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Abstract
Background: HIV infection has been associated with an increased risk of fragility fracture. We explored whether or not this
increased risk persisted in HIV infected and uninfected men when controlling for traditional fragility fracture risk factors.
Methodology/Principal Findings: Cox regression models were used to assess the association of HIV infection with the risk
for incident hip, vertebral, or upper arm fracture in male Veterans enrolled in the Veterans Aging Cohort Study Virtual
Cohort (VACS-VC). We calculated adjusted hazard ratios comparing HIV status and controlling for demographics and other
established risk factors. The sample consisted of 119,318 men, 33% of whom were HIV infected (34% aged 50 years or older
at baseline, and 55% black or Hispanic). Median body mass index (BMI) was lower in HIV infected compared with uninfected
men (25 vs. 28 kg/m2; p,0.0001). Unadjusted risk for fracture was higher among HIV infected compared with uninfected
men [HR: 1.32 (95% CI: 1.20, 1.47)]. After adjusting for demographics, comorbid disease, smoking and alcohol abuse, HIV
infection remained associated with an increased fracture risk [HR: 1.24 (95% CI: 1.11, 1.39)]. However, adjusting for BMI
attenuated this association [HR: 1.10 (95% CI: 0.97, 1.25)]. The only HIV-specific factor associated with fragility fracture was
current protease inhibitor use [HR: 1.41 (95% CI: 1.16, 1.70)].
Conclusions/Significance: HIV infection is associated with fragility fracture risk. This risk is attenuated by BMI.
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as that reported in the general European population for the same
age group. Arnsten and colleagues explored associations of HIV
infection with BMD and incident fractures in HIV infected
(N = 328) and at-risk men (N = 231) aged 49 years or older.[5]
They reported an association between HIV infection and a
decrease in BMD and between decreased BMD and increased
fracture incidence. However the 38% increased fracture incidence
among HIV infected men was not statistically significant, likely
due to small sample size. In a larger study of HIV infected
(N = 5,555) and uninfected men (N = 975,158), after controlling for
age and race only, Triant et al. found a higher prevalence of wrist,
hip, and vertebral fractures among HIV infected compared with
uninfected men (3.08 per 100 persons vs. 1.83; P,0.0001).[8] This
study did not include other recognized risk factors for fragility
fracture.

Introduction
Low bone mineral density (BMD) is more common among HIV
infected than uninfected individuals, potentially placing them at
higher risk of fragility fracture.[1,2,3,4] Studies comparing fragility
fractures in HIV infected and uninfected men have been
inconclusive.[5,6,7] In a population of 1,281 HIV infected adults
on antiretroviral therapy (77% male), Collin et al. found the
incidence of first fracture to be 3.3/1,000 patient-years (95% CI
2.0, 4.6). Eighty-one percent of these fractures resulted from
trauma. Excessive alcohol consumption and hepatitis C coinfection were associated with higher fracture incidence while age,
gender, AIDS diagnosis, baseline plasma HIV RNA, body mass
index (BMI) and first protease inhibitor (PI) used were not. The
incidence rate of first fractures in this study was in the same range
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for care in the VHA between 1997 and 2009. A small fraction of
the HIV uninfected individuals (0.15%) seroconverted after entry
into the study and were excluded from the analysis, as were those
individuals to whom they were matched, 0.39% of the total
sample.

The risk for fragility fracture is multifactoral, as has been
highlighted in the World Health Organization’s Fracture Risk
Assessment Tool (FRAXH). These risk factors include increasing
age, female gender, low BMI, previous fracture, parental history of
hip fracture, current smoking, glucocorticoid use, three or more
units of alcohol per day, rheumatoid arthritis, secondary
osteoporosis, and decreased femoral neck BMD. Among HIV
infected individuals, fragility fractures may be related to HIVspecific as well as traditional risk factors. Demographic factors,
such as white race, female gender and older age increase the risk
for fractures as in the general population.[5,8] Decreased femoral
BMD has also been associated with fragility fracture risk in this
population.[5] The other FRAXH risk factors have not been
explored in the context of HIV infection. There are also fragility
fracture risk factors not included in the FRAXH but that are also
associated with HIV infection. These include: chronic hepatitis B
or C infection,[6,9] chronic obstructive pulmonary disease,[10]
coronary artery disease,[11] cerebrovascular disease,[12] and
proton pump inhibitor use.[13] The nature of these associations
likely differs by disease, thus the role that these conditions play in
the relationship between HIV infection and fragility fractures may
vary. As yet, the association between combined antiretroviral
therapy (cART) and fragility fracture remains uncertain. The
exploration of the association between cART and decreased BMD
has produced inconsistent results, with some studies demonstrating
an association,[3,14] and others not.[4,15] Exploring the contribution of individual antiretrovirals, tenofovir has been associated
with an acute decrease in BMD when compared with abacavir.[16,17] Protease inhibitors, particularly ritonavir, have been
associated with decreased BMD[18,19,20] when compared to
nonnucleoside reverse transcriptase inhibitor use.[18] An association between specific antiretrovirals and fragility fractures has yet
to be determined.

Description of Procedures or Investigations undertaken
Definition of Outcomes. Three fracture types were included
in this study: hip, vertebral and upper arm. These were selected as
they are commonly identified as resulting from a non-traumatic
cause.[5,8,22,23] All three types were included in a composite
outcome. Unlike other authors, we excluded wrist fractures from
this analysis. Wrist fractures are the third most common type of
osteoporotic fracture. However they are far more common among
women than men.[22] Their incidence by age differs by gender: in
women, the curve is ‘‘J’’ shaped, indicating a likely association with
osteoporosis,[24] while it is bi-modal in men, one peak between 20
and 45 and another beginning at the age of 65 years.[25] The
earlier peak is thought to be more related to severe trauma than to
osteoporosis.[26] As more than 70% of our sample is younger than
60 years of age, the predominant cause of wrist fractures in this
group is likely trauma.[27]
Fracture outcomes were defined using the following ICD-9-CM
codes: hip: 820.0X, 820.1X, 820.2X, 820.3X, 820.8, 820.9;
vertebral: 805.2, 805.3, 805.4, 805.5, 805.6, 805.7; and upper
arm: 812.0X, 812.1X, 812.2X, 812.3X, 812.4X, 812.5X. The use
of these codes to identify fractures was validated by chart review of
400 randomly selected radiology reports. We compared the
presence of ICD-9-CM codes for hip, vertebral or upper arm
fractures with documentation of the fracture in radiology reports
within 2 weeks before or after the ICD-9-CM fracture date.
Overall agreement between the gold standard (documentation in
radiology reports) and ICD-9-CM codes was 97%. Agreement
beyond chance between the ICD-9-CM codes and radiologically
identified fractures (kappa) was substantial (0.77, 95% CI: 0.62–
0.90).[28]
Observation time. Observation time was calculated as the
time between cohort entry (1997–2009) and date of first fracture
for those with the event, or, for those who were censored, date of
death or the midpoint between date of last clinic visit and the
conclusion of this study (May 31, 2009), as appropriate.
Individuals whose entry into the cohort was on the same date as
their last follow-up were excluded from this analysis. As this
analysis included time varying covariates, follow-up time was
divided into six month intervals, beginning at the individual’s entry
into the cohort.
Covariates. We examined covariates identified as risk factors
for fragility fracture [29,30,31,32,33,34]: age at baseline, race/
ethnicity, BMI, past or current smoking, inhaled/oral
corticosteroid use, proton pump inhibitor (PPI) use, and
comorbid conditions.[35] Age at baseline (time of entry into the
VACS) was assessed in 10 year increments. BMI was defined as
the first available BMI from no more than six months prior to
enrollment. To address a possible nonlinear relationship between
BMI and fracture risk, both BMI and the quadratic, BMI2, were
included in the models. The comorbid conditions were also
assessed at baseline and included congestive heart failure (CHF),
pulmonary diseases, peripheral vascular disease (PVD), diabetes
mellitus (DM), alcohol abuse, drug abuse, major depressive
disorder, stroke, coronary artery disease (CAD), cerebrovascular
disease (CVD), end stage liver disease (ESLD), cirrhosis, renal
disease, chronic hepatitis B or C infection. Proton pump inhibitor
use was defined as any active prescription for a PPI from study
entry through time of fracture or censoring.

Methods
Objectives
We explored whether the association between HIV infection
and hip, vertebral, and upper arm fractures in men could be
explained by traditional fragility fracture risk factors, hypothesizing that these risk factors would explain much of the association
between HIV infection and fragility fractures. Among HIV
infected men, we also analyzed the association between tenofovir
and PI use and fragility fractures. We hypothesized that neither
would be associated with an increased fracture risk.

Sample
The Veterans Aging Cohort Study Virtual Cohort (VACS-VC)
is a prospective, observational cohort of HIV infected and a 2:1
sample of age, race, gender and site matched uninfected
Veterans.[21] As described by Fultz and colleagues, the HIV
infected subjects were identified by the presence of at least two
outpatient or one inpatient International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) codes for HIV.
Once the HIV infected subjects had been identified, each was
matched to two comparators using age (five year intervals), race/
ethnicity, geographic location, and gender. Comparators could not
have any HIV-associated diagnostic codes. The VACS-VC
represents a national sample and currently consists of 125,259
individuals (33% HIV infected) for whom demographic, pharmacy, and clinical data, including diagnostic codes, weight, height,
and health factors such as smoking are available. The VACS-VC
identifies all HIV infected Veterans receiving care in the Veterans
Health Administration (VHA) system. These individuals enrolled
PLoS ONE | www.plosone.org
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Among HIV infected individuals, we initially controlled for
baseline CD4 count, baseline HIV-RNA levels, and use of
tenofovir, PIs, and cART.[3,36,37,38] Both tenofovir and PIs
were included as they have been shown to be associated with
decreased BMD.[39] CD4 count was categorized into 100 cell/
mm3 increments, and HIV-RNA was log10 transformed.
Corticosteroid use, tenofovir use, PI use, and cART use were
evaluated both as time-varying covariates and as cumulative
exposure to drug. To accomplish this, the data were organized as
multiple records per patient, each record being defined as a six
month interval, as described above. In each record, two variables
were created. The first noted whether or not the individual was on
the drug during the time interval (yes/no), and the second
recorded the cumulative time that the individual had been
prescribed the medication.

Results
Our analysis included 119,318 men, 33% of whom were HIV
infected (Table 1), who enrolled in VACS-VC between 1997 and
2009. There were 1615 first fractures: 496 hip, 322 vertebral, and
797 upper arm fractures. There were five instances of two
fractures at the time of first fracture: four men had both vertebral
and upper arm fractures and one man had both hip and upper
arm fractures. None experienced three or more fractures at the
time of first fracture.
At enrollment, 34% of HIV infected and uninfected men were
over 50 years of age. Fifty five percent of subjects were black or
Hispanic. Because of the matched sample design, differences in
race or age were not significant. Median BMI was lower in HIV
infected than in uninfected men (25 kg/m2 versus 28 kg/m2,
p,0.0001). Mean follow-up time was shorter among HIV infected
than uninfected men (6.063.9 versus 6.963.9, p,0.0001), and the
mean age at fracture was one year older in HIV infected than

Ethics
The development of the VACS was approved by the
Institutional Review Boards of the VHA Connecticut Healthcare
System and Yale University School of Medicine, has been granted
a waiver of informed consent, and is HIPAA compliant.[21]

Table 1. Sample Characteristics*.

Statistical methods

HIV infected
N = 40115

Univariate statistics were used to describe the population. Chisquare and t-test were used to compare differences by HIV status.
The percent of missing data in our study was low, ranging from
less than 1% to 11%. We used multiple imputation (MI)[40] via
the SAS Procedure MI. The imputation model included hip,
vertebral, and upper arm fractures as well as the composite
outcome, the time variables for all three fracture types, and all
covariates. Analyses of the imputed data sets were combined using
Rubin’s rule[41] as implemented in the SAS Procedure MIANALYZE. For additional information on the imputation process,
please see Appendix S1.
We estimated unadjusted fracture incidence, defined as the
number of hip, vertebral or upper arm fractures per 1,000 personyears. Using Cox regression models, we then adjusted for
covariates previously identified as risk factors for fragility fracture.
As BMI may mediate the relationship between HIV infection and
fragility fracture, we first excluded it from these analyses. We then
entered BMI into the models to evaluate whether it attenuated the
effect of HIV infection.
Initially we explored the effect of covariates on fragility fracture
risk in a combined model of HIV infected and uninfected men.
We then explored models for HIV infected and uninfected men
separately, including the same covariates as in the combined
model. In the model for HIV infected men, when both CD4
count and HIV-RNA were included in the model, neither was
significant. As they covaried (Pearson’s R: 0.30), we entered each
into the model separately. CD4 count was significantly associated
with the outcome while log HIV-RNA was not. Therefore, only
CD4 count was retained in the model. Similarly, because of
covariance, cART use could not be included in models that also
included PI and tenofovir use. As we were interested in exploring
specific drugs that might be associated with increased fracture
risk, we excluded cART use. In addition, we built one set of
models that included variables for current use of corticosteroids,
tenofovir, and PI. We then constructed different models that
replaced the variables for current use with those for cumulative
use. Cumulative use of any of these medications was not
associated with fragility fractures, thus we present only the results
from those models that included current corticosteroid, tenofovir,
and PI use.
PLoS ONE | www.plosone.org

Uninfected
N = 79203 p

HIV infected and
uninfected men
Follow-up time (years) **

6.063.9

6.963.9

,0.0001

Age at time of fracture**

54610.0

53611

0.01

Black/Hispanic

55

55

NA{

Age .50 years at baseline

34

34

0.10

BMI (m/kg2){

25 (22, 28)

28 (25, 32)

,0.0001

Congestive heart failure

2

2

0.75

Pulmonary diseases

6

6

0.69

Peripheral vascular disease

1.0

1.3

,0.0001

Alcohol abuse
Drug abuse

16
19

15
12

,0.0001
,0.0001

Current smoker

61

54

,0.0001

Major depressive disorder

7

6

,0.0001

Coronary artery disease
Diabetes

4
7

6
12

,0.0001
,0.0001

Cerebrovascular disease/stroke

2

2

0.08

Liver disease

12

3

,0.0001

Renal disease

4

2

,0.0001

Corticosteroid use at baseline

5

3

,0.0001

Any proton pump inhibitor use

41

41

0.60

Tenofovir use at baseline

3

NA

--

PI use at baseline

37

NA

--

On cART at any time during
follow-up

75

NA

--

Duration of cART use**

2.962.5

NA

--

Baseline CD4 (cells/mm3){

274 (109, 468)

NA

--

Baseline HIV RNA (copies/mL){

10722 (500, 77516) NA

--

HIV infected men only

*Data are from the baseline visit and are percents unless noted otherwise.
**Mean6SD.
{ Groups matched by age and race.
{ Median (IQR).
¥ Liver disease is a composite variable composed of chronic Hepatitis B or C
infection, end stage liver disease, and/or cirrhosis.
doi:10.1371/journal.pone.0017217.t001
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covariates and fragility fracture were similar. As expected, older
age, white race, alcohol abuse, liver disease, current corticosteroid
use, smoking, and any proton pump inhibitor use increased the
risk for fragility fracture in both models. In addition, among HIV
infected men, an increase in BMI, but not BMI2, was protective
against fractures. Among uninfected men, both were significant.
Thus, among HIV infected individuals, the relationship with BMI
was linear: a higher BMI was associated with a lower risk for
fragility fracture. The relationship between BMI and fragility
fracture among HIV uninfected men is as described above.
Among HIV-specific covariates, only current PI use was
significantly associated with fragility fracture risk [1.41 (1.16,
1.70)]. Current tenofovir use [1.29 (0.99, 1.70)], and CD4 count at
baseline [1.01 (0.98, 1.05)] were not significantly associated with
fracture risk.

uninfected men [54610 versus 53611 years, p = 0.01; median 53
(48, 61) versus 52 (46, 58)]. Peripheral vascular disease, coronary
artery disease, and diabetes were less common among HIV
infected than uninfected men (p,0.0001). In contrast, alcohol
abuse, drug abuse, current smoking, major depressive disorder,
liver disease, and renal disease were all more common among HIV
infected compared to uninfected men (p,0.0001). HIV infected
men were also more likely to have used corticosteroids at baseline
than uninfected (p,0.0001). Among HIV infected men, median
baseline CD4 count was 274 (109, 468) cells/mm3, and median
baseline HIV-RNA was 10,722 (500, 77,516) copies/mL. Thirtythree percent had a serum HIV-RNA less than 1000 copies/ml at
enrollment, 3% used tenofovir and 37% used a PI. Over the
duration of follow-up, 75% used cART for a mean duration of
2.962.5 years.
In the combined model of HIV infected and uninfected men,
the unadjusted incidence of all fragility fractures was 2.5/1,000
person-years among HIV infected and 1.9/1,000 person-years
among uninfected men (p,0.0001). The unadjusted risk for
fragility fracture was significantly higher among HIV infected than
uninfected men [hazard ratio: 1.32 (95% CI: 1.20, 1.47)] (Table 2).
Including common risk factors for fragility fracture, with the
exception of BMI, attenuated this association, but it remained
statistically significant [1.24 (1.11, 1.39)]. When BMI and BMI2
were included in the model, the effect of HIV was further
attenuated [1.10 (0.97, 1.25)] and was no longer statistically
significant. Greater BMI was associated with a decreased risk for
fragility fracture [0.82 (0.79, 0.85)]. However, that BMI2 was also
significantly associated with fracture risk [1.002 (1.002, 1.003)]
implies that the risk for fracture is higher than expected at the
extremes of BMI.
When comparing adjusted models of fragility fracture risk in
HIV infected and uninfected men, relationships between the

Discussion
Men with HIV infection were at increased risk for incident
fracture compared to uninfected, demographically similar men.
Including established risk factors, particularly baseline BMI and
BMI2, in the model attenuated the risk associated with HIV
infection. In our cohort, in addition to BMI, other important
modifiable risk factors included alcohol abuse, smoking, current
corticosteroid use, liver disease, and any proton pump inhibitor
use. As has been found in previous research, the association
between corticosteroid use and bone fracture was present while the
patient was on treatment.[42]
Among HIV infected individuals, current PI use was associated
with an increased risk of fracture. This association was evident
while the patient was on treatment. This result should be
interpreted with caution. Mean follow up time for HIV infected
male Veterans was 6.063.9 years, but mean time on cART was

Table 2. Comparative models for any fragility fracture (hip, vertebral, or humeral) in male Veterans*.

Model with HIV
only**

Model with
everything but
BMI**

Full Model**

Restricted to HIV+**

Restricted to HIV-**

HIV

1.32 (1.20, 1.47)

1.24 (1.11, 1.39)

1.10 (0.97, 1.25)

--

--

Age (10 year increments)

--

1.33 (1.26, 1.41)

1.32 (1.25, 1.40)

1.52 (1.39, 1.66)

1.32 (1.25, 1.40)

White race

--

1.74 (1.56, 1.94)

1.80 (1.60, 2.03)

1.85 (1.52, 2.25)

1.80 (1.60, 2.03)

Alcohol abuse

--

1.81 (1.53, 2.15)

1.80 (1.50, 2.17)

1.50 (1.12, 2.02)

1.80 (1.50, 2.17)

Liver disease{

--

1.33 (1.08, 1.63)

1.38 (1.10, 1.73)

1.39 (1.03, 1.87)

1.38 (1.10, 1.73)

Current corticosteroid use

--

1.57 (1.28, 1.92)

1.45 (1.21, 1.74)

1.41 (1.06, 1.88)

1.45 (1.21, 1.74)

Smoker

--

1.44 (1.25, 1.66)

1.21 (1.04, 1.42)

1.30 (1.00, 1.67)

1.21 (1.04, 1.42)

Any proton pump inhibitor use

--

1.64 (1.47, 1.84)

1.70 (1.51, 1.92)

1.55 (1.28, 1.89)

1.70 (1.51, 1.92)

BMI

--

--

0.82 (0.79, 0.85)

0.87 (0.77, 0.99)

0.82 (0.79, 0.85)

2

--

--

1.002 (1.002, 1.003)

1.002 (1.000, 1.005)

1.003 (1.002, 1.003)

CD4/100 cells/mm3

--

--

--

1.01 (0.98, 1.05)

--

Current TDF use{

--

--

--

1.29 (0.99, 1.70)

--

Current PI use¥

--

--

--

1.41 (1.16, 1.70)

--

BMI

*Significant variables included in table. Other variables included in the model but not statistically significantly related to outcome: Pulmonary disease, peripheral
vascular disease, major depressive disorder, coronary artery disease and/or diabetes mellitus, congestive heart failure, renal insufficiency, CD4 (per 100 cells/mm3), and
tenofovir use. HIV-RNA was excluded from the model as it covaried with CD4 count (Pearson’s R: 0.30) and only CD4 count was significantly associated with fragility
fractures.
**Hazard ratio (95% confidence interval).
{ Includes end stage liver disease, cirrhosis, chronic hepatitis B or C infection.
{ TDF: tenofovir.
¥ PI: protease inhibitor.
doi:10.1371/journal.pone.0017217.t002
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only half that time (2.962.5 years) and varied widely. Thus it is
possible that PI use is a marker for disease severity and/or
duration. For example, those with the most advanced disease may
have initiated therapy with a PI earlier than those with less
advanced disease. Thus it is not clear that PI use per se is associated
with an increased risk for fracture. Neither CD4 count nor current
tenofovir use was significantly associated with fracture risk. That
tenofovir was not significantly related to fragility fracture risk may
reflect its more recent emergence on the market that PI use.
Tenofovir has only been available since 2001. Protease inhibitors,
by comparison, have been in use since the inception of VACS.
There is limited prior work addressing the relationship between
HIV infection and the risk of fragility fracture in men. Given
different outcome measures and sample populations, comparisons
among studies are difficult. Collin and colleagues explored the
incidence of all fracture types among HIV infected men and
women.[6] Triant and colleagues explored the prevalence of
wrist, hip, and vertebral fractures in HIV infected and uninfected
men and women, both separately and together.[8] Arnsten and
colleagues explored the incidence of any fracture in HIV infected
and at risk men 49 years of age and older.[5] Our study furthers
this earlier work. The difference in fracture incidence between
our study and that of Collin et al. is likely explained by their
inclusion of all fracture types in both men and women. This
difference may also explain why BMI was significant in our study
where we limited the fractures under consideration, and not in
that of Collin et al. Compared to the work of Triant and
colleagues who explored only the role of age, race, and gender,
we were able to control for a wide variety of risk factors, including
modifiable risk factors, in our analysis. Our results were similar to
those of Arnsten and colleagues. Remaining differences between
our results and those of Arnsten and colleagues may result from
the differences in outcomes: we looked at hip, vertebral and
upper arm fractures while Arnsten and colleagues looked at all
fractures. In addition, our sample size (N = 119,318) allowed us to
explore more of the risk factors for fragility fracture than was
possible in the previous study. In particular, our results support
those of Bolland and colleagues who suggest that weight, or BMI,
may mediate the relationship between HIV infection and low
BMD.[43]
There is an extensive literature suggesting an association
between decreased BMD and HIV infection.[3,44,45] However
fragility fractures occur as a result of both decreased bone strength
and injury.[46] While an important risk factor for fractures, most
individuals who experience a fragility fracture do not have a BMD
in the lowest range.[47,48,49,50] Thus, fragility fractures and low
BMD are not the same outcome.
Clinically, our work highlights the contribution of common risk
factors for fragility fracture among individuals with HIV infection.
The role of specific antiretroviral medications still requires further
exploration. In the meantime, helping patients to stop smoking
and decrease alcohol consumption is of central importance. Oral
and inhaled corticosteroids and PPIs should be used sparingly.
When treatment is unavoidable, providers should help patients
minimize other fragility fracture risk factors and should address
prevention of proximal causes of fractures, such as falls.

proton pump inhibitor use. Of central importance, we were also
able to control for BMI. In addition, our sample is approximately a
decade older than, but otherwise closely resembles, the HIV
infected male population of the US: the VACS-VC male
population is 44% black and 35% white while in the US HIV
infected population, 46% are black and 35% white.[27] Further,
our prior work has consistently demonstrated generalizability of
our findings to non-Veteran populations. In three major and
independent cross cohort collaborations considering associations
between timing of HIV treatment and survival, associations in
VACS data were consistent with those found in other cohorts from
Europe and North America.[52,53,54]

Limitations
Fragility fractures are far more common among women than
men. However fragility fractures among men account for 20% of
all fragility fractures and 25% of the costs.[46] One-third of all hip
fractures occur in men.[55] Post hip fracture, one-year mortality
rates are higher in men than in women (31–38% vs 12–28%,
respectively)[56], and men are almost twice as likely as women to
be institutionalized after a hip fracture.[57]
We were limited by the fact that we could only access data
subsequent to the date of VACS enrollment. This prevented our
being able to determine whether or not individuals had had a
fracture prior to enrollment. In addition, as in most cohort studies,
we had no information on parental history of hip fracture. We
have no reason to believe that parental history of hip fracture
differs by HIV status. In addition, we also used ICD-9-CM codes
to identify fractures, and despite our attempts to clearly identify
the fractures in our study as fragility fractures, we acknowledge
that some fractures may have resulted from trauma, thus our
results may overestimate fracture incidence in all subjects.
Nonetheless, our relative comparisons are robust.

Future directions
The utility of including HIV infection as a risk factor to existing
fracture risk algorithms, such as the FRAXH, requires further
investigation. As FRAXH is only valid in people over the age of 50
years, it cannot be utilized as a risk prognosticator in the majority
of HIV infected patients, thus alternatives to the FRAXH should
be explored. Finally, proximal causes of fragility fractures in the
population require further exploration. As noted earlier, a
combination of decreased BMD and injury cause fragility
fractures. While the role of decreased BMD has been explored,
that of injury, particularly falls, remains unexplored and requires
elucidation.

Supporting Information
Appendix S1

(DOC)

Acknowledgments
Disclaimer: The views expressed in this article are those of the authors and
do not necessarily reflect the position or policy of the Department of
Veterans Affairs.

Strengths
Author Contributions

Our study has several unique strengths. These include a large
and diverse national sample, incident outcomes, and data on most
of the major risk factors for fragility fracture.[51] We were able to
assess most of the FRAXH risk factors as well as others, including
comorbid disease, alcohol abuse, smoking, corticosteroid use, and

PLoS ONE | www.plosone.org

Conceived and designed the experiments: JAW JG CG CB CCC BG DR
MRB ACJ. Performed the experiments: JAW JG CCC. Analyzed the data:
JAW JG CCC ACJ. Wrote the manuscript: JAW JG CG CB CCC BG LF
KM DR MRB JT MTY ACJ. Acquisition of data: ACJ CB MRB DR CG.

5

February 2011 | Volume 6 | Issue 2 | e17217

HIV Infection and Fragility Fractures in Men

References
30. Collins TC, Ewing SK, Diem SJ, Taylor BC, Orwoll ES, et al. (2009) Peripheral
arterial disease is associated with higher rates of hip bone loss and increased
fracture risk in older men. Circulation 119: 2305–2312.
31. Kanis JA, Johnell O, Oden A, Sembo I, Redlund-Johnell I, et al. (2000) Longterm risk of osteoporotic fracture in Malmo. Osteoporos Int 11: 669–674.
32. Kanis JA, Johansson H, Johnell O, Oden A, De Laet C, et al. (2005) Alcohol
intake as a risk factor for fracture. Osteoporos Int 16: 737–742.
33. De Laet C, Kanis JA, Oden A, Johanson H, Johnell O, et al. (2005) Body mass
index as a predictor of fracture risk: a meta-analysis. Osteoporos Int 16:
1330–1338.
34. Hippisley-Cox J, Coupland C (2009) Predicting risk of osteoporotic fracture in
men and women in England and Wales: prospective derivation and validation of
QFractureScores. Bmj 339: b4229.
35. Justice AC, Lasky E, McGinnis KA, Skanderson M, Conigliaro J, et al. (2006)
Medical disease and alcohol use among veterans with human immunodeficiency
infection: A comparison of disease measurement strategies. Med Care 44:
S52–60.
36. Bolland MJ, Grey AB, Horne AM, Briggs SE, Thomas MG, et al. (2007) Bone
mineral density remains stable in HAART-treated HIV-infected men over 2
years. Clin Endocrinol (Oxf) 67: 270–275.
37. Brown TT, Qaqish RB (2006) Antiretroviral therapy and the prevalence of
osteopenia and osteoporosis: a meta-analytic review. Aids 20: 2165–2174.
38. Teichmann J, Stephan E, Lange U, Discher T, Friese G, et al. (2003) Osteopenia
in HIV-infected women prior to highly active antiretroviral therapy. J Infect 46:
221–227.
39. Stellbrink H, Moyle G, Orkin C, et al. Assessment of safety and efficacy of
abacavir/lamivudine and tenofovir/emtricitabine in treatment-naive HIV-1
infected subjects. ASSERT: 48 week result; 2009 November 11-14, 2009;
Cologne, Germany.
40. Rubin D (1976) Inference and missing data. Biometrika 63: 581–592.
41. Allison P (2001) Missing Data: Thousand Oaks: Sage.
42. Van Staa TP, Leufkens HG, Abenhaim L, Zhang B, Cooper C (2000) Use of
oral corticosteroids and risk of fractures. J Bone Miner Res 15: 993–1000.
43. Bolland MJ, Grey AB, Gamble GD, Reid IR (2007) CLINICAL Review #: low
body weight mediates the relationship between HIV infection and low bone
mineral density: a meta-analysis. J Clin Endocrinol Metab 92: 4522–4528.
44. McComsey GA, Huang JS, Woolley IJ, Young B, Sax PE, et al. (2004) Fragility
fractures in HIV-infected patients: need for better understanding of diagnosis
and management. J Int Assoc Physicians AIDS Care (Chic Ill) 3: 86–91.
45. Warriner AH, Mugavero MJ. Bone changes and fracture risk in individuals
infected with HIV. Curr Rheumatol Rep 12: 163–169.
46. Cheung AM, Detsky AS (2008) Osteoporosis and fractures: missing the bridge?
Jama 299: 1468–1470.
47. Siris ES, Chen YT, Abbott TA, Barrett-Connor E, Miller PD, et al. (2004) Bone
mineral density thresholds for pharmacological intervention to prevent fractures.
Arch Intern Med 164: 1108–1112.
48. Sornay-Rendu E, Munoz F, Garnero P, Duboeuf F, Delmas PD (2005)
Identification of osteopenic women at high risk of fracture: the OFELY study.
J Bone Miner Res 20: 1813–1819.
49. Pasco JA, Seeman E, Henry MJ, Merriman EN, Nicholson GC, et al. (2006) The
population burden of fractures originates in women with osteopenia, not
osteoporosis. Osteoporos Int 17: 1404–1409.
50. Szulc P, Munoz F, Duboeuf F, Marchand F, Delmas PD (2005) Bone mineral
density predicts osteoporotic fractures in elderly men: the MINOS study.
Osteoporos Int 16: 1184–1192.
51. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E (2008) FRAX and the
assessment of fracture probability in men and women from the UK. Osteoporos
Int 19: 385–397.
52. Kitahata MM, Gange SJ, Abraham AG, Merriman B, Saag MS, et al. (2009)
Effect of early versus deferred antiretroviral therapy for HIV on survival.
N Engl J Med 360: 1815–1826.
53. (2008) Life expectancy of individuals on combination antiretroviral therapy in
high-income countries: a collaborative analysis of 14 cohort studies. Lancet 372:
293–299.
54. Ray M, Logan R, Sterne JA, Hernadez-Diaz S, Robins JM, et al. The effect of
combined antiretroviral therapy on the overall mortality of HIV-infected
individuals. Aids 24: 123–137.
55. Papaioannou A, Kennedy CC, Ioannidis G, Gao Y, Sawka AM, et al. (2008)
The osteoporosis care gap in men with fragility fractures: the Canadian
Multicentre Osteoporosis Study. Osteoporos Int 19: 581–587.
56. Giangregorio L, Papaioannou A, Cranney A, Zytaruk N, Adachi JD (2006)
Fragility fractures and the osteoporosis care gap: an international phenomenon.
Semin Arthritis Rheum 35: 293–305.
57. Osnes EK, Lofthus CM, Meyer HE, Falch JA, Nordsletten L, et al. (2004)
Consequences of hip fracture on activities of daily life and residential needs.
Osteoporos Int 15: 567–574.
58. Crawford SL, Tennstedt SL, McKinlay JB (1995) A comparison of anlaytic
methods for non-random missingness of outcome data. J Clin Epidemiol 48:
209–219.
59. Sterne JA, White IR, Carlin JB, Spratt M, Royston P, et al. (2009) Multiple
imputation for missing data in epidemiological and clinical research: potential
and pitfalls. Bmj 338: b2393.

1. Arnsten JH, Freeman R, Howard AA, Floris-Moore M, Santoro N, et al. (2006)
HIV infection and bone mineral density in middle-aged women. Clin Infect Dis
42: 1014–1020.
2. Amiel C, Ostertag A, Slama L, Baudoin C, N’Guyen T, et al. (2004) BMD is
reduced in HIV-infected men irrespective of treatment. J Bone Miner Res 19:
402–409.
3. Tebas P, Powderly WG, Claxton S, Marin D, Tantisiriwat W, et al. (2000)
Accelerated bone mineral loss in HIV-infected patients receiving potent
antiretroviral therapy. Aids 14: F63–67.
4. Bruera D, Luna N, David DO, Bergoglio LM, Zamudio J (2003) Decreased
bone mineral density in HIV-infected patients is independent of antiretroviral
therapy. Aids 17: 1917–1923.
5. Arnsten JH, Freeman R, Howard AA, Floris-Moore M, Lo Y, et al. (2007)
Decreased bone mineral density and increased fracture risk in aging men with or
at risk for HIV infection. Aids 21: 617–623.
6. Collin F, Duval X, Le Moing V, Piroth L, Al Kaied F, et al. (2009) Ten-year
incidence and risk factors of bone fractures in a cohort of treated HIV1-infected
adults. Aids 23: 1021–1024.
7. Prior J, Burdge D, Maan E, Milner R, Hankins C, et al. (2007) Fragility fractures
and bone mineral density in HIV positive women: a case-control populationbased study. Osteoporos Int 18: 1345–1353.
8. Triant VA, Brown TT, Lee H, Grinspoon SK (2008) Fracture prevalence
among human immunodeficiency virus (HIV)-infected versus non-HIV-infected
patients in a large U.S. healthcare system. J Clin Endocrinol Metab 93:
3499–3504.
9. Steinke DT, Weston TL, Morris AD, MacDonald TM, Dillon JF (2002)
Epidemiology and economic burden of viral hepatitis: an observational
population based study. Gut 50: 100–105.
10. Crothers K, Butt AA, Gibert CL, Rodriguez-Barradas MC, Crystal S, et al.
(2006) Increased COPD among HIV-positive compared to HIV-negative
veterans. Chest 130: 1326–1333.
11. Weber R, Sabin CA, Friis-Moller N, Reiss P, El-Sadr WM, et al. (2006) Liverrelated deaths in persons infected with the human immunodeficiency virus: the
D:A:D study. Arch Intern Med 166: 1632–1641.
12. Hoffmann M, Berger JR, Nath A, Rayens M (2000) Cerebrovascular disease in
young, HIV-infected, black Africans in the KwaZulu Natal province of South
Africa. J Neurovirol 6: 229–236.
13. Targownik LE, Lix LM, Metge CJ, Prior HJ, Leung S, et al. (2008) Use of
proton pump inhibitors and risk of osteoporosis-related fractures. Cmaj 179:
319–326.
14. Grund B, Peng G, Gibert CL, Hoy JF, Isaksson RL, et al. (2009) Continuous
antiretroviral therapy decreases bone mineral density. Aids 23: 1519–1529.
15. Cazanave C, Dupon M, Lavignolle-Aurillac V, Barthe N, Lawson-Ayayi S, et al.
(2008) Reduced bone mineral density in HIV-infected patients: prevalence and
associated factors. Aids 22: 395–402.
16. Gallant JE, Chaisson RE, Moore RD (1998) The effect of adjunctive
corticosteroids for the treatment of Pneumocystis carinii pneumonia on mortality
and subsequent complications. Chest 114: 1258–1263.
17. Calmy A, Fux CA, Norris R, Vallier N, Delhumeau C, et al. (2009) Low bone
mineral density, renal dysfunction, and fracture risk in HIV infection: a crosssectional study. J Infect Dis 200: 1746–1754.
18. Duvivier C, Kolta S, Assoumou L, Ghosn J, Rozenberg S, et al. (2009) Greater
decrease in bone mineral density with protease inhibitor regimens compared
with nonnucleoside reverse transcriptase inhibitor regimens in HIV-1 infected
naive patients. Aids 23: 817–824.
19. Wang GC, Kao WH, Murakami P, Xue QL, Chiou RB, et al. Cytomegalovirus
infection and the risk of mortality and frailty in older women: a prospective
observational cohort study. Am J Epidemiol 171: 1144–1152.
20. Piliero PJ, Gianoukakis AG (2002) Ritonavir-associated hyperparathyroidism,
osteopenia and bone pain. Aids 16: 1565–1566.
21. Fultz SL, Skanderson M, Mole LA, Gandhi N, Bryant K, et al. (2006)
Development and verification of a ‘‘virtual’’ cohort using the National VA
Health Information System. Med Care 44: S25–30.
22. Hajcsar EE, Hawker G, Bogoch ER (2000) Investigation and treatment of
osteoporosis in patients with fragility fractures. Cmaj 163: 819–822.
23. Nguyen TV, Center JR, Sambrook PN, Eisman JA (2001) Risk factors for
proximal humerus, forearm, and wrist fractures in elderly men and women: the
Dubbo Osteoporosis Epidemiology Study. Am J Epidemiol 153: 587–595.
24. Buhr AJ, Cooke AM (1959) Fracture patterns. Lancet 1: 531–536.
25. McQueen MaC-B CM (2003) Increasing age and fractures of the distal radius.
Current Orthopaedics 17: 360–368.
26. Lindau TR, Aspenberg P, Arner M, Redlundh-Johnell I, Hagberg L (1999)
Fractures of the distal forearm in young adults. An epidemiologic description of
341 patients. Acta Orthop Scand 70: 124–128.
27. CDC (2004) HIV/AIDS Surveillance Report, 2003.
28. Landis JR, Koch GG (1977) The measurement of observer agreement for
categorical data. Biometrics 33: 159–174.
29. van Diepen S, Majumdar SR, Bakal JA, McAlister FA, Ezekowitz JA (2008)
Heart failure is a risk factor for orthopedic fracture: a population-based analysis
of 16,294 patients. Circulation 118: 1946–1952.

PLoS ONE | www.plosone.org

6

February 2011 | Volume 6 | Issue 2 | e17217

