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OBSERVATIONAL STUDY

Association Between Chronic Hepatitis B Virus Infection
and Risk of Osteoporosis

A Nationwide Population-Based Study

Chien-Hua Chen, MD, MPH, Cheng-Li Lin, MSc, and Chia-Hung Kao, MD

Abstract: The effect of hepatitis B virus (HBV) infection on bone
mineral density in patients without advanced liver disease remains
unclear. Hence, we assessed the association between HBV infection
and the risk of osteoporosis.

From 2000 to 2011, patients older than 20 years with HBV infection
were identified from the Longitudinal Health Insurance Database 2000.
Of the 180,730 sampled patients, 36,146 and 144,584 patients were
categorized into HBV infection and comparison cohorts, respectively.

Compared with the comparison cohort, the HBV infection patients
had a higher risk of osteoporosis (adjusted hazard ratio [aHR]: 1.14,
95% confidence interval [CI]: 1.03—1.25) after adjusting for age, sex,
frequency of medical visits, and comorbidities of diabetes, hyperten-
sion, hyperlipidemia, heart failure, cirrhosis, chronic kidney disease,
thyroid diseases, medication of steroid, PPI, warfarin, aspirin, and
estrogen replacement therapy. The patients with HBV infection exhib-
ited a 1.13-fold (95% CI = 1.03—1.25) higher risk of developing osteo-
porosis, but the risk of osteoporotic fracture was comparable between
patients with HBV infection and the comparison cohort (aHR =1.20,
95% CI=0.77-1.86). The incidence of osteoporosis increased with the
increment of age (age <49: aHR=1; age 50-64: aHR =5.67, 95%
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CI=5.09-6.32; age = 65: aHR=13.3, 95% CI=11.8—-14.9) and
coexisting cirrhosis (aHR=1.62, 95% CI=1.24-2.12). However,
the osteoporosis risk contributed by HBV infection decreased with
age and the age-specific risk analyses showed that patients with HBV
infection exhibited the highest risk of osteoporosis than patients without
HBYV infection for the patients aged <49 (aHR =1.42, 95% CI=1.19-
1.70). Furthermore, the osteoporosis risk contributed by HBV infection
has decreased with the presence of comorbidity (aHR=1.27, 95%
CI=1.09-1.48 vs aHR =1.04, 95% CI=0.91-1.15).

HBYV increases the risk of osteoporosis, but HBV infection may be
less influential than other risk factors. Moreover, HBV has no detri-
mental effect on osteoporotic fracture in this study.

(Medicine 94(50):e2276)

Abbreviations: aHR = adjusted hazard ratio, BNHI = Bureau of
National Health Insurance, CI = confidence interval, HBV =
hepatitis B virus, ICD-9-CM = International Classification of
Disease Ninth Revision Clinical Modification, LHID2000 =
Longitudinal Health Insurance Database 2000, PPI = proton
pump inhibitor, SD = standard deviation.

INTRODUCTION

steoporosis is characterized by reduced bone mineral

density and deterioration in skeletal microarchitecture
with consequent bone fragility and susceptibility to fractures."
Current demographic trends of an increasing average life
expectancy of over 65 years among the general population will
lead to a major increase in osteoporosis and osteoporotic
fracture.?> Moreover, osteoporosis has been ranked as having
the 5th highest health care expenditure for age-related diseases,
below diabetes, hyperlipidemia, hypertension, and heart dis-
eases.* Aging, immobility, hypertension, use of antihyperten-
sive agents, hyperparathyroidism, menopause, diabetes
mellitus, corticosteroid usage, low calcium intake, vitamin
D deficiency, and genetic vulnerability are traditionally con-
sidered the risk factors for osteoporosis. Moreover, osteoporo-
tic fracture is the most severe impact of osteoporosis on
socioeconomics and the national general health.> The risk of
osteoporotic fracture mainly depends on the mechanical
strength of bone and the forces acting on it; therefore, bone
mineral density remains the most reliable predictor of osteo-
porotic fracture.® It is important to identify and treat additional
potential risk factors of osteoporosis for alleviating the burden
of osteoporotic fracture.

Chronic hepatitis B virus (HBV) infection has emerged as
a global health problem, and it was estimated that as many as
365 million people (6%) have been infected worldwide.”
Despite HBV vaccination having been introduced to Taiwan
over 30 years ago, the seroprevalence of the HBV surface
antigen decreased only slightly from 13.7% in 2002 to
12.65% in 2007.% In contrast to hepatitis C virus, the effect
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of HBV on bone mineral density is rarely mentioned in the
literature.”'®  Although prior studies have suggested that
chronic HBV infection can induce tumor necrosis factors to
inhibit bone formation and increase bone resorption, no longi-
tudinal study has been conducted to evaluate the relationship
between chronic HBV infection and osteoporosis or osteoporo-
tic fracture.'!!?

To assess the association between HBV infection and
subsequent development of osteoporosis or osteoporotic frac-
ture, we conducted a nationwide population-based cohort study
by analyzing data from a nationwide medical database, the
National Health Insurance Research Database.

METHODS

Data Source

Our study cohort was derived from the Longitudinal Health
Insurance Database 2000 (LHID2000), a nationally represen-
tative dataset of 1,000,000 insurants.'® The LHID2000 contains
all reimbursement claims data for each insurant, including
registry of beneficiary, medical records, and medical services,
and the database is updated annually. The LHID2000 consists of
deidentified secondary data that are made available to research-
ers in Taiwan by the National Health Research Institutes (http://
nhird.nhri.org.tw/date_01.html). Each insurant’s diagnosis
codes are classified using the International Classification of
Disease, Ninth Revision, Clinical Modification (ICD-9-CM).
To ensure the accuracy of disease diagnoses, the Bureau of
National Health Insurance (BNHI) randomly reviews the
medical charts of one in every 100 ambulatory claims and
one in every 20 inpatient claims. This study was approved
by the Ethics Review Board of China Medical University
Hospital (CMU-REC-101-012).

Sampled Patients

Figure 1 shows the selection process of the participants in
the HBV infection cohort and the comparison cohort to assess
the association between HBV infection and subsequent devel-
opment of osteoporosis or osteoporotic fracture. The HBV
infection cohort comprised patients with an initial HBV infec-
tion diagnosed (ICD-9-CM codes 070.20, 070.22, 070.30,
070.32, and V02.61) from 2000 to 2011. The HBV infection
diagnosis date was defined as the index date. We selected
comparison patients without a HBV infection diagnosis. The
index date of comparison patients was the same year as the
matched HBV infection patients and a month and day were
randomly assigned. In our study, osteoporosis consists of osteo-
porosis alone (ICD-9-CM 733.0) and osteoporotic fracture
(ICD-9-CM 733.1). Patients with a history of osteoporosis
and hepatitis C virus infection (ICD-9-CM codes070.41,
070.44, 070.51, and 070.54) diagnosed before the index date
and those with incomplete age or sex information were excluded
from both the HBV infection and comparison cohorts. The HBV
infection patients and comparison patients were matched at a
1:4 ratio based on propensity scores. The confounding factors in
this study were determined according to Japanese 2011 guide-
lines for prevention and treatment of osteoporosis.'* We used
logistic regression to calculate the propensity score for each
patient by estimating the assignment probability based on
baseline variables, including age, sex, frequency of medical
visits (per year), comorbidities of diabetes (ICD-9-CM code
250), hypertension (ICD-9-CM codes 401-405), hyperlipide-
mia (ICD-9-CM code 272), heart failure (ICD-9-CM code 428),
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stroke (ICD-9-CM codes 430-438), obesity (ICD-9-CM code
278), cirrhosis (ICD-9-CM codes 571.2, 571.5, and 571.6),
chronic kidney disease (ICD-9-CM code 585) and thyroid
diseases (ICD-9-CM codes 240-242, 244-246), medications
of steroid, proton pump inhibitor (PPI), warfarin, aspirin, and
estrogen replacement therapy. This would provide an equal
probability to each HBV infection patient of being assigned to
the comparison cohort.

Outcome

The mean follow-up period was 5.74+3.39 and
5.84 +3.41 years in the HBV infection and comparison cohorts,
respectively (data not shown). The duration of follow-up in
person-years was measured for each patient from the index date
to osteoporosis diagnosis, or until the patient was censored
because of death or withdrawal from the insurance system.

Statistical Analysis

The distributions of demographic factors, including age,
sex, frequency of medical visits (per year), comorbidities, and
medications in the HBV infection cohort and comparison
cohort were matched on the propensity scores. The standar-
dized difference was used to quantify differences in means or
prevalence between the HBV infection cohort and comparison
cohort for all matching variables. The incidence density of
developing osteoporosis for each risk factor was measured as
the number of osteoporosis events divided by the sum of
follow-up time (per 1000 person-years). Univariate and multi-
variate Cox proportional hazards regression models were used
to estimate the hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for assessing the effects of HBV infection on the risk
of osteoporosis. The multivariate models were simultaneously
adjusted for age, sex, frequency of medical visits, and comor-
bidities of diabetes, hypertension, hyperlipidemia, heart fail-
ure, cirrhosis, chronic kidney disease, thyroid diseases, and
medication of steroid, PPI, warfarin, aspirin, and estrogen
replacement therapy. We estimated the disease-specific cumu-
lative incidences by Kaplan—Meier survival curves for
adjusted functions by considering age, sex, frequency of
medical visits, and the aforementioned comorbidities and
medications in the Cox model. The difference in cumulative
incidence curves between the HBV infection and comparison
cohorts was tested using the likelihood-ratio test. Data manage-
ment and statistical analyses were performed using SAS Ver-
sion 9.4 (SAS Institute Inc., Cary, NC); a 2-sided P <0.05
indicated statistical significance.

RESULTS

The cumulative incidence curve for osteoporosis in the
HBYV infection cohort was significantly higher than that for the
comparison cohort after adjustment for age, sex, frequency of
medical visits, and comorbidities of diabetes, hypertension,
hyperlipidemia, heart failure, cirrhosis, chronic kidney disease,
thyroid diseases, and medication of steroid, PPI, warfarin,
aspirin, and estrogen replacement therapy (Fig. 2, P for like-
lihood-ratio test =0.009). In the patients with HBV infection,
risk of osteoporosis increased progressively with increasing
duration of follow-up, rather than with being limited to the
immediate days, after a diagnosis of HBV infection.

Table 1 shows the demographic characteristics and comor-
bidities in cohorts with and without HBV infection based on
propensity score matching. The patients in both cohorts were
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A cohort randomly sampled from people enrolled in
the National Health Insurance program

N=1,000,000
[

¥
Patients diagnosed with
HBYV infection in 2000-2011.
(n=45 384)

(n=4 411)

HBYV infection without

Excluded patients with HCV infection
(n=3 173), and osteoporosis (n=1 654)
before index date, under 20 years of age

i
Subjects without HBV infection

Control subjects with the same

osteoporosis at baseline.
(n=36 146)

Propensity score matching was
used based on 1:4 ratio

exclusion criteria selected from
the baseline

Total 180 730 HBV infection cases and control
subjects in the study cohort. Follow-up until diagnosis
of osteoporosis or the end of 2011.

FIGURE 1. The selection process of the participants in the hepatitis B virus (HBV) infection cohort and the comparison cohort.

predominantly men and aged <49 years. The mean ages of the
patients in the HBV infection and comparison cohorts were 42.6
(standard deviation [SD]=13.7) and 42.2 (SD=15.7) years,
respectively. The mean frequency of medical visits for the HBV
infection cohort and comparison cohort were 21.4 years
(SD=16.3) and 20.7 years (SD=18.9), respectively. Both
cohorts were similar in distributions of comorbidities
and medications.

Table 2 shows the incidence and hazard ratios for osteo-
porosis and osteoporosis-associated risk factors. The incidence

005 Without HBV infection -- With HBV infection

P for likelihood-ratio test = 0.009

0.04

0.03

0.02

0.01

Cumulative incidence of osteoporosis

0.00

3 5 7 9 12
Time to osteoporosis (years)
FIGURE 2. Cummulative incidence comparison of osteoporosis

for patients with (dashed line) and without (solid line) hepatitis B
virus (HBV) infection.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

rates of osteoporosis were 2.59 and 2.81 per 1000 person-years
for the HBV infection and comparison cohorts, respectively.
Compared with the comparison cohort, the HBV infection
patients had a higher risk of osteoporosis (adjusted hazard ratio
[aHR]: 1.14, 95% CI: 1.03—1.25) after adjusting for age, sex,
frequency of medical visits, and comorbidities of diabetes,
hypertension, hyperlipidemia, heart failure, cirrhosis, chronic
kidney disease, thyroid diseases, medication of steroid, PPI,
warfarin, aspirin, and estrogen replacement therapy. HBV
infection patients over the age of 65 years had a higher
incidence of osteoporosis (15.7 per 1000 person-years) and
this risk of osteoporosis increased with age. The risk of osteo-
porosis was higher in women than in men (aHR =2.93, 95%
CI=2.70-3.19). Furthermore, cirrhosis and aspirin usage were
also associated with a high risk of osteoporosis. The relative risk
of osteoporosis increased significantly in the women aged
greater than 50 years, and the relative risk of osteoporosis
diminished after estrogen replacement therapy. In addition,
HBYV infection increased the relative risk of osteoporosis among
the women with estrogen replacement therapy (supplementary
Table 1).

Table 3 shows the incidence of osteoporosis by age, sex,
and comorbidity, and a Cox model of measured hazard ratios for
patients with HBV infection compared with those without HBV
infection. The osteoporosis risk contributed by HBV infection
has decreased with age and the age-specific risk analyses
showed that patients with HBV infection exhibited a signifi-
cantly higher risk of osteoporosis than patients without HBV
infection for the patients aged <49 (aHR=142, 95%
CI=1.19-1.70). The risk of osteoporosis was higher in patients
with HBV infection than in those without HBV infection for
women (aHR =1.19; 95% CI=1.06—1.33). The osteoporosis
risk contributed by HBV infection has decreased with the
presence of comorbidity (aHR=1.27, 95% CI=1.09-1.48
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TABLE 1. Demographic Characteristics and Comorbidities in Cohorts With and Without HBV Infection

HBYV Infection

Variable No N =144,584 Yes N =36,146 Standardized Differences
Age, year
<49 102,863(71.1) 26,083(72.2) 0.04
50-64 26,728(18.5) 7487(20.7) 0.05
65+ 14,993(10.4) 0.10
Mean -+ SD* 42.2(15.7) 42.6(13.7) 0.03
Sex
Female 57,680(39.3) 14,862(41.1) 0.04
Male 87,804(60.7) 21,284(58.9) 0.04
Frequency of medical visits/per year 20.7(18.9) 21.4(16.3) 0.03
Comorbidity
Diabetes 9484(6.56) 2376(6.57) 0.001
Hypertension 28,789(19.9) 7343(20.3) 0.01
Hyperlipidemia 25,409(17.6) 6326(17.5) 0.002
Heart failure 1755(1.21) 465(1.29) 0.007
Obesity 916(0.63) 224(0.62) 0.002
Cirrhosis 1055(0.73) 361(1.00) 0.03
Chronic kidney disease 1670(1.16) 431(1.19) 0.003
Thyroid diseases 5152(3.56) 1298(3.59) 0.001
Medications
Steroid 81,892(56.6) 20,289(56.1) 0.01
PPI 20,404(14.1) 4978(13.8) 0.001
Warfarin 710(0.49) 190(0.53) 0.005
Aspirin 49,237(34.1) 12,394(34.3) 0.005
Estrogen replacement therapy 20178(14.0) 5133(14.2) 0.007

Chi-square test. HBV = hepatitis B virus, PPI = proton pump inhibitor, SD = standard deviation.

* t-Test.

vs aHR =1.04, 95% CI=0.91-1.15). The risk of osteoporosis
was greater in the patients with HBV infection than that in the
comparison cohort for medications of steroid and estrogen
replacement therapy. However, the osteoporosis risk contrib-
uted by HBV infection was generally greater among the patients
without the usage of osteoporosis-related medications.

Table 4 shows the comparisons of hazard ratios between
patients with and without HBV infection for osteoporosis and
osteoporotic fracture. Analyses of the osteoporosis type showed
that the patients with HBV infection had a higher risk of
osteoporosis than that of the patients without HBV infection
(aHR =1.13; 95% CI=1.03—-1.25). However, the association
between HBV infection and osteoporotic fracture was not
statistically significant. Furthermore, antiviral therapy did not
significantly alleviate the subsequent risk (adjusted HR = 0.46,
95% CI=0.12—1.86) of developing osteoporosis in the HBV
infection patients (supplementary Table 2). Among the HBV
infection cohort, the risk of osteoporosis for the patients with
combined HBV infection and cirrhosis was not significantly
greater than those with HBV infection alone (supplementary
Table 3).

DISCUSSION
Byrne et al'> have conducted a large-scale population-
based study to explore the association between HBV infection
and hip fracture in the United States, but did not discuss
osteoporosis development. They concluded that chronic HBV
infection, even without advanced liver disease, increased the
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risk of hip fracture for patients of all races except for Asian
patients. Black, White, and Hispanic patients with HBV infec-
tion and receiving no treatment had a higher rate of hip fracture
compared with patients of these racial groups without HBV.
Black and White patients with HBV infection and receiving
treatment had a higher risk of hip fracture compared with
patients of these races, but the association was not statistically
significant. However, no association has been observed between
hip fracture and Asian patients with HBV infection with or
without treatment. Consistent with the literature, our epidemio-
logical study demonstrated that HBV infection without
advanced liver cirrhosis increases the risk of osteoporosis
and no detrimental effect of HBV on osteoporotic fracture
was observed in our Taiwan population.

The reported annual incidence of HBV among adults was
about 1.5% to 2.7% in Taiwan.'®!” Many patients without
symptoms may not be diagnosed as HBV infection if they have
never received such examination, and our reported incidence
may be underestimated. However, the annual incidence was
about 1.99% in our study, which was within the reported
incidence rage based on the literature (supplementary Table
4). Furthermore, consistent with the literature proposing that
most Asian patients with HBV infection acquired the infection
at birth or during childhood, and that men are predisposed to
HBYV infection; we conclude the peak age distribution of HBV
infection was before age 49 years (71.4%), and then the age
distribution of HBV infection decreased progressively with
increasing age based on Table 1.'®' In our study, the mean
age in the HBV infection cohort was 42.9 £+ 13.8 years and

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Incidence and Hazard Ratios for Osteoporosis and Osteoporosis-Associated Risk Factors

Variable Event PY Rate’ Crude HR (95% CI) Adjusted HR® (95% CI)
HBV infection

No 2367 843,772 2.81 1.00 1.00

Yes 538 207,440 2.59 0.92(0.84, 1.01) 1.14(1.03, 1.25)""
Age, year

<49 629 793,619 0.79 1.00 1.00

50—64 1009 176,950 5.70 7.13(6.45, 7.87)""" 5.67(5.09, 6.32)"""

65+ 1267 80,643 15.7 19.5(17.7, 21.5)"** 13.3(11.8, 14.9)"*"
Sex

Female 1819 411,882 4.42 2.60(2.41, 2.80)""" 2.93(2.69, 3.18)"""

Male 1086 639,329 1.70 1.00 1.00
Comorbidity

Diabetes

No 2467 996,681 248 1.00 1.00

Yes 438 54,530 8.03 3.15(2.84, 3.48)""" 0.92(0.83, 1.03)
Hypertension

No 1438 871,967 1.65 1.00 1.00

Yes 1467 179,244 8.18 4.87(4.53, 5.24)"" 0.98(0.89, 1.07)
Hyperlipidemia

No 1800 889,227 2.02 1.00 1.00

Yes 1105 161,984 6.82 3.31(3.07, 3.57)""" 1.08(0.99, 1.18)
Heart failure

No 2779 1,042,476 2.67 1.00 1.00

Yes 126 8734 14.4 5.14(4.30, 6.15)™" 1.06(0.88, 1.27)
Obesity

No 2889 1,045911 2.76 1.00 1.00

Yes 16 5300 3.02 1.06(0.65, 1.73) -
Cirrhosis

No 2850 1,045,389 2.73 1.00 1.00

Yes 55 5822 9.45 3.32(2.54, 4.33)™"" 1.62(1.24, 2.12)"**
Chronic kidney disease

No 2823 1,042,671 271 1.00 1.00

Yes 82 8541 9.60 3.38(2.71, 421)"" 0.97(0.78, 1.22)
Thyroid diseases

No 2757 1,019,870 2.70 1.00 1.00

Yes 148 31,341 472 1.70(1.44, 2.01)™** 0.98(0.82, 1.15)
Medication

Steroid

No 1132 517,150 2.19 1.00 1.00

Yes 1773 534,061 3.32 1.48(1.37, 1.59)"*" 1.00(0.93, 1.09)
PPI

No 2408 943,284 2.55 1.00 1.00

Yes 497 107,927 4.60 1.73(1.57, 1.90)"*" 0.93(0.84, 1.02)
Warfarin

No 2877 1,047,596 275 1.00 1.00

Yes 28 3615 7.75 2.69(1.85, 3.90)"*" 0.73(0.50, 1.06)
Aspirin

No 1421 747,741 1.90 1.00 1.00

Yes 1484 303,470 4.89 2.51(2.33, 2.70)"*" 1.10(1.02, 1.19)"
Estrogen replacement therapy

No 2232 920,674 242 1.00 1.00

Yes 673 130,538 5.16 2.09(1.92, 2.28)*" 1.05(0.60, 1.82)

P <0.05 "P<0.01,

Hokok

T_Incidence rate, per 1000 person-years.
§ Multivariable analysis including age, sex, frequency of medical visits, and comorbidities of diabetes, hypertension, hyperlipidemia, heart failure,
cirrhosis, chronic kidney disease, thyroid diseases, medication of steroid, PPI, warfarin, aspirin, and estrogen replacement therapy.

P <0.001. CI=confidence interval, HBV = hepatitis B virus, HR = hazard ratio, PY = person-years.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Incidence of Osteoporosis by Age, Sex, and Comorbidity, and a Cox Model of Measured Hazard Ratios for Patients With
HBV Infection Compared With Those Without HBV Infection

HBYV Infection

No Yes

Variables Event PY Rate' Event PY Rate’ Crude HR (95% CI) Adjusted HR® (95% CI)
Age, years

<49 462 632,833 0.73 167 160,786 1.04 1.42(1.19, 1.70)"* 1.42(1.19, 1.70)™**

50-64 796 140,938 5.65 213 36,011 5.91 1.04(0.90, 1.21) 1.03(0.89, 1.20)

65+ 1109 70,000  15.8 158 10,643 149 0.93(0.79, 1.10) 0.92(0.78, 1.09)
Sex

Female 1440 327,118 4.40 379 84,764 4.47 1.01(0.90, 1.13) 1.19(1.06, 1.33)™

Male 927 516,653 1.79 159 122,677 1.30 0.72(0.61, 0.85)™" 1.04(0.87, 1.23)
Comorbidity'

No 796 620,446 1.28 207 145,187 1.43 1.11(0.95, 1.29) 1.27(1.09, 1.48)*"

Yes 1571 223,326 7.03 331 62,253 5.32 0.75(0.67, 0.85)™" 1.02(0.91, 1.15)
Medication

Steroid

No 916 416,215 2.20 216 100,935 2.14 0.97(0.84, 1.12) 1.12(0.97, 1.31)

Yes 1451 427,557 3.39 322 106,504 3.02 0.89(0.79, 1.01) 1.14(1.01, 1.28)"
PPI

No 1956 758,028 2.58 452 185,256 2.44 0.94(0.85, 1.04) 1.13(1.02, 1.26)"

Yes 411 85,743 479 86 22,184 3.88 0.81(0.65, 1.03) 1.11(0.88, 1.41)
Warfarin

No 2344 840,847 2.79 533 206,749 2.58 0.92(0.84, 1.01) 1.13(1.03, 1.25)"

Yes 23 2924 7.87 5 691 7.24 0.93(0.35, 2.44) 1.19(0.41, 3.40)
Aspirin

No 1139 601,754 1.89 282 145,987 1.93 1.02(0.89, 1.16) 1.16(1.01, 1.32)"

Yes 1228 242,018 5.07 256 61,453 4.17 0.82(0.72, 0.94)™" 1.10(0.96, 1.26)
Estrogen replacement therapy

No 1846 74,078 2.49 386 180,596 2.14 0.86(0.77, 0.95)™" 1.11(0.99, 1.24)

Yes 521 103,694 5.02 152 26,843 5.66 1.13(0.94, 1.35) 1.23(1.02, 1.47)"

*P<0.05, P <0.01, " P <0.001. CI=confidence interval, HBV = hepatitis B virus, HR = hazard ratio, PY = person-years.

" Incidence rate, per 1000 person-years.

$ Multivariable analysis including age, sex, frequency of medical visits, and comorbidities of diabetes, hypertension, hyperlipidemia, heart failure,
cirrhosis, chronic kidney disease, thyroid diseases, medication of steroid, PPI, warfarin, aspirin, and estrogen replacement therapy.

I'Patients with any one of the comorbidities (including diabetes, hypertension, hyperlipidemia, heart failure, obesity, cirrhosis, chronic kidney
disease, and thyroid diseases) were classified as the comorbidity group.

TABLE 4. Comparisons of Hazard Ratios Between Patients With and Without HBV Infection for Osteoporosis (or Osteoporotic
Fracture) Outcomes

Variables (ICD-9-CM) Event Rate! Crude HR (95% CI) Adjusted HR® (95% CI)
Osteoporosis
Without HBV infection 2243 2.66 1 (Reference) 1 (Reference)
With HBV infection 513 2.47 0.93(0.84, 1.02) 1.13(1.03, 1.25)"
Osteoporotic fracture
Without HBV infection 124 0.15 1 (Reference) 1 (Reference)
With HBV infection 25 0.12 0.82(0.53, 1.26) 1.20(0.77, 1.86)

*P <0.05. CI=confidence interval, HBV =hepatitis B virus, HR =hazard ratio, ICD-9-CM = International Classification of Disease, Ninth
Revision, Clinical Modification.

T Incidence rate, per 1000 person-years.

$ Multivariable analysis including age, sex, frequency of medical visits, and comorbidities of diabetes, hypertension, hyperlipidemia, heart failure,
cirrhosis, chronic kidney disease, thyroid diseases, medication of steroid, PPI, warfarin, aspirin, and hormone.
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60.2% of the HBV infection patients were men. Based on
LHID2000, the age distribution of HBV infection patients in
2011 was consistent to peak before aged <49 years and then
decreased with age (supplementary Table 4). It is noted that our
study showed that the age-specific relative risk of osteoporosis
contributed by HBV infection was greatest for the patients aged
<49 years. This finding may be explained by that the greater
prevalence of other osteoporosis-associated risk factors in the
older patients decreased the contribution of HBV infection to
the osteoporosis risk.

Compared with comparison patients, the HBV infection
patients tended to have more comorbidities, including diabetes,
hypertension, hyperlipidemia, heart failure, obesity, cirrhosis,
chronic kidney disease, and thyroid diseases. The possible
pathogenesis for the HBV infection patients having more
comorbidities may include HBV-associated metabolic syn-
drome and atherosclerosis.’®?! Reports on the relationship
between HBV and metabolic syndrome are inconsistent in
the literature.>> However, HBV is generally considered to be
capable of activating sterol regulatory element-binding protein
1 (SREBPI1) and peroxisome proliferator-activated receptor
(PPARY) transcripts, inducing liver steatosis. Thus, HBV is
involved in the transcriptional regulation of lipid and glucose,
causing metabolic syndrome and insulin resistance.*® Further-
more, HBV was suggested to be strongly associated with
atherosclerosis independent of insulin resistance and the com-
ponents of metabolic syndrome.*'

Despite the association between HBV infection and sev-
eral traditional risk factors for osteoporosis, the risk of osteo-
porosis remained higher in the HBV infection cohort after we
adjusted for age, sex, frequency of medical visits, and comor-
bidities of diabetes, hypertension, hyperlipidemia, heart failure,
cirrhosis, chronic kidney disease, thyroid diseases, medication
of steroid, PPI, warfarin, aspirin, and estrogen replacement
therapy. The influence of HBV-related mortality on the risk
of osteoporosis was insignificant as the reported annual inci-
dences of HBV-related death for HBV infection patents and the
controls were similar to be as low as 0.02%.2* Furthermore, our
study shows the annual all-cause mortality for the HBV infec-
tion cohort and the comparison cohort similarly was 0.45% and
0.40%, respectively (data not shown). BNHI regulated that
antiviral therapy could only be administered for HBV infection
with active inflammation or cirrhosis, which implied more
serious liver injury, and this might explain why antiviral therapy
could not alleviate the subsequent risk of developing osteo-
porosis in our study (supplementary Table 2). We could not
assess the performance or immobilization status of HBV infec-
tion patients with cirrhosis. However, our study concludes that
HBYV infection alone significantly increased the risk of osteo-
porosis, and the risk was not inferior to those with combined
HBYV infection and cirrhosis (supplementary Table 3). It is
noted that the relative risk of osteoporosis was higher in
cirrhotic patients without HBV infection than those with
HBYV infection, which might be explained by the presence of
virus-unrelated cirrhosis, such as alcohol-related cirrhosis.

The osteoporosis incidence in our study increased with age
and was higher in women than in men. Our study shows that the
risk of osteoporosis increased significantly when the women
were aged greater than 50 years, and estrogen replacement
therapy could alleviate the risk of osteoporosis. In addition,
HBYV infection increased the risk of osteoporosis among the
women with estrogen replacement therapy (supplementary
Table 1). These findings were consistent with that postmeno-
pausal osteoporosis and senile osteoporosis are the main

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

etiologies of primary osteoporosis. Estrogen deficiency is the
main cause of postmenopausal osteoporosis, which mainly
affects trabecular bone and can be arrested by estrogen replace-
ment. Estrogen can inhibit the secretion of cytokines, such as
interleukin-1, interleukin-6, and tumor necrosis factors, which
stimulate the development of osteoclasts.?® It has been reported
that bone loss accelerates from a rate of 0.5% to 1.0% per year
before menopause to 2.5% to 5% per year after menopause and
the highest rate is in the first 3 to 6 years postmenopause. By
contrast, the possible pathogenesis of senile osteoporosis,
decreased bone mineral density in both cortical and trabecular
bones, is assumed to increase serum parathyroid hormone and
bone resorption caused by impaired calcium absorption and
increased renal loss.?®

Moreover, osteoporosis was associated with aspirin usage
and cirrhosis in the present study. The effect of aspirin on the
bone mineral density remains undetermined. Some studies
suggested that aspirin decreased bone loss via the selective
inhibition of cyclo-oxygenase 2 activity; nevertheless, some
studies suggested that aspirin could inhibit the chondrocytes
differentiation and increase apoptosis in the osteoblasts.?” >

The association between HBV infection and osteoporosis
may be due to sharing the same risk factors. However, we can
reasonably conclude that the increased risk of osteoporosis in
these patients was likely due to the effect of HBV infection,
because the possible confounding effects about osteoporosis
was already substantially minimized in this study. The osteo-
porosis risk contributed by HBV infection was decreased with
age because the prevalence of osteoporosis-associated risk
factors in the older patients was greater. In addition, we already
excluded patients with comorbidity at baseline in the subgroup
analyses (Table 3) to confirm the validity of our findings. The
study results coupled with the subgroup analyses to confirm the
possible causal association between HBV infection and osteo-
porosis, which suggests that HBV infection is a possible risk
factor for osteoporosis. However, HBV infection may be lower
important than the traditional osteoporosis-associated risk fac-
tors (such as aging and female sex). The subsequently decreased
effect of HBV infection on osteoporosis with age may reflect
that senile osteoporosis is the more important risk factor of
osteoporosis than HBV infection. In addition, the decreased
effect of HBV infection with age on osteoporotic fracture may
be because most Taiwanese with HBV infection were acquired
at birth or childhood.">~'° Therefore, most Taiwanese with
HBYV infection were in the inactive phase of chronic HBV
infection and not severe due to a low viral load. In addition,
osteoporosis fracture could not be simply determined by bone
mineral density but also by other factors (such as movement
instability and the risk of falling), which might decrease the
effects of HBV infection to osteoporotic fracture.*

The suggested mechanisms for the association between
HBV and osteoporosis include HBV-related chronic inflam-
mation and HBV-associated decompensated liver or cirrhosis.'®
First, chronic HBV infection can induce the production of
inflammatory cytokines, such as tumor necrosis factor-alpha,
interleukin-1, and interleukin-6, which increase receptor acti-
vator of nuclear factor kappa-B ligand (RANKL) to stimulate
osteoclastogenesis and bone resorption.''"'* Moreover, tumor
necrosis factor-alpha can inhibit the osteoblast differentiation
and promote osteoblast apoptosis. The combined effects of
aforementioned inflammatory cytokines are the main reasons
of osteoporosis caused by chronic HBV infection, which can
result in coupling of decreased bone formation and increased
bone resorption to diminish the bone mineral density.
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Malnutrition, muscle wasting, and low body weight mass will
also lead to decreased bone density and sometimes can be
observed in patients with chronic HBV infection. Second, the
physiological changes associated with decompensated liver or
cirrhosis can decrease bone mineral density. The liver pro-
duction of insulin-like growth factor 1, which promotes the
differentiation and proliferation of osteoblasts, will be impaired
in the presence of decompensated liver.>! Accelerated bone loss
mainly due to increased osteoclast activity caused by hypogo-
nadism with diminished blood levels of estrogen and testoster-
one is also frequently observed in the presence of
decompensated liver.*? In addition, advanced liver disease will
impair the hydroxylation of vitamin D3 to D25 in the liver and
fat absorption with a resultant diminished uptake of vitamin D
to accelerate bone loss and decrease bone formation.***
Furthermore, decompensated liver will impair the collagen
binding of the bone matrix by reducing the fibronectin pro-
duction and inhibit the osteoblast function by increasing the
production of oncofetal fibronectin, an isoform of fibronectin.*®
In addition, metabolic acidosis in end-stage liver disease can
also induce calcium efflux from the bone to reduce bone mineral
density.*® Finally, increased bilirubin in decompensated liver
has been proven to be capable of inhibiting osteoblast prolifer-
ation with decreased blood levels of osteocalcin, a marker of
bone formation.*’

Our study had several strengths. This is the first popu-
lation-based study to assess the relationship between HBV
infection and the risks of osteoporosis and osteoporotic fracture
in an Asian population. The use of a nationwide database and
the 12-year observation of participants selected from a repre-
sentative cohort comprising 1,000000 patients covered by the
National Health Insurance program benefitted the statistical
analyses. The recruited subjects were sampled from approxi-
mately 99% of the stable population in Taiwan. Our study also
provided a longitudinal study, rather than a cross-sectional
approach, to evaluate the association between HBV infection
and osteoporosis.

Our study had several limitations. First, we could not
clarify the association between bone health, biochemistry,
and viremic status. Nevertheless, all patients in our study coded
as HBV infection exhibited positive HBV surface antigen, and
our results supported the association between HBV infection
and osteoporosis. Second, the osteoporosis-related lifestyle
factors could not be fully ascertained in this study. Nevertheless,
similar to the analyses in our published papers, we have
controlled for the gotential osteoporosis-associated comorbid-
ities in our study.*®**° The confounding factors in this study
were determined according to Japanese 2011 guidelines for
prevention and treatment of osteoporosis."* In addition to
primary osteoporosis relating to aging and sex, the guidelines
subclassify the causes of secondary osteoporosis into secondary
to other diseases, such as hyperparathyroidism and rheumatoid
arthritis; secondary to lifestyle-related diseases, such as dia-
betes, hypertension, hyperlipidemia, and chronic kidney dis-
ease; and secondary to treatment-associated osteoporosis, such
as steroid and estrogen usage. Accordingly, we have adjusted
comorbidities of diabetes, hypertension, hyperlipidemia, heart
failure, stroke, obesity, cirrhosis, chronic kidney disease and
thyroid diseases, and medications of steroid, PPI, warfarin,
aspirin, and estrogen replacement therapy. Third, we could
not validate the diagnosis of osteoporosis or osteoporotic
fracture based on radiography or densitometry. However, to
enhance the accuracy of diagnosis, we included only patients
who had received medical care for osteoporosis or osteoporotic
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fracture more than 3 times. Furthermore, medical experts at the
BNHI conduct regular audits to ensure the accuracy of diagnosis
codes in insurance claims in Taiwan. The National Health
Insurance program in Taiwan began since 1995, operated by
the government which is the only buyer. Medical specialists
have to survey all insurance claims by the peer review. There-
fore, the related diagnoses of osteoporosis and osteoporotic
fracture were based on the ICD-9 codes and checked by related
physicians according to the standard clinical criteria (such as X-
ray or bone densitometry). These wrong diagnoses or codes
should result in being punished to pay a lot of penalty for these
doctors or hospitals. Furthermore, the diagnoses and codes for
osteoporosis and osteoporotic fracture used in our study should
be reliable. Finally, many patients without symptoms may not
be diagnosed as HBV infection if they have never received such
examination. However, this misclassification would overesti-
mate the risk of osteoporosis in the comparison cohort rather
than in the HBV infection cohort and, therefore, the relative risk
of osteoporosis contributed by HBV infection actually should
be greater than that in our study. Moreover, the temporal
association between HBV infection and osteoporosis or osteo-
porotic fracture development could not be ascertained in our
study. However, it is generally believed that most Asian patients
with HBV infection acquire the infection at birth or during
childhood.">~"? In addition, our study shows the risk of osteo-
porosis increased progressively with increasing duration of
follow-up, rather than with being limited to the immediate
days, after a diagnosis of HBV infection (Fig. 2).

In conclusion, this nationwide population-based cohort
study reveals that chronic HBV infection increases the risk
of developing subsequent osteoporosis. However, HBV infec-
tion may be less influential than other risk factors and the risk of
osteoporotic fracture was not associated with HBV infection.
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