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Association of nucleos(t)ide
analogue therapy with Parkinson
disease in chronic hepatitis B
patients

Jihye Lim¥7, Hyo Young Lee?’, Hyunji Sang®*7, Su Jin Jeong®** & Ha Il Kim?26**

Prolonged therapy using nucleos(t)ide analogs (NUC) is inevitable in patients with chronic hepatitis B
(CHB) infection, but its long-term impact on Parkinson’s disease (PD) risk remains unclear. This study
evaluated the association between NUC therapy and PD incidence in a nationwide CHB cohort. The
study population comprised the National Health Insurance Service claims database from Januvary 1,
2013, to December 31, 2013, only included treatment naive CHB patients and those without previously
diagnosed with PD. Participants were followed until PD diagnosis or study completion. The primary
outcome was PD incidence, comparing patients who initiated NUC therapy at cohort entry with those
who did not. Over the 7.9-year study period, the incidence rate of PD in NUC-treated patients was 1.48
per 1000 persons, compared to 1.95 per 1000 persons in the untreated group. In an adjusted competing
risk model, the 3-year follow-up showed a statistically significant reduction in risk (hazard ratio [HR]:
0.61; 95% confidence interval [Cl] 0.39-0.97). In the propensity score-matched cohort of 18,365 pairs,
the cumulative incidence during 2-4 years of follow-up was significantly lower in the NUC-treated
group compared to the untreated group. However, no statistically significant difference in cumulative
PD incidence was observed between the groups at the early or late stages of the follow-up period. NUC
therapy initially reduced PD incidence, but this protective effect diminished over time, indicating a
time-varying effect. Regular PD screening may be needed for long-term NUC users.

Abbreviations

CHB Chronic hepatitis B virus

Cls Confidence intervals

HRs Hazard ratios

NUCs  Nucleos(t)ide analogs

ND Neurodegenerative disease

NHIS The National Health Insurance Service
PD Parkinson disease

PS Propensity score

Chronic hepatitis B virus (CHB) infection has been a leading cause of cirrhosis and liver cancer'2. To suppress
the chronic inflammation caused by viral replication and to prevent the progression of liver disease, nucleos(t)
ide analogs (NUC) have become the standard of care and now used worldwide®~>. Despite the effectiveness and
utility of NUC therapy, unfortunately, current NUC therapy is not intended as a short-term cure, but rather to
suppress viral proliferation for the duration of use, the prolonged duration of NUC therapy is inevitable»*8. As
a result, most patients with CHB maintaining NUC therapy even decades of years after initiation®®.
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Toxicities such as myopathy, neuropathy, and nephropathy have been reported with NUC users in CHB, which
mechanistically share mechanisms related to mitochondrial damage caused by NUC therapy®°. In general,
neurodegenerative disease (ND) is a representative disease associated with the accumulation of mitochondrial
damage over time!*!>. However, the impact of NUC therapy on development of ND in patients with CHB has
not been studied.

Parkinson disease (PD) is one of the most common ND and has been associated with viral-induced chronic
hepatitis'®!”. In a previous study, it was reported that viral eradication in chronic hepatitis C reduced the
incidence of PD in the long term. One of the possible mechanisms of this phenomenon may be a reduction
in inflammatory cytokines and associated neuroinflammation due to chronic hepatitis'®. In CHB, the use and
maintenance of NUC may protect against PD development by suppressing the inflammatory process, while
long-term NUC use may lead to mitochondrial damage and can be triggered earlier onset of PD.

In this context, we compared the incidence of PD over time in patients with CHB, with and without NUC
therapy, using a national wide claims data from a CHB endemic area, to gain insight into whether NUC use is a
risk factor or protective factor for PD in terms of therapeutic duration.

Materials and methods

Data source

This was a nationwide, population-level, historical cohort study using the National Health Insurance Service
(NHIS) of the Republic of Korea. Approximately 97% of Korean residents are currently covered by health
insurance based on employment or residential areas. NHIS has a comprehensive health database for diagnoses,
treatments, procedures, and prescriptions'®?. Information on patient demographic characteristics, medical
treatment records, and detailed diagnoses coded with the Korean Standard Classification of Disease Version
5 (modification of the International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision [ICD-10]) were collected from all individuals.

Study population
The study population comprised the NHIS claims database from January 1, 2013, to December 31, 2013, patients
aged 30-70 years with CHB who have no experience with NUC therapy, not diagnosed with PD before cohort
entry. (n=273,503, Fig. 1) All patients had ICD-10 code B181 or B180, indicating a diagnosis of CHB. We
defined PD diagnosed as individuals with primary or subsidiary diagnosis with an ICD-10 code for PD (G20),
as used in previous study??2. In NHIS registration system, all patients with a PD registration code are assured
of being diagnosed by a neurologist with the definite criteria.

We excluded patients who were identified from before to 1 year after cohort entry; diagnosed with hepatitis
C, HIV infection, or acute viral hepatitis; received an organ transplantation; diagnosed with hepatocellular
carcinoma or other malignancy; and were diagnosed with stroke. In addition, patients who died within 1 year
after cohort entry were excluded. The patients who were lost to follow-up within 6 months of the index date
or developed PD within 6 months after the index date were also excluded. NUC use was defined as the newly
initiated and continuous use of medications, with only those approved for first-line treatment at the time of
cohort entry being included. The initiation of NUC therapy was based on established clinical guideline®. The
patients who received NUC for less than 6 months were excluded in NUC treated group. The operational
definitions used in this study are summarized in Supplementary Table 1.

Patients aged 30-70 years with chronic hepatitis B virus infection
without previous nucleos(t)ide analogue (NUC) treatment and
no history of Parkinson 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 ) |

|
Patients newly treated with NUC
(n=25,399)

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

Patients without NUC Patients newly treated with NUC
(n=212,820) (n=18,365)

Fig. 1. Flowchart of the study design.
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After exclusion, a total of 238,219 patients were finally included in this study. Patients who were not prescribed
NUC at all were classified as the untreated group. Patients who were prescribed NUC for CHB and adhered to
the treatment regimen for more than 80% of the duration were categorized as the treated group. Patients who
were treated with NUC and did not meet the adherence rate of 80% were excluded. (n=7034) As a result, our
cohort comprised 18,365 patients who received newly initiated NUC therapy (the treated group) and 212,820
patients who did not receive NUC therapy (the untreated group).

All baseline data, at the initial date of NUC therapy for the group receiving NUC; and at the first claim
date for CHB during 2013 for the group without NUC, were obtained from the NHIS. We collected claims
data encompassing age, sex, socioeconomic status, level of healthcare (primary, secondary, and tertiary care®),
cirrhosis, and preexisting comorbidities such as diabetes mellitus, hypertension, dyslipidemia, chronic kidney
disease, congestive heart failure, ischemic heart disease, and traumatic brain injury. Participants were followed
from the index date until either the diagnosis of PD or the study’s conclusion on December 31, 2021. Individuals
were censored at the date of death, as well as when NUC therapy was discontinued in the treatment group or
newly initiated in the untreated group. This study was approved by the Institutional Review Board of Hanyang
University Guri Hospital (IRB No. 2023-04-039), with all methods conducted in accordance with relevant
guidelines and the Declaration of Helsinki. Written informed consent was waived due to the retrospective design.

Study outcome

The primary outcome of this study was the incidence of PD during the follow-up period, only those whose
PD occurred more than 6 months after cohort entry were analyzed. We defined newly diagnosed cases of PD
as individuals who were newly diagnosed with and if there were several claims with PD codes (G20), the first
instance it occurred was considered the time of PD diagnosis. The secondary outcome was to identify the risk
factors associated with PD in patients with CHB infection with or without NUC therapy.

Statistical analysis

All patients who met the eligibility criteria at baseline were included in the analyses. Categorical and continuous
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 (Cls). The multivariable analysis included the following variables: age, sex,
socioeconomic status, level of health care, and preexisting comorbidities such as diabetes mellitus, hypertension,
dyslipidemia, chronic kidney disease, congestive 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 PD,
competing risk analysis was performed using Fine and Gray’s proportional sub- distribution hazard model**%.

Propensity score (PS)- 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 preexisting comorbidities such
as diabetes mellitus, hypertension, 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 cumulative incidence risk of PD at 1, 2, 3, 4, 5, 6, and 7 years following NUC therapy. In addition, time-
dependent effects were evaluated based on Schoenfeld’s residuals, and cubic spline functions were introduced
in the model?¢-28. 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 SAS Enterprise Guide 7.1(SAS
Institute Inc., Cary, NC) and R, version 4.3.1 (http://cran.r- project.org/). All reported p values are two- sided,
and p values <0.05 were considered statistically significant.

Results

Table 1 shows baseline characteristics. The overall follow-up duration for the study population was 7.89 years.
Patients receiving NUC therapy (n=18,365) tended to be younger (47.82 +9.53 vs. 49.45 + 10.36) and more male
(60.76% vs. 52.68%), with a lower prevalence of comorbidities but a higher prevalence of cirrhosis (30.42% vs.
7.17%) compared to patients without NUC therapy (n=212,820). After propensity score matching, the baseline
characteristics of the two groups did not significantly differ for the matching covariates, indicating good balance
between the groups. (n=18,365 in both groups) During the study period, a total of 1646 patients were diagnosed
with PD. In the group NUC therapy, the incidence density was 0.19 per 100,000 PYs, while it was 0.25 per
100,000 PYs in the group not receiving NUC. In the propensity score-matched cohort, the incidence of PD was
higher in the non-NUC group (1.72 per 1000 person-years) compared to the NUC-treated group (1.48 per 1000
person-years). When compared with the reported incidence in the general population aged <50 years (1.1-1.8
per 1,000 person-years), the incidence in both groups appeared comparable?2.

Table 2 shows the cumulative incidence and hazard ratios for PD at 1, 2, 3, 4, 5, 6, and 7 years of follow-up.
When apply age-sex adjusted risk model, treated group had a significantly lower risk of developing PD at 3 and
4 years of follow-up (HR 0.57; 95% CI 0.37-0.89, HR 0.67; 95% CI 0.14-0.96, respectively). In the fully adjusted
competing risk model, 3 years of follow-up (HR 0.61; 95% CI 0.39-0.97) showed statistical significance. In PS-
matched cohort of 18,365 pairs, cumulative incidences of 2-4 years of follow-up groups showed statistically
lower HR (0.50-0.58) in NUC treated group than untreated group. Figure 2 presents the HRs for the PS-matched
cohort of 18,365 pairs in a forest plot. The risk of developing PD was initially lower in the treated group than
its counterpart, but the risk of PD became comparable over time, losing statistical significance. In the Kaplan-
Meier analysis, the log-rank test did not show statistical significance (Fig. 3A). However, the estimated hazard
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Before matching, No. (%) After Matching, No. (%)
Variable Untreated group | Treated group* | Pvalue | Untreated group | Treated group | P value
Number of patients 212,820 18,365 18,365 18,365
Age, mean (SD), years 49.45 (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)
41-50, n (%) 61,017 (28.67) 6,242 (33.99) 6,233 (33.94) 6,242 (33.99)
51-60, n (%) 69,253 (32.54) 5,786 (31.51) 5,794 (31.55) 5786 (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) | 0.9744
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) 7,114 (38.74) 7,116 (38.75) 7,114 (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

Table 1. Baseline Characteristics of patients before and after propensity score matching. 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%.

Multiple competing risk | Multiple competing risk | Propensity score-
model* model** matched model

Year | NUC Treatment group | HR (95% CI) P-value | HR (95% CI) P-value | HR (95% CI) P-value
NUC (-) 1.00 1.00 1.00

1 0.0584 0.1081 0.1772
NUC (+) 0.38 (0.14-1.04) 0.44 (0.16-1.20) 0.45 (0.14-1.44)
NUC (-) 1.00 1.00 1.00

2 0.0530 0.1105 0.0412
NUC (+) 0.58 (0.33-1.01) 0.63 (0.36-1.11) 0.50 (0.26-0.97)
NUC (-) 1.00 1.00 1.00

3 0.0139 0.0379 0.0349
NUC (+) 0.57 (0.37-0.89) 0.61 (0.39-0.97) 0.56 (0.32-0.96)
NUC (-) 1.00 1.00 1.00

4 0.0282 0.0997 0.0147
NUC (+) 0.67 (0.47-0.96) 0.73 (0.51-1.06) 0.58 (0.38-0.90)
NUC (-) 1.00 1.00 1.00

5 0.2546 0.4126 0.1192
NUC (+) 0.85 (0.64-1.13) 0.89 (0.66-1.19) 0.75 (0.52-1.08)
NUC (-) 1.00 1.00 1.00

6 0.4722 0.8842 0.1960
NUC (+) 0.92 (0.72-1.17) 0.98 (0.76-1.26) 0.81 (0.59-1.11)
NUC (-) 1.00 1.00 1.00

7 0.6101 0.9020 0.3712
NUC (+) 0.95 (0.76-1.18) 1.01 (0.81-1.27) 0.88 (0.65-1.17)

Table 2. Cumulative incidence and hazard ratio of Parkinson disease between groups. HR hazard ratio, CI
confidence interval, NUC nucleos(t)ide analogue. *Adjusted: age and sex. **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. Significant values are in (bold).
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Risk of Parkinson disesase over time periods
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Fig. 2. Risk of Parkinson disease over time.
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NUC(-) No. atrisk 18,359 18,355 18,254 18,156 18,042 17,959 17,854 17,743 17,638

Event 0 3 20 31 49 62 79 91 109

NUC(+)No. atrisk 18,363 18,360 18275 18,169 18,053 17,931 17,800 17,646 17494

Event 0 2 11 18 31 49 67 83 97

Fig. 3. Comparison of the incidence rates of Parkinson disease between the NUC-treated and untreated
groups using (A) Kaplan-Meier analysis and (B) an estimate of the hazard function ratio (with pointwise
bands showing 95% confidence intervals). Abbreviations: NUC, nucleos(t)ide analogue.

functions (Fig. 3B) indicate that the hazard ratio increased over time, initially favoring the treated group but
approaching one by the end of the follow-up period.

In addition, we conducted a subgroup analysis using the matching variables selected for propensity score
matching (Supplementary Table 2). While general trends indicated that the NUC-treated group had lower risk
of PD than the untreated group across all subgroups, these differences did not reach statistical significance.
Kaplan—Meier curves for representative subgroups (age, sex, and cirrhosis) showed similar duration-specific
patterns to those observed in the entire cohort, except for patients aged > 65 years. However, the log-rank test
did not reveal any statistically significant differences (Supplementary Fig. 1).

Discussion

Currently, the NUC therapy in patients with CHB aims to achieve viral suppression, preventing liver disease
progression. However, it requires continuous therapy for several years or even decades*®’ Effective viral
suppression has been shown to protect against liver disease progression and reduce the occurrence of extrahepatic
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complications associated with chronic inflammation®. From the perspective of PD development, NUC therapy
may offer a protective effect by suppressing viral activity'”?°. However, prolonged NUC use carries potential
risks, including an increased likelihood of neurodegenerative diseases due to underlying mechanisms such as
accumulating mitochondrial damage®!%141530, Despite the widespread use of NUCs globally, there has been no
research investigating the impact of NUCs on PD incidence.

In this study, we focused on NUC treatment-naive patients at the time of cohort entry to compare the risk
of PD development between those who initiated and maintained NUC therapy and those who did not. We
aimed to explore the relationship between NUC use and PD incidence, as well as any hidden clinical phenotypes
associated with the mechanism. Our study found that PD incidence decreased in the years following NUC
initiation, but this protective effect diminished over time. These findings suggest that the duration of NUC
therapy may have time-varying clinical impact on PD development in CHB patients, offering early protection
but potential toxicity with long-term use.

In the subgroup analysis, designed to identify any groups where NUC treatment had a statistically significant
advantage, showed a general trend of reduced PD incidence in the NUC-treated group, though no subgroup
showed a clear statistical advantage. Additionally, based on existing literature, we performed Kaplan-Meier
analysis on factors potentially related to PD (e.g., age, cirrhosis, and gender)!%?23!. Apart from patients over
65, the time-varying effect of NUC therapy was also observed in subgroups, suggesting that the changes in PD
incidence over time may be related more to the effect of NUC treatment itself rather than specific subgroups.
Whether the time-varying effects of NUC therapy on PD incidence are observed across different subgroups
remains to be elucidated.

Previous studies on the relationship between CHB and PD incidence have yielded conflicting results
A recent meta-analysis also confirmed inconsistent findings regarding PD incidence in CHB patients.
However, none of previous studies examined the effects of NUC use. Mechanistically, there have been reports
linking hepatotropic virus infections, such as CHB, to PD development, suggesting an association with
neuroinflammation due to chronic liver disease!”?*3. Studies on hepatitis C virus show that viral eradication
can reduce PD risk'®, indicating that viral suppression might similarly lower PD incidence in CHB. Unlike HCV,
however, CHB treatment requires continuous NUC therapy, which may have positive effects on viral suppression
but could also contribute to PD or other ND through mitochondrial damage. Non-human studies have shown
that long-term exposure to NUCs can cause neuronal damage, raising concerns about the long-term toxicity of
NUCs" 17 1f the effects of NUCs on PD risk are time-varying, as suggested by our study, previous research
may have failed to fully capture the relationship between CHB and PD incidence. Further research is needed
to elucidate the underlying mechanisms behind the time-varying effects of NUC use on PD risk, as seen in our
findings.

17,32-35

Strength and limitations

This study compares patient groups with and without NUC therapy, evaluating the potential clinical implications
of the time-varying effects of NUCs. A major strength is the use of a large-scale national database, with a long
median follow-up of approximately 8 years, allowing us to observe clinical phenotypes potentially related to
the time-varying effects of NUCs. Additionally, the calculation of period-specific cumulative hazards and the
examination of hazard functions effectively demonstrate the impact of NUC therapy for CHB on the incidence of
PD?728, While the retrospective observational design of this study introduces inherent limitations, we mitigated
these by leveraging a nationally representative dataset from a CHB-endemic region. We employed stringent
exclusion criteria to accurately evaluate the potential impact of NUC therapy on PD incidence in CHB patients.
To further minimize confounding, we used propensity score matching and incorporated competing risk analysis
to enhance the robustness of our findings. Another limitation is the inability to account for variables not included
in the claims data, such as known PD risk factors or the effects of medications other than NUCs. The impact of
unmeasured variables, including baseline and serial laboratory data related to viral status, chronic inflammation,
and cirrhosis (e.g., viral DNA, ALT, Fib-4, and Child-Pugh score), on the association between NUC use and PD
incidence remains uncertain. Additionally, it remains unclear how PD incidence might be influenced by NUC
use or non-use outside of insurance coverage or due to individual clinical decisions. Furthermore, we were unable
to fully elucidate the underlying mechanisms, and it remains unclear whether other neurodegenerative diseases
that share mitochondrial damage as a common mechanism exhibit similar incidence patterns. Differences based
on CHB subtypes, race, or the type of NUC used were also not explored. Although these factors may have had
differential effects on PD incidence, they could not be separately analyzed in this study. Despite these limitations,
our study is the first to investigate the various mechanisms of PD development, including neuroinflammation
from chronic liver inflammation and mitochondrial damage caused by long-term NUC therapy.

Conclusion

In patients with CHB, initiating NUC therapy initially provided a protective effect against PD incidence;
however, this effect diminished over time, suggesting a clinically relevant time-varying impact, possibly related
to the long-term toxicity of NUCs. Given the necessity of long-term NUC therapy for CHB management, there
may be a need for PD screening in long-term NUC users. Further studies are needed to replicate these findings
and confirm their validity.

Data availability
Data used in this study are maintained by the Korea National Health Insurance Service (NHIS, https://nhiss.n
his.or.kr), and available from corresponding author upon submitting a proposal to be approved by the NHIS.
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