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Impact of nucleos(t)ide analogue therapy @
on the incidence of Alzheimer’s disease

in patients with chronic hepatitis B virus

infection
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Abstract

Background Long-term therapy with nucleos(t)ide analogs (NUCs) is inevitable for chronic hepatitis B (CHB) patients.
However, how NUC therapy on the developing Alzheimer’s disease (AD) in these patients remains controversial.

Methods This retrospective cohort study used the Korean National Health Insurance Service claims database from
January 1, 2013, to December 31, 2013, treatment naive CHB patients and those without previously diagnosed with
AD. Participants were followed from the index date until either the diagnosis of AD or the study’s conclusion on
December 31, 2021. The primary outcome was the incidence of AD, compared between the group with initiated NUC
therapy (n=18,365) at cohort entry and the group without NUC therapy (n=212,820).

Results During the study, 416 patients were diagnosed with AD. After propensity-score matching (18,365 pairs),
the 5-to 7-year follow-up showed a significantly lower hazard ratio (HR) in the NUC-treated group compared to
the untreated group (HR 0.31-0.40), with HRs remaining constant over time. Subgroup analysis showed more
pronounced benefits of NUC therapy in patients under 65 years (HRs: 0.22 vs. 1.23; P<0.05) and those without
dyslipidemia (HRs: 0.14 vs. 1.09; P<0.05). Protective effects were also observed across subgroups with hypertension,
chronic kidney disease, heart disease, and a history of brain trauma, consistent with AD risk factor trends.

Conclusions Our study analyses suggest that NUC therapy appears to have a protective effect against the
development of AD in patients with CHB.
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Introduction

Chronic hepatitis B virus infection (CHB) has been
a leading cause of cirrhosis and liver cancer [1, 2].
Nucleos(t)ide analogs (NUC) are used to suppress
chronic inflammation caused by viral replication and to
prevent the progression of liver disease, serving as the
standard of care administered worldwide [3-5]. Although
the effectiveness and utility of NUC therapy are well-
established, current NUC treatment is not designed to be
a short-term cure but rather to suppress viral replication
for the duration of use, making prolonged NUC therapy
inevitable. As a result, the majority of patients are on
long-term NUC therapy, even decades of years after ini-
tiation [3, 6-8].

Long-term NUC use in patients with CHB has been
associated with toxicities such as myopathy, neuropathy,
and nephropathy, which are mechanistically linked to the
cumulative mitochondrial damage caused by NUC ther-
apy [9-13]. In general, neurodegenerative disease (ND)
is a representative disease associated with the accumula-
tion of mitochondrial damage over time [14, 15]. How-
ever, there has been little research on the impact of NUC
therapy on the development of ND in patients with CHB.

Alzheimer’s disease (AD), the most common ND, has
been linked to chronic liver disease in several studies,
potentially contributing to neuroinflammation over time
[16]. Mechanistic links between chronic hepatitis virus
and AD-related cellular pathways involve disruption in
essential cellular processes, leading to protein mislocal-
ization and inflammatory responses, including leuko-
cytes activation, particularly of microglial cells [17, 18].
In line with this mechanism, CHB may contribute to AD
development [17, 19, 20]. Additionally, viral suppres-
sion through NUC therapy may exert a protective effect
against AD by reducing inflammatory cytokines and mit-
igating neuroinflammation associated with chronic hepa-
titis [21, 22]. However, while NUC use and maintenance
theoretically offer protection against AD by suppressing
the inflammatory process, prolonged NUC therapy may
induce mitochondrial damage, potentially accelerating
the onset of AD.

Given this background, we evaluated whether NUC in
CHB reduce AD incidence and how long-term NUC use
impacts AD development by comparing AD rates in CHB
patients with and without NUC therapy using a national
data set from a CHB-endemic area.

Materials and methods

Data source

This study examined the risk of AD in patients with
CHB infection based on the NUC administration, using
a nationwide population-based cohort from Republic
of Korea [23]. The cohort was established using health
insurance claims data from the Korea National Health
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Insurance Service (NHIS), which covers approximately
97% of Korean residents-based insurance. The NHIS
maintains a comprehensive health database, including
diagnoses, treatments, procedures, and prescriptions [24,
25]. Patient demographic information, medical treatment
records, and detailed diagnoses coded using the Korean
Standard Classification of Disease Version 5 (a modifica-
tion of ICD-10) were collected for all individuals between
January 1, 2013, and December 31, 2013. This study was
approved by the Institutional Review Board of Hanyang
University Guri Hospital, with all methods performed
according to relevant guidelines and regulations (IRB No.
2023-04-039). The retrospective study was performed in
accordance with the Declarations of Helsinki and written
informed consent was waived by the Institutional Review
Board.

Study population

The study population comprised patients aged 30 to 70
years with CHB from January 1, 2013, to December 31,
2013, who had no prior experience with NUC therapy
and were not diagnosed with AD before cohort entry
(n=273,503, Fig. 1). All patients had an International
Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) code of B181 or B180,
indicating a diagnosis of CHB. AD was defined according
to previous studies as individuals with a primary or sub-
sidiary diagnosis of AD (ICD-10 code G30) [26, 27]. To
specifically evaluate the effects of viral suppression and
NUC toxicity from a neurodegenerative disease perspec-
tive, vascular or mixed-cause dementias were excluded
from this analysis as they were not relevant [19, 28]. We
excluded patients identified from the period before to
one year after cohort entry, the following exclusions were
made: 2,434 patients with chronic hepatitis C virus infec-
tions, 104 patients with human immunodeficiency virus
infection, 3,736 patients with acute viral hepatitis, 1,655
patients who had undergone liver transplantation, 447
patients who had undergone stem cell transplantation,
10,065 patients previously diagnosed with hepatocellular
carcinoma, 11,290 patients with a previous diagnosis of
non-hepatic primary cancer, 4,008 patients with a history
of stroke, and 1,545 patients who died during the cohort
entry period. After these exclusions, a total of 238,219
patients were included in the study.

In addition, patients prescribed NUC for CHB and who
adhered to the treatment regimen for more than 80% of
the duration were categorized as the treated group, while
those with an adherence rate below 80% were excluded
(n=7,034). Conversely, patients who were not prescribed
NUC at all were classified as the untreated group. Ulti-
mately, our cohort comprised 18,365 patients (the treated
group) who received newly initiated NUC therapy and
212,820 patients (the untreated group) who did not
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Patients aged 30-70 years with chronic hepatitis B virus infection
without previous nucleos(t)ide analogue (NUC) treatment and
no history of Alzheimer’s disease in the NHIS claims database

from January 2013 to December 2013 (N=273,503)

Exclusion (n= 35,284)

Chronic hepatitis C virus infection (n=2,434)

Human immunodeficiency virus infection (n=104)

Acute viral hepatitis (n=3,736)

Received liver transplantation (n=1,655)

Received stem cell transplantation (n=447)

Previous history of hepatocellular carcinoma (n=10,065)
Previous history of non-hepatic primary cancer (n=11,290)
Previous history of stroke (n=4,008)

Death during cohort entry period (n=1,545)

Study cohort entry (n=238,219 )

A

Patients newly treated with NUC

(n=25,399)

v

\ 4

Patients with < 80% adherence to NUC
during follow-up periods (n=7,034)

A 4

Patients without NUC
(n=212,820)

Patients newly treated with NUC and
maintained during follow-up period

(n=18,365)

Fig. 1 Flowchart of the study design

receive NUC. Patients in the untreated group who ini-
tiated NUC therapy or those in the treated group with
NUC adherence <80% were excluded from the analysis.
Baseline data for the treated group were obtained at the
initiation of NUC therapy, and for the untreated group,
data were collected from the first claim date for CHB
during 2013. Both groups were analyzed for the inci-
dence of AD following a 6-month washout period after
cohort entry. We collected claims data encompassing age,
sex, socioeconomic status, level of healthcare, cirrhosis,
and preexisting comorbidities such as diabetes mellitus,
hypertension, dyslipidemia, chronic kidney disease, con-
gestive heart failure, ischemic heart disease, and trau-
matic brain injury. Participants were followed from the
index date until either the diagnosis of AD or the study’s
conclusion on December 31, 2021. Individuals were
censored at the date of death. The detailed operational

definitions used in this study are summarized in Supple-
mentary Table 1.

Study outcome

The primary outcome of this study was the incidence of
AD during the follow-up period. Only those whose AD
occurred more than 1 year after cohort entry were ana-
lyzed. We defined newly diagnosed cases of AD as indi-
viduals who were newly diagnosed with AD. If there
were several claims with AD codes (G30), the first time
AD occurred was considered the time of AD diagnosis.
The secondary objective was to identify the risk factors
associated with AD in patients with CHB with or without
NUC therapy.
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Statistical analysis

All patients who met the eligibility criteria at baseline
were included in the analyses. Categorical and continu-
ous variables were compared using the Chi- square test
and t- test respectively. The Cox proportional hazard
model was used to compare the outcomes between the
groups. We calculated the crude and adjusted hazard
ratios (HRs) with 95% confidence intervals (CIs). Propen-
sity score- matching analysis was performed to reduce the
effect of selection bias and potential confounding factors
between the treated and non-treated groups. Propensity
scores were derived using the following variables: age,
sex, socioeconomic status, level of health care, and pre-
existing comorbidities such as diabetes mellitus, hyper-
tension, dyslipidemia, chronic kidney disease, congestive
heart failure, ischemic heart disease, traumatic brain
injury, and cirrhosis. For propensity score matching, an
SAS matching macro, “%OneToManyMTCH,” was used
for this caliper matching of nearest-neighbor approach
for the first four to eight digits of propensity scores. The
multivariable analysis included the following variables:
age, sex, socioeconomic status, level of health care, and
preexisting comorbidities such as diabetes mellitus,
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hypertension, dyslipidemia, chronic kidney disease, con-
gestive heart failure, ischemic heart disease, traumatic
brain injury, and cirrhosis. Since occurrence of death can
lead to informative censoring in the assessment of the
risk of AD, competing risk analysis was performed using
Fine and Gray’s proportional sub- distribution hazard
model [29, 30]. The cumulative incidence risk of AD at 2,
3,4, 5, 6, and 7 years following NUC therapy. In addition,
time-dependent effects were evaluated based on Schoen-
feld’s residuals, and cubic spline functions were intro-
duced in the model [31-33]. Kaplan—Meier method and
compared using the log-rank test between treated and
untreated groups both before and after PS matching. All
statistical analyses were performed using SAS Enterprise
Guide 7.1(SAS Institute Inc., Cary, NC) and R, version
4.3.1 (http://cran.rproject.org/). All reported p values are
two- sided, and p values<0.05 were considered statisti-
cally significant.

Results

Baseline characteristics of the entire cohort

The baseline characteristics of the study cohort are pre-
sented in Table 1. The median follow-up duration for the

Table 1 Baseline characteristics of patients before and after propensity score matching

Variable Before matching, No. (%) After Matching, No. (%)
Untreated group Treated group* Pvalue Untreated group Treated group* Pvalue
Number of patients 212,820 18,365 18,365 18,365
Age, mean (SD), years 4945 (10.36) 47.82(9.53) 48.00 (9.70) 47.82(9.53)
Age group, years <0.001 0.9995
30-40, n (%) 48,238 (22.67) 4,534 (24.69) 4,532 (24.68) 4,534 (24.69)
=50, n (%) 1,017 (28.67) 6,242 (33.99) 6,233 (33.94) 6,242 (33.99)
-60, n (%) 69,253 (32.54) 5,786 (31.51) 5,794 (31.55) 5,786 (31.51)
60-70, n (%) 34,312 (16.12) 1,803 (9.82) 1,806 (9.83) 1,803 (9.87)
Male sex, n (%) 112,116 (52.68) 11,158 (60.76) <0.001 11,161 (60.77) 11,158 (60.76) 09744
Socioeconomic status, n (%) <0.001 0.9960
Household income > 75, n (%) 82,882 (38.94) 7,279 (39.64) 7,271 (39.59) 7,279 (39.64)
Household income 25-75, n (%) 80,210 (37.69) 4(38.74) 7,116 (38.75) 4(38.74)
Household income < 25, n (%) 43,680 (20.52) 3,475 (18.92) 3,487 (18.99) 3,475 (18.92)
Unknown 6,048 (2.84) 497 (2.71) 491 (2.67) 497 (2.71)
Level of health care, n (%) <0.001 0.9530
Tertiary, n (%) 55,088 (25.88) 6,688 (36.42) 6,670 (36.32) 6,688 (36.42)
Secondary, n (%) 101,416 (47.65) 8,604 (46.85) 8,601 (46.83) 8,604 (46.85)
Primary, n (%) 56,316 (26.46) 3,073 (16.73) 3,094 (16.85) 3,073 (16.73)
Cirrhosis, n (%) 15,249 (7.17) 5,586 (30.42) <0.001 5,577 (30.37) 5,586 (30.42) 0.9187
Preexisting comorbidity
Diabetes mellitus, n (%) 51,679 (24.28) 3,447 (18.77) <0.001 3,436 (18.71) 3,447 (18.77) 0.8831
Hypertension, n (%) 60,415 (38.39) 4,018 (21.88) <0.001 3,996 (21.76) 4,018 (21.88) 0.7811
Dyslipidemia, n (%) 103,031 (48.41) 7,644 (41.62) <0.001 7,646 (41.63) 7,644 (41.62) 0.9831
Chronic kidney disease, n (%) 2,754 (1.29) 103 (0.56) <0.001 92 (0.5) 103 (0.56) 0.4296
Congestive heart failure, n (%) 2,936 (1.38) 157 (0.85) <0.001 146 (0.79) 157 (0.85) 0.5257
Ischemic heart disease, n (%) 14,449 (6.79) 840 (4.57) <0.001 812 (4.42) 840 (4.57) 0.4809
Traumatic brain injury, n (%) 2,092 (0.98) 136 (0.74) 0.0013 116 (0.63) 136 (0.74) 0.2061

Abbreviations: SD, standard deviation

*The type of newly initiated nucleos(t)ide analogue therapy was as follows: tenofovir disoproxil 66.6%, entecavir 22.3%, and other NUCs 11.2%
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study population was 7.8 years. NUC therapy was initi-
ated with 18,365 patients. Patients receiving NUC ther-
apy tended to be younger (47.82+9.53 vs. 49.45+10.36;
P<0.001) and predominantly male (60.76% vs. 52.68%;
P<0.001), with a lower prevalence of comorbidities but a
higher prevalence of cirrhosis 30.42% vs. 7.17%; P<0.001)
compared to patients without NUC therapy group. After
propensity score matching, the baseline characteristics of
the two groups did not significantly differ for the match-
ing covariates, indicating good balance between the
groups. During the study period, a total of 416 patients
were diagnosed with AD. In the group NUC therapy,
the incidence density was 0.07 per 100,000 person-years
(PYs), while it was 0.03 per 100,000 PYs in the group not
receiving NUC (Supplementary Table 2). In the propen-
sity score-matched cohort, the incidence density of AD
remained higher in the group not NUC (0.06 per 100,000
PYs, incidence rate 0.47 per 1,000 person) compared to
the group receiving NUC (0.03 per 100,000 PYs, inci-
dence rate 0.23 per 1,000 person). When compared with
the known incidence rate in the general population aged
65—69 years (0.41 per 1,000 persons), the untreated group
showed a slightly higher tendency, while the treated
group demonstrated a lower tendency [26].

Risk of Alzheimer’s disease in patients with chronic
hepatitis B virus infection

We calculated the cumulative incidence and hazard ratios
for AD at 2, 3, 4, 5, 6, and 7 years of follow-up (Table 2).
In the unadjusted competing risk model, the NUC-
treated group consistently showed lower hazard ratios
across all follow-up periods than the untreated group.
In the fully adjusted competing risk model, 5 years of
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follow-up (HR 0.31; 95% CI 0.14—1.00) showed statistical
significance and continued to 7 years of follow-up (HR
0.40; 95% CI 0.22—0.73). In the propensity score-matched
cohort of 18,365 pairs, the cumulative incidences in the
5- to 7-year follow-up groups showed a statistically sig-
nificant lower HR in the NUC-treated group compared
to the untreated group. (Fig. 2) In the Kaplan-Meier anal-
ysis, the NUC-treated group showed a statistically signifi-
cant lower incidence of AD compared to the untreated
group (P=0.014). Additionally, the estimated hazard
functions indicated that the hazard ratio remained con-
stant over time. (Fig. 3)

Subgroup analysis of risk factors for Alzheimer’s disease in
patients with chronic hepatitis B virus infection

We conducted a subgroup analysis using the propensity
score-matched pairs (Table 3). The NUC-treated group
showed statistically significant lower HRs in females
and in patients without cirrhosis, hypertension, dyslip-
idemia, chronic kidney disease, congestive heart fail-
ure, ischemic heart disease, or traumatic brain injury
(all P values<0.05). Subgroup analysis demonstrated
more pronounced benefits of NUC therapy in patients
aged <65 years (HRs for age<65 years and >65 years:
0.22 vs. 1.23; P for interaction =0.010) and in those with-
out dyslipidemia (HRs for without dyslipidemia and with
dyslipidemia: 0.14 vs. 1.09; P for interaction = 0.006). The
Kaplan-Meier curves for representative groups (age, sex,
and cirrhosis) showed consistent results (Supplementary
Fig. 1).

Table 2 Cumulative incidence and hazard ratio of Alzheimer’s disease between groups

Simple competing

Multiple competing Propensity score-

risk model risk model** matched model

Year NUC Cumulative HR (95% ClI) P-value HR (95% Cl) P-value HR (95% Cl) P-value

Treatment Incidence (95% Cl)

group
2 NUC () 0.0002 (0.0002-0.0003) 1.00 1.00 1.00

NUC (+) 0.0001 (0 —0.0004) 046 (0.11-1.91) 0.286 0.51(0.12-2.05) 0.339 0.40 (0.08-2.06) 0.273
3 NUC () 0.0004 (0.0003-0.0005) 1.00 1.00 1.00

NUC (+) 0.0002 (0-0.0005) 044 (0.14-1.38) 0.156 0.55(0.18-1.69) 0.294 043 (0.11-1.66) 0.220
4 NUC (-) 0.0006 (0.0005-0.0007) 1.00 1.00 1.00

NUC (+) 0.0002 (0.0001-0.0005) 0.37(0.14-1.00) 0.051 0.51(0.19-1.39) 0.187 036 (0.12-1.14) 0.083
5 NUC () 0.0009 (0.0008-0.0010) 1.00 1.00 1.00

NUC (+) 0.0003 (0.0001-0.0006) 0.31(0.13-0.75) 0.009 041 (0.17-1.00) 0.049 0.33(0.12-0.92) 0.033
6 NUC () 0.0012 (0.0011-0.0013) 1.00 1.00 1.00

NUC (+) 0.0005 (0.0002-0.0009) 0.41(0.21-0.80) 0.009 0.55(0.28-1.07) 0.079 0.41(0.19-0.89) 0.024
7 NUC () 0.0015 (0.0013-0.0017) 1.00 1.00 1.00

NUC (+) 0.0006 (0.0003-0.0011) 040 (0.22-0.73) 0.003 0.54 (0.29-0.99) 0.045 0.38(0.19-0.76) 0.006

Abbreviations: HR, hazard ratio; Cl, confidence interval, NUC, nucleos(t)ide analogue

** Adjusted: age, sex, Socioeconomic status, cirrhosis, level of health care, diabetes mellitus, hypertension, dyslipidemia, chronic kidney disease, congestive heart

failure, ischemic heart disease, and traumatic brain injury
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Fig. 2 Risk of Alzheimer’s disease over time

Discussion

There have been reports suggesting a link between
chronic hepatitis and the development of AD, which
indicate etiology-specific treatment to suppress hepati-
tis could potentially reduce the incidence of AD [17, 20].
CHB infection, one of the leading causes of chronic hepa-
titis, has been treated with NUCs as the standard ther-
apy for viral suppression, which has proven effective in
preventing liver disease progression and reducing hepa-
tocellular carcinoma [3]. From the perspective of ND
prevention, the suppressing viral activity could poten-
tially reduce the risk of AD associated with neuroinflam-
mation [20, 34]. However, the use of NUCs does not aim
for viral eradication, and maintenance therapy is required
for several years after initiation [3, 7] Theoretically, pro-
longed NUC use could be associated with cumulative
mitochondrial damage and may contribute to the promo-
tion of ND [6, 12, 14, 35] Despite the widespread, long-
term use of NUCs, there has been no research evaluating
the impact of NUC therapy on the incidence of AD in
CHB patients.

10 12 14 16 18 20 22

Previous studies suggested that hepatotropic viral
infections are potential triggers for AD, inducing chronic
neuroinflammation proposed as the underlying mecha-
nism [17, 20] Among the studies concerning the risk of
AD in chronic viral hepatitis, chronic hepatitis C has
been associated with an increased risk of dementia, while
viral eradication has been linked to a reduced risk of AD
[34, 36] These results suggests that the increased AD risk
due to chronic viral hepatitis might be reduced through
effective viral suppression. Unfortunately, there has been
no research exploring AD risk by suppressing CHB. One
cross-sectional analysis of largest nationwide data, the
odds ratio for presence of AD in CHB patients was not
statistically significantly higher than in the control group.
However, this study did not evaluate neither incidence of
AD nor the influence of NUC therapy [37].

A key difference between the treatment of CHB and
chronic hepatitis C lies two aspects: the selection of
patients for treatment initiation and the need for contin-
uous therapy. Unlike chronic hepatitis C, NUC therapy
for CHB necessitates continuous use, and CHB treatment
initiation criteria incorporate inflammation status (e.g.,
serum ALT levels and occasionally histologic findings),
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Abbreviations: NUC, nucleos(t)ide analogue

in contrast to CHC treatment. Under these backgrounds,
it is crucial to determine whether effective viral sup-
pression through NUCs reduces the risk of AD or if the
cumulative mitochondrial toxicity from long-term NUC
use increases AD risk. Understanding which of these fac-
tors exerts a dominant clinical effect in long-term NUC
users is crucial. Our study results show that the NUC-
treated group shows lower risk of AD compared to the
untreated group, regardless of the duration of time-
period. Although mechanistically, there have been sug-
gestions of a potential link between cumulative NUC
toxicity and increased AD risk [9-11], our study found
that NUC use was associated with a proportionally lower
risk of AD. Whether the protective effect of NUC ther-
apy is consistent with other types of ND in CHB patients
remains to be clarified. In terms of selecting patients
for NUC initiation, differences in chronic inflammatory
status between the treated and untreated groups may
influence the degree of AD incidence. In patients with
chronic hepatitis C, treatment eligibility is determined
by viral replication status, with all individuals without
contraindications being eligible for therapy. In contrast,
for CHB, treatment is initiated based on the confirma-
tion of chronic hepatitis, typically indicated by elevated
serum ALT levels [3, 38]. In the untreated group, it is
possible that lower baseline viral activity and inflamma-
tory status may account for the lack of association with
AD incidence. However, even in cases where clinical indi-
cations for initiating NUC therapy are not met, chronic

inflammation and an increased risk of liver-related out-
comes have been reported [3, 39, 40]. In other words,
there are clinical scenarios where CHB patients do not
meet the NUC indications despite having conditions
such as fluctuating ALT levels during the immune active
phase or persistent chronic inflammation that exceeds
normal ALT levels but does not reach the threshold for
treatment initiation. In contrast, in the NUC-treated
group, viral activity is controlled, and chronic hepatitis
may be resolved. Consequently, it is plausible that the
relative protective effect against AD became more promi-
nent over time in the NUC-treated group. However, the
underlying detailed mechanisms by which NUC use
reduces AD incidence in patient with CHB remain to be
elucidated.

In the general population, the incidence of AD is
known to be influenced by various risk factors [19]. To
determine whether these well-known AD risk factors are
also associated with CHB patients, we conducted addi-
tional subgroup analyses using propensity score-matched
pairs, applying competing risk analysis and Kaplan-Meier
analysis. First, in the case of advanced age, the use of
NUC:s in the CHB group age>65 years did not show the
reduction in AD risk as observed in patients with age <65
years. This may be due to the predominant effect of age
itself on AD development or the accumulation of vari-
ous medical and environmental risk factors that increase
with age [28, 41, 42]. In contrast, the suppression of viral
replication in younger CHB patients may more effectively
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Table 3 Subgroup analysis of the hazard ratio of Alzheimer’s disease between treated- and untreated-group

Subgroup Propensity score-matched model
HR* 95% Cl P-value P-value of interaction
sex Male 0.50 0.19 1.33 0.1656 ref.
Female 0.45 0.21 0.99 0.0463 0.8679
Age <65 years 0.22 0.08 0.57 0.0019 ref.
265 years 1.23 0.50 3.02 0.6561 0.010
Socioeconomic status Income >75% 0.62 0.20 1.91 0.4082 ref.
Income 25-75% 040 0.16 1.03 0.0577 0.5514
Income <25% 0.45 0.14 145 0.1785 0.6842
Level of health care Tertiary hospital 0.57 0.24 1.36 0.2039 ref.
Secondary hospital 0.40 0.16 1.03 0.0576 0.5890
Primary hospital 0.34 0.04 323 0.3443 0.6689
Cirrhosis No 0.31 0.12 0.85 0.0232 ref.
Yes 0.62 0.28 1.37 0.2410 0.2896
Diabetes mellitus No 0.50 0.24 1.03 0.0607 ref.
Yes 0.40 0.13 127 0.1193 0.7426
Hypertension No 0.28 0.10 0.75 0.0113 ref.
Yes 0.71 032 1.60 04073 0.1516
Dyslipidemia No 0.14 0.04 048 0.0016 ref.
Yes 1.09 048 247 0.8350 0.0063
Chronic kidney disease No 047 0.25 0.87 0.0155 ref.
Yes Inf. Inf. Inf. Inf. Inf.
Congestive heart failure No 044 0.23 0.82 0.0099 ref.
Yes Inf. Inf. Inf. Inf. Inf.
Ischemic heart disease No 041 0.21 0.81 0.0103 ref.
Yes 097 0.20 478 0.9654 0.3388
Traumatic brain injury No 047 0.25 0.87 0.0155 ref.
Yes Inf. Inf. Inf. Inf. Inf.

Abbreviations: HR, hazard ratio; Cl, confidence interval, NUC, nucleos(t)ide analogue; ref, reference; inf, infinite

* The hazard ratio (HR) represents the risk in the NUC-treated group compared to the untreated group

reduce the risk of AD. Second, it is well-known that
females in the general population have a higher risk of
AD compared to males [19]. In CHB patients, females
showed a more pronounced reduction in AD risk with
NUC use. Whether this is due to the suppression of neu-
roinflammation caused by viral replication or differences
in susceptibility to NUC toxicity remains unclear [43, 44].
Third, NUC therapy appeared to provide a more pro-
nounced protective effect against AD in CHB patients
who had not yet developed cirrhosis. Mechanistically, the
risk of AD is more likely linked to hepatic active inflam-
mation rather than the presence of cirrhosis itself [17,
22]. Although no statistically significant interaction was
observed between the cirrhosis and non-cirrhosis groups,
the protective effect of NUCs against AD was more pro-
nounced in the non-cirrhosis group, despite NUCs being
expected to reduce chronic inflammation caused by viral
activity in both groups. This may reflect the clinical chal-
lenge of differentiating cognitive impairment in cirrho-
sis from coexisting ND, including AD [45, 46]. Further
analysis is needed to determine whether NUCs have a
protective effect or contribute to AD incidence through
toxicity in cirrhotic versus non-cirrhotic patients. Fourth,

although the interaction was not statistically significant
except for age and dyslipidemia, the protective effect of
NUCs against AD was maintained across the subgroups
including hypertension, chronic kidney disease, heart
disease, and a history of brain trauma. This aligns with
the general trend of AD risk factors reported in the litera-
ture [19, 27, 28]. In summary of the subgroup analyses,
NUC therapy generally showed protective effects across
all subgroups, with the effect being more pronounced in
CHB patients under 65 years of age and those without
dyslipidemia. However, it remains unclear whether the
management of medical risk factors through medication
influences the response to NUC therapy in terms of AD
risk in CHB patients, and further study is needed.

Strength and limitations

To our knowledge, this is one of the first studies to com-
pare the relationship between NUC use and AD inci-
dence in CHB patients using a nationally representative
cohort from a CHB-endemic area. With a median fol-
low-up of approximately 7 years, we aimed to minimize
potential biases in the analysis through propensity score-
matched pairs and competing risk analysis, ensuring a
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robust evaluation of the long-term impact of NUC ther-
apy. However, this study has inherent limitations as a ret-
rospective observational cohort study, including reliance
on ICD-code based operational definitions for the vari-
ables used in the analysis. Furthermore, using NHIS data,
it can be assumed that NUC treatment was administered
based on well-established clinical indications. How-
ever, although the number of such cases may be small, it
remains unclear how differences in AD incidence might
be affected by NUC use or non-use outside of insurance
coverage or due to individual patient preferences. Addi-
tionally, we were unable to account for certain variables
not included in the study, such as environmental factors
(e.g., alcohol consumption and smoking), other causes of
chronic hepatitis associated with AD (e.g., steatotic liver
disease), and genetic risk factors, all of which may influ-
ence the outcomes. Furthermore, the impact of unmea-
sured variables, including baseline and serial laboratory
data on viral status and chronic inflammation (e.g., viral
DNA, eAg, eAb, AST, ALT), on the relationship between
NUC use and AD incidence remains uncertain. In addi-
tion, from the perspective of chronic liver disease in CHB
patients, NUC use carries the potential for both reduc-
ing neuroinflammation due to chronic liver inflamma-
tion and contributing to mitochondrial damage from
long-term therapy. However, this study was unable to
uncover any hidden mechanisms beyond the observed
clinical phenotype. Therefore, it remains unclear whether
a similar pattern exists in other types of ND that share
theoretical mechanisms with AD. Additionally, this study
did not aim to compare different types of antiviral agents,
so we are unable to determine whether there are differ-
ences in AD incidence based on specific antiviral thera-
pies. Similarly, differences related to CHB subtypes, and
racial or ethnic variations could not be assessed. Further
research is needed to determine whether similar results
are observed in other subtypes of CHB or in different
regions.

Conclusion

Our study suggests that NUCs reduce the risk of AD in
patients with CHB. Given the inevitable prolonged use
of NUCs for CHB suppression and the transition into
an aging society, it is crucial to establish a management
framework for long-term NUC therapy and a screening
strategy for high-risk AD patients.

Abbreviations

AD Alzheimer's disease

CHB Chronic hepatitis B virus

Cls Confidence intervals

HRs Hazard ratios

ND Neurodegenerative disease

NHIS The Korea National Health Insurance Service

NUCs  Nucleos(t)ide analogs
PYs Person-years
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