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Chronic hepatitis B virus (HBV ) 
infection, being associated with 
substantial morbidity and mortality, 
has become a global health challenge.1–3 

Approximately 257.5 million individuals, or 3.2% 
of the world population, live with chronic HBV 
infection, leading to around 555 000 deaths annually 
due to related complications.2,3 

The course of chronic HBV infection varies 
among patients, resulting in a broad range of disease 
severity.4 A significant proportion of these patients 
have hepatitis B e antigen (HBeAg)-negative chronic 
HBV infection. These asymptomatic individuals are 
classified as inactive HBV carriers.5 

According to the 2017 clinical practice guidelines 
of the European Association for the Study of the 
Liver (EASL), an inactive HBV carrier state is 
identified by the absence of HBeAg and the presence 
of the HBe antibody, along with consistently normal 

alanine aminotransferase (ALT) levels, and low or 
undetectable serum levels of HBV DNA (< 2000 
IU/mL).6 However, serum HBV DNA levels may 
fluctuate up to 20 000 IU/mL in some cases.6 Inactive 
carriers generally have a better prognosis than active 
HBV-infected patients.5,7 However, their evolving 
clinical profile necessitates regular monitoring 
for HBV reactivation. Rarely, life-threatening 
complications such as hepatocellular carcinoma 
(HCC) and cirrhosis can occur, underscoring the 
importance of frequent screening of these patients.8,9

In practice, antiviral therapy tends to be 
delayed for inactive HBV carriers with normal 
ALT levels and minimal hepatic damage, resulting 
in uncertainty about when to start treatment.10,11 
Untreated patients have a higher risk of cirrhosis and 
HCC, highlighting the need for early identification 
of fibrosis and close surveillance of at-risk 
individuals.12–16 While liver biopsy remains the gold 
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A B S T R AC T
Objectives: Hepatic fibrosis remains a potential complication for hepatitis B e antigen 
(HBeAg)-negative chronic hepatitis B virus (HBV) infection. The affected individuals, 
known as inactive HBV carriers, tend to have a favorable prognosis. This study aimed 
to determine the prevalence of significant fibrosis and associated risk factors among 
Omani patients diagnosed as inactive HBV carriers. Methods: A retrospective study 
was conducted on Omani inactive HBV carriers visiting a tertiary hospital in Muscat, 
Oman, between January 2017 and December 2018. Significant hepatic fibrosis (stage F2 
or higher) was identified using two-dimensional shear-wave elastography, with baseline 
clinical, laboratory, and radiological data analyzed for associations. Results: Among the 
selected 200 participants (mean age = 44.6 ± 9.3 years), 53.0% were male. Significant 
fibrosis was present in 40 (20.0%) patients, with a preponderance of male (p = 0.007) 
and those aged ≥ 60 years (p = 0.024). Fatty changes, as detected by liver ultrasound, 
were independent risk factors (p = 0.044). Conclusions: The findings underscore the 
importance of periodic assessment and monitoring of inactive HBV carriers in Oman, 
particularly those with risk factors for fibrosis progression, such as male sex, older age, 
and fatty liver. Non-invasive tests can aid in early detection and management of fibrosis, 
thereby improving patient outcomes. 
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standard for evaluating hepatic fibrosis, its invasive 
nature renders it suboptimal for routine monitoring 
of inactive HBV carriers.14 Therefore, international 
guidelines recommend non-invasive techniques such 
as serum markers and elastography for the initial 
staging and monitoring of fibrosis.16 

In Oman, where HBV endemicity has been 
estimated at approximately 2–7%, research 
on inactive HBV carriers and their associated 
complications is lacking.1,17,18 Therefore, this study 
aimed to assess the occurrence and risk factors of 
significant hepatic fibrosis among Omani adults who 
are inactive HBV carriers. 

M ET H O D S
This single-center retrospective study focused 
on adult Omani patients diagnosed as inactive 
HBV carriers using two-dimensional shear-wave 
elastography (2D SWE) at Sultan Qaboos University 
Hospital from January 2017 to December 2018.  
Ethical approval was obtained from the Medical 
Research and Ethics Committee of the College 
of Medicine and Health Sciences, Sultan Qaboos 
University (MREC #1548). 

Potential participants’ data was gathered from 
the hospital’s electronic patient information system. 
We used the EASL (2017) definition for an inactive 
HBV carrier.6 The collected information included 
demographic data including age, sex, marital status, 
place of residence, and body mass index. Potential 
risk factors for fibrosis development were noted. 
These included family history of HBV, HCC, or 

cirrhosis, in addition to comorbidities such as type 
2 diabetes mellitus, sickle cell disease, thalassemia, 
dyslipidemia, renal disease, heart failure, fatty liver 
disease, and malignancy. Nosocomial history, such 
as hemodialysis, organ transplantation, surgery, 
and blood transfusions, were also included. Lastly, 
various biochemical parameters were assessed, 
including platelet and white blood cell counts, and 
levels of ALT, aspartate aminotransferase, alkaline 
phosphatase, gamma-glutamyl transferase, albumin, 
total bilirubin, and alpha-fetoprotein. 

Exclusion criteria were patients whose files 
had significant missing data, pregnant women, 
patients with concurrent chronic liver diseases 
such as hepatitis C, hepatitis D, HIV infections, 
autoimmune hepatitis, cholesteric liver disease, 
alpha-1 antitrypsin deficiency, Wilson’s disease, and 
hemochromatosis.

All patients had undergone simultaneous 2D 
SWE and liver ultrasound imaging under non-
fasting conditions using the GE Logiq E9 2.0 with 
XDClear multi-purpose ultrasound system (GE 
Healthcare, Milwaukee, Wisconsin, USA). Changes 
in echotexture were assessed to diagnose cirrhosis 
and fatty liver disease and to classify the degree 
of hepatic fibrosis. Liver stiffness measurements 
(LSMs) were used to assign various stages of fibrosis, 
as follows: (1) F0: no fibrosis (≤ 7.1 kPa), (2) F1: 
minimal fibrosis (7.1–7.8 kPa), (3) F2: significant 
fibrosis (7.8–8.0), (4) F3: severe fibrosis (8.0–11.5 
kPa), and (5) F4: cirrhosis (> 11.5 kPa). Stage F2 
and higher were taken as indicators of significant  
hepatic fibrosis.19 

Omani inactive HBV carriers presented to 
SQUH

(n = 375)

Selected for the study
(n = 200)

Excluded
(n = 175) 

Inactive HBV carriers without 
signi�cant hepatic �brosis

(n = 160) 

Inactive HBV carriers with 
signi�cant hepatic �brosis 

(n = 40)

HBV: hepatitis B virus; SQUH: Sultan Qaboos University Hospital.
Figure 1: Flow diagram of the study population. 
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The participants were divided into two groups: 
with significant hepatic fibrosis and without 
significant hepatic fibrosis [Figure 1]. The groups 
were compared to determine the potential risk 
factors for developing significant hepatic fibrosis in 
inactive HBV carriers.

Data analysis was performed using SPSS Statistics 
(IBM Corp. Released 2019. IBM SPSS Statistics for 
Windows, Version 26.0. Armonk, NY: IBM Corp). A 
chi-squared test was performed to assess associations 
between significant hepatic fibrosis development 
and potential risk factors. The normality of data 
distribution for continuous variables was evaluated 
using the Kolmogorov-Smirnov test. Parametric 
variables were analyzed using the student’s t-test, 
while non-parametric variables were assessed using 

the Mann-Whitney U test. Multivariate adjusted 
analysis utilized logistic regression, with variables 
exhibiting p-values < 0.25 in the crude analysis 
included in the regression model. A p-value < 0.05 
was considered statistically significant.

R E SU LTS
The subjects comprised 200 inactive HBV carriers 
with Omani nationality, among whom 106 (53.0%) 
were male. The participants’ mean age was 44.6 ± 9.3 
(range = 31–79) years. Most (61.0%) were in the 40–
60 years age group [Table 1]. None of our participants 
developed decompensated liver cirrhosis or HCC.

The distribution of patients across liver fibrosis 
stages, as determined by LSMs, was as follows: stage 

Table 1: Baseline characteristics of Omani patients with HBeAg-negative chronic HBV infection and 
associations with significant hepatic fibrosisa (N = 200).

Parameters Total
n (%)

With significant 
hepatic fibrosis,

n = 40,  
n (%)

Without 
significant 

hepatic fibrosis
n = 160, n (%)

OR (95% CI) p-value

Age group, years
30–40 63 (31.5) 9 (14.3) 54 (85.7) 5.618 (2.347–13.450) 0.003*
40–60 122 (61.0) 23 (18.9) 99 (81.1)
> 60 15 (7.5) 8 (53.3) 7 (46.7)

Sex
Male 106 (53.0) 33 (31.1) 73 (68.9) 1.114 (0.451–2.755) < 0.001*
Female 94 (47.0) 7 (7.4) 87 (92.6)

BMI > 25 kg/m2 117 (58.5) 22 (18.8) 95 (81.2) 0.786 (0.152–4.074) 1.000

T2DM 21 (10.5) 7 (33.3) 14 (66.7) 1.074 (0.336–3.432) 0.145

Dyslipidemia 19 (9.5) 4 (21.1) 15 (78.9) - 1.000

HTN 17 (8.5) 9 (52.9) 8 (47.1) 5.516 (1.974–15.416) 0.002*

NAFLD 115 (57.5) 29 (25.2) 86 (74.8) 2.268 (1.060–4.853) 0.049*

Renal disease 5 (2.5) 3 (60.0) 2 (40.0) 6.405 (1.033–39.718) 0.056

Family history
HBV infection 58 (29.0) 9 (15.5) 49 (84.5) 1.150 (0.230–5.762) 0.413
HBV-related cirrhosis 22 (11.0) 2 (9.1) 20 (90.9) 2.212 (0.828–5.911) 0.259
HBV-related HCC 9 (4.5) 2 (22.2) 7 (77.8) 0.366 (0.082–1.635) 1.000

Hemoglobin, g/dL† 13.0 ± 1.8 13.7 ± 1.6 12.9 ± 1.8 - 0.009*
Platelet count × 109/L† 243.5 ± 67.8 218.4 ± 70.1 249.7 ± 65.9 - 0.009*
White blood cell count × 109/L† 5.5 ± 1.9 5.2 ± 2.0 5.5 ± 1.9 - 0.150
ALT, U/L† 22.5 ± 11.5 26.4 ± 13.7 21.5 ± 10.7 - 0.027
AST, U/L† 19.7 ± 6.2 20.9 ± 7.0 19.4 ± 5.9 - 0.079
ALP, U/L† 66.5 ± 19.2 73.2 ± 26.4 64.8 ± 16.5 - 0.061
Albumin, g/L† 44.9 ± 3.4 45.2± 3.4 44.8 ± 3.4 - 0.520
Total bilirubin, µmol/L† 9.0 ± 6.5 9.9 ± 5.6 8.8 ± 6.7 - 0.063
AFP, ng/mL† 2.5 ± 1.9 2.2 ± 1.7 2.5 ± 2.1 - 0.979
HBV DNA of < 2000 IU/mL 167 (83.5) 34 (20.4) 133 (79.6) - 0.775

HBeAg: hepatitis B e antigen; HBV: hepatitis B virus; BMI: body mass index; T2DM: type 2 diabetes mellitus; HTN: hypertension; NAFLD: non-alcoholic fatty 
liver disease; HCC: hepatocellular carcinoma; ALT: alanine transaminase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; AFP: alpha-fetoprotein. 
aDefined as liver stiffness measurements of > 7.8 kPa. *Significance;†Expressed as mean ± SD.
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F0 = 142, F1 = 18, F2 = 3, F3 = 31, and F4 = 6 
patients. Overall, 40 (20.0%) patients developed 
significant hepatic fibrosis, defined as stage F2 
fibrosis or higher [Figure 2].

Approximately 58.5% of the cohort were 
overweight (body mass index > 25 kg/m2). 
Furthermore, 21 (10.5%) subjects had type 2 diabetes 
mellitus and 115 (57.5%) had non-alcoholic fatty 
liver disease (NAFLD) [Table 1]. Several risk factors 
were significantly associated with the presence of 
significant hepatic fibrosis in the studied population 

[Table 1 and Figure 3].
Men were significantly more likely to develop 

significant fibrotic changes (31.1%) than women 
(7.4%) (OR = 1.114, 95% CI: 0.451–2.755; p < 
0.001) [Figure 3a]. Patients aged ≥ 60 years were also 
more likely to have significant fibrosis (53.3%) than 
those aged 40–60 years (18.9%) and 30–40 years 
(14.3%) [Figure 3b]. Univariate analysis revealed 
that old patients (≥ 60 years) had a five-fold higher 
risk of significant fibrosis compared to younger 
patients (p = 0.003) [Table 1]. 

Regarding comorbidities, hypertension (OR 
= 5.516, 95% CI: 1.974–15.416; p = 0.002) and 
NAFLD (OR = 2.268, 95% CI: 1.060–4.853; p = 
0.049) were significantly correlated with significant 
liver fibrosis [Figure 3c]. Table 1 shows that 52.9% 
of hypertensive patients and 25.2% of those with 
NAFLD had significant fibrosis.

The biochemical parameters positively 
associated with significant hepatic fibrosis were 
higher hemoglobin levels (p = 0.009) and higher 
ALT levels (p = 0.027). Platelet count (p = 0.009) 
was negatively associated. [Table 1] Multivariate 
regression analysis of all participants unveiled 
independent associations of sex, age, and NAFLD 
with significant hepatic fibrosis, as determined by  
LSMs [Table 2]. 

F4

F3

F2

F1

F0

 F0: no fibrosis; F1: minimal fibrosis; F2: significant fibrosis; F3: severe fibrosis; 
F4: cirrhosis.

Figure 2: Fibrosis staging among Omani patients 
with hepatitis B e antigen-negative chronic hepatitis 
B virus infection (N = 200).
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HBeAg: hepatitis B e antigen; CHB: chronic hepatitis B. *The case group included those with significant hepatic fibrosis (defined as stage F2 or higher; n = 40), 
while the controls included those without significant fibrosis (n = 160).

Figure 3: Associations between significant hepatic fibrosis* and (a) sex (p < 0.001), (b) age (p = 0.003), and 
(c) fatty liver disease (p = 0.049) among Omani patients with HBeAg-negative CHB infection (N = 200). 
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Men were sixfold more likely to develop 
significant fibrosis (p = 0.007) than women. 
Patients aged > 60 years had a tenfold increased risk 
than those aged 30–40 years (p = 0.024). NAFLD 
emerged as an independent risk factor for fibrosis  
(p = 0.044) [Table 2].

D I S C U S S I O N
Our study aimed to evaluate the prevalence and 
associated factors for developing significant hepatic 
fibrosis using non-invasive methods in Omani 
patients diagnosed as inactive HBV carriers. 
One-fifth (20.0%) of the participants manifested 
significant hepatic fibrosis. Male sex, age ≥ 60 years, 
and the presence of NAFLD were found to be 
independently associated with significant fibrosis.

Studies from countries with low HBV 
endemicity, such as France and Italy have indicated 
that inactive HBV carriers generally demonstrated 
good prognoses, with a minimum prevalence of 
HBV-related hepatic fibrosis.20,21 A Chinese study 
also reported similarly.22 High and intermediate 
endemic regions have a higher prevalence of such 
complications.23–25 For example, a longitudinal, 
cross-sectional study from Taiwan, which has an 
intermediate-to-high HBV prevalence, found that 
16.1% of inactive HBV carriers experienced viral 
reactivation, while 15% developed hepatic fibrosis 
over a 25-year period.15 A study from Egypt, an 

intermediate HBV prevalence country, reported that 
20% of inactive HBV carriers exhibited significant 
fibrotic changes as determined by liver biopsy.24 

The Omani population is considered to have an 
intermediate HBV prevalence. To the best of our 
knowledge, the present study is the first in Oman to 
shed light on the prevalence of inactive HBV carriers 
and patients with significant fibrosis, using non-
invasive measures. Thus, our results provide essential 
baseline data, which could help in the early detection 
of fibrosis and facilitate optimal management of this 
subpopulation. This is also one of the pioneering 
studies focusing on inactive HBV carriers in the 
Arabian Gulf region. 

The overall prevalence of significant fibrosis 
(20.0%) among Omani inactive HBV carriers 
identified in the current study aligned with findings 
reported from other intermediate HBV endemic 
areas (15–20%).15,24 In contrast, Saudi Arabia has 
reported a higher prevalence rate of 30.9%.26 A 
study in Hong Kong has found a 33.3% prevalence.27 
However, the higher prevalence rates in the last two 
studies may partly be attributed using liver biopsies 
instead of 2D SWE for hepatic fibrosis staging. 
Meanwhile, a study in Spain, an intermediate 
HBV-endemic country, adopted a non-invasive 
elastography technique like ours and found a more 
comparable prevalence of 25%.28 The observed 
discrepancies in prevalence rates might also be 
attributable to factors such as different LSM criteria 

Table 2: Multivariate analysis of risk factors for developing significant fibrosis among Omani patients with 
HBeAg-negative chronic HBV infection (N = 200).

Risk factor OR (95% CI) p-value

Age group, years - 0.072
40–60 1.329 (0.478–3.695) 0.585
> 60 10.900 (1.371–86.631) 0.024*

Sex 6.568 (1.673–25.785) 0.007*
HTN 1.659 (0.248–11.093) 0.601
NAFLD 2.650 (1.025–6.855) 0.044*
T2DM 0.360 (0.066–1.977) 0.240
Chronic kidney disease 6.538 (0.499–85.592) 0.152
Hemoglobin level 0.939 (0.678–1.300) 0.703
Platelet count 0.993 (0.986–1.000) 0.060
ALT level 1.016 (0.979–1.055) 0.404
ALP level 1.016 (0.996–1.037) 0.117
Total bilirubin level 0.989 (0.927–1.054) 0.728

*Significance; HBeAg: hepatitis B e antigen; HBV: hepatitis B virus; HTN: hypertension; NAFLD: nonalcoholic fatty liver disease; T2DM: type 2 diabetes 
mellitus; ALT: alanine transaminase; ALP: alkaline phosphatase.
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(> 7.5 vs. > 7.8 kPa), ultrasound equipment, and 
study durations.

The present study also investigated the risk 
factors of fibrosis. Significant associations were 
observed between stage F2 or higher levels of fibrosis 
and sex and age. Our findings are consistent with 
reports from Taiwan and Bangladesh, where both 
male sex and advanced age were significantly linked to 
the development of hepatic fibrosis in inactive HBV 
carriers.15,29 On the other hand, studies from Spain and 
Hong Kong did not find significant associations with 
these two factors.27,28 An unexpected finding from 
a Taiwanese study was a significantly higher hepatic 
fibrosis risk among middle-aged patients (40–60 
years) compared to older patients (≥ 60 years).30 

In a recent study conducted in Oman, intra-
familial transmission emerged as the predominant 
mode of HBV transmission, while nosocomial 
transmission was found to be relatively uncommon.18 
Nonetheless, given the highly infective nature of 
HBV, the present study explored both nosocomial 
and family-related factors as possible risk factors for 
fibrotic changes. We found that a quarter of inactive 
HBV carriers with stage F2 fibrosis or higher had  
non-significant associations with a family history of 
chronic HBV infection, HCC, or cirrhosis. As other 
studies have also reported that individuals with a family 
history of HBV may have an increased risk of advanced 
liver scarring due to earlier-occurring and potentially 
longer-lasting infections,18,24 our findings, despite their 
low significance, seem to merit further research. 

Regarding comorbidities, we found that only 
hypertension and fatty liver disease exhibited 
significant associations with significant fibrosis. 
Notably, there is a paucity of research exploring the 
association between hypertension and its impact 
on inactive HBV carriers. A 2014 literature review 
included only one study (from Spain), which assessed 
these factors, found non-significant associations with 
both hypertension and fatty liver disease.28 

Though the coexistence of fatty liver disease and 
chronic HBV infection has been studied extensively, 
there is a dearth of studies illuminating the prevalence 
of such coexistence among inactive HBV carriers. A 
recent review highlighted a synergistic escalation of 
liver fibrosis risk when fatty liver disease coexists with 
chronic HBV infection, which is consistent with the 
observations of the present study.30 The mechanism 
behind this appears multifactorial, encompassing 
genetic, metabolic, and immune factors.30

The interest in non-invasive diagnostic tests for 
hepatic fibrosis in chronic liver diseases has grown 
considerably in recent decades. Such tests would 
mitigate the need for invasive procedures like 
liver biopsy and their associated complications, 
making reg ular fol low-ups more viable. 
Researchers have explored the potential of various 
biochemical parameters as risk factors for fibrosis 
development and their efficacy in predicting such 
complications.31,32 As a notable example, previous 
research has revealed a significant correlation 
between elevated ALT levels and fibrosis 
development, suggesting that it may be a reliable 
predictor for fibrosis in inactive HBV carriers.32,33 
The present study also found ALT levels to have 
a positive significant correlation with significant 
fibrosis. We must be cautious, however, as other 
studies have challenged the predictive accuracy of 
ALT regarding significant liver injury.24,27

We observed a negative correlation between 
platelet count and significant fibrosis. A similar 
negative correlation has also been reported in 
Chinese and Iranian populations, suggesting the 
potential utility of this variable for predicting 
hepatic fibrosis.27,34 A more recent study from 
China also identified a negative correlation 
between platelet count and significant fibrosis in 
chronic HBV patients.35 The biochemical findings 
described above support their potential utility as 
non-invasive tools for investigating fibrosis risk in 
Omani patients. 

A unique finding of our study was a significant 
positive association between hemoglobin and 
fibrosis. However, similar findings were not found 
in the literature, which makes it an intriguing topic 
for further investigation.

This study has several strengths. Firstly, it marked 
the first documentation in Oman of the prevalence 
of liver fibrosis among inactive HBV carriers. 
Secondly, it assessed a diverse array of risk factors, 
thereby providing a more holistic understanding of 
this subset of patients. However, we encountered a 
few limitations. The primary constraint stemmed 
from the restricted timeframe, limiting the sample 
size. A larger sample would have enhanced the 
reliability of comparisons between the case and 
control groups. Additionally, the retrospective 
nature of the study resulted in missing data related 
to crucial biochemical parameters, such as high-
density and low-density lipoproteins, thyroxine, 
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and thyroid-stimulating hormone. Consequently, 
analysis of these variables as potential risk factors was 
not possible. Finally, the current research focused 
on a single center in Muscat, and any generalization 
of its findings requires caution. Future studies 
should seek to eliminate these shortcomings and 
recruit larger patient populations from different 
regions of Oman. 

C O N C LU S I O N
Our findings indicated that 20.0% of Omani inactive 
HBV carriers exhibited significant fibrosis, with male 
sex, age ≥ 60 years, and the presence of fatty liver 
on ultrasound being independent risk factors. These 
results underscored the critical need for periodic 
assessment and monitoring of inactive HBV carriers, 
particularly those with high-risk factors. Utilizing 
non-invasive tests for fibrosis can help detect disease 
progression early, allowing for timely intervention 
and better patient outcomes. Routine biochemical 
parameters such as platelet count, hemoglobin, and 
ALT levels could be helpful predictors of disease 
prognosis. The study provides valuable baseline 
data for understanding and managing significant 
fibrosis in this subpopulation, potentially aiding in 
early detection and optimal patient care. However, 
further research, including larger prospective studies, 
is recommended to validate these findings and 
comprehensively explore the inactive HBV carrier 
stage and its related complications. 
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