13(3): 2272-8.
[http://dx.doi.org/10.1016/j.dsx.2019.05.032] [PMID: 31235168]
Abd-Elsalam S, Habba E, Elkhalawany W, et al. Correlation of
platelets count with endoscopic findings in a cohort of Egyptian
patients with liver cirrhosis. Medicine (Baltimore) 2016; 95(23)e3853
[http://dx.doi.org/10.1097/MD.0000000000003853]
[PMID:
27281094]
Badawi R, Asghar MN, Abd-Elsalam S, et al. Amyloid a in serum and
ascitic fluid as a novel diagnostic marker of spontaneous bacterial
peritonitis. Antiinflamm Antiallergy Agents Med Chem 2019. Epub
ahead of print
[http://dx.doi.org/10.2174/1871523018666190401154447] [PMID:
30931865]
Elwan N, Salem ML, Kobtan A, et al. High numbers of myeloid
derived suppressor cells in peripheral blood and ascitic fluid of
cirrhotic and HCC patients. Immunol Invest 2018; 47(2): 169-80.
[http://dx.doi.org/10.1080/08820139.2017.1407787]
[PMID:
29182438]
Abdeldyem SM, Goda T, Khodeir SA, Abou Saif S, Abd-Elsalam S.
Nonalcoholic fatty liver disease in patients with acute ischemic stroke
is associated with more severe stroke and worse outcome. J Clin
Lipidol 2017; 11(4): 915-9.
[http://dx.doi.org/10.1016/j.jacl.2017.04.115] [PMID: 28579247]
Watany M, Badawi R, Elkhalawany W, Abd-Elsalam S. Study of
dickkopf-1 (DKK-1) gene expression in hepatocellular carcinoma
patients. J Clin Diagn Res 2017; 11(2): OC32-4.
[http://dx.doi.org/10.7860/JCDR/2017/23095.9450]
[PMID:
28384913]
El-Gebaly F, Abou-Saif S, Elkadeem M, et al. Study of serum soluble
programmed death ligand 1 as a prognostic factor in hepatocellular
carcinoma in egyptian patients. Curr Cancer Drug Targets 2019;
19(11): 896-905.
[http://dx.doi.org/10.2174/1568009619666190718141647] [PMID:
31538897]
Castéra L, Le Bail B, Roudot-Thoraval F, et al. Early detection in
routine clinical practice of cirrhosis and oesophageal varices in chronic
hepatitis C: comparison of transient elastography (FibroScan) with
standard laboratory tests and non-invasive scores. J Hepatol 2009;
50(1): 59-68.
[http://dx.doi.org/10.1016/j.jhep.2008.08.018] [PMID: 19013661]
EASL clinical practice guidelines: Management of chronic hepatitis B
virus infection. J Hepatol 2012; 57(1): 167-85.
[http://dx.doi.org/10.1016/j.jhep.2012.02.010] [PMID: 22436845]
Eminler AT, Irak K, Ayyildiz T, et al. The relation between liver
histopathology and GGT levels in viral hepatitis: more important in
hepatitis B. Turk J Gastroenterol 2014; 25(4): 411-5.
[http://dx.doi.org/10.5152/tjg.2014.3693] [PMID: 25254524]
Castera L. Noninvasive methods to assess liver disease in patients with
hepatitis B or C. Gastroenterology 2012; 142: 1293-302 e4.

The Open Biomarkers Journal, 2020, Volume 10 75

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Marcellin P, Ziol M, Bedossa P, et al. Non-invasive assessment of
liver fibrosis by stiffness measurement in patients with chronic
hepatitis B. Liver Int 2009; 29(2): 242-7.
[http://dx.doi.org/10.1111/j.1478-3231.2008.01802.x]
[PMID:
18637064]
Degos F, Perez P, Roche B, et al. Diagnostic accuracy of FibroScan
and comparison to liver fibrosis biomarkers in chronic viral hepatitis: a
multicenter prospective study (the FIBROSTIC study). J Hepatol
2010; 53(6): 1013-21.
[http://dx.doi.org/10.1016/j.jhep.2010.05.035] [PMID: 20850886]
Chan HL, Wong GL, Choi PC, et al. Alanine aminotransferase-based
algorithms of liver stiffness measurement by transient elastography
(Fibroscan) for liver fibrosis in chronic hepatitis B. J Viral Hepat
2009; 16(1): 36-44.
[http://dx.doi.org/10.1111/j.1365-2893.2008.01037.x]
[PMID:
18673426]
Cardoso AC, Carvalho-Filho RJ, Stern C, et al. Direct comparison of
diagnostic performance of transient elastography in patients with
chronic hepatitis B and chronic hepatitis C. Liver Int 2012; 32(4):
612-21.
[http://dx.doi.org/10.1111/j.1478-3231.2011.02660.x]
[PMID:
22103765]
Sporea I, Gilja OH, Bota S, Şirli R, Popescu A. Liver elastography - an
update. Med Ultrason 2013; 15(4): 304-14.
[http://dx.doi.org/10.11152/mu.2013.2066.154.isp23]
[PMID:
24286095]
Lemoine M, Shimakawa Y, Njie R, et al. Food intake increases liver
stiffness measurements and hampers reliable values in patients with
chronic hepatitis B and healthy controls: the PROLIFICA experience
in The Gambia. Aliment Pharmacol Ther 2014; 39(2): 188-96.
[http://dx.doi.org/10.1111/apt.12561] [PMID: 24308698]
Sandrin L, Fourquet B, Hasquenoph JM, et al. Transient elastography:
a new noninvasive method for assessment of hepatic fibrosis.
Ultrasound Med Biol 2003; 29(12): 1705-13.
[http://dx.doi.org/10.1016/j.ultrasmedbio.2003.07.001]
[PMID:
14698338]
Vardar R, Vardar E, Demiri S, et al. Is there any non-invasive marker
replace the needle liver biopsy predictive for liver fibrosis, in patients
with chronic hepatitis? Hepatogastroenterology 2009; 56(94-95):
1459-65.
[PMID: 19950810]
Hu Y-C, Liu H, Liu X-Y, et al. Value of gammaglutamyltranspeptidase-to-platelet ratio in diagnosis of hepatic fibrosis
in patients with chronic hepatitis B. World J Gastroenterol 2017;
23(41): 7425-32.
[http://dx.doi.org/10.3748/wjg.v23.i41.7425] [PMID: 29151696]
Tarigan E, Dairy LB, Sihombing JSM, Siregar GA, Zain LH. S-index
and apri score to predict liver fibrosis chronic in hepatitis b and c
patients. The indonesian journal of gastroenterology. Hepatology and
Digestive Endoscopy 2013; 14(2): 64-8.
Zhou K, Gao CF, Zhao YP, et al. Simpler score of routine laboratory
tests predicts liver fibrosis in patients with chronic hepatitis B. J
Gastroenterol Hepatol 2010; 25(9): 1569-77.
[http://dx.doi.org/10.1111/j.1440-1746.2010.06383.x]
[PMID:
20796157]

© 2020 Badawi et al.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

