"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

NATIG,

O

1X3]-){Jewiarems 1Xa1-)ewla1ems

1X31-)lew1a1ems

Published in final edited form as:
Hepatology. 2012 November ; 56(5): 1688-1698. doi:10.1002/hep.25866.

Risk of Hip Fracture Associated with Hepatitis C Virus Infection
and Hepatitis C/HIV Coinfection

Vincent Lo Re 11112, Jessica Volk3, Craig W. Newcomb?, Yu-Xiao Yang24, Cristin P.
Freeman?, Sean Hennessy?, Jay R. Kostmanl, Pablo Tebas!, Mary B. Leonard?®, and A.
Russell Localio?

1Division of Infectious Diseases, Department of Medicine, Perelman School of Medicine,
University of Pennsylvania, Philadelphia, PA, USA

2Center for Clinical Epidemiology and Biostatistics, Department of Biostatistics and Epidemiology,
Perelman School of Medicine, University of Pennsylvania, Philadelphia, Philadelphia, PA, USA

3Department of Medicine, Massachusetts General Hospital, Boston, MA, USA

4Division of Gastroenterology, Department of Medicine, Perelman School of Medicine, University
of Pennsylvania, Philadelphia, Philadelphia, PA, USA

5Division of Nephrology, Department of Pediatrics, The Children’s Hospital of Philadelphia,
Perelman School of Medicine, University of Pennsylvania, Philadelphia, Philadelphia, PA, USA

Abstract

Hepatitis C virus (HCV) infection has been associated with reduced bone mineral density, but its
association with fracture rates is unknown, particularly in the setting of human immunodeficiency
virus (HIV) coinfection. Our objectives were to determine whether persons with HCV infection
alone are at increased risk for hip fracture compared to uninfected individuals and to examine if
the risk of hip fracture is higher among HCV/HIV-coinfected persons compared to those with
HCYV alone, those with HIV alone, and those uninfected with either virus. We conducted a cohort
study in 36,950 HCV/HIV-coinfected, 276,901HCV-monoinfected, 95,827 HIVV-monoinfected,
and 3,110,904 HCV/HIV-uninfected persons within the U.S. Medicaid populations of California,
Florida, New York, Ohio, and Pennsylvania (1999-2005). Incidence rates of hip fracture were
lowest among uninfected persons (1.29 events/1000 person-years), increased with the presence of
either HIV infection (1.95 events/1000 person-years) or HCV infection (2.69 events/1000 person-
years), and were highest among HCV/HIV-coinfected individuals (3.06 events/1000 person-
years). HCV/HIV coinfection was associated with an increased relative hazard (adjusted hazard
ratio [95% confidence interval]) of hip fracture compared to HCV-monoinfected (1.38 [1.25-
1.53]), HIV-monoinfected (females: 1.76 [1.44-2.16]; males: 1.36 [1.20-1.55]), and uninfected
persons (females: 2.65 [2.21-3.17]; males: 2.20 [1.97-2.47]). HCV monoinfection was associated
with an increased risk of hip fracture compared to uninfected individuals, and the relative increase
was highest in the youngest age groups (females, 18-39 years: 3.56 [2.93-4.32]; males, 18-39
years: 2.40 [2.02-2.84]).

Conclusion—Among Medicaid enrollees, HCV/HIV coinfection was associated with increased
rates of hip fracture compared to HCV-monoinfected, HIV-monoinfected, and HCV/HIV-
uninfected persons. HCV-monoinfected patients had an increased risk of hip fracture compared to
uninfected individuals.
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Pennsylvania School of Medicine, 836 Blockley Hall, 423 Guardian Drive, Philadelphia, PA 19104-6021,
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INTRODUCTION

Hepatitis C virus (HCV) infection exerts its main effects on the liver, inducing inflammation
that leads to progressive liver fibrosis and ultimately cirrhosis in about 20% of chronic
infections (1). However, HCV infection can also affect organ systems outside of the liver
(2), particularly the skeletal system (termed “hepatic osteodystrophy™). Cross-sectional
studies have shown that HCV infection is associated with reduced bone mineral density (3—-
7). The mechanisms for HCV-induced reductions in bone mineral density remain unclear,
but chronic inflammation and liver dysfunction in the setting of HCV-associated hepatic
decompensation might contribute to hepatic osteodystrophy (4, 8-10).

Although chronic HCV infection is associated with reduced bone mineral density (3—-7), no
longitudinal study has been performed to evaluate incidence rates of fracture. In addition,
since low bone mineral density is a recognized metabolic complication of human
immunodeficiency virus (HIV) infection (11), HCV/HIV coinfection (6), and antiretroviral
therapy (12), HCV/HIV coinfection might increase fracture risk beyond that of HIV or
chronic HCV alone. Evaluating the risk of fracture associated with HCV infection and HCV/
HIV coinfection is important since these conditions are prevalent worldwide and because
fractures, particularly those at the hip, adversely affect survival, with an effect on mortality
similar to that of cardiovascular disease (13). 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.

This study sought to determine whether the reduced bone mineral density that has been
reported to be associated with HCV infection and HCV/HIV coinfection translates into
clinically important increases in fracture risk. We first evaluated the incidence of hip
fracture among patients with HCV infection alone compared to HCV- and HIV-uninfected
persons. We hypothesized that the risk of hip fracture was higher among patients with HCV
monoinfection compared to uninfected individuals. We then examined hip fracture incidence
among HCV/HIV-coinfected patients compared to those with HCV alone, those with HIV
alone, and those uninfected with either virus. Our rationale for evaluating these three
comparisons was to allow a more complete understanding of the hip fracture risk associated
with HCV/HIV coinfection. We hypothesized that dual infection further increased the
fracture risk compared to HCV-monoinfected, HI\VV-monoinfected, and uninfected
individuals.

METHODS

Study Design and Data Source

We performed a retrospective cohort study among HCV/HIV-coinfected, HCV-
monoinfected, HIVV-monoinfected, and HCV/HIV-uninfected persons within the Medicaid
populations of California, Florida, New York, Ohio, and Pennsylvania from 1999 to 2005.
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 (14). The states included in this study were selected because they represent five
of the largest Medicaid programs in the U.S., comprising approximately 22 million active
enrollees, or almost 40% of the U.S. Medicaid population (15, 16). Medicaid claims report
demographic information, inpatient and outpatient medical diagnoses (recorded by using
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International Classification of Diseases, Ninth Revision, diagnosis codes), and medications
dispensed. 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 Medicare, we
obtained Medicare data on dually-eligible persons (17). Prior analyses of the linked
Medicaid and Medicare claims indicate that the data are of high quality (18). 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 diagnoses of HCV and/or HIV infections were
identified using previously validated algorithms (19-21). HCV-monoinfected patients were
defined by: 1) a diagnosis of HCV infection, and 2) no diagnosis of HIV infection or
prescriptions for antiretroviral medications. HCV/HIV-coinfected patients had: 1) a
diagnosis of HCV infection, 2) a diagnosis of HIV infection, and 3) claims for antiretroviral
medications on two separate occasions. We included only antiretroviral-treated HCV/HIV
patients because current management guidelines recommend antiretroviral therapy in all
HCV/HIV-coinfected patients regardless of CD4 T lymphocyte count (22). The overall
number of antiretroviral-untreated HCV/HIV-coinfected patients was too small to permit
evaluation. HIVV-monoinfected patients had: 1) a diagnosis of HIV infection, 2) antiretroviral
claims on two occasions, and 3) no diagnosis of HCV infection. HCV/HIV-uninfected
patients had no HCV or HIV diagnoses and no antiretroviral prescriptions.

Patients were excluded if they had: 1) only one Medicaid claim (i.e., no follow-up), 2) a hip
fracture diagnosed prior to start of follow-up (defined below), 3) diagnosis of hepatitis B
virus infection (to isolate the effect of HCV infection), or 4) received standard or pegylated
interferon (since this therapy affects bone mineral density (23)).

We matched each HCV-monoinfected and HCV/HIV-coinfected patient on age (within one
year), sex, and state with up to ten randomly selected uninfected persons. Matching on these
variables reduced to workable proportions the number of uninfected individuals for data
analysis while maintaining balance between cohorts on these variables. Ninety-two percent
of HCV-monoinfected patients were matched with 10 uninfected patients (minimum number
of matches, 6). Ninety-three percent of HCV/HIV-coinfected patients were matched with 10
uninfected patients (minimum number of matches, 7). We did not match HCV/HIV-
coinfected patients with HCV-monoinfected and HIVV-monoinfected patients because the
sample sizes of the two monoinfected cohorts were substantially smaller than the cohort of
HCV/HIV-uninfected persons, thus making statistical analysis feasible.

The 90 days prior to the start of follow-up represented the baseline period for all cohorts,
during which baseline comorbidities and therapies were determined. Follow-up for HCV-
monoinfected, HCV/HIV-coinfected, and HIVV-monoinfected patients began on the date of
their initial HIVV and/or HCV diagnosis. However, if the first claim in the database was an
HIV and/or HCV diagnosis, follow-up began 90 days after their initial diagnosis. Follow-up
for uninfected persons began 90 days after their initial claim. Follow-up continued until a
hip fracture, death, or last claim before December 31, 2005.

Main Study Outcome

The primary outcome was a diagnosis of fracture of the proximal femur (hip). Diagnoses of
hip fracture (Appendix A) from Centers for Medicare and Medicaid Services claims were
found to be highly valid in a previous survey, with 94% of cases confirmed via medical
records (24).
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Data Collection

Demographic data collected included: age; sex; race; and state of residence. Diagnoses
associated with osteoporosis or risk of falling (Table 1) were recorded prior to or at the start
of follow-up. Hepatic decompensation was defined by a diagnosis of ascites, spontaneous
bacterial peritonitis, and/or variceal hemorrhage (25). We also examined use of medications
that impact bone metabolism (Table 1). Patients were considered exposed to a medication if
a drug claim was recorded within 90 days prior to the start of follow-up.

Statistical Analysis

The number of fractures and person-time of observation was determined for each cohort. We
estimated incidence rates (in events/1000 person-years) and 95% confidence intervals (CIs)
of hip fractures for each cohort using direct standardization by age, sex, and state to the
characteristics of uninfected persons (26).

The primary analysis examined the time to fracture. Rates of incident fractures were
compared among the following cohorts: 1) HCV-monoinfected and uninfected; 2) HCV/
HIV-coinfected and uninfected; 3) HCV/HIV-coinfected and HIV-monoinfected (to
examine the effect of HCV infection on hip fracture risk in the setting of treated HIV
infection); and 4) HCV/HIV-coinfected and HCV-monoinfected (to examine the effect of
treated HIV on hip fracture risk in the setting of HCV infection). Major differences in the
prevalence of medical comorbidities and baseline usage of medications associated with
osteoporosis were observed between the cohorts (Table 1). Because of the many potential
confounding variables relative to the number of hip fractures, we used propensity scores to
balance, or control for, these confounders between the groups (27, 28). Separate propensity
score models were developed using logistic regression for each of the four comparisons of
interest (HCV-monoinfected versus uninfected; HCV/HIV-coinfected versus uninfected;
HCV/HIV-coinfected versus HIV-monoinfected; and HCV/HIV-coinfected versus HCV-
monoinfected). All variables in Table 1 were included in propensity score models, except for
age, sex, and state (which were included as covariates in final multivariable models) and
hepatic decompensation (since this condition might be in the causal pathway to fracture).
Cox proportional hazards analyses yielded hazard ratios (HRs) and 95% Cls of hip fracture,
stratified by quintiles of propensity score and state (29). We examined interactions between
cohort, sex, and age groups (18-39; 40-49; 50-59; 60-69; = 70 years).

We next estimated cumulative incidences of hip fracture over the maximum period of
observation (6.75 years) among HCV-monoinfected and HCV/HIV-coinfected patients
compared to uninfected patients matched to have characteristics similar to each of the HCV-
infected cohorts using propensity score-weighted Cox regression models (30). Details
appear in Appendix B.

Since cross-sectional studies suggest that HCV-infected patients with hepatic
decompensation have lower bone mineral density than HCV-infected persons with normal
liver function (3, 4), we conducted an exploratory analysis to evaluate whether HCV-
monoinfected patients with hepatic decompensation had an increased risk of hip fracture
compared to similar monoinfected patients without this diagnosis. Propensity score models
estimated the probability of decompensation. Each HCV-monoinfected patient with hepatic
decompensation was matched 1:1 on propensity score (nearest-neighbor matching within
0.02 of the propensity score), sex, and state to a monoinfected patient without
decompensation (31). Cox models evaluated relative hazards of fracture associated with
hepatic decompensation.

Finally, given that HCV/HIV-coinfected patients may have had their HCV and HIV
diagnoses recorded on different dates and since the earlier diagnosis date represented the
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start of follow-up, we conducted sensitivity analyses to evaluate HRs of fractures using the
later date of these patients’ diagnoses as the start of follow-up. We also conducted a
sensitivity analysis to examine the effect of potentially unmeasured confounders on the
relative hazard of hip fracture (32).

We estimated that 5,632 HCV-infected patients would provide 90% power to detect a
relative hazard of hip fracture of 1.5 between HCV-infected and uninfected persons,
assuming a two-tailed alpha of 0.05 and a 1% rate of fracture among the uninfected cohort
(33). Data were analyzed using SAS 9.2 (SAS Institute Inc., Cary, NC).

Patient Characteristics

Among 42,507,874 patients enrolled in the five states between 1999 and 2005 (Figure 1), we
identified 301,132 (0.7%) HCV-monoinfected, 38,661 (0.09%) HCV/HIV-coinfected, and
96,991 (0.2%) HIV-monoinfected individuals. We matched 3,007,974 HCV/HIV-uninfected
persons on age, sex, and state to the HCV-monoinfected cohort and similarly matched
386,610 uninfected individuals to the coinfected cohort. After exclusions (Figure 1), the
final sample included 276,901 HCV-monoinfected; 36,950 HCV/HIV-coinfected; 95,827
HIV-monoinfected; 2,744,075 uninfected patients matched to the HCV-monoinfected
cohort; and 366,829 uninfected patients matched to the coinfected cohort.

Table 1 summarizes the demographic and clinical characteristics of the infected cohorts and
the characteristics of age-, sex-, and state-matched uninfected patients. HCVV-monoinfected
patients were older, more frequently female, and more commonly of white race than HCV/
HIV-coinfected and HIV-monoinfected patients. In addition, compared to coinfected and
HIV-monoinfected patients, HCV-monoinfected patients more commonly had medical
diagnoses that had known associations with osteoporosis or risk of falling, including
alcoholism, asthma, cardiovascular disease, diabetes mellitus, chronic kidney disease,
hyperparathyroidism, and rheumatoid arthritis. HCVV-monoinfected patients also more
frequently received medications associated with osteoporosis, particularly corticosteroids
and proton pump inhibitors.

Unadjusted Incidence Rates of Hip Fracture

The median follow-up time ranged from 2.3 years for HCV-monoinfected patients to 5.2
years for HCV/HIV-coinfected patients (Table 1). Unadjusted incidence rates of hip
fractures were lowest among uninfected persons (1.29 [95% CI, 0.85-1.94] events/1000
person-years), increased with the presence of either HIV (1.95 [95% CI, 1.33-2.85] events/
1000 person-years) or HCV infection (2.69 [95% CI, 1.96-3.70] events/1000 person-years),
and were highest among HCV/HIV-coinfected patients (3.06 [95% CI, 1.96-4.80] events/
1000 person-years).

Risk of Hip Fracture in HCV-Monoinfected Patients Compared to Uninfected Persons

After adjusting for age, sex, state, propensity score, and the interaction between sex and age,
HCV monoinfection was associated with an increased rate of hip fracture compared to
uninfected persons (adjusted HR, 1.47; 95% Cl, 1.42-1.52). However, relative hazards of
hip fractures associated with HCV monoinfection varied by sex and age groups (p<0.001 for
all interactions). Below the age of 70 years, HCV infection was associated with an increased
relative hazard of hip fracture compared to uninfected individuals, regardless of sex (Table
2). For both women and men, hazard ratios were highest for persons 18-39 years and lowest
for those aged 60-69 years. Among persons 70 years and older, no association between
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HCYV infection and hip fracture was observed. Relative hazards of hip fracture were higher
for women than men among those below age 50 years.

Cumulative incidences of hip fractures for HCV-monoinfected and uninfected persons,
grouped by sex and age, are shown in Table 2. Among women, HCV monoinfection was
associated with 6.2 additional hip fractures per 1000 for the youngest age group (18-39
years) and 15.9 additional hip fractures per 1000 for the oldest group (=70 years). Among
men, HCV monoinfection resulted in an estimated 7.8 additional hip fractures per 1000 for
the youngest age group (18-39 years) and 19.3 additional fractures per 1000 for the oldest
group (=70 years).

Among HCV-monoinfected patients, hepatic decompensation was associated with an
increased rate of hip fractures (HR, 1.22; 1.02-1.46).

Risk of Hip Fracture in HCV/HIV-Coinfected Patients Compared to Uninfected Persons

Hazard ratios of hip fractures associated with HCV/HIV coinfection varied by sex in
comparisons with uninfected persons (p<0.001 for interaction) but not by age group.
Antiretroviral-treated HCV/HIV-coinfected patients had higher rates of hip fracture
compared to persons uninfected with either virus (Table 3). Hazard ratios for fracture
appeared higher among women than men. Similar results were observed when the later date
of HCV or HIV diagnosis was used as the start of follow-up.

Cumulative incidences of hip fractures for HCV/HIV-coinfected and uninfected persons,
grouped by sex and age, are shown in Table 3. Among women, coinfection was associated
with 4.9 additional hip fractures per 1000 for the youngest age group (18-39 years) and 30.5
additional hip fractures per 1000 for the oldest group (=50 years). Among men, coinfection
resulted in an estimated 9.1 additional hip fractures per 1000 for the youngest age group
(18-39 years) and 25.3 additional fractures per 1000 for the oldest group (=50 years).

Risk of Hip Fracture in HCV/HIV-Coinfected Compared to HCV-Monoinfected and HIV-
Monoinfected Persons

Rates of hip fractures associated with HCV/HIV coinfection varied by sex in comparisons
with HIV-monoinfected (p<0.001 for interaction). Antiretroviral-treated HCV/HIV-
coinfected patients had higher rates of hip fracture compared to antiretroviral-treated HIV-
monoinfected patients (females: HR, 1.76 [95% CI, 1.44-2.16]; males: 1.36 [95% CI, 1.20-
1.55]).

Hazard ratios of hip fractures were not different by age and sex for comparisons between
HCV/HIV-coinfected and HCV-monoinfected patients. HCV/HIV coinfection was
associated with a higher rate of hip fracture compared to HCV-monoinfected patients
(adjusted HR, 1.38; 95% CI, 1.25-1.53).

Similar results were observed when the later date of HCV or HIV diagnosis was used as the
start of follow-up.

Potential Impact of Unmeasured Confounders

Sensitivity analyses to evaluate the effect of unmeasured confounding determined that an
unmeasured confounder would need to have >20% prevalence and be 3.5-times more likely
to be present among HCV-uninfected than infected persons to make the results non-
significant.
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DISCUSSION

Among U.S. Medicaid enrollees, antiretroviral-treated HCV/HIV-coinfected patients
experienced increased rates of hip fractures compared to HCV-monoinfected, antiretroviral-
treated HIV-monoinfected, and HCV/HIV-uninfected persons. HCV monoinfection was
associated with an increased rate of hip fractures compared to uninfected persons below age
70 years, and the relative increase was highest among younger persons. Additionally, HCV-
monoinfected patients with hepatic decompensation had higher rates of hip fractures
compared to those without decompensation. Finally, hazard ratios of hip fractures were
higher among women than men.

The mechanisms for the association between HCV infection and hip fracture remain unclear.
Elevated serum levels of inflammatory cytokines associated with chronic HCV infection
(e.g., tumor necrosis factor-alpha, interleukin-1, interleukin-6) could increase receptor
activator of nuclear factor kappa-B ligand (RANKL), promoting osteoclastogenesis and
increasing bone resorption (4, 8). Moreover, tumor necrosis factor-alpha inhibits osteoblast
differentiation, inhibits collagen synthesis in osteoblasts, and promotes osteoblast apoptosis
(8). The net effect of this inflammatory cascade is reduced bone mineral density and
increased fracture risk. Further, compensated cirrhosis and liver synthetic dysfunction in the
setting of hepatic decompensation could increase the risk of hypogonadism (10), reduce
hepatic hydroxylation of vitamin D (9), and impair hepatic production of insulin-like growth
factor-1, which promotes bone formation (7), and these conditions could further reduce bone
density and contribute to fractures. Our finding that hepatic decompensation was associated
with increased rates of hip fractures suggests that liver dysfunction might also contribute to
metabolic bone disease (3, 4). Finally, illicit drug use, alcohol abuse, poor nutrition, and
fragility among HCV-infected patients might also contribute to increased fracture risk from
trauma, irrespective of the impact of HCV infection on bone mineral density. Additional
research is needed to determine the mechanisms by which chronic HCV and HCV/HIV
coinfection affect bone mineral density and fracture incidence.

The higher fracture rates observed among HCV/HIV-coinfected persons compared to HCV-
monoinfected individuals might be due to the additive effects of HIV infection and
antiretroviral therapy on bone mineral density. Uncontrolled HIV viremia upregulates
cytokines that reduce osteoblast activity, promote osteoblast apoptosis, and activate
osteoclasts to increase bone resorption (34, 35). HIV infection might increase the risk of
other osteoporaosis risk factors, such as poor nutrition, hypogonadism, lipoatrophy, and
decreased muscle mass (36, 37). Moreover, initiation of antiretroviral therapy is associated
with significant short-term bone loss in the range of 2-6% over 1-2 years (38). In particular,
tenofovir use has been linked to decreased bone mineral density among HIV-infected adults
(39), possibly because of phosphate wasting from tenofovir-induced proximal renal tubule
dysfunction (40).

Comparisons between HCV-monoinfected and uninfected individuals demonstrated that
hazard ratios were highest among younger persons and decreased with higher age. In terms
of absolute differences, however, the increase was highest for older patients because of high
absolute fracture rates in this group. These results are to be expected because many other
factors contribute to fracture risk with advancing age and likely overwhelm the impact of
HCV infection. The mechanism for the increased relative hazards of hip fracture at the
younger ages remains unclear. While this finding could reflect the role of chronic HCV-
associated inflammation, it also suggests that trauma might be contributing to fractures
among younger patients. The data did not permit determination of fractures associated with
trauma.

Hepatology. Author manuscript; available in PMC 2013 November 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Reetal.

Page 8

We observed that the relative hazards of hip fracture were higher for women than men when
comparing HCV-monoinfected and uninfected persons below age 50 years, HCV/HIV-
coinfected and HIV-monoinfected patients, and coinfected and uninfected persons. The
pathogenesis responsible for these differences is unclear. It is unknown if there are clinically
significant differences by sex in serum levels of hepatitis-associated cytokines, markers of
bone turnover, or other factors that maintain bone balance (e.g., insulin-like growth factor-1)
among HCV-infected patients. Moreover, the effect of HCV infection, particularly in the
setting of hepatic decompensation, on ovarian function and estrogen production in women is
also unknown. Future studies of serum levels of cytokines, markers of bone turnover,
insulin-like growth factor-1, and sex hormones might elucidate the mechanisms for low
bone density and fracture in HCV-infected women.

Although higher rates of fracture associated with HCV monoinfection and HCV/HIV-
coinfection have potential implications for clinical management, neither of these conditions
is considered to be associated with increased fracture risk by osteoporosis guidelines (41).
Our study suggests that HCV monoinfection and HCV/HIV coinfection are associated with
an increased risk of fracture. Future studies are needed to determine the relations between
dual-energy x-ray absorptiometry estimates of bone mineral density and fracture risks
associated with HCV monoinfection and HCV/HIV coinfection, and to develop guidelines
for the identification of patients at risk. Determination of the mechanisms of reduced bone
mineral density due to HCV and HCV/HIV coinfection is also needed to identify potential
interventions that might prevent bone loss and mitigate fracture risk in these populations.

Our study had several limitations. We lacked laboratory data on HCV and HIV infections as
well as radiographic confirmation of fracture diagnoses. However, diagnoses of HCV and
HIV infections were identified using previously validated algorithms (19-21). Further, hip
fracture diagnoses in Medicaid were shown to have 94% positive predictive value (24).

Second, we observed major differences in the prevalence of medical comorbidities and
usage of medications associated with osteoporosis between the cohorts. However, we
addressed this by developing separate propensity score models for each of the four
comparisons of interest in order to balance, or control for, potential confounding variables
across the comparison groups.

Third, our analyses only accounted for baseline use of antiviral treatment for chronic HCV
infection, tenofovir use, and pharmacologic therapies for osteoporosis. We did not censor
follow-up at the time of receipt of these medications since use of these drugs was
uncommon among the cohorts studied and because it is unclear if hip fracture risk is affected
by some of these therapies (i.e., tenofovir, interferon, ribavirin).

Fourth, the median follow-up among the HCV/HIV-coinfected cohort was longer than that
for the age-, sex-, and state-matched HCV/HIV-uninfected cohort. If our study design had
called for two cohorts followed over time from the same starting age, this longer observation
time would limit possible comparisons. However, both coinfected and uninfected cohorts
included patients among all age groups, produced risk sets of adequate size for all
combinations of hip fracture risk factors across age groups, and therefore covered the
spectrum of risks experienced by young, middle-aged, and older patients.

Fifth, 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 HCV and HIV infections. We also could not assess whether fractures were
specifically trauma-related. However, to negate the positive associations observed in our
study, such confounders would have to be strongly associated with fracture and related to
infection but not related to the many risk factors already included in our models.
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Finally, the study sample consisted of U.S. Medicaid enrollees, potentially limiting the
generalizability of our results. However, Medicaid is the largest source of care for patients
with HIV infection in the U.S. and provides coverage to a large proportion of patients with
HCYV infection (42). In addition, the study cohorts are demographically similar to U.S. HCV
and HIV populations (43, 44).

Our study had a number of strengths. It evaluates the association between HCV infection
and hip fracture, including among HIV-infected persons in a large population. The study
also examined the risk of hip fracture associated with HCV-induced hepatic
decompensation. Further, propensity score methods enabled us to adjust for many potential
confounding variables that have not been considered in prior fracture studies.

In conclusion, this study provides evidence that HCV and HCV/HIV coinfection are
associated with increased rates of hip fractures. Future studies should evaluate mechanisms
for the increased fracture risks in these populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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Selection of hepatitis C virus (HCV)/human immunodeficiency virus (HIV)-coinfected,
HCV-monoinfected, HIV-monoinfected, and HCV/HIV-uninfected subjects in the study.
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