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Introduction

Portal hypertension is the root cause of major end-stage 
liver cirrhosis complications, such as esophagogastric 
varices (EGVs) and portal hypertension gastropathy 
(PHG), which are responsible for upper GI bleeding in the 
majority of cirrhosis patients. Despite the significant 
advances observed recently in the management of gastro-
intestinal bleeding, up to 30% of the first EGV-related 
bleeding is still fatal.1,2 The Baveno VI consensus recom-
mends that esophagogastroduodenoscopy (EGD) screen-
ing be performed in every cirrhosis patient to assess for 
EGVs. For those without varices at the initial screening, 
EGD should be performed at intervals of 2 to 3 years, 

whereas those with small varices should be screened at 
1- to 2-year intervals.3 However, owing to the invasive 
nature of EGD and its risk of causing bleeding, many 
patients are reluctant to comply with frequent periodical 
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screening management. From this perspective, many stud-
ies have suggested noninvasive methods, such as platelet 
counts, the spleen diameter, Child‒Pugh classification, 
FibroTest, FibroScan, and CT scan, either alone or in 
combination, to screen for cirrhosis patients who are at 
high risk of bleeding.4-6 However, these techniques are not 
routinely available in every facility, and some are not 
cost-effective. The FIB-4 score, APRI, ALBI index, AAR, 
GPR, and Lok score are few commonly used biomarkers 
for detecting liver fibrosis and its severity. These markers 
are composed of basic laboratory parameters such as the 
platelet count, age, alanine transaminase, aspartate ami-
notransferase, and gamma-glutamyl transpeptidase levels, 
serum albumin level, bilirubin level, etc. Since the severi-
ties of EGVs and PHG correlate with the severity of fibro-
sis, we hypothetically assumed that fibrosis biomarkers 
could reflect the severities of EGVs and PHG in patients 
with liver cirrhosis. Thus, the aim of this study was to 
evaluate the performances of these markers in assessing 
the presence of EGVs and PHG and the correlation 
between the 2 entities.

Patients and Methods

Study Design

This was a single-center retrospective cohort study con-
ducted at the Third Affiliated Hospital of Sun Yat-sen 
University, China. A series of cirrhosis patients were con-
secutively enrolled, regardless of the etiology, and followed 
up through endoscopic procedures, including if needed, 
variceal banding and/or sclerosing agent injection, until 
complete variceal eradication was attained. The aim of this 
study was to investigate some easily accessible serum 
markers that are commonly used in clinical practice for 
their accuracy in assessing the severities of esophagogastric 
varices and portal hypertension gastropathy (PHG) and, 
finally, examine whether endoscopic variceal eradication 
affects the severity of PHG. Information such as patient 
age, sex, etiology of cirrhosis, laboratory results, and 
esophagogastroduodenoscopy results was obtained. This 
study was conducted in accordance with the Declaration of 
Helsinki and was approved by the ethics board of the Third 
Affiliated Hospital of Sun Yat-Sen University (registration 
number: [2021]02-176).

Inclusion and Exclusion Criteria

Patients aged 18 years and above who were diagnosed 
with cirrhosis on the basis of either clinical presentations 

or liver biopsy findings at our hospital from January 
2011 to December 2020 and who received sequential 
endoscopic variceal treatment were initially enrolled in 
this study. Those with active gastrointestinal bleeding, 
acute or chronic liver failure, hepatocellular carcinoma, 
and other etiologies of thrombocytopenia; patients with 
incomplete data; and those with a history of portal hyper-
tension interventions such as splenectomy, a transjugular 
intrahepatic portosystemic shunt (TIPS), or balloon-
occluded retrograde transvenous obliteration (BRTO) 
were excluded from this study.

Endoscopic Study

Esophagogastroduodenoscopy was performed on each 
patient by 2 qualified endoscopists at our center. Each 
patient was assessed for the presence of esophagogastric 
varices and PHG, initially before the first endoscopic treat-
ment and subsequently throughout the sequential endo-
scopic treatments. The last recorded endoscopy was 4 weeks 
after complete eradication of the varices was achieved. The 
frequency and number of treatments needed were decided 
by the endoscopists on the basis of the severity of each 
patient’s varices. The Japanese grading criteria for varices 
were used to record their severity.7 On the basis of the 
Baveno I consensus recommended classification, we strati-
fied varices into small varices (grade 1, also referred to as 
nonclinically relevant varices) and large varices (grade ⩾ 
2, also referred to as clinically relevant varices).8 Similarly, 
PHG was classified as mild or severe, as recommended by 
the Baveno consensus.9 Figure 1 illustrates the endoscopic 
presentations of a patient before and after the eradication of 
varices. Moreover, except for 1 patient who discontinued 
the use of a nonselective beta blocker because of sympto-
matic bradycardia, all the other patients included in this 
study were put on a nonselective beta blocker as a treatment 
to decrease portal hypertension.

Non-invasive Markers and Diagnosis 
Criteria

The following markers, which were generated and vali-
dated in previous studies to assess liver fibrosis, were cal-
culated for each participant: the Fibrosis-4 (FIB-4) score, 
the AST-to-platelet ratio index (APRI), the albumin‒biliru-
bin (ALBI) index, the aspartate aminotransferase-to-ala-
nine aminotransferase ratio (AAR), the gamma-glutamyl 
transpeptidase-to-platelet ratio (GPR), and the Lok score.10 
Blood samples were obtained 24 to 48 hours prior to the 
endoscopy procedures.

FIB-4  score = age years AST IU / L / platelet count 10[ 9� �� � � � � // L ALT  IU / L ;] 11� �� � ��

APRI = AST level / AST upper limit of  normal 100 / platelet � �� ccount 10 / L ;9 10� �

ALBI index = 0.085  albumin level g / L  + 0.66  log bil� � �� �� � iirubin level mol / L ;12�� �� �
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AAR = aspartate aminotransferase level divided by alanine aaminotransferase level;13

GPR = gamma - glutamyl transpeptidase level / upper limit of   GGT 100 / platelet count 10 / L ;9 14� �� � �

Lok score = exp log odds  / 1 + exp log odds ; l� ��� �� � ��� �� oog odds 

= -5.56 - 0.0089 platelet count 10 / mm  

+1.26 AST /

3 3�

�

� �
AALT  + 5.27 INR.15� � �

Figure 1.  Endoscopic images of a patient before and after eradication of varices. (A) shows severe esophageal varices, with 
color blue, large-sided varices occupying more than one-third of the esophageal lumen, with positive red color sign. (B) shows an 
endoscopic variceal ligation of the esophageal varices. (C) shows scarred esophagus after eradication of the varices (post sequential 
EVL presentation). (D) shows a large gastroesophageal varices extending below the gastroesophageal junction along the lesser 
curvature of the stomach, mild portal hypertension gastropathy (PHG) could be observed (mild reddening, congestive mucosa, 
with no mosaic-like pattern). (E) shows tissue adhesive injection of the gastric varices. (F) shows post-tissue adhesive injection 
hyperplasia of the mucosa, with mild PHG.

Liver cirrhosis was clinically diagnosed in patients 
with clinical features of esophagogastric varices, ascites 
or hepatic encephalopathy. Furthermore, cirrhosis was 
confirmed through imaging findings, such as a coarse 
parenchyma with shrinkage or enlargement of the liver, 
combined with laboratory findings, such as a low plate-
let count, low serum albumin level, high bilirubin level 
and/or prolonged prothrombin time.16 In the case of 
uncertainty, liver biopsy was required to confirm the 
presence of cirrhosis. Additional information on the 

diagnosis of the main etiologies of cirrhosis is reported 
in the Supplemental Document.

Statistical Analysis

The detailed calculation of the sample size used in this 
study is elaborated in the Supplemental Document. 
Continuous variables are expressed as medians with 25th 
or 75th percentiles or means ± standard deviations, as 
appropriate, whereas categorical variables are expressed 
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as numbers and percentages. A t test or the Mann‒
Whitney test was used, as appropriate, to compare quan-
titative variables between 2 groups. The area under the 
curve (AUC), along with the sensitivity and specificity, 
was calculated to evaluate the performances of the nonin-
vasive markers in identifying varices and PHG. All tests 
were 2-tailed, and P < .05 was considered statistically 
significant. SPSS 25.0 (IBM Corporation, Armonk, NY, 
USA) and GraphPad Prism 8.4.3 were used to analyze the 
data and construct the graphs.

Results

Demographic and Laboratory 
Characteristics of the Cohort

The demographic and laboratory characteristics of the 
study population are summarized in Table 1. A total of 
323 cirrhosis patients with a mean age of 49.52 ± 11.1 years 
were enrolled in this study, among whom 256 (79.3%) 
were males. The main etiology of cirrhosis was viral 
infection (74.9%), followed by alcohol-induced liver dis-
ease and other less frequent etiologies. Three hundred 
eight (95.4%) patients were initially diagnosed with clin-
ically significant esophageal varices, defined as Grade II 
or Grade III esophageal varices on upper gastrointestinal 
endoscopy, whereas 248 (76.8%) patients were diagnosed 
with clinically significant gastric varices. Severe portal 
hypertension gastropathy (PHG) was initially observed in 
56.0% of the patients. After eradication of the varices, 

mild and severe PHG was observed in 45.5% and 54.5% 
of the patients, respectively.

Performances of Different Markers in 
Grading the Severity of Esophageal Varices 
(EVs)

Based on their severity, esophageal varices were stratified 
into clinically relevant EVs (CREVs) and nonclinically 
relevant EVs (non-CREVs). As shown in Figure 2 and 
Supplemental Table 1, the differences in the mean or 
median FIB-4 scores, APRIs, ALBI indices, AARs, GPRs, 
and Lok scores were not statistically significant (all 
P > .05) between nonclinically relevant EVs (non-
CREVs) and clinically relevant EVs (CREVs). Moreover, 
as depicted in Figure 3, the area under the ROC curve 
analysis revealed that none of the abovementioned mark-
ers were able to differentiate between the non-CREV and 
CREV groups (all P > .05).

Performances of Different Markers in 
Grading the Severity of Gastric Varices 
(GVs)

As illustrated in Figure 4, when the clinically relevant 
gastric varix (CRGV) group was compared with the non-
clinically relevant gastric varix (non-CRGV) group, only 
the median AARs [1.3 (1.0, 1.6) vs 1.4 (1.1, 1.9), P = .034] 
and the median GPRs [0.5 (0.3, 1.0) vs 0.7 (0.3, 2.0), 
P = .008] were significantly different between the 2 

Table 1.  Demographic and laboratory characteristics of the study population.

Variables n (%)

Sex (male) n = 323 256 (79.3)
Age, mean ± standard deviation (years) 49.52±11.1
Etiology: virus/ alcohol/ others 242 (74.9)/ 36 (11.1)/ 45 (13.9)
Esophageal varices (EV)
  Clinically relevant EV 308 (95.4)
Gastric varices (GV)
  Clinically relevant GV 248 (76.8)
Initial PHG: Mild/Severe 142 (44.0)/ 181 (56.0)
PHG after varices eradication: mild/severe 147 (45.5)/ 176 (54.5)
ALT median (25%Q, 75%Q) 28.0 (21.0, 42.0)
AST median (25%Q, 75%Q) 37.0 (28.0, 52.0)
GGT median (25%Q, 75%Q) 41.0 (26.3, 92.0)
Total Bilirubin median (25%Q, 75%Q) 18.0 (12.0, 27.6)
Albumin, mean ± standard deviation 34.5 ± 5.3
Creatine median (25%Q, 75%Q) 73.0 (59.0, 85.0)
FIB-4, mean ± standard deviation 5.32 ± 3.39
APRI, mean ± standard deviation 1.70 ± 1.86
ALBI, mean ± standard deviation −2.89 ± 0.59
AAR, mean ± standard deviation 1.39 ± 0.59
GPR, mean ± standard deviation 1.12 ± 2.40
Lok score, mean ± standard deviation 2.58 ± 1.83

Abbreviations: AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; ALBI, albumin-bilirubin score; ALT, alanine transaminase; 
APRI, AST to Platelet ratio; AST, aspartate aminotransferase; FIB-4, fibrosis-4 score; GGT, gamma glutamyl transpeptidase; GPR, gamma-glutamyl 
transpeptidase to platelet ratio; PHG, portal hypertension gastropathy.
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Figure 2.  Biomarkers level in different esophageal varices severity subgroups. (A) shows comparison of different biomarkers level 
between clinically relevant esophageal (CREV) varices and non CREV; (B, left) shows an example of CREV at the lower esophageal 
segment, presenting as large varices with positive red color sign. (B, right), shows an example of non-CREV at the lower esophageal 
segment, presenting as small (<1 cm) linear varices, with no red color sign.
Abbreviations: AAR, Aspartate aminotransferase-to-alanine aminotransferase ratio; ALBI, Albumin-bilirubin score; APRI, AST to platelet ratio; FIB-4, 
Fibrosis-4 score; GPR, Gamma-glutamyl transpeptidase to platelet ratio. All P > .05, no difference was noticed between the 4 subgroups in terms of 
level of FIB-4, APRI, ALBI, AAR, GPR, and Lok score.
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groups. Both markers also showed fairly good AUCs in 
differentiating CRGVs from non-CRGVs as follows: the 
AAR (AUC = 0.581, sensitivity: 52.0%, specificity: 
66.1%, P = .033, at a cut-off of 1.4) and the GPR 
(AUC = 0.596, sensitivity: 64.0%, specificity: 50.0%, 
P = .014, at a cut-off of 0.5), as shown in Figure 5.

Marker Levels in Different PHG Severity 
Groups

In this study, the patients were also divided into 2 groups 
according to the severity of their portal hypertension gas-
tropathy (mild or severe PHG). As depicted in Figure 6, 

Figure 3.  Receiver operating characteristic (ROC) curve analysis of the markers in differentiating clinically relevant 
esophageal varices (CREV) from non-CREV. (A-F) respectively showcases the ROC curve of FIB-4, APRI, ALBI, AAR, GPR, 
and Lok score.
Abbreviations: AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; ALBI, albumin-bilirubin score; APRI, AST to Platelet ratio; FIB-4, 
fibrosis-4 score; GPR, gamma-glutamyl transpeptidase to platelet ratio.
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Figure 4.  Biomarkers level in different gastric varices severity subgroups. (A) shows comparison of different biomarkers level 
between clinically relevant gastric varices (CRGV) and non CRGV; (B, left) shows an example of CRGV presenting as tumorous 
color blue varices, with positive red color sign; (B, right) shows an example of non CRGV presenting as small tortuous varices with 
no red color sign.
Abbreviations: AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; ALBI, albumin-bilirubin score; APRI, AST to platelet ratio; FIB-4, 
fibrosis-4 score; GPR, gamma-glutamyl transpeptidase to platelet ratio. “*” means P < .05; “**” means P < .01.
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only the median FIB-4 scores were significantly different 
between the 2 groups as follows: mild PHG: 3.8 (2.7, 6.2) 
versus severe PHG: 4.9 (3.3, 7.1), P = .015. The mean 

APRIs, ALBI indices, AARs, GPRs, and Lok scores were 
similar between the mild and severe PHG groups (all 
P > .05).

Figure 5.  Receiver operating characteristic (ROC) curve analysis of the markers in differentiating clinically relevant gastric varices 
(CRGV) from non-CRGV. (A-F) respectively showcases the ROC curve of FIB-4, APRI, ALBI, AAR, GPR, and Lok score.
Abbreviations: AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; ALBI, albumin-bilirubin score; APRI, AST to platelet ratio; FIB-4, 
fibrosis-4 score; GPR, gamma-glutamyl transpeptidase to platelet ratio.
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Figure 6.  Biomarkers level in different portal hypertensive gastropathy severity groups before endoscopic treatment. (A) shows 
comparison of different biomarkers level between mild and severe portal hypertensive gastropathy (PHG). (B, left) shows mild 
PHG, presenting as isolated mosaic pattern with no red markings; (B, right) shows severe PHG, presenting as diffuse mosaic pattern 
with cherry red spots.
Abbreviations: AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; ALBI, albumin-bilirubin score; APRI, AST to Platelet ratio; FIB-4, 
fibrosis-4 score; GPR, gamma-glutamyl transpeptidase to platelet ratio. “*” means P < .05. 
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Relationship Between the Severities of PHG 
and Varices

Chi-square analysis between the severities of PHG and 
varices revealed no difference in the severity of esopha-
geal varices between the mild and severe PHG groups 
(P = .454). A similar trend was observed between the 
severities of PHG and gastric varices (P = .994), as shown 
in Tables 2 and 3. Spearman correlation analyses revealed 
no correlation between PHG and CREVs (r = .016, 
P = .778) or between PHG and CRGVs (r = −.024, 
P = .666). Moreover, among the 323 patients who received 
sequential treatments for esophagogastric varices, 71 
(22.0%) patients reported decreases in the PHG scores 
after sequential therapy, 66 (20.4%) patients experienced 
increases in the PHG scores, and the PHG scores remained 
unchanged in 186 (57.6%) patients. The Wilcoxon signed-
rank test revealed no significant difference in the variation 
in PHG severity before the variceal treatment and after 
variceal eradication (P = .669).

Discussion

Early detection of large esophagogastric varices and severe 
PHG through noninvasive methods is highly important 
because of the reluctance of patients to use EGD as a 
screening tool.17 Several biomarkers, such as transient elas-
tography, the FIB-4 score, the Forns index, the Lok score, 
the King score, the APRI, the AAR, the Fibro index score, 
have been proposed in the past to predict large varices in 
cirrhosis patients.11,18-20 In this study, the included markers 
not only failed to distinguish the diverse severities of 
esophageal varices but also the diverse severities of PHG. 
However, the AAR and GPR had moderate capacities to 
distinguish between severe and mild gastric varices. 
Furthermore, no correlation was found between PHG and 
EGV severities, and the eradication of EGVs did not affect 
PHG in cirrhosis patients.

This study focused mainly on noninvasive markers that 
are composed of routinely available laboratory indicators, 

such as the blood platelet count, AST, ALT, GGT, albumin, 
and bilirubin levels, and the INR. These markers were stud-
ied on various spectra to assess their abilities to screen for 
severe EGVs and severe PHG, which are together responsi-
ble for the majority of gastrointestinal bleeding in cirrhosis 
patients.21-24

Previous studies have revealed that the severity of EGVs 
is correlated with the degree of portal hypertension.9,25 
Similarly, the severity of PHG has been linked in several 
studies to the severity of portal hypertension.26-28 In cirrho-
sis-induced portal hypertension, increased splanchnic 
inflow results in splenomegaly and subsequent thrombocy-
topenia due to the splenic pooling of platelets.29 Moreover, 
severe portal hypertension (PH) disrupts the normal func-
tion of the liver, which manifests as hypoalbuminemia, a 
long prothrombin time, a high INR, and hyperbilirubine-
mia. In some cases, severe PH in combination with the pri-
mary etiology of cirrhosis leads to damage to hepatocytes, 
which can be assessed by high levels of liver transaminases 
and GGT. Consequently, some of these biomarkers have 
been used to predict portal hypertension features, such as 
esophageal varices and variceal bleeding.

Hassan et al. reported that they were able to use the 
FIB-4 and Lok scores for the diagnosis of esophageal 
varices at cut-off values of 2.8 and 0.63, respectively.21 
However, in our study, both the FIB-4 and Lok scores failed 
to detect EGVs and differentiate between clinically rele-
vant and nonclinically relevant varices. These findings are 
similar to those of Giada et al., who reported in a large-
scale study that the FIB-4 and Lok scores were unable to 
reliably rule in or rule out any grade of esophageal varices 
because of relatively discrete positive predictive values and 
negative predictive values.20 However, we observed that 
the AAR and GPR successfully differentiated CRGVs from 
non-CRGVs. These findings align with those of previous 
studies by Zhang et al and Calvaruso et al.18,30 Other nonin-
vasive markers, such as the APRI and ALBI index, were 
not useful in the identification of EGVs or in the grading of 
EGV severity, as has also been shown by previously pub-
lished studies.31,32 To date, studies assessing the predictive 
roles of noninvasive markers, such as the FIB-4 score, 
APRI, ALBI index, AAR, GPR, and Lok score, in the 
detection of severe PHG are scarce. We found that except 
for the FIB-4 score, all the other markers failed to differen-
tiate between severe and mild PHG. This can be explained 
by the fact that even though the severity of PHG is related 
to portal hypertension, the derangement of liver function, 
which can be manifested by abnormal levels of transami-
nases, serum albumin, platelets, etc., does not appear to 
play a role in the occurrence of PHG.27 Moreover, our study 
revealed that no correlation existed between the severities 
of PHG and EGVs and that the eradication of varices did 
not affect the severity of PHG. Previous studies on the cor-
relation between PHG and varices have not been conclu-
sive. Thus, Wu et al reported a positive correlation between 
the severity of PHG and the degree of EVs, EG and ascites.33 
On the other hand, similar to our study, Saleem et al.34 
in their study on the correlation between the severity of 
PHG and the sizes of EVs in cirrhotic hepatitis C patients, 

Table 2.  Relation between initial PHG and esophageal varices.

PHG 
severity Non-CREV CREV P

Mild PHG 8 (53.3%) 7 (46.7%) .454
Severe PHG 134 (43.5%) 174 (56.5%)  

Abbreviations: CREV, clinically relevant esophageal varices; PHG, portal 
hypertensive gastropathy.

Table 3.  Relation between initial PHG and gastric varices.

PHG 
severity Non-CRGV CRGV P

Mild PHG 33 (44.0%) 42 (56.0%) .994
Severe PHG 109 (44.0%) 139 (56.0%)  

Abbreviations: CRGV, clinically relevant gastric varices; PHG, portal 
hypertensive gastropathy.
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reported no correlation between the 2 entities. Furthermore, 
in contrast to our findings, several studies have reported a 
decrease in the severity of PHG after the eradication of 
EGVs.35,36 This phenomenon can be explained by the fact 
that variceal obliteration amplifies the congestion of the 
gastric mucosa soon after the procedure.37 However, further 
studies are still needed to fully understand the pathogenesis 
underlying these changes.

Conclusions

In summary, the FIB-4 score, APRI, ALBI index, ARR, 
GPR, and Lok score, which are commonly used to identify 
cirrhosis, have poor abilities to assess the severities of 
esophagogastric varices and PHG. These markers alone 
cannot substitute for EGD in the screening for EGVs and 
PHG. Furthermore, endoscopic eradication of EGVs did 
not affect PHG. This study has the merit of being among 
the few studies that assessed the prediction of PHG by 
using noninvasive markers. The main limitations of our 
study lie in its retrospective nature and the small sample 
size, resulting in bias that could affect the accuracy of the 
results. Larger prospective multicentre studies are needed 
to confirm our findings.
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