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Abstract

Background & Aims—Chronic hepatitis B (CHB) infection is associated with reduced bone
mineral density, but its association with fractures is unknown. Our objectives were to determine
whether untreated or treated CHB-infected persons are at increased risk for hip fracture compared
to uninfected persons.

Methods—We conducted a cohort study among 18,796 untreated CHB-infected, 7,777 treated
CHB-infected, and 979,751 randomly sampled uninfected persons within the U.S. Medicaid
populations of California, Florida, New York, Ohio, and Pennsylvania (1999 — 2007). CHB
infection was defined by two CHB diagnoses recorded >6 months apart and was classified as
treated if a diagnosis was recorded and antiviral therapy was dispensed. After propensity score
matching of CHB-infected and uninfected persons, Cox regression was used to estimate hazard
ratios (HRs) with 95% confidence intervals (Cls) of incident hip fracture in: 1) untreated CHB-
infected versus uninfected, and 2) treated CHB-infected versus uninfected patients.

Results—Untreated CHB-infected patients of black race had a higher rate of hip fracture than
uninfected black persons (HR, 2.55 [95% ClI, 1.42 — 4.58]). Compared to uninfected persons,
relative hazards of hip fracture were increased for untreated white (HR, 1.26 [95% CI, 0.98 -
1.62]) and Hispanic (HR, 1.36 [95% CI, 0.77 — 2.40]) CHB-infected patients, and treated black
(HR, 3.09 [95% ClI, 0.59 — 16.22) and white (HR, 1.90 [95% Cl, 0.81 — 4.47]) CHB-infected
patients, but these associations were not statistically significant.
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Conclusions—Among U.S. Medicaid enrollees, untreated CHB-infected patients of black race
had a higher risk of hip fracture than uninfected black persons.
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INTRODUCTION

Chronic hepatitis B (CHB) infection is a major global health problem, with an estimated 365
million persons affected worldwide (6% of the world population) [1-3]. Long-term sequelae
of CHB infection, which include cirrhosis, hepatic decompensation, and hepatocellular
carcinoma, affect approximately one million persons annually [4, 5]. CHB infection can also
affect organ systems outside of the liver, particularly the skeletal system [6-8].

Several cross-sectional studies in CHB-infected patients alone [9, 10] and among non-
cirrhotic CHB- and chronic hepatitis C-infected patients [11-14] have demonstrated that
persons with CHB have reduced bone mineral density compared to uninfected individuals. A
number of factors related to CHB infection have been hypothesized to contribute to low
bone mineral density. Prior studies in animals and humans have suggested that CHB-
associated inflammation could inhibit bone formation and increase bone resorption, leading
to a decrease in bone mineral density [15, 16]. Moreover, CHB-induced hepatic
decompensation could further contribute to a decrease in bone mineral density by impairing
production of factors (e.g., 25-hydroxyvitamin D, insulin-like growth factor-1) that promote
bone formation [7, 8].

Although CHB infection is associated with reduced bone mineral density [9-14], no
longitudinal study has been performed to evaluate incidence rates of fractures. Evaluating
the risk of fracture associated with CHB is important because this chronic infection is
prevalent [1], and because fractures, particularly those at the hip, adversely affect survival,
with an effect on mortality similar to that of cardiovascular disease [17]. Further, hip
fractures cause significant pain and disability and typically require an emergency department
visit, hospitalization, surgery, and rehabilitation stay, resulting in substantial health care
costs.

The objective of this study was to determine the risk of hip fracture associated with CHB
infection. We hypothesized that the risk of hip fracture is higher among patients with CHB
infection than uninfected individuals. We separately evaluated hip fracture rates in persons
with untreated CHB infection and in those who received antiviral therapy compared to
uninfected individuals. Since CHB-associated inflammation likely contributes to decreased
bone mineral density and therefore might increase fracture risk [15, 16], we hypothesized
that rates of hip fracture might be the highest among patients requiring antiviral therapy for
CHB infection, given that treated persons typically have elevated hepatitis B DNA levels
and significant hepatic inflammation. Further, since rates of fractures differ according to
age, sex, and race/ethnicity [18-21], we examined these factors as effect modifiers.
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PATIENTS AND METHODS

Study Design and Data Source

We performed a retrospective cohort study using data from the U.S. Medicaid programs of
California, Florida, New York, Ohio, and Pennsylvania between January 1, 1999 and
December 31, 2007. The Medicaid program consists of state-run programs with joint federal
and state funding for hospital, medical, and outpatient care and drug benefits for low-income
and special-needs individuals [22]. The states included in this study were selected because
they represent five of the largest Medicaid programs in the U.S., comprising approximately
45 million active enrollees, or almost 38% of the U.S. Medicaid population [23, 24].
Medicaid claims report demographic information, inpatient and outpatient medical
diagnoses (recorded using International Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] diagnosis codes), and dispensed medications. Laboratory tests
that were ordered can be identified, but the results of these tests are not recorded in the
Medicaid database. Death dates were ascertained using Centers for Medicare and Medicaid
Services data supplemented with mortality information from the Social Security
Administration Death Master File. Since 17% of Medicaid beneficiaries are co-enrolled in
the U.S. Medicare program, we obtained Medicare data on dually-eligible persons to ensure
no diagnoses were missed [25]. Prior analyses of the linked Medicaid and Medicare claims
indicate that the data are of high quality [26]. The study was approved by the University of
Pennsylvania Institutional Review Board, and a data use agreement was obtained from the
Centers for Medicare and Medicaid Services.

Study Patients

Patients aged 18 years or older with at least 180 days of Medicaid enrollment were eligible
for inclusion. Patients were identified as CHB-infected if they had two ICD-9-CM diagnoses
of CHB infection (Supplementary Table 1) recorded >6 months apart. A prior study
validated this definition, with 96% of diagnoses confirmed by medical records [27]. We
required untreated CHB-infected patients to have two CHB diagnoses recorded >6 months
apart because a clinical diagnosis of CHB requires evidence of persistence of infection for
>6 months [28]. Treated CHB-infected patients had at least one CHB diagnosis plus a
prescription claim for an anti-CHB nucleos(t)ide analogue (i.e., adefovir, emtricitabine,
entecavir, lamivudine, telbivudine, or tenofovir) or interferon alfa (standard or pegylated).
Uninfected persons had no CHB diagnoses and no claims for anti-CHB antiviral
medications.

Patients were excluded if they had: 1) diagnosis of hip fracture prior to the start of follow-up
(defined below), 2) diagnosis of hepatitis C virus infection (to isolate the effect of CHB and
since chronic hepatitis C is associated with an increased risk of hip fracture [29]), 3)
diagnosis of human immunodeficiency virus (HIV) infection or claims for antiretroviral
therapy (since HIV is associated with an increased hip fracture risk [30, 31]), 4) acute
hepatitis B diagnosis only, or 5) no claims after becoming eligible for the study. ICD-9-CM
diagnoses used to identify hepatitis C, HIV, and acute hepatitis B are listed in
Supplementary Table 1.
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All eligible CHB-infected patients were included. Because the prevalence of CHB infection
was substantially higher in persons of Asian/Pacific Islander race [27], we selected a 20%
systematic random sample of CHB-uninfected Asians/Pacific Islanders and 5% systematic
random sample of CHB-uninfected patients of other races, stratified on age, sex, and state,
to reduce to workable proportions the number of uninfected individuals for subsequent
matching and analysis and to ensure that this sample represented the uninfected population
[32].

Because of the high likelihood that Medicaid patients with hepatitis B developed chronic
infection prior to their first-recorded CHB diagnosis [27], follow-up for untreated CHB-
infected patients began 180 days after their first Medicaid claim of any type. Follow-up for
treated CHB-infected patients began on the date an anti-CHB antiviral medication was
dispensed or 180 days after their first Medicaid claim of any type, whichever was later, so
that baseline variables could be defined. Follow-up for uninfected patients began 180 days
after their first claim. The 6 months prior to the start of follow-up represented the baseline
period, during which baseline comorbidities and therapies were identified. Follow-up for all
cohorts continued until a hip fracture, death, or last claim before December 31, 2007. For
untreated CHB-infected patients, follow-up was also censored if there was initiation of CHB
therapy. When a patient was initiated on CHB treatment, that patient began contributing
follow-up time to the treated CHB-infected cohort.

Main Study Outcome

The primary outcome was incident fracture of the proximal femur (hip). Hip fracture
diagnoses (Supplementary Table 1) from Centers for Medicare and Medicaid Services
claims are highly valid, with 94% of cases confirmed via medical records [33].

Data Collection

Demographic data collected included: age, sex, race/ethnicity, and state. Baseline diagnoses
associated with osteoporosis or risk of falling (Table 1; Supplementary Table 2) were also
collected. Baseline hepatic decompensation was defined by a diagnosis of ascites,
spontaneous bacterial peritonitis, variceal hemorrhage, or hepatic encephalopathy [34]. We
also examined baseline use of medications that impact bone metabolism (Table 1;
Supplementary Table 2). Patients were considered exposed to a medication if a drug claim
was recorded during the baseline period.

Statistical Analysis

We first determined unadjusted incidence rates of hip fractures (in events/1,000 person-
years) with 95% confidence intervals (Cls) for the untreated CHB, treated CHB, and
uninfected cohorts. Because the prevalence of CHB infection and incidence of hip fracture
varied substantially by race/ethnicity, we stratified these results by race/ethnicity.

The primary analysis compared the time to incident hip fracture in: 1) untreated CHB-
infected versus uninfected persons, and 2) treated CHB-infected versus uninfected persons.
Differences in baseline comorbidities and usage of medications associated with osteoporosis
were observed among the three cohorts (Table 1; Supplementary Table 2). Because of the
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many potential confounding variables relative to the number of hip fractures, we developed
propensity scores to control for these confounders [35, 36]. Since uninfected persons were
far more numerous than CHB-infected patients, we elected to match uninfected persons to
CHB-infected persons on propensity scores. This matching allowed us to create a
comparison group of uninfected persons whose baseline characteristics resembled those of
the CHB-infected patients. Due to the differences in the prevalence of CHB infection by
race/ethnicity and because of disparities across states in patient demographics, we first
stratified the three cohorts before matching on race/ethnicity within U.S. state. We then
developed propensity scores using separate logistic regression models for each racial/ethnic
group within California, New York, and for Florida, Ohio, and Pennsylvania combined (due
to the small numbers of CHB-infected patients within each of these three states). All
variables in Table 1 and Supplementary Table 2 were included within propensity score
models except for follow-up time. We also excluded age, sex, and race/ethnicity (to allow us
to evaluate these variables as effect modifiers) and hepatic decompensation (since this
condition might be in the causal pathway to fracture) from propensity score models. Within
the two CHB-infected cohorts (treated and untreated), each infected patient was matched
with up to four uninfected persons within strata formed by race/ethnicity and state using
nearest-neighbor matching and a caliper of one-fourth of the standard deviation of the
propensity score on the log odds scale [37].

Because of the variable number of matches for each CHB-infected patient, we used a
weighted analysis, with weights of infected patients equaling 1.0 and weights of the matched
uninfected patients equaling the inverse of the number of uninfected in the matched set. This
form of weighting ensured that the weighted sum of each matched uninfected cohort would
equal the sample size of each infected cohort. It also ensured that uninfected patients were
similar in characteristics to the infected patients [37].

Weighted Cox proportional hazards regression analyses were then used to estimate hazard
ratios (HRs) of hip fracture. To compensate for effects of weights on variances, we used
robust (empirical) variance estimates to calculate 95% Cls [38]. In an initial model among
the untreated patients, we fit main effects and all two-, three-, and four-way interactions for
CHB infection status, age, sex, and race/ethnicity. We removed all non-significant (p>0.05)
interactions. The final model included main effects for CHB status, age, seX, race/ethnicity,
and interactions for CHB status*race/ethnicity, age*sex, and age*race/ethnicity. Because
there was a statistically significant CHB status*race/ethnicity interaction, analyses are
presented stratified by race/ethnicity. To be consistent, in a subsequent model among the
treated patients, we included the same main effects and three two-way interactions.

To evaluate the risk of hip fracture associated with CHB infection in the absence of
advanced liver disease, we repeated the above matched analysis, excluding CHB-infected
and uninfected patients with baseline hepatic decompensation diagnoses. If decompensation
was recorded at baseline in a CHB-infected patient, we dropped not only this patient but also
all uninfected patients in that matched set. If decompensation was recorded in an uninfected
patient, we preserved the matched set but re-weighted the remaining uninfected patients in
that set to reflect the loss of one or more uninfected patients. In this analysis, follow-up was
additionally censored at any decompensation-related diagnosis.
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Finally, to evaluate the potential impact of hepatic decompensation on fracture outcomes,
we compared the hip fracture rate among CHB-infected patients after an initial
decompensation diagnosis with that of CHB-infected patients without decompensation, who
were followed until they either were censored or developed decompensation. For this
analysis, we combined both treated and untreated CHB-infected patients.

We estimated that 1,841 CHB-infected patients would provide 90% power to detect a
relative hazard of hip fracture of 2.0 between CHB-infected and uninfected persons,
assuming a two-tailed alpha of 0.05, 4:1 ratio of unexposed:exposed, and a 1% rate of hip
fracture among the uninfected cohort [29]. Data were analyzed using SAS 9.2 (SAS Institute
Inc., Cary, NC).

Patient Characteristics

Among 42,287,481 persons enrolled in the U.S. Medicaid programs within the five states
between 1999 and 2007 (Figure 1), we identified 18,796 (0.04%) patients with untreated
CHB infection and 7,777 (0.02%) CHB-infected persons who received antiviral treatment.
After exclusions (Figure 1), 16,100,670 eligible uninfected persons were identified. From
this group, the 20% systematic random sample of Asian/Pacific Islanders (n=232,957) and
5% random sample of other races (n=746,794) yielded a total of 979,751 CHB-uninfected
individuals.

Table 1 and Supplementary Table 2 summarize the characteristics of the untreated CHB,
treated CHB, and uninfected cohorts. Untreated and treated CHB-infected patients were
older, more frequently female, and much more commonly of Asian race than uninfected
patients. Both cohorts of CHB-infected patients more commonly had diabetes mellitus,
chronic kidney disease, hyperparathyroidism, and rheumatoid arthritis. Diagnoses of cancer
and hepatic decompensation were more frequent among treated CHB-infected patients.
Further, both CHB-infected cohorts more commonly received calcium and vitamin D
supplements, bisphosphonates, anti-Parkinson drugs, and proton pump inhibitors. The mean
follow-up time was 4.9 years for untreated CHB-infected patients, 2.1 years for treated
CHB-infected patients, and 3.5 years for uninfected persons. A higher proportion of
uninfected persons died during follow-up (60,714 [6.2%]) compared to either untreated (706
[3.8%]) or treated (325 [4.2%]) CHB-infected patients.

Among the 7,777 treated CHB-infected patients, 2,888 (37.1%) were prescribed adefovir, 37
(0.5%) emtricitabine, 853 (11.0%) entecavir, 3,942 (50.7%) lamivudine, 143 (1.8%)
telbivudine, 36 (0.5%) tenofovir, and 3,922 (50.4%) standard or pegylated interferon alfa
during the baseline period or at the start of follow-up.

Hip Fracture Rates in Untreated CHB-Infected Versus Uninfected Persons

Among both untreated CHB patients and uninfected persons, unadjusted incidence rates of
hip fracture varied significantly by race/ethnicity (p-value for interaction=0.002).
Unadjusted incidence rates and relative hazards of hip fracture for untreated CHB-infected
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patients compared to uninfected persons are therefore shown in Table 2 stratified by race/
ethnicity.

After propensity score matching (Supplementary Table 3), untreated CHB-infected
patients of black race had a higher relative hazard of hip fracture compared to uninfected
black persons (adjusted HR, 2.55; 95% CI, 1.42 — 4.58). Hazard ratios of hip fracture were
also increased in untreated white and Hispanic CHB-infected patients compared to
uninfected persons of these racial/ethnic groups, but these associations did not achieve
statistical significance. No association between untreated CHB infection and hip fracture
was observed among Asians/Pacific Islanders. Results were similar when analyses were
repeated among patients without hepatic decompensation diagnoses (Supplementary Table
4). Hazard ratios of hip fracture remained higher in untreated CHB-infected black patients
(adjusted HR, 2.52; 95% Cl, 1.34 — 4.75) but were also significantly higher in CHB-infected
white patients (adjusted HR, 1.31; 95% ClI, 1.01 — 1.70) in this analysis.

Hip Fracture Rates in Treated CHB-Infected Versus Uninfected Persons

Among treated CHB-infected and uninfected persons, unadjusted incidence rates of hip
fracture again varied by race/ethnicity. Table 3 presents the unadjusted incidence rates and
relative hazards of hip fracture for treated CHB-infected compared to uninfected persons,
stratified by race/ethnicity. No hip fractures were observed in treated CHB patients of
Hispanic ethnicity. As a result, relative hazards of hip fracture were not determined for this

group.

After propensity score matching (Supplementary Table 5), treated CHB-infected patients
of black and white races had higher relative hazards of hip fracture compared to uninfected
persons of these races (Table 3), but these associations were not statistically significant. No
association between treated CHB infection and hip fracture was observed among Asians/
Pacific Islanders. Similar results were observed when analyses were repeated among
patients without hepatic decompensation diagnoses (Supplementary Table 6).

Hip Fracture Rates in CHB-Associated Hepatic Decompensation

CHB-infected patients with hepatic decompensation had a higher incidence rate of hip
fracture than CHB-infected patients without decompensation (Table 4). CHB-infected
patients with decompensated cirrhosis who were of black and white race had higher hip
fracture rates than non-decompensated CHB-infected persons of these races.

DISCUSSION

Our study of U.S. Medicaid enrollees found that hip fracture rates associated with both
untreated and treated CHB infection varied by race/ethnicity. Untreated CHB-infected
patients of black race had a higher rate of hip fracture compared to uninfected black persons.
Relative hazards of hip fracture were also increased in untreated white and Hispanic CHB
patients but were not statistically significant. Black and white treated CHB-infected patients
had higher relative hazards of hip fracture compared to uninfected persons of these races,
but associations did not reach conventional levels of statistical significance. No associations
with hip fracture were observed with untreated or treated Asian/Pacific Islander CHB-
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infected patients. Results were similar when all patients with hepatic decompensation were
excluded from comparisons, with white CHB-infected patients also observed to have a
significantly higher hazard ratio of hip fracture. These results suggest that CHB infection
contributes to hip fracture risk even in the absence of advanced liver disease. CHB-infected
patients with hepatic decompensation had a higher incidence rate of hip fracture than CHB-
infected patients without decompensation.

The mechanisms for the association between CHB infection and hip fracture are unknown.
Inflammatory cytokines associated with CHB infection (e.g., tumor necrosis factor-alpha,
interleukin-1, interleukin-6) could increase receptor activator of nuclear factor kappa-B
ligand (RANKL), which can stimulate osteoclastogenesis and bone resorption [15, 16].
Tumor necrosis factor-alpha can also promote osteoblast apoptosis and inhibit osteoblast
differentiation [15]. The combination of these effects could lead to uncoupling of bone
formation and resorption, leading to reduced bone mineral density, a decrease in bone
strength over time, and increased fracture risk. In addition, concomitant non-alcoholic fatty
liver disease can induce oxidative stress, which could further reduce bone formation through
reductions in beta-catenin-mediated osteogenesis [39, 40]. Further, CHB-associated hepatic
decompensation could increase the risk of hypogonadism [41], reduce hepatic hydroxylation
of vitamin D [6], and impair hepatic production of insulin-like growth factor-1, which
promotes bone formation [8]. Decompensated cirrhosis can also result in metabolic acidosis,
which can induce calcium efflux from bone, further leading to reduced bone mass and
strength [42]. Our finding that CHB-infected patients with hepatic decompensation had a
higher hip fracture rate than CHB-infected patients without decompensation suggests that
liver synthetic dysfunction also contributes to the mechanism of CHB-associated bone
disease. Finally, alcohol abuse, illicit drug use, poor nutrition, and fragility among CHB-
infected patients might further contribute to increased fracture risk from trauma, irrespective
of the impact of CHB infection on bone density. Future studies should evaluate the
mechanisms by which CHB affects bone density.

We observed a significantly increased risk of hip fracture among untreated black CHB-
infected patients. Hazard ratios of hip fracture associated with treated CHB infection in
blacks were also the highest among all races evaluated. Additionally, black CHB-infected
patients with hepatic decompensation had substantially higher incidence rates of hip fracture
than CHB-infected decompensated cirrhotic patients of all other races. Certain factors
contributing to risk of fracture might be more prevalent in black CHB-infected patients.
Future research should evaluate risk factors for decreased bone mineral density within
different racial groups infected with CHB.

We observed no associations between untreated or treated CHB infection and hip fracture
among Asians/Pacific Islanders. This finding may have been because a large proportion of
these patients had acquired their infection at birth or during their youth. Consequently, many
of these patients could have been in the low replicative (or inactive) carrier phase of CHB
infection, during which HBV DNA levels are low or undetectable and hepatic inflammation
may be absent [43]. Given the potential role of CHB-associated inflammation on bone
deficits [15, 16], the low levels of inflammation in the low replicative carrier phase of CHB
infection might not be sufficient to contribute to fracture risk. The U.S. Medicaid database
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does not include laboratory results, so we were unable to determine the prevalence of the
low replicative carrier phase among the CHB-infected cohorts. However, no significant
differences in rates of hip fracture were also observed between uninfected persons and
treated Asian/Pacific Islander CHB-infected patients, a group that should have high levels of
inflammation that could contribute to fracture risk. Thus, there may be other factors
mitigating the hip fracture risk associated with CHB infection in this racial group.
Additionally, the Asian/Pacific Islander group is quite heterogeneous, and subgroups within
this population (e.g., Hawaiian, recent immigrants, American-born Asians) might have
different hip fracture rates.

For all racial/ethnic subgroups, hazard ratios of hip fracture were the highest among those
treated for CHB infection. CHB-infected patients requiring antiviral therapy typically have
more active disease, with high hepatitis B DNA levels before treatment and evidence of
hepatic inflammation [28]. Systemic inflammation, induced by such active CHB infection
[44], could contribute to an increased risk of fracture, regardless of race.

Prior epidemiologic studies have demonstrated that fracture rates vary by race/ethnicity [18-
21]. These studies reported higher fracture rates among whites and lower rates for blacks,
Hispanic, and Asians, as was observed in this analysis. The variation in fracture rates among
the racial/ethnic groups is thought to be due to differences in risk factors for fractures,
particularly bone mineral density, bone geometry, body mass index, physical activity,
tobacco and alcohol use, and concomitant medication use [45].

Our study had several limitations. First, we lacked laboratory data to confirm CHB infection
and did not have radiographic determination of fracture diagnoses. There is potential for
misclassification of CHB status (e.g., low-replicative carrier phase) among uninfected
persons (especially Asians/Pacific Islanders), which might have biased results towards a null
association. However, diagnoses of CHB infection [27] and hip fracture [33] were identified
using previously validated definitions. Second, we observed major differences in the
prevalence of comorbidities and drugs associated with osteoporosis between the cohorts. To
address this issue, we developed separate propensity score models for the two comparisons
of interest in order to balance, or control for, potential confounding variables across the
comparison groups. Third, our analyses accounted only for baseline use of pharmacologic
therapies for osteoporosis but not use during follow-up. Fourth, residual confounding by
unmeasured factors is possible in observational studies. We did not have information on
body mass index, smoking, alcohol, illicit drug use, and duration of CHB infection. The
absence of laboratory data on hepatitis B e antigen and antibody status, hepatitis B DNA,
and extent of hepatic fibrosis did not allow us to determine the stage of CHB infection for
patients in this analysis. Since vitamin D is available without a prescription, we likely had
incomplete capture of this variable. We also could not assess whether fractures were
specifically trauma-related. Fifth, the study sample consisted of U.S. Medicaid enrollees and
might not be generalizable to other settings. However, Medicaid is a large source of care for
patients with CHB infection [27], and the study cohorts were representative of U.S. CHB
populations [46-48].
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Our study had several strengths. It evaluated the association between both untreated and
treated CHB infection and hip fracture in a large population. Analyses among CHB-infected
patients without hepatic decompensation were conducted to explore if associations with hip
fracture remained in the absence of advanced liver disease. Additionally, incidence rates of
hip fracture in CHB-infected patients with hepatic decompensation were compared to
infected patients without end-stage liver disease to explore the impact of decompensation on
fracture outcomes. Further, matching based on propensity scores enabled us to adjust for
many potential confounding variables that have not been considered in prior fracture studies.

In conclusion, we found that relative rates of hip fracture associated with CHB infection
varied by race/ethnicity. Untreated CHB-infected patients of black race had a particularly
high rate of hip fracture. Future studies should confirm these findings and evaluate the
potential mechanisms that might contribute to fracture incidence in this group.
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List of Abbreviations in the order of appearance

CHB Chronic hepatitis B virus

ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical
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HIV Human immunodeficiency virus

Cl Confidence interval

HR Hazard ratio

SD Standard deviation

PI Pacific Islander
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Exclusions
42,287,481 » <180 days of U.S. Medicaid enroliment
Patients in U.S. Medicaid Programs of CA, FL, NY, OH, PA (n=9,966,388)
» Hepatitis C diagnosis, ever (n=407,305)
10,691,659 » HIV diagnosis, ever (n=236,768)
Excluded » Received antiretroviral therapy for HIV
A 4 (n=20,801)
31,595,822 + Acute hepatitis B diagnosis only (n=56,042)
Eligible Patients + CHB treatmentwithout CHB diagnosis (n=4,355)
v v
31,526,902 68,920
Uninfected Patients Patients with CHB Diagnosis
Untreated G
Exclusions E:c:flzizns el Treated Group
» <18 years of age . <18 £ Exclusions
(n=15,345,618) - (n=5yg1a; otage 1 | - <18yearsofage -
« Hip fracture diagnosis prior to - Hip f;'acture diagnosis (n=5,402)
start of follow-up (n=80,340) prior to start of follow-up * Hip fracture diagnosis
* No claims after becoming (n=127) prior to start of follow-up
eligible for the study (n=274) « On CHB treatment (n=140)
A 4 during baseline period * Untreated for HBV
16,100,670 (n=1,444) (n=55,507)
Uninfected Patients « No claims after * No claims after
becoming eligible for the becoming eligible for the
4 study (n=0) study (n=94)
979,751 * Did not meet validated
Uninfected Patients Randomly Selected CHB definition
. (n=42,938)
20% Sample of Asian/Pl (n=232,957) v o
5% Sample of Other Races (n=746,794)
18,796 7,777

Untreated CHB Patients

Treated CHB Patients

Fig. 1. Selection of chronic hepatitis B (CHB)-infected and uninfected patientsin the study
CHB treatment was defined by a prescription claim for adefovir, emtricitabine, entecavir,

lamivudine, telbivudine, tenofovir, or interferon alfa (standard or pegylated).
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Table 1

Baseline characteristics of all eligible untreated chronic hepatitis B (CHB) patients, all eligible CHB patients
who were treated with anti-CHB therapy, and a sample of uninfected persons among the U.S. Medicaid
populations of California, Florida, New York, Ohio, and Pennsylvania.

CHB-Infected _
o CHB-Uninfected
Characteristic Untreated Treated® sample!
(n=18,79) (n=7,777) (n=979,751)
Mean age (years, SD) | 49 (16) | 46 (16) | 43 21)

Female sex (n, %)

9,369 (49.8%) | 3,257 (41.9%) | 688,938 (70.3%)

Race/ethnicity (n, %)

Asian/Pacific Islander 13,444 (71.5%) | 5,724 (73.6%) | 232,957 (23.8%)
White 2,336 (12.5%) 759 (9.8%) | 317,008 (32.4%)
Black 973 (5.2%) 384 (4.9%) 124,182 (12.7%)

Hispanic/Multiracial/American Indian 1,133 (6.0%) 569 (7.3%) 270,527 (27.6%)

Unknown 910 (4.8%) 341 (4.4%) 35,077 (3.5%)

State (n, %)

California 8,405 (44.7%) | 2,458 (31.6%) | 505,701 (51.6%)
Florida 448 (2.4%) 220 (2.9%) 101,363 (10.4%)
New York 9,186 (48.9%) | 4,916 (63.2%) | 232,665 (23.7%)
Ohio 414 (2.2%) 86 (1.1%) 66,436 (6.8%)
Pennsylvania 343 (1.8%) 97 (1.2%) 73,586 (7.5%)
Mean follow-up (years, SD) | 49(28) | 2.1(L8) | 35 (2.9)
Total follow-up time (person-years) | 92,725 | 16,598 | 3,448,002
Baseline health condition (n, %):t
Asthma/chronic obstructive pulmonary disease 1,243 (6.6%) 440 (5.7%) 60,897 (6.2%)
Cancer 660 (3.5%) 664 (8.5%) 29,769 (3.0%)
Chronic kidney disease 1,439 (7.7%) 829 (10.7%) 35,318 (3.6%)
Congestive heart failure 498 (2.6%) 215 (2.8%) 37,054 (3.8%)
Coronary artery disease/myocardial infarction 1,184 (6.3%) 416 (5.3%) 59,937 (6.1%)
Dementia 169 (0.9%) 67 (0.9%) 23,409 (2.4%)
Depression/bipolar disorder 777 (4.1%) 250 (3.2%) 43,311 (4.4%)
Diabetes mellitus 1,785 (9.5%) 975 (12.5%) 81,742 (8.3%)
Hepatic decompensation 246 (1.3%) 455 (5.9%) 2,631 (0.3%)
Peptic ulcer disease 736 (3.9%) 286 (3.7%) 12,951 (1.3%)
Peripheral vascular disease 336 (1.8%) 137 (1.8%) 26,633 (2.7%)
Rheumatoid arthritis/non-specific inflammatory arthropathy 629 (3.3%) 244 (3.1%) 26,438 (2.7%)
Seizure disorder 392 (2.1%) 85 (1.1%) 15,221 (4.4%)
Stroke 417 (2.2%) 176 (2.3%) 34,815 (3.6%)
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CHB-Infected A
o CHB-Uninfected
Characteristic Untreated Treated” samplef
(n=18,796) (n=7,777) (n=979,751)

Baseline medication use (n, %)§
Anxiolytic
Antidepressant
Anticonvulsant/gabapentin
Antiparkinsonian
Antipsychotic
Bisphosphonate
Calcium supplementation
Corticosteroid (inhaled)
Corticosteroids (oral)
Hormone therapy (estrogen)
Nonsteroidal anti-inflammatory drug/aspirin
Proton pump inhibitor
Statin
Thiazide diuretic

Thyroxine

Vitamin D supplementation

1,536 (8.2%)
1,511 (8.0%)
882 (4.7%)
708 (3.8%)
909 (4.8%)
498 (2.6%)
986 (5.2%)
394 (2.1%)
430 (2.3%)
502 (2.7%)
3,336 (17.7%)
1,716 (9.1%)
1,211 (6.4%)
639 (3.4%)
344 (1.8%)
685 (3.6%)

647 (8.3%)
651 (8.4%)
437 (5.6%)
236 (3.0%)
424 (5.5%)
417 (5.4%)
331 (4.3%)
217 (2.8%)
409 (5.3%)
86 (1.1%)
1,556 (20.0%)
1,816 (23.4%)
646 (8.3%)
634 (8.2%)
149 (1.9%)
343 (4.4%)

59,067 (6.0%)
78,786 (8.0%)
47,385 (4.8%)
23,696 (2.4%)
38,739 (4.0%)
10,011 (1.0%)
16,712 (1.7%)
17,315 (1.8%)
24,101 (2.5%)
16,856 (1.7%)
129,882 (13.3%)
46,659 (4.8%)
51,058 (5.2%)
45,875 (4.7%)
21,347 (2.2%)
5,690 (0.6%)

Abbreviations: CHB, chronic hepatitis B; SD, standard deviation

Page 16

*
Untreated CHB-infected patients who subsequently initiated CHB treatment were separately classified within the treated CHB-infected cohort.

TRepresents a 20% systematic random sample of chronic hepatitis B-uninfected Asians/Pacific Islanders and 5% systematic random sample of

chronic hepatitis B-uninfected patients of other races.

iCohorts were also evaluated for alcoholism, hyperparathyroidism, inflammatory bowel disease, obesity, osteomalacia, schizophrenia, and

systemic lupus erythematosus, but the prevalence of these conditions was <2% within each group. Please see Supplementary Table 2 for the
prevalence of these additional health conditions within each cohort.

§Cohorts were also evaluated for use of calcitonin, cholestyramine, and testosterone, but the prevalence of these medications was <2% within each
group. Please see Supplementary Table 2 for the prevalence of baseline use of these medications within each cohort.
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