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Abstract

HIV and hepatitis B virus (HBV) infection are each associated with reduced bone mineral density,
but it is unclear whether HIV/HBV coinfection is associated with an increased risk of fracture. We
determined whether dually-treated HIV/HBYV patients have a higher incidence of hip fracture
compared to treated HBV-monoinfected, antiretroviral therapy (ART)-treated HIV-monoinfected,
and HIV/HBV-uninfected patients. We conducted a cohort study among 4,156 dually-treated HIV/
HBV-coinfected, 2,053 treated HBV-monoinfected, 96,253 ART-treated HIVV-monoinfected, and
746,794 randomly sampled uninfected persons within the U.S. Medicaid populations of California,
Florida, New York, Ohio, and Pennsylvania (1999-2007). Coinfected patients were matched on
propensity score to persons in each comparator cohort. Weighted survival models accounting for
competing risks were used to estimate cumulative incidences and hazard ratios (HRs) with 95%
confidence intervals (CIs) of incident hip fracture for dually-treated coinfected patients compared
to: 1) HBV-monoinfected receiving nucleos(t)ide analogue or interferon alfa therapy, 2) HIV-
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monoinfected on ART, and 3) uninfected persons. Dually-treated coinfected patients had a higher
cumulative incidence of hip fracture compared to ART-treated HIVV-monoinfected (at 5 years:
1.70% versus 1.24%; adjusted HR, 1.37 [95% CI, 1.03-1.83]) and uninfected (at 5 years: 1.64%
versus 1.22%; adjusted HR, 1.35 [95% CI, 1.03-1.84]) persons. The cumulative incidence of hip
fracture was higher among coinfected than treated HBV-monoinfected patients (at 5 years: 0.70%
versus 0.27%), but this difference was not statistically significant in competing risk analysis
(adjusted HR, 2.62 [95% CI, 0.92-7.51]). Among Medicaid enrollees, the risk of hip fracture was
higher among dually-treated HIVV/HBV-coinfected patients than ART-treated HI\VV-monoinfected
and uninfected persons.
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INTRODUCTION

In addition to its effects on the liver, chronic hepatitis B virus (HBV) infection can affect
organ systems outside of the gastrointestinal tract, particularly the skeletal system [1-3].
Cross-sectional studies in chronic HBV-infected patients alone [4, 5] and among non-
cirrhotic chronic HBV- and hepatitis C virus-infected patients [6-9] have shown that HBV-
infected patients have reduced bone mineral density (BMD) compared to uninfected
persons. Further, a recent cohort study demonstrated that untreated chronic HBV-infected
patients have higher rates of hip fracture compared to uninfected persons, and rates
remained higher when patients with hepatic decompensation were excluded from
comparisons [10]. Chronic HBV-infected patients with decompensated cirrhosis had higher
rates of hip fracture than HBV-infected patients without diagnoses of hepatic
decompensation. A number of factors related to chronic HBV infection have been
hypothesized to contribute to low BMD and increased risk of fracture. Chronic HBV-
associated inflammation could inhibit bone formation and increase bone resorption, leading
to a decrease in BMD [11]. The development of HBV-related hepatic decompensation could
further contribute to a decrease in BMD by impairing production of factors (e.g., 25-
hydroxyvitamin D, insulin-like growth factor-1) that promote bone formation [2, 3].

Low BMD is also a recognized metabolic complication of HIV infection [12-15]. One meta-
analysis showed that the prevalence of osteoporosis was three times higher among HIV-
infected than uninfected patients [16]. Further, BMD decreases within the first two years of
antiretroviral therapy (ART) initiation [16-20], though becomes stable with established ART
[21-23]. Subsequent longitudinal studies have shown that HIV-infected patients have
increased fracture rates compared to uninfected persons [24, 25]. HIV-related chronic
inflammation, ART-related factors, increased prevalence of tobacco/alcohol use and low
vitamin D levels, and traditional osteoporosis risk factors exacerbated by HIV (e.g., poor
nutrition, low body weight) all likely contribute to the low BMD and increased fracture risk
in HIV [13, 17, 20, 21].
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Few studies have examined the risk of fracture associated with HIV/HBV coinfection.
Quantifying this risk is important since HBV coinfection is present in 6-14% of HIV-
infected persons in North America [26] and because fractures, particularly those of the hip,
adversely affect survival, with an effect on mortality similar to that of cardiovascular disease
[27]. We evaluated data from U.S. Medicaid, a joint federal and state program that provides
funding for medical care and prescription drug benefits for low-income and special-needs
individuals [28], to measure the risk of hip fracture among dually-treated HIV/HBV-
coinfected patients compared to those with treated chronic HBV monoinfection, ART-
treated HIV monoinfection, and persons uninfected with either virus. Our rationale for
performing these three comparisons was to allow a more complete understanding of the hip
fracture risk associated with HIV/HBV coinfection. We hypothesized that dual infection
increases the hip fracture incidence compared to HBV-monoinfected, HI\VV-monoinfected,
and uninfected individuals.

PATIENTS AND METHODS

Study Design and Data Source

We performed a retrospective cohort study among HIV/HBV-coinfected, HBV-
monoinfected, HIVV-monoinfected, and HIVV/HBV-uninfected persons within the U.S. using
Medicaid data from California, Florida, New York, Ohio, and Pennsylvania between
January 1, 1999 and December 31, 2007. The states included in this study represent five of
the largest Medicaid programs in the U.S., accounting for approximately 35% of Medicaid
enrollees nationwide [29, 30]. Medicaid data report demographic information, inpatient and
outpatient diagnoses (recorded using International Classification of Diseases, Ninth
Revision [ICD-9] codes), and dispensed medications. Laboratory tests that were performed
can be identified, but results are not recorded in the Medicaid database. Death dates were
determined using Medicaid and Social Security Administration Death Master File data.
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 [31].
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

We used previously validated ICD-9 diagnoses to identify patients with chronic HBV and
HIV infections (Supplementary Table 1) [32, 33]. Exposure status was determined by
evaluating all claims recorded for each Medicaid patient between 1999 and 2007. As a
result, patients only contributed follow-up time to one cohort. Since current guidelines
recommend ART in all HIV/HBV patients regardless of CD4 count [34], only dually-treated
coinfected patients were included in the coinfected cohort. Although the early years of the
Medicaid data analyzed included observation time during which HIV treatment guidelines
did not recommend that anti-HBV-active ART be administered to all HIVV/HBYV patients, we
sought results that would be generalizable to patients treated under current HIV/HBV
treatment guidelines and so included only HIVV/HBYV patients who received dual HIVV/HBV
therapy. To ensure appropriate comparability, only treated chronic HBV- and ART-treated
HIV-monoinfected patients were selected as comparator cohorts.
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Patients aged 18 years or older with at least 180 days of Medicaid enrollment were eligible
for inclusion. Dually-treated coinfected patients had: 1) diagnosis of chronic HBV infection,
2) diagnosis of HIV infection, 3) prescription claims indicative of ART (defined as use of at
least three antiretrovirals from two different classes [34] or =3 nucleoside analogues, a
previously accepted ART regimen [35]), and 4) prescription claims for an anti-HBV-active
antiretroviral (i.e., emtricitabine, lamivudine, and/or tenofovir) and/or an antiviral used to
treat chronic HBV (i.e., adefovir, entecavir, telbivudine, and/or interferon alfa). Treated
HBV-monoinfected patients had: 1) chronic HBV diagnosis, 2) prescription claims for anti-
HBV therapy (i.e., adefovir, emtricitabine, entecavir, lamivudine, telbivudine, tenofovir,
and/or interferon alfa), and 3) neither diagnosis of HIV infection nor prescriptions for
antiretroviral drugs other than lamivudine, emtricitabine, or tenofovir. ART-treated HIV-
monoinfected patients had: 1) diagnosis of HIV, 2) prescription claims indicative of ART,
and 3) no chronic HBV diagnosis or prescriptions for non-antiretroviral antivirals used to
treat chronic HBV (i.e., adefovir, entecavir, telbivudine, and/or interferon alfa). HIV/HBV-
uninfected patients had no HBV or HIV diagnoses and no claims for antiretrovirals or
antivirals used to treat chronic HBV.

Patients were excluded if they had: 1) no claims after becoming eligible for the study (i.e.,
no follow-up), 2) hip fracture diagnosis prior to start of follow-up (defined below), 3)
diagnosis of hepatitis C virus infection (to isolate the effect of dually-treated HIV/HBV
coinfection and since chronic hepatitis C is associated with an increased risk of hip fracture
[36]), 4) acute HBV diagnosis only, or 5) Asian/Pacific Islander race (since fracture rates
differ significantly by race/ethnicity [37-40] and because the HIVV/HBV-coinfected cohort
included very few Asians/Pacific Islanders). ICD-9 diagnoses for hepatitis C and acute HBV
are listed in Supplementary Table 1.

All eligible coinfected, HBV-monoinfected, and HIV-monoinfected patients were included.
We selected a 5% systematic random sample of uninfected patients stratified on age, sex,
and state, to reduce to workable proportions the number of uninfected individuals for further
matching and analysis and to ensure the representativeness of this sample to the uninfected
population [41]. Systematic random selection facilitated the acquisition of balanced samples
across age, sex, and state.

Follow-up for uninfected patients began 180 days after their first Medicaid claim. Follow-up
for dually-treated coinfected, treated HBV-monoinfected, and antiretroviral-treated HIV-
monoinfected patients began on the date their respective drug therapies were dispensed.
Within each cohort, the six months prior to the start of follow-up represented the baseline
period, during which baseline comorbidities and therapies were identified. If a coinfected,
HBV-monoinfected, or HIV-monoinfected patient did not have at least six months of
observation in Medicaid at the time their antiviral therapy was initially dispensed, follow-up
began after 180 days of enrollment in the Medicaid program. Within each cohort, follow-up
continued until diagnosis of hip fracture, death, or last claim before December 31, 2007.

Main Outcome

The primary outcome was incident fracture of the proximal femur (hip). Hip fracture
diagnoses (Supplementary Table 1) in Medicaid were found to be highly valid in a
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previous survey, with 94% of coded diagnoses confirmed via medical records [42]. We
focused on hip fractures as our main endpoint because such events are unlikely to be
susceptible to surveillance bias.

Data Collection

Demographic data included: age, sex, race/ethnicity, and state. Baseline comorbidities and
medications associated with osteoporosis or risk of falls were also collected (Table 1).
Patients were considered exposed to a drug if a prescription claim was recorded during the
baseline period.

Statistical Analysis

The primary analysis compared the time to incident hip fracture in: 1) dually-treated
coinfected versus treated HBV-monoinfected (to examine the effect of treated HIV on hip
fracture risk in the setting of treated chronic HBV), 2) dually-treated coinfected versus
ART-treated HIVV-monoinfected (to examine the effect of treated chronic HBV on hip
fracture risk in the setting of treated HIV), and 3) dually-treated coinfected versus
uninfected persons (to examine the effects of dually-treated HIV/HBV on hip fracture risk).
These three comparisons were evaluated in order to fully disentangle the effects of the
underlying diseases and treatments on hip fracture rates. We first estimated unadjusted
incidence rates (in events/1,000 person-years) of hip fracture for each cohort.

Differences in baseline comorbidities and usage of medications associated with osteoporosis
were observed among the three cohorts (Table 1). Because of the large number of potential
confounding variables relative to the number of hip fractures, we used logistic regression
with treatment/exposure status as the outcome to estimate propensity scores as a method to
control for these variables [43, 44]. Each comparison of interest used a tailored propensity
score model. All variables in Table 1 were included in propensity score models except for
follow-up time. We also excluded age and sex (to allow us to evaluate these variables as
effect modifiers) and hepatic decompensation (since this might be in the causal pathway to
fracture) from propensity score models.

We then matched on propensity scores persons within each of the three comparator cohorts
to coinfected patients. This matching enabled us to create comparison groups of HBV-
monoinfected, HIVV-monoinfected, and uninfected persons that had baseline characteristics
that resembled those of the coinfected cohort. For the comparison of the coinfected cohort
with the HBV-monoinfected cohort, we used 1:1 matching for the subset of coinfected
patients that had suitable matches. For the comparisons of the coinfected cohort with the
HIV-monoinfected and uninfected cohorts, we were able to match up to four persons from
each of these cohorts to coinfected patients. All matching used nearest-neighbor methods
and a caliper of one-fourth of the standard deviation of the propensity score on the log odds
scale [45].

Because of the variable number of matches for each coinfected patient with persons within
the HIVV-monoinfected and uninfected cohorts, we used a weighted analysis, with weights of
coinfected patients equaling 1.0 and weights of patients within the two comparator cohorts
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equaling the inverse of the number of comparator patients in the matched set. This form of
weighting ensured that the weighted sum of each matched patient in each comparator cohort
would equal the sample size of the coinfected cohort. It also ensured that patients in the
comparator cohorts were similar in characteristics included in the propensity score to the
coinfected patients [45]. Balance in characteristics between the cohorts after matching is
demonstrated in Supplementary Table 2. Since age and sex were not included in
propensity scores (to permit their evaluation as effect modifiers), these variables were not
balanced across the cohorts.

Weighted survival models accounting for the competing risk of death were then used to
estimate cumulative incidences (i.e., risks) and hazard ratios (HRs) of hip fracture [46].
Robust (empirical) variance estimates and their 95% confidence intervals (Cls) compensated
for the effects of weights [47]. The final models included main effects for HIV/HBV status,
age, and sex and were standardized to the coinfected sample based on age and sex. Details
appear in the Supplementary Appendix. Because the anti-HBV-active antiretroviral
medication tenofovir is recommended as HBV treatment (along with either emtricitabine or
lamivudine) in HIV/HBV-coinfected patients [34] and has been shown to be associated with
declines in BMD [17, 18, 20] and a potentially higher risk of osteoporotic fractures [48],
analyses of hip fracture events between dually-treated coinfected and ART-treated HIV-
monoinfected patients were additionally adjusted for baseline tenofovir use after propensity
score-based matching. This additional adjustment produced a slightly different cumulative
incidence of hip fracture for the coinfected cohort. Further, since we were only able to match
a small subset of coinfected patients to HBV-monoinfected patients, the cumulative
incidence of hip fracture for the coinfected cohort in this comparison also differed from that
of the other comparisons. Data were analyzed using SAS 9.3 (SAS Institute Inc., Cary, NC)
for sampling and matching, and Stata 13.1 (Stata Corporation., College Station, TX) for the
weighted regression analyses.

RESULTS

Among 42,287,481 persons enrolled in U.S. Medicaid among the five states between 1999
and 2007 (Figure 1), we identified 4,156 dually-treated coinfected, 2,053 treated HBV-
monoinfected, and 96,253 ART-treated HIVV-monoinfected patients who met inclusion
criteria. Among the uninfected persons who met inclusion criteria, 746,794 were randomly
selected for inclusion.

Table 1 summarizes the demographic and clinical characteristics of the cohorts. HBV-
monoinfected patients were older, more frequently female, and more commonly of white
race than coinfected and HIV-monoinfected patients. HBV-monoinfected patients also more
frequently had diagnoses of cancer and hepatic decompensation and more commonly
received calcium and vitamin D supplements, bisphosphonates, and proton pump inhibitors.
Coinfected patients more commonly had diagnoses of alcoholism, dementia, seizure
disorder, depression, and asthma than either HBV- or HIVV-monoinfected individuals.
Baseline tenofovir use was more common among coinfected (21.6%) than HIV-
monoinfected (17.6%) persons. The mean follow-up time ranged from 2.2 years for HBV-
monoinfected patients to 4.6 years for coinfected patients (Table 1). A higher proportion of
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coinfected persons died during follow-up (649 [15.6%]) compared to HBV-monoinfected
(157 [7.6%]), HIV-monoinfected (12,056 [12.5%]), and uninfected (51,079 [6.8%]) persons.

The unadjusted incidence rate of hip fracture was 3.5 (95% ClI, 2.7 — 4.4) events/1,000
person-years for coinfected, 2.5 (95% CI, 1.2 — 4.4) events/1,000 person-years for HBV-
monoinfected, 2.1 (95% Cl, 2.0 — 2.3) events/1,000 person-years for HI\VV-monoinfected, and
4.5 (95% Cl, 4.4 — 4.6) events/1,000 person-years for uninfected persons (Table 2).

After the initial propensity-score-based matching (Supplementary Table 2) and then after
further standardizing to the age and sex of the coinfected cohort, dually-treated coinfected
patients had a higher cumulative incidence of hip fracture at five years compared to treated
HBV-monoinfected persons (0.70% versus 0.27%), but this difference was not statistically
significant in competing risk analysis (adjusted HR, 2.62 [95% CI, 0.92-7.51]; Figure 2a).
However, coinfected patients had a significantly higher cumulative incidence of hip fracture
compared to HIV-monoinfected (at 5 years: 1.70% versus 1.24%; adjusted HR, 1.37 [95%
Cl, 1.03-1.83]); Figure 2b) and HIV/HBV-uninfected (at 5 years: 1.64% versus 1.22%);
adjusted HR, 1.35 [95% CI, 1.03-1.84]; Figure 2c) persons. At five years, dually-treated
HIV/HBYV coinfection was associated with 4.3 and 4.6 additional hip fractures per 1,000
compared to treated HBV-monoinfected and ART-treated HIVV-monoinfected persons,
respectively, and 4.2 additional hip fractures per 1,000 compared to uninfected persons
(Table2).

DISCUSSION

This study of U.S. Medicaid enrollees found that despite anti-HBV-active ART, HIV/HBV-
coinfected patients had a higher risk of hip fracture compared to ART-treated HIV-
monoinfected and HIVV/HBV-uninfected persons. The cumulative incidence of hip fracture
was higher among coinfected than treated HBV-monoinfected patients, but this difference
was not statistically significant in competing risk analysis. This is the first study identifying
an increased risk of hip fracture associated with HIV/HBV coinfection. These findings
provide evidence that HIV/HBYV coinfection is associated with adverse clinical bone
outcomes despite anti-HBV-active ART.

The mechanisms for increased risk of hip fracture associated with HIV/HBV coinfection
remain unknown. Inflammatory cytokines associated with both HIV and chronic HBV
infections, particularly tumor necrosis factor-alpha, interleukin-1, and interleukin-6, can
increase receptor activator of nuclear factor kappa-B ligand (RANKL), which stimulates
osteoclastogenesis and bone resorption [11, 49, 50]. Tumor necrosis factor-alpha also
promotes osteoblast apoptosis and inhibits osteoblast differentiation [50, 51]. Progressive
HBV-associated liver dysfunction can also increase the risk of hypogonadism [52], reduce
hepatic hydroxylation of vitamin D [1], and impair hepatic production of insulin-like growth
factor-1, which promotes bone formation [3]. HIV infection is associated with other
osteoporosis risk factors, such as hypogonadism, lipoatrophy, decreased muscle mass, and
low body mass index [19-21]. Moreover, initiation of ART is associated with significant
short-term bone loss in the range of 2-6% over 1-2 years [16-20]. Finally, traditional
osteoporosis risk factors, such as alcohol abuse, tobacco dependence, poor nutrition, and
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fragility, might be more prevalent among coinfected patients and contribute to increased
fracture risk from trauma, irrespective of the impact of chronic HBV on BMD. The
mechanisms by which dually-treated HIV/HBV affects BMD and fracture risk require
further study.

We observed that the risk of hip fracture at five years was higher among dually-treated
coinfected patients compared to treated HBV-monoinfected patients (0.70% versus 0.27%;
adjusted HR, 2.62 [95% CI, 0.92-7.51]), but this difference was not statistically significant.
The relatively small sample of treated HBV-monoinfected patients in our analysis likely
contributed to our inability to detect a statistically significant difference in hip fracture risk
between the coinfected and HBV-monoinfected cohorts. Alternatively, if the treated HBV-
monoinfected patients in this study less commonly achieved HBV DNA suppression
compared to the dually-treated coinfected patients, this could have led to higher levels of
chronic HBV-associated inflammatory cytokines in the HBV-monoinfected cohort, which
could have resulted in our finding a similar hip fracture risk compared to the coinfected
cohort. Since the Medicaid database does not collect laboratory results, we cannot confirm
this hypothesis.

Although a higher risk of fracture associated with dually-treated HIVV/HBV coinfection has
potential implications for clinical management, specific recommendations have not been
made for BMD screening in the setting of either chronic HBV or HIV/HBV coinfection. It
has been recommended that HIV-infected patients with fragility fractures, HIV-infected
post-menopausal women, and all HIV-infected men =50 years of age undergo BMD
screening. Additional studies are needed to determine the relation between dual-energy x-
ray absorptiometry estimates of BMD and fracture risks associated with HIV/HBV
coinfection, and to develop guidelines for the identification of patients at risk. Determination
of the mechanisms of reduced BMD due to HIVV/HBYV coinfection is also needed to identify
potential interventions that might prevent bone loss and mitigate fracture risk in this
population.

Our study had several limitations. First, we lacked laboratory data to confirm chronic HBV
infection and did not have radiographic determination of fracture diagnoses. We also could
not assess whether fractures were specifically trauma-related. However, diagnoses of
chronic HBV infection [32] and hip fracture [42] were identified using previously validated
definitions. HIV/HBV-coinfected, HBV-monoinfected, and HIV-infected patients were only
included if they had prescription claims for antiretroviral and/or anti-HBV therapies,
reducing the likelihood of exposure misclassification. There is the potential that ART-
treated HIV-monoinfected patients receiving tenofovir, emtricitabine, or lamivudine might
have had chronic HBV infection but not had a diagnosis recorded. However, such
misclassification would have biased the results of our analysis comparing coinfected to
HIV-monoinfected patients towards a null association.

Second, we observed major differences between the cohorts in the prevalence of
comorbidities and drugs associated with osteoporosis. However, we used propensity score
matching to balance potential confounders across comparison groups.
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Third, residual confounding by unmeasured factors is possible. We did not have information
on body mass index, smoking, illicit drug use, and duration of HIV and HBV infections. In
addition, 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
chronic HBV infection for patients in this analysis. Further, we did not have HIV RNA or
HBYV DNA data to permit subanalyses among coinfected patients with fully suppressed HIV
or HBV infections. Our analyses also only accounted for baseline use of tenofovir and
pharmacologic therapies for osteoporosis.

Fourth, since our data covered an earlier period in the ART era (1999 — 2007), some
HIV/HBYV patients were treated with lamivudine alone and not with tenofovir plus either
emtricitabine or lamivudine, which is the preferred regimen for these patients [34, 53]. Since
tenofovir is a more potent anti-HBV agent than lamivudine [54], tenofovir-based anti-HBV
therapy more commonly leads to HBV DNA suppression, which could potentially mitigate
the hepatic and systemic inflammation induced by chronic HBV that is hypothesized to be
an important contributor to the increased fracture risk among these patients.

Finally, the study population 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
HIV infection in the U.S. and provides coverage to a large proportion of patients with
chronic HBV [55]. The study cohorts are demographically similar to U.S. HIV and
HIV/HBYV populations [56, 57]. In addition, in spite of the large number of patients in the
study, we were not able to match all coinfected patients successfully. For that reason, and in
the interests of arriving at unbiased estimates between coinfected patients and HBV
monoinfected patients, we had to limit this comparison to a subset of coinfected patients.
This restriction might limit the generalizability of one of our findings (Figure 2a).

In conclusion, we found that the risk of hip fracture was increased among dually-treated
HIV/HBV-coinfected patients compared to ART-treated HI\VV-monoinfected and uninfected
persons. Future studies should examine mechanisms for bone disease as well as
interventions and therapies to prevent fractures among coinfected patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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List of Abbreviations in the order of appearance

HIV Human immunodeficiency virus

HBV Hepatitis B virus

ART Antiretroviral therapy

HR Hazard ratio

Cl Confidence interval

BMD Bone mineral density

ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical
Modification

RANKL receptor activator of nuclear factor kappa-B ligand
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Exclusions
* <180 days of U.S. Medicaid enrollment (n=9,966,388)
* Diagnosis of hepatitis C, ever (n=407,305)

Patients in U.S. Medicaid Programs of CA, FL, NY, OH, PA
« Acute hepatitis B diagnosis only (n=67,625)
* Received ART but did not have HIV diagnosis (n=20,801)

Excluded
* Received non-ART antiviral used to treat HBV" but did not have
HBV diagnosis (n=3,781)
31,820,585 * Received drug used totreat HIV and/or HBV' but did not have
Eligible Patients HIV or HBV diagnosis (n=996)

31,526,902 68,920 218,625 6,138
Uninfected Patients Patients with HBV Patients with HIV Patients with HIV/HBV

42,287,481

Exclusions Exclusions Exclusions Exclusions
* <18 years of age * <18 years of age * <18 years of age * <18 years of age
(n=15,345,618) (n=5,402) (n=25,379) (n=88)

* Hip fracture diagnosis
prior to start of follow-

* Hip fracture diagnosis
prior to start of follow-

* Hip fracture diagnosis
prior to start of follow-

* Hip fracture
diagnosis prior to

start of follow-up up (n=140) up (n=441) up (n=17)
(n=80,340) * Untreated for chronic * Untreated for HIV * Untreated for HIV and
* No claims after HBV (n=55,507) (n=95,083) chronic HBV (n=1,800)

* No claims after
becoming eligible for
the study (n=5)

» Asian/Pacific Islander
(n=72)

96,253 4,156
Treated HIV Patients Dually-Treated

HIV/HBV Patients

No claims after
becoming eligible for
the study (n=281)
 Asian/Pacific Islander
(n=1,188)

2,053
Treated HBV Patients

* No claims after
becoming eligible for
the study (n=94)

 Asian/Pacific Islander
(n=5,724)

14,935,885
Uninfected Patients

746,794
Uninfected Patients
Randomly Selected (5%)

becoming eligible for

the study (n=274)
 Asian/Pacific Islander
(n=1,164,785)

Figure 1.
Selection of patients in the study.

Abbreviations: ART=antiretroviral therapy; HIV=human immunodeficiency virus;
HBV=hepatitis B virus

* Non-ART antivirals used to treat chronic HBV were defined by a prescription claim for:
adefovir, entecavir, telbivudine, or interferon alfa.

t Drugs used to treat HIV and/or HBV were defined by a prescription claim for: lamivudine,

tenofovir, or emtricitabine.
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Figure 2. Standardized cumulative incidences (i.e., risks) of hip fracture, based on competing
risk regression analyses

Estimates of the cumulative incidence of hip fracture are reported for each group. Estimates
are standardized to the characteristics of dually-treated HIV/hepatitis B virus coinfected
patients.

(A) Standardized cumulative incidences (i.e., risks) of hip fracture between dually-treated
HIV/hepatitis B virus-coinfected (denoted by black line) and treated hepatitis B virus-
monoinfected patients (denoted by gray line). Coinfected patients in this figure represent
only a subset of all coinfected patients. Remaining coinfected patients could not be matched
to the hepatitis B virus-monoinfected patients because the characteristics of the two groups
differed so markedly. Standardized for age and sex after matching.

(B) Standardized cumulative incidences (i.e., risks) of hip fracture between dually-treated
HIV/hepatitis B virus-coinfected (denoted by black line) and antiretroviral-treated HIV-
monoinfected patients (denoted by gray line). Standardized using age, sex, and tenofovir use
after matching.

(C) Standardized cumulative incidences (i.e., risks) of hip fracture between dually-treated
HIV/hepatitis B virus-coinfected (denoted by black line) and HIV/hepatitis B virus-
uninfected patients (denoted by gray line). Standardized for age and sex after matching.
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Table 2

Unadjusted incidence rates and standardized cumulative incidences of hip fracture for dually-treated HIV/
hepatitis B virus (HBV)-coinfected patients compared to treated HBV-monoinfected, antiretroviral therapy-
treated HIVV-monoinfected, and HIV/HBV-uninfected persons. Results exclude persons of Asian/Pacific
Islander race.

Population Matched Sample
Cohort Comparison No. Patients | No. Hip Fractures Raw Hip No. Patients | No. Hip Fractures | No.Deaths | Risk Of | Additional
Fracture Hip Hip
Incidence Fracture | Fractures
Rate, ats Per 1,000
Events/ Years Dually-
1,000 % * Treated
per son- (%) HIV/HBV
years (95% Patients at
Cl) 5Years
Dually-Treated HIV/HBV 4,156 67 3.5(2.7-4.4) 1,007 8 111 0 70T 4.3
Treated HBV 2,053 11 2.5(1.2-4.4) 1,007 9 95 0.27
Dually-Treated HIV/HBV 4,156 67 3.5(2.7-4.4) 4,155 67 649 1.70 4.6
Antiretroviral-Treated HIV 96,253 808 2.1(2.0-2.3) 16,579 172 2,239 1.24
Dually-Treated HIV/HBV 4,156 67 3.5(2.7-4.4) 4,150 67 646 1.64 4.2
Uninfected 746,794 11,580 4.5 (4.4-4.6) 16,522 273 1,454 1.22

Abbreviations: ClI, confidence interval; HBV, hepatitis B virus; HIV, human immunodeficiency virus

*

Absolute risk of hip fracture was determined based on standardized cumulative incidences. Standardization to the characteristics of the coinfected
patients was accomplished by weighting. Cumulative incidences were adjusted for competing risks. Differences in the cumulative incidences of
coinfected patients arise from differences in the sample sizes as well as from having tenofovir as one of the standardizing characteristics for one of
the models and not the others. See figures for additional details.

TBecause only a subset (n=1,007) of dually-treated HIV/HBV-coinfected patients were able to matched to treated HBV-monoinfected patients, the
cumulative incidence of hip fracture for the coinfected cohort in this comparison differed from that of the other comparisons.
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