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OBSERVATIONAL STUDY

Association of Rheumatoid Arthritis and Hepatitis B Infection
A Nationwide Nested Case-Control Study From 1999 to 2009 in Taiwan

Ching-Sheng Hsu, MD, PhD, Hui-Chu Lang, PhD, Kuang-Yung Huang, MD,
Hans Hsienhong Lin, MD, and Chien-Lin Chen, MD, PhD

Abstract: Rheumatoid arthritis (RA) is a disorder with altered immu-
nologic function and increased risks of infection, while the association
between HBV and RA remains largely unknown.

To determine the prevalence and risk of HBV infection in patients
with RA, 2 cohort datasets were sourced from Taiwan’s National Health
Insurance Research Database to capture National Health Insurance
claims data between 1999 and 2009. One set was a specially requested
RA subject’s dataset extracted from the whole 23 million beneficiaries,
and a total of 38,969 aged =18 years RA subjects were identified (RA
cohort). The other one was a randomly selected 1 million patients’
longitudinal dataset, and from which an additional 701,476 aged =18
years non-RA subjects were identified (non-RA cohort). An epidemio-
logical approach was used to compare the prevalence and risk for HBV
infection between RA and non-RA subjects.

Editor: Brian Borg.

Received: October 19, 2015; revised: March 9, 2016; accepted: March 29,

2016.

From the Division of Gastroenterology, (C-SH, HHL), Department of

Internal Medicine, Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical

Foundation, New Taipei; School of Post-Baccalaureate Chinese Medicine

(C-SH), Tzu Chi University, Hualien, Taiwan; School of Medicine (C-SH,

K-YH, HHL, C-LC), Tzu Chi University, Hualien; Institute of Hospital and

Health Care Administration (H-CL), National Yang-Ming University,

Taipei; Division of Allergy (K-YH), Immunology, and Rheumatology,

Department of Internal Medicine, Dalin Tzu Chi Hospital, Buddhist Tzu

Chi Medical Foundation; Department of Life Science and Institute of

Molecular Biology (K-YH), National Chung Cheung University, Chiayi;

and Division of Gastroenterology (C-LC), Department of Internal

Medicine, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical

Foundation, Hualien, Taiwan.

Correspondence: Chien-Lin Chen, Department of Internal Medicine,
Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation No.
707, Sec. 3, Chung Yang Rd., Hualien 970, Taiwan, R. O. C.
(e-mail: harry.clchen@msa.hinet.net).

This study was based in part on data from the National Health Insurance
Research Database provided by the Bureau of National Health Insurance,
Department of Health and managed by National Health Research
Institutes. The interpretation and conclusions contained herein do not
represent those of Bureau of National Health Insurance, Department of
Health or National Health Research Institutes. The funders had no role in
study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Conception and design: C-SH H-CL.

Drafting of the article: C-SH H-CL C-LC.

Critical revision of the article for important intellectual content: K-YH HHL.

Statistical expertise: H-CL.

Obtaining of funding: C-SH H-CL C-LC.

Supervision and Final approval of the article: C-LC.

This work was supported by grants from the Hualien Tzu Chi Hospital,
Taipei Tzu Chi Hospital, the Department of Heath, and the National
Science Council, Executive Yuan, Taiwan [NSC103-2314-B-303-004,
TCRD-TPE-103-35 and TCRD-TPE-104-31].

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the Creative Commons

Attribution License 4.0, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original work is properly cited.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000003551

Medicine ¢ Volume 95, Number 18, May 2016

During the followed interval between 1999 and 2009, 3260 in RA
cohort and 63,588 in non-RA cohort had a diagnosis of HBV infection.
The annual age- and sex-standardized prevalence of HBV infection in
the RA cohort was generally higher than that in the non-RA cohort. The
RA patients had a higher HBV period prevalence than did the non-RA
subjects (RA vs. non-RA=69.9 vs. 60.1 cases per 1000 subjects).
Compared with the non-RA cohort, the RA cohort had an increased risk
of HBV infection after adjustment for potential prognostic factors (1.13,
95% Cls: 1.08-1.17).

RA patients are characterized by an increased risk of HBV infection
than non-RA subjects.

(Medicine 95(18):e3551)

Abbreviations: CHB = chronic hepatitis B, COPD = chronic
obstructive pulmonary disease, DM = diabetes mellitus, HBV =
hepatitis B virus, HCC = hepatocellular carcinoma, HIV = human
immunodeficiency virus, IHD = ischemic heart disease, NHIRD =
National Health Insurance Research Database, NHRI = National
Health Research Institutes, RA = rheumatoid arthritis.

INTRODUCTION

H epatitis B virus (HBV) infection is the leading cause of

chronic liver disease worldwide." HBV may interact with
hepatocytes and the immune system, leads to liver fibrosis
progression, cirrhosis, decompensation, and hepatocellular car-
cinoma (HCC)*® in patients with chronic HBV infection.
Moreover, chronic HBV infection has been linked to several
rheumatic manifestations,*> and implied to play a pathogenic
role in rheumatoid arthritis (RA).*’

RA is a systemic inflammatory disease involving altered
immunologic function, and RA patients have increased risks of
several types of bacterial and viral infection.®° Although RA
patients receiving biologic agents for immunomodulatory treat-
ment have been associated with the reactivation of HBV
infection'® that may result in liver failure and death,'' the
association of HBV infection and RA remains largely unknown.
A few studies have investigated the prevalence of HBV infec-
tion in RA patients; most of the these studies have been limited
to small sample sizes and specific populations,”'*™'® focused
on patients who received biologic agents,'" and could not attain
conclusive results.'” Whether RA has a pathogenic association
with HBV infection remains unanswered. Considering the
global prevalence of HBV infection and the increasing use
of biologic agents in the treatment of RA patients, a compre-
hensive understanding of the association between HBV and RA
has become necessary in managing both conditions.

In this study, we compared the prevalence and incidence of
HBYV infection between RA and non-RA subjects. Specifically,
we hypothesized that RA may affect the risk of HBV infection.
Therefore, we analyzed Taiwan’s National Health Insurance
Research Database, which included all 23 million beneficiaries
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in Taiwan, and used an epidemiologic approach to compare the
prevalence and risk of HBV infection between RA and non-
RA subjects.

METHODS
Ethics Statement

This study was conducted in accordance with the Helsinki
Declaration. Deidentified data released by Taiwan’s National
Health Research Institutes (NHRI), which are available to the
public for research, were used. Information that could be used to
identify patients or care providers, including medical institu-
tions and physicians, was scrambled before being sent to the
NHRI for database construction and is further scrambled before
being released to each researcher. Thus, the remaining health
information cannot be used to identify a person. All researchers
who wish to use Taiwan’s National Health Insurance Research
Database (NHIRD) and its data subsets are required to sign a
written agreement declaring that they have no intention to
obtaining information that could potentially violate the privacy
of patients or care providers.

Study Design and Data Sources

We conducted a nationwide case-control study by obtain-
ing RA cases (RA cohort) and controls (non-RA cohort) from
NHI claims data recorded in the NHIRD between 1999 and
2009. The NHIRD has been described in detail in previous
studies.'®!° In brief, the NHIRD contains the registration data
of all people who have been beneficiaries of the NHI program,
which covered 99% of Taiwan’s population and approximately
22,600,000 people in 2007. The NHRI maintains the NHIRD
and provides it to scientists in Taiwan for research purposes. The
accuracy of diagnoses of major diseases in the NHIRD, such
as stroke and acute coronary syndrome, has been validated
previously.””

Study Population

We identified a total of 38,969 RA subjects (RA cohort)
from a specially requested RA subject dataset that was extracted
from all beneficiaries between January 1, 1999 and December
31,2009. All RA subjects were required to have been diagnosed
with RA (International Classification of Diseases, Ninth Revi-
sion, Clinical Modification [ICD-9-CM] code 714.0x) >2 times
and to be >18 years of age on the date of first diagnosis. The
accuracy of RA diagnoses was confirmed by both specific ICD-
9-CM codes and inclusion in the Registry for Catastrophic
Illness Patient Database (RCIPD), a subset of the NHIRD that
contains records of all adult RA patients who were diagnosed
with RA >2 times and met the 1987 American College of
Rheumatology diagnostic criteria each time.?! We excluded
patients who were diagnosed with RA only once during the
study interval, <18 years of age when first diagnosed with RA,
first diagnosed with RA after July 1, 2009, or not registered in
the RCIPD.

The non-RA cohort comprised 701,476 subjects who were
>18 years of age, had no RA diagnosis, and were identified
from a dataset of 1 million randomly selected insurance ben-
eficiaries included in the Registry for Beneficiaries of the
Taiwan NHI program between 1999 and 2009. This dataset
was provided by the NHRI, which asserted that there are no
statistically significant differences in sex distribution between
the randomly sampled beneficiaries and all beneficiaries in the
NHI program.
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Main Outcome Measurements

Patients with HBV infection were defined as those diag-
nosed with HBV infection (ICD-9-CM codes 070.2, 0.70.3, and
V02.61) >2 times, those who received 1 HBV infection diag-
nosis and 1 measurement of HBeAg (14034C, 14035C, and
27035B) or anti-HBe (14036C and 27036B), or hospitalized
patients who were admitted with a primary diagnosis of HBV
infection. The standardized prevalence, incidence rate of HBV
infection, and incidence rate ratio (IRR) were compared
between the RA and non-RA subjects. The risk of HBV infec-
tion in the RA subjects versus that in the non-RA subjects was
calculated after adjustment for potential prognostic factors.

Covariate Assessment

To determine the effect of RA on the risk of HBV infection,
it is crucial to consider the influences of known prognostic
factors. We thus extracted variables frequently associated with
HBYV infection. These baseline prognostic factors included the
patients’ age in years, sex, biologic agents for RA, nucleoside
analogues for HBV infection, and comorbidities present in the
180-day period prior to the initial RA diagnosis date defined by
ICD-9-CM codes (diabetes mellitus [DM], obesity, HIV infec-
tion, ischemic heart disease [IHD], alcohol-related illness,
chronic obstructive pulmonary disease [COPD], and liver cir-
rhosis). Because the smoking status was unavailable for
analyses, COPD was selected as a proxy for cigarette smoking.
All ICD-9-CM codes used in the study are provided in Supple-
mentary Table 1, http://links.lww.com/MD/A940.

Information regarding patients’ medications, including the
use of biologic agents for RA and nucleoside analogues for HBV
infection, was obtained from the pharmacy prescription database.
The reliability of the retrieved information was verified indepen-
dently by 2 statisticians. Biologic agents for RA that were
available in Taiwan during the study interval included etanercept,
adalimumab, rituximab, abatacept, actemra, and golimumab; and
nucleoside analogues for HBV infection included lamivudine,
adefovir, entecavir, telbivudine, and tenofovir.

Statistical Analysis

SAS 9.3 for Windows (SAS Institute Inc, Cary, NC) was used
to perform the statistical analyses in this study. The demographic
data, clinical characteristics, and comorbidities were compared
between the RA and non-RA cohorts. The data were presented as
percentages for categorical variables as well as means with stan-
dard deviations for continuous variables unless mentioned other-
wise, and were analyzed using the Pearson X2 test, Fisherexact test,
Student ¢ test, and Wilcoxon rank-sum test, where appropriate.

The prevalence of HBV infection was determined by
dividing the number of HBV infections by the total number
of RA or non-RA subjects. The incidence was determined by
dividing the number of newly detected HBV infections by the
total number of RA or non-RA subjects. The incidence density
rate was determined by dividing the number of newly detected
HBYV infections by the total observation period of RA or non-
RA subjects calculated in patient-years. The observation period
of RA and non-RA cohorts was tracked from the date of
selection until the end of the study or until loss to follow-up
(i.e., withdrawal from the health insurance program) to identify
HBYV infection events. For patients who experienced multiple
HBYV infection events, only the first event was included. The
IRR for RA compared with non-RA was calculated by dividing
the average number of newly detected HBV infections per total
patient-years in the RA cohort by the average number of newly
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A specially requested nationalwide RA patient file +
‘Registry for catastrophic illness patients’ for RA
patient between Jan. 1, 1999 and December 31, 2009

40,569 (100%)

Beneficiaries included in a randomly selected 1
million NHIRD dataset

1,000,000(100%)

Removed patients with > 1
1 RA diagnosis
(ICD-9:714.0X)

1
1
1
25,280(2.5%) 1

' RA

RA cohort aged 218 years
38,969 (96.1%)

FIGURE 1. Selection of study patients.

detected HBV infections per total patient-years in the non-
RA cohort.

The standardized prevalence or incidence was defined as
the ratio of the observed to the expected prevalence or inci-
dence, respectively, in the cohorts. The expected prevalence or
incidence of HBV infection was calculated by summing all
numbers (prevalence) or all person-time (incidence rate) in the
cohort, dividing the sum into strata by age and sex, and then
multiplying the stratum-specific number or person-time by the
corresponding stratum-specific prevalence or incidence rate of
the entire Taiwan population in 2000.

To compare the risk of HBV infection between the RA and
non-RA cohorts, we used logistic regression models with differ-
ent combinations of covariates, including the initial diagnosis
year of HBV infection, sex, age, the use of biologic agents, the use
of antiviral agents, and preexisting comorbidities (DM, obesity,
alcohol-related illness, HIV infection, IHD, COPD, and liver
cirrhosis). Because differences in health behaviors between
patients with and without RA could influence the association
between RA and outcome events, we used influenza vaccination
as a proxy of health behaviors for the sensitivity analysis.

RESULTS

Demographic Data of the RA and Non-RA
Cohorts

A total of 38,969 potentially eligible RA patients aged
= 18 years with a registered record in the RCIPD and 701,476
non-RA subjects aged =18 years during the same study period
were enrolled (Figure 1). Among them, 3620 RA patients and

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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63,588 non-RA subjects with a diagnosis of HBV infection were
identified (Figure 1). The demographic characteristics, antiviral
agents, biologic agents, and comorbidities of the study popu-
lation are presented in Table 1. Compared with the non-RA
subjects, the RA subjects were predominantly female and older,
used biologic and antiviral agents more frequently, and had a
higher likelihood of comorbidities including DM, IHD, cerebro-
vascular diseases, COPD, and liver cirrhosis (Table 1).

Standardized Prevalence and Incidence of HBV
Infection

The annual age- and sex-standardized prevalence of HBV
infection in the RA subjects was generally higher than that in the
non-RA subjects between 1999 and 2009. The RA patients had a
higher HBV period prevalence than did the non-RA subjects
(period standardized prevalence of HBV infection of RA vs.
non-RA = 69.9vs. 60.1 cases per 1000 subjects). Moreover, among
the men, the prevalence of HBV infection in the RA subjects was
higherthanthatinthe non-RA subjects, whereasthe prevalence was
similar between the 2 groups among the women (Supplementary
Figure 1, http://links.lww.com/MD/A940; period standardized
prevalence of HBV infection of RA vs. non-RA in men: 81.9
vs. 54.3 cases per 1000; in women: 67.3 vs. 65.9 cases per 1000).

The annual age- and sex-standardized incidence of newly
detected HBV infection in RA subjects was higher than that in non-
RA subjects during the period between 1999 and 2009 (period
standardized incidence for HBV infection of RA vs. non-
RA =17.1 vs. 7.34 cases per 1000). Moreover, the standardized
incidence of HBV infection in RA subjects was higher than that in
non-RA subjects among both the men and women (Supplementary
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TABLE 1. Characteristics of RA and Non-RA Subjects in the Study Population

RA Non-RA

Characteristics No. %o No. % P Value

Total 38,969 100.0 701,476 100.0

Sex <0.0001
Male 8304 21.3 357,984 51.0
Female 30,665 78.7 343,492 49.0

Age groups (mean £ SD) 534 +13.99 41.7 +16.86 <0.0001
18—-44 10,327 26.5 436,585 62.2
45-54 10,366 26.6 111,255 15.9
55-64 9359 24.0 66,049 9.4
>65 8917 229 87,587 12.5

HBV 0.1331
Yes 3620 9.3 63,588 9.1
No 35,349 90.7 637,388 90.9

Use of biologic agents <0.0001
Yes 4528 11.6 415 0.1
No 34,441 88.4 701,061 99.90

Use of antivirus agents <0.0001
Yes 400 1.0 1763 0.3
No 38,569 99.0 699,713 99.7

Diabetes mellitus <0.0001
Yes 8267 21.2 109,803 15.7
No 30,702 78.8 591,673 84.3

Obesity 0.8748
Yes 394 1.0 7035 1.0
No 38,575 99.0 694,441 99.0

Human immunodeficiency virus 0.0088
Yes 23 0.1 716 0.1
No 38,946 99.9 700,760 99.9

Alcohol-related illness <0.0001
Yes 146 0.4 5902 0.8
No 38,823 99.6 695,574 99.2

Ischemic heart disease <0.0001
Yes 9867 25.3 112,726 16.1
No 29,102 74.7 588,750 83.9

Cerebrovascular disease <0.0001
Yes 6236 16.0 82,538 11.8
No 32,733 84.0 618,938 88.2

Chronic obstructive pulmonary diseases <0.0001
Yes 16,440 422 202,634 28.9
No 22,529 57.8 498,842 71.1

Liver cirrhosis <0.0001
Yes 1236 3.2 16,754 2.4
No 37,733 96.8 684,722 97.6

Influenza vaccine <0.0001
Yes 5976 15.3 53,214 7.6
No 32,993 84.7 648,262 92.4

Data is shown by the mean =+ standard deviation (SD) or case number (proportion). Student ¢ test and Wilcoxon rank-sum test were used for
continues variables, and Pearson y? tests as well as Fisher exact test were used for categorical variables to analyze the data.

HBV = hepatitis B virus, RA =rheumatoid arthritis.

Figure 2, http://links.Iww.com/MD/A940; period standardized
incidence of HBV infection of RA vs. non-RA in men: 22.3 vs.
7.0 cases per 1000; in women: 16.4 vs. 7.7 cases per 1000). The
HBV IRR for RA versus non-RA subjects was 1.33 (1.25-1.42)
among all subjects, 1.74 (1.53—1.97) among the men, and 1.17
(1.09—1.26) among the women (Table 2, Supplementary Tables
2—4, http://links.lww.com/MD/A940).
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Multivariable Analysis

To examine the association of HBV infection with RA, we
performed multivariate analyses with different logistic
regression models after adjustment for covariate factors
(Table 3). Compared with the non-RA cohort, the RA cohort
had an increased risk of HBV infection after adjustment for sex,
age, DM, obesity, alcohol-related illness, HIV infection, IHD,

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Incidence Rate Ratio for HBV Infection Among the RA and Non-RA Cohorts Followed From 2000 to 2009 in Taiwan

RA Non-RA

Variables N Pys Rate n Pys Rate IRR 95% CI) P Value
Male + female 1020 121,397 8.40 41,034 6,624,670 6.19 1.33 (1.25-1.42) <0.0001
18-44 y 292 32,061 9.11 29,796 4,185,970 7.12 1.27 (1.13-1.42) <0.0001
45-54y 314 34,219 9.18 5925 1,065,288 5.56 1.62 (1.45-1.82) <0.0001
55-64y 219 27,681 791 2988 619,959 4.82 1.58 (1.38-1.82) <0.0001
=65y 195 27,436 7.11 2325 753,453 3.09 2.27 (1.96-2.63) <0.0001
Male 264 25,500 10.35 19,425 3,373,083 5.76 1.74 (1.53-1.97) <0.0001
18-44y 69 5790 11.92 13,048 2,141,046 6.09 1.96 (1.54-2.48) <0.0001
45-54 y 77 6268 12.28 3342 534,822 6.25 1.94 (1.55-2.44) <0.0001
55-64y 51 5830 8.75 1670 302,451 5.52 1.40 (1.04-1.88) 0.027

=65y 67 7612 8.80 1365 394,765 3.46 2.47 (1.93-3.17) <0.0001
Female 756 95,897 7.88 21,609 3,251,587 6.65 1.17 (1.09-1.26) <0.0001
18-44 y 223 26,271 8.49 16,748 2,044,925 8.19 1.02 (0.90-1.17) 0.742

45-54 y 237 27,951 8.48 2583 530,466 4.87 1.71 (1.50—-1.96) <0.0001
55-64y 168 21,851 7.69 1318 317,508 4.15 1.83 (1.56-2.15) <0.0001
=65y 128 19,824 6.46 960 358,688 2.68 2.39 (1.99-2.88) <0.0001

IRR =incidence rate ratio, Pys =means person-years.

cerebrovascular diseases, COPD, and liver cirrhosis (adjusted
odds ratio, 1.13; 95% confidence interval, 1.08—1.17;
P <0.0001). Because differences in health behaviors between
patients with and without RA could influence the association of
RA with its outcome events, we used influenza vaccination as a
proxy of health behaviors, and examined the association of
HBYV infection and RA after adjustment for influenza vaccina-
tion; the conclusion remained unchanged.

DISCUSSION

Taking advantage of the accurate RA registry in Taiwan,
we determined the national prevalence and incidence of HBV
infection in RA patents, and found that RA subjects had a higher
HBYV prevalence (69.9 cases per 1000) and incidence (17.1
cases per 1000) than did matched non-RA subjects. A salient
finding from this national-scale data was that RA was associated
with a 13% increased risk of HBV infection in the general
population after adjustment for known prognostic factors.

HBYV infection has been linked to systemic autoimmune
diseases,* and patients with chronic HBV infection may have
various extrahepatic manifestations such as serum-sickness-like
syndrome, vasculitis, skin rash, arthritis, and glomerular mani-
festations.?? However, most studies that examined the associ-
ation between HBV infection and RA have been limited to a few
HBYV cases and specific populations;”'?~'%?3 whether RA has a
pathogenic association with HBV infection remains undeter-
mined.'” This study involved using a nationwide database from
Taiwan, an HBV-endemic country, to examine the association
of HBV with RA. The major strengths of this study are the large
sample size, sufficient number of HBV cases, and capability to
clarify the association between HBV and RA. In addition to
demonstrating a higher prevalence, incidence, and risk of HBV
infection among RA patients, this study provided strong popu-
lation-based evidence supporting the hypothesis that HBV may
play a pathogenic role in RA.%

Although the molecular mechanisms underlying the patho-
genesis of HBV-associated extrahepatic manifestations remain

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

largely unknown, HBV antigenemia-related immune-complex-
mediated injury, including the deposition of immune complexes
containing HBV viral antigens (HBsAg or HBeAg) and their
antibodies (anti-HBs and anti-HBe) in the synovial tissues of
HBV-associated arthritis,*?**> has been proposed as the
cause.”>® Moreover, the polymorphic residues of major his-
tocompatibility complex (MHC) class II molecules in RA
patients may bind HBsAg amino acid peptide sequences,’
and arthritis associated with chronic HBV infection may resolve
after successful antiviral treatment,”®*° further supporting a
direct link between RA and HBV infection. However, future
studies are required to clarify these molecular mechanisms.
This study has the limitations of retrospective studies in
attributing causality. First, because our observations excluded
subjects <18 years of age when first diagnosed with RA, who
were first diagnosed with RA after July 1, 2009, or who were not
registered in the RCIPD, certain selection biases may exist, and
caution must be taken in generalizing our results to some
characteristic populations. Coding errors, misclassifications
and measurement errors in the diagnosis of HBV infection
might have occurred and potentially under- or overestimate
the HBV infection rate, and the use of steroid or biologic agents
would overestimate the infection rate. Moreover, as Taiwan’s
National Health Insurance does not reimburse a regular HBV
examination in subjects who do not have a risk or contact
history for HBV infection, the HBV infection rate from Tai-
wan’s National Health Insurance Research Database will be
lower than previous reports from Taiwan. Second, data on
baseline serum immunological, biochemical, virologic profiles,
pathological characteristics and the severity of rheumatoid
arthritis that are likely associated with the link between RA
and HBV infection were generally lacking from insurance
claims and were not considered when examining the association
between RA and HBV infection risk. Third, information on the
lifestyle, health concerns, and medication compliance of the
patients was unavailable. However, we thus used influenza
vaccination as a surrogate for health behavior, and found that
the effects of RA and HBV infection risk are independent of

www.md-journal.com | 5
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TABLE 3. Multivariate Analyses Examining the Association of RA and HBV Infection

Model 1 Model 2 Model 3 Model 4
Odds 95% Odds Odds 95% P Odds 95%
Variables Ratio CI P Value Ratio 95% CI Value Ratio CI Value Ratio CI P Value
RA
No 1.00 - 1.00 - 1.00 - 1.00 -
Yes 1.13 1.08-1.17 <0.0001 1.12 1.08-1.17 <0.0001 1.12 1.08-1.17 <0.0001 1.12 1.08-1.16 <0.0001
Sex
Male 1.00 0.82-0.84 <0.0001 1.00 0.81-0.84 <0.0001 1.00 0.82-0.84 <0.0001 1.00 0.88-0.91 <0.0001
Female 0.83 — 0.83 — 0.83 — 0.89 —
Age groups
18—44 1.00 — 1.00 — 1.00 — 1.00 —
45-54 0.66 0.64-0.67 <0.0001 0.67 0.66-0.69 <0.0001 0.67 0.66-0.69 <0.0001 0.84 0.83-0.86 <0.0001
55-64 0.51 0.49-0.52 <0.0001 0.53 0.51-0.54 <0.0001 0.53 0.51-0.55 <0.0001 0.79 0.77-0.82 <0.0001
=65 0.27 0.26-0.28 <0.0001 0.28 0.27-0.30 <0.0001 0.29 0.28-0.30 <0.0001 0.49 0.47-0.51 <0.0001
Diabetes mellitus
No 1.00 - 1.00 - 1.00 -
Yes 1.37 1.34-1.40 <0.0001 1.41 1.38-1.45 <0.0001 1.40 1.37-1.43 <0.0001
Obesity
No 1.00 - - 1.00 -
Yes 1.32 1.23-1.42 <0.0001 — 1.34 1.25-1.43 <0.0001
Human immunodeficiency virus
No 1.00 - 1.00 - 1.00 -
Yes 2.45 2.04-2.94 <0.0001 2.44 2.03-2.93 <0.0001 2.44 2.03-2.93 <0.0001
Alcohol-related illness
No 1.00 - — —
Yes 0.99 0.92-1.07 0.848 — —
Ischemic heart disease
No 1.00 — — —
Yes 1.20 1.17-1.23 <0.0001 — —
Cerebrovascular disease
No 1.00 — 1.00 — 1.00 —
Yes 1.01 0.99-1.05 0.322 1.05 1.02-1.08 0.002 1.05 1.02-1.08 0.002
Chronic obstructive pulmonary diseases
No 1.00 — 1.00 — 1.00 —
Yes 1.40 1.37-1.42 <0.0001 1.42 1.40-1.45 <0.0001 1.42 1.39-1.45 <0.0001
Liver cirrhosis
No 1.00 — 1.00 — 1.00 —
Yes 8.69 8.4-8.99 <0.0001 8.66 8.38-8.96 <0.0001 8.68 8.39-8.97 <0.0001
Influenza vaccine
No 1.00 1.00 1.00 1.00
Yes 0.96 0.91-1.00 0.0524 0.97 0.93-1.02 0.2309 0.97 0.93-1.02 0.2335 0.95 0.91-1.00 0.040

This table shows the associations of RA and chronic HBV infection. Multivariate analyses using logistic regression, the status of HBV infection as the dependent
variable, and different sets of independent variables, including RA, sex, age, diabetes mellitus, obesity, human immunodeficiency virus infection, alcohol-related illness,
ischemic heart disease, cerebrovascular diseases, chronic obstructive pulmonary diseases, liver cirrhosis, and influenza vaccine were used in different analytic models.

influenza vaccination. Fourth, although age and the period of
observation may affect the values of IRR, we examined the IRR
between RA and non-RA group among different age strata, and
found that the values of IRR remained statistically significant
among different age-year starta. Of note, we compared the IRR
between different periods of observation (Supplementary Table
2 & 3, http://links.lww.com/MD/A940), and found that the
values of IRR during the period 2000 to 2004 were more
pronounced than those between 2005 and 2009. Because sub-
jects included between 2000 and 2004 have a longer HBV
infectious period than those between 2005 and 2009, a longer
infectious period may be a reason for the more pronounced IRR
observed. Last, the use of the data from all 23 million bene-
ficiaries in Taiwan, and the fact that the data were originally
collected for a different purpose increase the validity of the
findings and indicate that these results are likely applicable to
the whole population and different subgroups of RA patients.
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CONCLUSIONS

Our study indicates that RA subjects have a higher risk of
HBYV infection regardless of other confounders. RA patients had
a higher period prevalence, incidence, and incidence rate ratio
for HBV infection than did the non-RA subjects. Further
research on the pathogenesis of the association between RA
and HBV infection and its clinical influence on the disease
outcomes is necessary.
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