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ABSTRACT

Introduction: Evaluation of cirrhosis appears to
be easily overlooked in the clinic for the HBsAg-
negative (hepatitis B surface antigen-negative)
and HBcAb-positive (hepatitis B core antibody-
positive) population. Herein, we determine the
prevalence of cirrhosis/advanced fibrosis among
HBsAg-negative/HBcAb-positive US adults.
Methods: Data came from the National Health
and Nutrition Examination Survey (NHANES)

2001–2018. A total of 3115 HBsAg-negative/
HBcAb-positive US adults were enrolled in this
study. We assessed cirrhosis by using the
Fibrosis-4 (FIB-4) and aspartate aminotrans-
ferase to platelet ratio index (APRI) score.
Results: Out of 50,201 NHANES adults, 45,087
were tested for HBcAb/HBsAg, of whom 3115
met the inclusion criteria (HBsAg-negative/
HBcAb-positive with available data for FIB-4/
APRI). The weighted proportion of HBsAg-neg-
ative/HBcAb-positive among US adults was
4.46% (95% CI 4.17–4.75%), affecting 9.87
million US adults. According to the results of
the FIB-4, the weighted prevalence of cirrhosis/
advanced fibrosis among HBsAg-negative/
HBcAb-positive US adults was 3.76% (95% CI
2.80–4.72%), which corresponds to 371,112
(95% CI 276,360–465,864) HBsAg-negative/
HBcAb-positive American adults who had
already developed cirrhosis. Among those, cir-
rhosis/advanced fibrosis in the HBsAb-negative
(hepatitis B surface antibody) group (6.28%,
95% CI 4.10–8.45%) was significantly higher
than in the HBsAb-positive group (3.08%,
95% CI 2.07–4.08%). Results were similar when
APRI was used.
Conclusion: According to the FIB-4, 3.76% of
HBsAg-negative and HBcAb-positive US adults
had cirrhosis/advanced fibrosis, much higher
than in the general population of the USA. Our
data highlight the importance of cirrhosis
screening in the HBsAg-negative/HBcAb-posi-
tive population to prevent advanced liver
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disease, especially in those who are HBsAb-
negative.

Keywords: Hepatitis B; Hepatitis B surface
antigen; Liver cirrhosis; Prevalence

Key Summary Points

Why carry out this study?

Evaluation of cirrhosis/fibrosis appears to
be easily overlooked in the clinic for the
HBsAg-negative/HBcAb-positive
population.

This study determines the prevalence of
cirrhosis/advanced fibrosis among HBsAg-
negative/HBcAb-positive US adults given
the lack of such reliable and generalizable
data.

What was learned from the study?

According to the FIB-4, 3.76% of HBsAg-
negative and HBcAb-positive US adults
had cirrhosis/advanced fibrosis, much
higher than in the general population of
the USA.

Our data highlights the importance of
cirrhosis/fibrosis screening in the HBsAg-
negative/HBcAb-positive population to
prevent advanced liver disease, especially
among those who are HBsAb-negative.

INTRODUCTION

Hepatitis B virus (HBV) infection is still a major
public health issue in the world, impacting 290
million people [1]. Loss of hepatitis B surface
antigen (HBsAg) is now considered the best
therapeutic outcome for hepatitis B infection,
termed as ‘‘functional cure’’ or ‘‘resolved hep-
atitis B’’ [2]. Before the onset of cirrhosis, HBsAg
loss is related to a low risk of cirrhosis or hepa-
tocellular cancer (HCC) [3, 4]. However,
patients with HBV infection who have achieved
HBsAg loss but with coexisting cirrhosis are still

at a higher risk of HCC and are usually associ-
ated with poor outcomes [5–8].

Although current guidelines consider HBsAg
loss to be a safe endpoint for stopping acute or
chronic hepatitis B treatment, the presence of
cirrhosis can have a significant impact on clin-
ical decision-making [1, 2]. The evaluation of
cirrhosis is an important part of the care of
patients with HBV infection, but it appears to be
easily overlooked in the clinic for the HBsAg-
negative/HBcAb-positive population. Early
screening, diagnosis, and intervention could
benefit this population who have achieved
HBsAg loss but have coexisting cirrhosis.

From a public health perspective, determin-
ing the disease burden of cirrhosis among the
HBsAg-negative/HBcAb-positive population is
critical to guiding healthcare resource planning.
Nevertheless, there is a lack of reliable and
generalizable data on the prevalence of cirrhosis
among HBsAg-negative/HBcAb-positive US
adults. To address this knowledge gap, we
determined the prevalence and predictors of
cirrhosis/advanced fibrosis in HBsAg-negative/
HBcAb-positive US residents based on popula-
tion-based data that is generalizable to entire US
households.

METHODS

Data Source and Study Population

Data came from the National Health and
Nutrition Examination Survey (NHANES)
2001–2018. The National Center for Health
Statistics’ NHANES is a program that tracks the
health and nutritional status of adults and
children in the USA throughout time [9].
NHANES collected nationally representative
health-related data on the US population using
a complicated, multistage probability sampling
procedure [9]. Before participating in the
NHANES, all individuals gave written informed
consent. The study was conducted in accor-
dance with the principles of the Helsinki Dec-
laration. The approval of the study from the
National Center of Health and Statistics
Research ethics review board was waived
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because the research relied upon publicly used,
de-identified secondary data.

In this analysis, we included HBsAg-nega-
tive/HBcAb-positive participants from the con-
tinuous NHANES 2001–2018. HBsAg-negative
and HBcAb-positive subjects were enrolled, with
the HBsAb positive or negative. Only those who
were aged 20 years or older at the time of the
baseline survey were included. Subjects lacking
laboratory data for Fibrosis-4 score/APRI calcu-
lation, including age, AST (aspartate amino-
transferase), ALT (alanine aminotransferase),
and PLT (platelet count) [10], were excluded. As
a result, 3115 persons were left in our cohort for
analysis (Fig. 1).

Definitions of Advanced Fibrosis/Cirrhosis

We assessed liver fibrosis using the Fibrosis-4
score and APRI score; these scores were calcu-
lated for participants with AST, ALT, and pla-
telet count data from baseline laboratory data
[10]. Descriptions of laboratory methodology,
quality assurance, and monitoring were avail-
able through NHANES laboratory method
manuals.

The formula for the FIB-4 score is (age 9 AST
level)/(platelet count 9 ALT1/2) [10], and the
threshold used to indicate significant fibrosis

was[ 3.25. With a FIB-4 threshold of 3.25, the
sensitivity and specificity were 16.2% and
95.2% for significant fibrosis (Ishak stages
F3–F6) for chronic hepatitis B (CHB) [11]. The
formula for APRI score is (AST level/AST upper
limit of normal) 9 100/platelet count [12], and
the threshold used to indicate advanced fibrosis
was[ 1.0; with an APRI threshold of 1.0, the
sensitivity and specificity values were 50.0%
and 83.0% for advanced fibrosis (Ishak stages
F4–F6) for CHB [11].

Information on covariates was available
through baseline questionnaires, including age,
race/ethnicity, sex, family income-to-poverty
ratio, education level, smoking status, body
mass index, drinking status, self-reported base-
line history of diabetes, hypertension, and liver
condition.

Data Analysis

NHANES used a complex hierarchical survey
design to ensure accurate projections of the
non-institutionalized civilian households in the
USA, taking into account the oversampling and
unresponsiveness of certain populations to
interviews and medical examinations [9]. All
estimates in this analysis accounted for com-
plex survey designs and sampling weights (in-
cluding clusters, strata, and corresponding
weights) of NHANES.

Adjusted prevalence estimates of advanced
fibrosis/cirrhosis were calculated for NHANES
2001–2018. The trend analysis was performed
by combining data from three 6-year periods:
2001–2006, 2007–2012, and 2013–2018. Uni-
variate and multivariate logistic regression
analyses were used to estimate odds ratios
relating various characteristics to advanced
fibrosis/cirrhosis. All variables that had P\0.10
in stepwise forward logistic regression, or those
that were clinically relevant, were included in
the model. A two-tailed P value of less than 0.05
was considered to be statistically significant; all
statistical analyses were performed using
SAS 9.4, which allows appropriate use of the
NHANES survey weights to project the results of
the analysis to the noninstitutionalized, general
population of the USA.

Fig. 1 Flow diagram of subject selection
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RESULTS

In the NHANES 2001–2018, 50,201 adults aged
20 years or older participated in the examina-
tion and laboratory testing. Of those,
45,087(89.8%) had available serum samples for
HBcAb/HBsAg testing, of whom 3161 (7.01%)
were positive for HBcAb and negative for
HBsAg. Out of the 3161 HBsAg-negative/
HBcAb-positive adults, 3115 adults (98.5%) had
complete laboratory values for calculating FIB-
4/APRI scores.

The weighted proportion of HBsAg-negative/
HBcAb-positive US adults was 4.46% (95% CI
4.17–4.75%), affecting 9.87 million adults. The
prevalence of HBsAg-negative/HBcAb-positive
in US adults was 5.19% (95% CI 4.61–5.77) in
NHANES 2001–2006, 4.15% (95% CI 3.63–4.67)
in NHANES 2007–2012, and 4.27% (95% CI
3.73–4.81) in NHANES 2012–2018, which cor-
responded to 10.85 million (95% CI 9.81–11.89

million), 9.11 million (95% CI 8.07–10.15 mil-
lion), and 10.00 million (95% CI 8.84–11.16
million) HBsAg-negative and HBcAb-positive
Americans, for NHANES 2001–2006,
2007–2012, and 2012–2018, respectively
(Table 1).

Table 2 depicts the characteristics of HBsAg-
negative/HBcAb-positive US adults. The mean
age of survey participants increased from 51.6 to
56.3 over time. The proportion of women and
non-Hispanic whites did not change. Over time,
the proportion of survey participants with low
income, drinking, hypertension, and diabetes
increased, whereas those with smoking
decreased. The proportion of survey partici-
pants with advanced fibrosis/cirrhosis holds
steady over time (Supplementary Material
Table S1). According to the results of the Fibro-
sis-4 score, 3.76% (95% CI 2.80–4.72%) of
HBsAg-negative/HBcAb-positive populations
had cirrhosis from 2001–2018, corresponding to

Table 1 Prevalence and number in HBsAg-negative and HBcAb-positive US adults, 2001–2018 (weighted)

NHANES 2001–2018
(Total)

NHANES 2001–2006
(Era 1)

NHANES
2007–2012
(Era 2)

NHANES 2013–2018
(Era 3)

Number of US

adults, in

millions

(95% CI)

220.82 (212.88–228.76) 208.98 (194.94–223.02) 219.36 (204.9–233.82) 234.13 (221.34–246.86)

Prevalence of

HBsAg-

negative and

HBcAb-

positive, %

(95% CI)

4.46 (4.17–4.75) 5.19 (4.69–5.68) 4.15 (3.67–4.62) 4.27 (3.77–4.76)

Number of

HBsAg-

negative and

HBcAb-

positive adults,

in millions

(95% CI)

9.87 (9.23–10.50) 10.85 (9.81–11.89) 9.11 (8.07–10.15) 10.00 (8.84–11.16)

All estimates accounted for complex survey designs and sampling weights of NHANES
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371,112 (95% CI 276,360–465,864) HBsAg-neg-
ative/HBcAb-positive American adults with
coexisting cirrhosis. In the most recent era
(2013–2018), the cirrhosis prevalence among
the HBsAg-negative/HBcAb-positive population
was 3.32% (1.63–5.02%), representing 328,680
(95% CI 161,370–496,980) Americans.

Among HBsAg-negative/HBcAb-positive
adults, adjusted cirrhosis prevalence rates were
higher for those aged 60 and above versus those
aged 40–59 years; for those on lower income
versus higher income; for those less educated
versus highly educated; for those with liver
disease/chronic hepatitis C/diabetes versus
those without; and for those who were male
versus female (Table 3). The prevalence of cir-
rhosis was 3.76% (95% CI 2.80–4.72%) for
HBsAg-negative/HBcAb-positive adults, versus

6.28% (95% CI 4.10–8.45%) for those with
HBsAb negative. Results were similar when APRI
was used (Supplementary Material Table S2).
When multivariate analysis by regression was
used to determine factors associated with
advanced fibrosis or cirrhosis, gender, age, race,
education, drinking, income, diabetes, liver
condition, and HBsAb were significant factors
(Table 4).

Table 5 depicts the characteristics of HBsAg-
negative/HBcAb-positive participants according
to hepatitis B surface antibody status. The fol-
lowing characteristics were more frequent
among HBsAg-negative/HBcAb-positive adults
who were HBsAb negative versus HBsAb posi-
tive: being older (55.68 vs 53.12, respectively),
drinking (75.75% vs. 70.56%, respectively),
being on low income (24.15% vs. 20.77%,

Table4 Factors associated with cirrhosis among HBsAg-negative and HBcAb-positive US adults, NHANES 2001–18

Characteristics Univariate analysis Multivariable analysis
OR (95% CI) OR (95% CI)

HBsAb (reference = positive) 2.10 (1.72–2.58) 1.45 (1.44–1.46)

Age 1.03 (0.99–1.09) 1.07 (1.09–1.08)

Sex (reference = female) 1.67 (0.26–10.71) 2.38 (2.36–2.40)

Race/ethnicity (reference = NH white)

NH Black 0.84 (0.61–1.15) 1.39 (1.37–1.40)

Other 0.56 (0.20–1.51) 0.87 (0.87–0.88)

BMI (reference = 0–25)

25–30 1.21 (1.16–1.26) 0.80 (0.80–0.81)

[ 30 0.63 (0.13–2.98) 0.80 (0.79–0.80)

Education (reference = high school or above) 2.07 (0.83–5.13) 1.88 (1.86–1.89)

Income-to-poverty ratio level (reference C 1) 1.45 (1.04–2.02) 1.40 (1.38–1.41)

Alcohol drinking: (reference = non-drinker) 2.15 (1.23–3.75) 1.82 (1.80–1.83)

Smoking status (reference = never smoker)

Former smoker 1.49 (0.94–2.36) 0.76 (0.76–077)

Current smoker 2.03 (0.83–4.96) 1.36 (1.35–1.38)

Liver disease (reference = no) 3.05 (1.76–5.29) 2.91 (2.89–2.94)

Diabetes (reference = no) 2.13 (1.48–3.06) 1.03 (1.02–1.04)

Hypertension (reference = no) 1.89 (1.00–3.58) 1.21 (1.20–1.22)

1910 Infect Dis Ther (2022) 11:1901–1916



respectively), being less educated (32.81% vs.
24.85%, respectively), having diabetes (14.82%
vs. 11.45%, respectively), having hypertension
(36.98% vs. 29.18% respectively), and having a
liver condition (18.24% vs. 10.29%,
respectively).

To verify the robustness of our results, we
compared the prevalence of cirrhosis using dif-
ferent definitions (cirrhosis defined by liver

stiffness[13.4 kPa, APRI[ 1.0, or FIB-
4[ 3.25) in NHANES 2017–2018 (liver stiffness
data was only available in NHANES 2017–2018).
Based on previous reports, with an LSM (liver
stiffness measurement) threshold of 13.4 kPa,
the sensitivity and specificity values were 79.0%
and 92.0% for cirrhosis (F4) in chronic hepati-
tis B [13]. Owing to the higher sensitivity of
LSM, the prevalence of cirrhosis defined by LSM

Table 5 Characteristics of HBsAg-negative and HBcAb-positive participants according to HBsAb status (2001–2018)

Characteristics HBsAb (1) HBsAb (2) P valuea

Weighted number, in millions (95% CI) 7.75 (7.17–8.32) 2.12 (1.91–2.32) \ 0.0001

Sex, % female (95% CI) 45.43 (42.32–48.55) 40.16 (34.94–45.39) 0.1141

Age, years, mean (95% CI) 53.12 (52.41–53.82) 55.68 (54.24–57.12) 0.009

BMI, kg/m2, mean (95% CI) 27.59 (27.20–27.97) 28.36 (27.68–29.04) 0.0308

Ethnicity, % (95% CI)

Non-Hispanic white 41.14 (37.81–44.48) 37.29 (31.73–42.86) 0.2259

Non-Hispanic black 24.39 (21.81–26.96) 27.64 (24.15–31.13)

Others 34.45 (31.43–37.48) 35.05 (30.33–39.77)

Smoking status, % (95% CI)

Never smoker 49.36 (46.67–52.05) 41.58 (36.86–46.30) 0.0145

Former smoker 24.68 (22.57–26.79) 26.87 (22.74–31.00)

Current smoker 25.95 (23.32–28.58) 31.53 (26.53–36.54)

Alcohol drinking, % non-drinker (95% CI) 29.44 (26.91–31.97) 24.25 (20.06–28.45) 0.0331

Education, % high school or above (95% CI) 75.15 (72.95–77.36) 67.19 (62.53–71.84) 0.0007

Income-to-poverty ratio level, %[ 1.0 (95% CI) 79.23 (76.71–81.75) 75.85 (71.76–79.93) 0.1367

Liver disease, % (95% CI) 10.29 (8.37–12.21) 18.42 (13.88–22.95) 0.0003

Diabetes, % (95% CI) 11.45 (9.98–12.92) 14.82 (12.11–17.53) 0.0269

Hypertension, % (95% CI) 29.18 (26.80–31.55) 36.98 (32.04–41.92) 0.0049

AST, U/L, mean (95% CI) 27.32 (26.28–28.36) 30.88 (28.76–33.01) 0.0036

ALT, U/L, mean (95% CI) 26.56 (25.57–27.55) 31.06 (28.03–34.09) 0.0076

Platelets, 9 103/lL, mean (95% CI) 246.41 (242.41–250.42) 234.55 (227.90–241.25) 0.0021

FIB-4 score, mean (95% CI) 1.32 (1.25–1.38) 1.56 (1.45–1.68) 0.0002

All estimates accounted for complex survey designs and sampling weights of NHANES
aFor categorical variables, P value was calculated by the Rao–Scott v2 test, which is a design-adjusted version of the Pearson
v2 test. For continuous variables, t tests adjusting for sampling weights were used to calculate P values
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was higher than that of APRI and FIB-4 in
NHANES 2017–2018 (Supplementary Material
Table S3), which suggested that we may have
underestimated the prevalence of cirrhosis in
the HBsAg-negative/HBcAb-positive population
to some extent.

Awareness and therapy for HBV are impor-
tant factors affecting liver fibrosis, but the data
is only available in NHANES 2013–2018 (Sup-
plementary Material Tables S4 and S5). Only
8.84% of participants were aware of hepatitis B
virus infection and 1.68% of participants ever
received treatment for hepatitis B. Participants
aware or unaware of HBV infection had similar
rates of cirrhosis (3.54% versus 3.29%). Cirrho-
sis defined by FIB-4 did not occur in patients
ever treated for hepatitis B (0/10).

Hepatic steatosis may be associated with
cirrhotic risk, regardless of the status of hepati-
tis B. The controlled attenuation parameter
(CAP) is a non-invasive method for the detec-
tion of hepatic steatosis based on transient
elastography [14]. We summarized the preva-
lence of cirrhosis by CAP in HBsAg-negative/
HBcAb-positive adults in NHANES 2017–2018.
Participants with a higher CAP have a higher
prevalence of cirrhosis/advanced fibrosis versus
those with a normal CAP (Supplementary
material Table S6).

DISCUSSION

HBsAg loss is considered a ‘‘resolution’’ or
‘‘functional cure’’ of hepatitis B, and to a con-
siderable extent, this leads to neglect in the
health management of the population who
were positive for HBcAb and negative for
HBsAg. Accurate data on the prevalence of cir-
rhosis is essential for developing treatment
options and optimizing resource allocation for
the HBsAg-negative/HBcAb-positive popula-
tion. Using NHANES data, we report in this
work that the overall prevalence of HBsAg-
negative/HBcAb-positive has remained rela-
tively stable over time. The proportion of the
HBsAg-negative/HBcAb-positive population
with coexisting cirrhosis is still at a certain level,
especially among those who are HBsAb-
negative.

To the best of our knowledge, this is the first
study to determine the prevalence of cirrhosis
among the HBsAg-negative/HBcAb-positive
population based on the nationwide US popu-
lation. Despite multifaceted efforts to reduce
HBV infection and the related disease burden,
there has been no significant change in the
HBsAg-negative/HBcAb-positive population in
the USA over time. At the same time, the pro-
portion of those with cirrhosis among the
HBsAg-negative/HBcAb-positive population
also remained at a relatively stable level for a
long time.

The prevalence of cirrhosis in the general US
population was approximately 0.27%, as repor-
ted in the previous literature [15]. Unexpect-
edly, the prevalence of cirrhosis was much
higher among HBsAg-negative/HBcAb-positive
US adults. This high prevalence is worrisome.

The high prevalence of cirrhosis in the
HBsAg-negative/HBcAb-positive population
may be explained by the following factors
(Fig. 2). Firstly, even with HBsAg loss, some
patients still develop liver cancer and cirrhosis.
It has been reported in recent literature based
on liver biopsy that positive HBcAb is associated
with cirrhosis and possibly HCC and cirrhotic
complications in patients with NFALD (non-al-
coholic fatty liver disease) [16]. The population
who was positive for HBcAb and negative for
HBsAg should not be simply interpreted as ‘‘past
infection’’ or ‘‘resolved infection’’. Such groups
seem to be heterogeneous. It should be consid-
ered that for patients with chronic hepatitis B
and with HBsAg loss, cirrhosis occurs during the
HBsAg carrying period, will also lead to a poor
prognosis, and should not be regarded as the
real ‘‘resolution’’ of hepatitis B. Health man-
agement after HBsAg loss is still very important
for those populations. In addition, as HBV
cannot be completely eradicated because of the
persistence of covalently closed circular DNA
(cccDNA) and integrated HBV DNA, another
important consideration is occult HBV or HBV
reactivation [17, 18]. Occasionally, occult HBV
or HBV reactivation may be mild or even
asymptomatic, which results in occult HBV or
HBV reactivation being easily neglected in
clinical practice. Studies have demonstrated a
higher risk of cirrhosis or HCC in people with
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occult HBV compared to HBsAg-negative indi-
viduals and those with no occult HBV [19]. In
addition, numerous studies have shown that
the reactivation of HBV can accelerate the pro-
gress of the disease in those with negative
HBsAg in the setting of immunocompromised
conditions [20, 21]. An alternative explanation
for the high prevalence of cirrhosis may be
related to high-risk behaviors (e.g., intravenous
drug use, casual sex, etc.) and related conditions
(e.g., HCV, illicit drug-related complications,
etc.) in those HBsAg-negative/HBcAb-positive
individuals. The coexistence of liver conditions
such as chronic hepatitis C or NAFLD would
increase the risk of liver fibrosis.

HBsAg-negative/HBcAb-positive patients
with coexisting cirrhosis should be urgently
sought, to provide appropriate and individual-
ized care. Of note, this condition (HBsAg-nega-
tive/HBcAb-positive) may not be a major driver
of cirrhosis. Such groups seem to be heteroge-
neous, and interventions for cirrhosis should be
cautious and individualized in these
populations.

Given the large population base of HBsAg-
negative/HBcAb-positive people (about 10 mil-
lion in the USA), screening the entire HBsAg-
negative/HBcAb-positive population for cirrho-
sis/advanced fibrosis is unlikely to be cost-ef-
fective. ‘‘Semi-targeted’’ approaches based on
minority demographic characteristics readily
available from electronic health records (such as
age, sex, and race/ethnicity) may enhance

screening and diagnosis [22]. For this purpose,
using multivariate analysis by regression to
determine factors associated with cirrhosis
among the HBsAg-negative and HBcAb-positive
population, we found that gender, age, race,
education, comorbidities, income, and HBsAb
were significant factors. Screening for cirrho-
sis/fibrosis seems to focus more on men, older
individuals, those with lower education levels,
the poor, HBsAb-negative individuals, and
those with other comorbidities.

As a common indicator of hepatitis B and
immune status screening, we pay special atten-
tion to the role of HBsAb. As part of humoral
immunity, HBsAb seroconversion means
stable control of the virus by the body.
Although some studies suggest that HBsAb
seroconversion does not affect the prognosis
once HBsAg loss is achieved [4, 23], more and
more studies have revealed that HBsAb is asso-
ciated with the durability of nucleoside analog-
or pegylated-interferon-induced HBsAg loss
[24–26]. Moreover, HBsAb-negative patients
seem to be more frequently associated with
occult HBV/HBV reactivation [16, 27–29]. The
disparity in cirrhosis prevalence between
HBsAb-negative and HBsAb-positive popula-
tions in our data supports that among HBsAb-
negative populations, HBsAg-negative/HBcAb-
positive individuals need more attention and
rigorous monitoring.

The advantages of this study lie in its large
sample size and national representativeness.

Fig. 2 Factors may contribute to the cirrhosis risk in HBsAg-negative/HBcAb-positive population
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This study has several limitations. First, this
study lacks data on treatment and regular
monitoring, which may affect fibrosis progres-
sion. Secondly, large-scale epidemiological
studies using liver biopsies are impractical, and
we have to rely on some surrogate tests, but
APRI and FIB-4 scores can be impacted by vari-
ables other than cirrhosis and may fluctuate
during follow-up. In addition, occult hepatitis B
infection (OBI) refers to a condition where
replication-competent HBV DNA is present in
the liver, with or without HBV DNA in the
blood, in individuals with serum HBsAg nega-
tivity assessed by currently available assays [30].
It is generally believed that OBI has a higher
prevalence of cirrhosis and may require more
rigorous surveillance. Unfortunately, it is diffi-
cult to evaluate HBV DNA in the liver in prac-
tice in large-scale epidemiological studies, and
HBV DNA data both in the liver and blood are
not available in NHANES. This limitation makes
it difficult to reasonably assess the prevalence of
cirrhosis/advanced fibrosis in OBI and non-OBI
subjects in our study. Finally, as a result of the
low sensitivity of FIB-4 and APRI in the diag-
nosis of cirrhosis, we may have underestimated
the prevalence of cirrhosis to some extent.

CONCLUSION

In summary, according to FIB-4 results, 3.76%
of HBsAg-negative/HBcAb-positive adults had
cirrhosis, much higher than the general popu-
lation in the USA. There are wide variations in
the prevalence of cirrhosis by gender, age, race,
education, comorbidities, and HBsAb. Our data
highlight the importance of cirrhosis/fibrosis
screening in the HBsAg-negative/HBcAb-posi-
tive population to prevent advanced liver dis-
ease, especially in those who are HBsAb-
negative.
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