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Background: Low bone mineral density in HIV-infected patients is

an increasingly recognized clinical problem. The aim of this study

was to determine the incidence, prevalence, and risk factors for

development of low trauma or fragility fractures in an HIV-infected

population.

Methods: A 1:2 matched case–control study was performed of

HIV-infected patients attending the Alfred Hospital between 1998 and

2009. Controls were matched on gender, age, and duration of

HIV infection.

Results: The overall fracture incidence rate was 0.53 per 100

person-years [95% confidence interval (CI): 0.43 to 0.65] and period

prevalence of 3.34 per 100 patients (95% CI: 2.66 to 4.13). There

were 73 low trauma fractures in 61 patients. Patients were

predominantly male (89%) with a mean age of 49.8 years.

Independent risk factors for fragility fracture were a CD4 cell count

,200 cells per microliter odds ratio (OR): 4.91 (95% CI: 1.78 to

13.57, P = 0.002), corticosteroids OR: 8.96 (95% CI: 1.55 to 51.88,

P = 0.014) and anti-epileptic medications OR: 8.88 (95% CI: 1.75 to

44.97, P = 0.008). There were no significant associations between

HIV viremia (P = 0.18), use of or class of antiretroviral medication,

and risk of fracture. Eighty-eight percent of patients with fracture had

established osteopenia or osteoporosis.

Conclusion: This is the largest clinical study to date of fragility

fractures occurring in an HIV-infected population. The study found

that risk of fracture was strongly associated with a low CD4 cell

count, use of corticosteroids, and anti-epileptic medications. There

were no associations between fracture risk and viral load, use of class,

or duration of antiretroviral agent.
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BACKGROUND
Bone disease in HIV-infected patients is an increasingly

recognized clinical problem with studies showing an increased

prevalence of osteopenia, osteoporosis, and fragility fractures
compared with the non-HIV population.1–7 As the number of
people living with well-controlled HIV increases, they will be
at risk of developing age-related illnesses such as osteoporosis
and osteoporosis-related fractures. Despite the growing
concern of osteopenia/osteoporosis, only a few published
studies have examined the outcome of fragility fractures.2,4,7–9

Of these, the number of clinical fractures has been small,8,9 did
not include HIV-specific parameters,2,7 or did not differentiate
between high trauma and fragility fractures.2,8 Specific risk
factors for development of fragility fracture in HIV-infected
patients have not been well described.

Much interest has surrounded the role of antiretroviral
agents and antiretroviral class on changes in bone mineral
density. Recent literature suggests that patients are more likely
to develop osteoporosis whilst on antiretroviral therapy as
opposed to not on therapy.5,10 The antiretroviral agents most
closely implicated with accelerated bone loss include protease
inhibitors, tenofovir, and efavirenz.5,11 Other traditional
osteoporosis risk factors such as smoking, family history,
vitamin D deficiency, and lactic acidaemia are also common in
HIV patients and likely to be contributory.12

Chronic immune activation and upregulation of inflam-
matory cytokines may play a role in the pathogenesis of bone
mineral loss in HIV patients.13 Osteoclast activity is stimulated by
pro-inflammatory cytokines such as tumor necrosis factor and
interleukins (eg, IL-6) both of which are produced in increased
amounts in HIV patients.14,15 Persistent cytokine dysfunction may
occur despite viral suppression with highly active antiretroviral
therapy,16 which may explain the higher prevalence of bone
demineralization seen in chronic HIV infection. Some medi-
cations have diverse immunomodulatory effect such as statins,
which have been shown to decrease inflammatory markers and
decrease bone resorption.17 However, the exact role of statins on
bone mineral density is still unclear. In the non–HIV-infected
population, a number of clinical observational studies found
a significantly reduced fracture risk in patients currently exposed
to statins,18–20 whereas other studies found no difference.21

The aim of this study was to determine the incidence and
prevalence of fractures in our HIV population and to determine
risk factors for development of low trauma or atraumatic fracture.

METHODS
The study population was that of adult ($18 years) male

or female HIV-infected patients attending The Alfred Hospital,
Melbourne, Australia, between January 1998 to June 2009.
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Fracture cases were identified through 1 of 2 sources: the
Victorian HIV Database which records demographic and
medical data, including co-morbidities on . 4300 patients
utilizing the Victorian HIV Service; and The Alfred Hospital
International Classification of Diseases (ICD) coding system
to identify those patients who were admitted to The Alfred
Hospital with a fracture. Fracture incidence rate was calculated
by dividing the number of fractures by the period of risk for all
included patients during the study period expressed as per
100 person-years of follow-up. Period prevalence was
calculated as the number of patients with fractures per
100 persons during the same study period.

The medical records of each identified case were then
individually reviewed by the investigator to verify details of
the fracture such as date, site, and nature. A low traumatic
fracture was defined as a fracture sustained from standing
height or less. Data were collected on basic demographics, age,
gender, ethnicity, height, weight, CD4 cell count, HIV viral
load, medical comorbidities, concurrent medications, and dual
X-ray absorptiometry (DEXA) scan results. Osteoporosis was
defined by a DEXA t score of ,2.5 SD and osteopenia by
,1–2.5 SD below the norm mean value for young adults.22

Pharmacy charts and prescriptions were used to identify
those on antiretroviral therapy, testosterone/oestrogen supple-
ments, corticosteroid, anti-epileptic, proton pump inhibitor
therapy, and statins. Controls were matched for gender, age
(65 years) and duration of known HIV infection (62 years) and
were selected from each successive consecutive HIV patient
attending the hospital over a 2-month period who met eligibility.

Data were analyzed using conditional logistic regression
to determine crude and adjusted odds ratio (OR). Only the first
fracture episode per patient was included in the study analysis.
A P value ,0.05 was considered statistically significant. We
compared continuous variables such as CD4 cell count and
HIV viral load by Mann Whitney U test. The data were
analyzed using Stata/SE 9.2 for Windows (College Station,
TX). Ethics was approved by the Human Research Ethics
Committee of The Alfred Hospital and Monash University.

RESULTS
Overall, there were 94 documented fractures sustained in

81 HIV-infected patients. A total of 2424 patients contributed
to 17,622 patient follow-up years, therefore providing
a fracture incidence rate of 0.53 per 100 person-years
follow-up (95% CI: 0.43 to 0.65 per 100 person-years
follow-up) or period prevalence of 3.34 per 100 patients (95%
CI: 2.66 to 4.13 per 100 patients). Twenty-one fractures were
excluded as a result of high trauma mechanisms (mainly motor
vehicle accidents or assaults) and were excluded from further
analysis, leaving 73 atraumatic or low trauma fractures in
61 HIV-infected patients.

The mean age at the time of the fracture was 49.8 years
(Table 1). More than half (58%) of the fractures occurred in
patients younger than 50 years including 20%, which occurred
within the youngest age category of ,39 years. Patients were
predominantly male (89%), of white background (92%), and
had been infected with HIV for a median of 11.4 years,
reflecting the HIV population receiving care at The Alfred

Hospital. Although patients were not specifically matched for
ethnicity, both cases and controls had similar ethnic back-
grounds. The baseline demographics in both cases and
controls were well matched.

The most common fracture sites were vertebral (25%),
neck of femur (21%), and wrist (18%), which is very similar to
the spectrum of fragility fractures seen in a non–HIV-infected
osteoporotic population (Table 2). Patients with vertebral
crush fractures commonly presented with back pain without
prior history of trauma. Vertebral fractures often involved
several vertebral levels with one patient having involvement of
the second cervical vertebra (Hangman fracture). Lower limb
fractures commonly presented after minimal trauma such as
twisting of the ankle or fall from standing height. Ten patients
went on to subsequently sustain another fracture with the
majority (80%) occurring at a site different to the first fracture.
Another 2 patients developed a third low trauma fracture.

Body mass index (BMI) data were available for 68.3%
(125 of 183) of all study participants (Table 1). Of the
58 participants with missing BMI data, weight was not recorded
in 20 (34%), height in 16 (28%), and both weight and height were
not recorded in 22 (38%) patients. Control patients had a higher
BMI compared with cases (25.2 vs. 22.5 P = 0.001). More HIV
patients with fractures were observed to be underweight, defined
as a BMI ,20 kg/m2, compared with controls (27% vs. 11%),
However, being underweight did not significantly increase the risk
of fracture compared with normal weight (OR: 1.81, 95% CI:
0.56 to 5.8, P = 0.32). More obese patients were observed in the
control group than cases (14% vs. 6%), but this was not
significantly protective for risk of fracture compared with normal
weight (OR: 0.22, 95% CI: 0.02 to 1.95, P = 0.17) BMI was not
significantly associated with risk of fracture, although data were
not available for one-third of all patients.

The median CD4 cell count in fracture patients was
significantly lower compared with controls (283 cells/mL vs.
448 cells/mL P = 0.0003). In univariate analysis, patients with
a CD4 cell count of less than ,200 cells per microliter were
6.7 times more likely to have a fracture (OR: 6.77, 95% CI:
2.4 to 19.1, P , 0.001) when compared with those with a CD4
cell count of .500 cells per microliter (Table 1). The increased
risk of fracture was also significant in patients with a CD4 cell
count in the range of 200–500 cells/mL (OR: 2.1, 95% CI: 1.06
to 5.44, P = 0.036). No significant difference was observed
between the median HIV viral load of cases and controls
(118 copies/mL vs. 50 copies/mL P = 0.07). There was no
difference in fracture risk between patients who had a detect-
able viral load .400 copies per milliliter compared with
suppressed viral load ,400 copies per milliliter (OR: 1.69,
95% CI: 0.97 to 1.32, P = 0.18). Of the patients who had a viral
load ,400 copies per milliliter at the index date, the duration
of preceding virological suppression was not significantly
associated with fracture (OR: 0.96 P = 0.69).

Bone densitometry scans (DEXA) were available for 34
(56%) of fracture cases and 36 (30%) of controls. Of HIV-infected
patients with low trauma fractures and available DEXA scan,
88% had established low bone mineral density (BMD), with
osteopenia (32%) or osteoporosis (56%). Having osteoporosis
significantly increased the risk of fracture, OR: 46.9 (95% CI:
2.52 to 872, P , 0.01). For control patients without known
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fractures, more than half had established osteopenia (44%) or
osteoporosis (11%). There were insufficient DEXA scan results to
be able to analyze DEXA outcome with BMI, CD4 cell count,
HIV viral load, and concurrent medications.

There was no significant association between fracture
risk and current use of antiretroviral agent (OR: 1.0)
compared with no treatment (Table 3). In univariate analysis,
a longer duration of nonnucleoside reverse transcriptase

inhibitor exposure nearly reached significance for being
protective against fracture (P = 0.06), but this was non significant
on multivariate analysis. Fracture risk was analyzed for any
association between use and/or duration of a nucleoside reverse
transcriptase inhibitor (tenofovir), protease inhibitors, and non-
nucleoside reverse transcriptase inhibitors. There were no
significant associations seen between fracture risk and any of
the antiretroviral classes.

TABLE 1. Demographic and HIV Characteristics of Case and Control Patients

Characteristics
Case Patients,

n = 61 (%)
Control Patients,

n = 122 (%)
Odds ratio,
(95% CI) P

Multivariate, OR
(95% CI) P

Age (mean) 49.8 49.5 — — — —

,39 12 (20) 19 (16) — — — —

40–49 23 (38) 54 (44) — — — —

50–59 13 (21) 24 (20) — — — —

.60 13 (21) 25 (21) — — — —

Sex

Men 54 (89) 108 (89) — — — —

Women 7 (11) 14 (11) — — — —

Ethnicity

White 56 (92) 113 (93) — — — —

Black 2 (3) 5 (4) — — — —

Asian 3 (5) 4 (3) — — — —

Duration of HIV (yrs) 11.4 11.2 — — — —

Route of infection

Sexual exposure 47 (77) 102 (84) — — — —

Blood transfusion 5 (8) 5 (4) — — — —

Injecting drug use 1 (2) 3 (2) — — — —

Unknown 8 (13) 12 (10) — — — —

Chronic hepatitis B 3 (5) 15 (12) 0.38 (0.12 to 1.35) 0.14 — —

Chronic hepatitis C 16 (26) 30 (25) 1.22 (0.55 to 2.71) 0.63 — —

Previous opportunistic infection 37 (60) 45 (37) 3.26 (1.54 to 6.89) 0.002 — —

Mean nadir CD4 count (cells/mL) 102 151 0.99 (0.99 to 1.0) 0.01 — —

BMI, kg/m2

,20 Underweight 13 (27) 8 (11) 1.81 (0.56 to 5.8) 0.32 — —

20.1–25 Normal 20 (41) 33 (43) 1.00 — — —

25.1–30 Overweight 13 (26) 24 (32) 0.74 (0.3 to 1.87) 0.53 — —

.30.1 Obese 3 (6) 11 (14) 0.22 (0.02–1.95) 0.17 — —

Unknown 12 46 — — — —

Mean BMI 22.5 25.2 — 0.001

Median CD4 cell count (cells/mL) 283 448 — 0.0003 — —

Absolute CD4 cell count (cells/mL)

,200 21 (36) 16 (14) 6.77 (2.4 to 19.1) ,0.001 4.91 (1.78 to 13.57) 0.002

200–500 27 (46) 46 (41) 2.4 (1.06 to 5.44) 0.036 — —

.500 11 (19) 50 (45) 1.00 — — —

Median HIV viral load (copies/mL) 118 50 — 0.07 — —

Absolute HIV viral load (copies/mL)

,400 37 (64) 80 (73) 1.00 — — —

.400 21 (36) 30 (27) 1.69 (0.97–1.32) 0.18 — —

Duration of viral suppression (yrs)* 5.58 2.97 0.96 (0.81 to 1.15) 0.69 — —

DEXA Scan performed 34 36 — — — —

Normal 4 (12) 16 (44) 1.00 — — —

Osteopenia (t score , 1–2.5 SD) 11 (32) 16 (44) 4.60 (0.51 to 41.3) 0.17 — —

Osteoporosis (t score , 2.5 SD) 19 (56) 4 (11) 46.9 (2.52 to 872) ,0.01 — —

*Applicable to patients who have ,400 copies per milliliter viral load at the index date.
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There was a statistically significant association between
risk of fracture and concurrent corticosteroid use (multivariate
OR: 8.96, 95% CI: 1.55 to 51.88, P = 0.014). Steroid therapy
was commonly prescribed as adjuvant therapy in treating
HIV-specific illnesses; lymphoma/malignancy (n = 4), in-
flammatory arthritis (n = 3), immune reconstitution syndrome
(n = 2) and aphthous mouth ulcers (n = 1). Increased risk of
fracture was also observed with concurrent anti-epileptic
medications (multivariate OR: 8.88 (95% CI: 1.75 to 44.97,
P = 0.008), which were frequently prescribed for indications
such as painful peripheral neuropathy (n = 6), mood disorders
(n = 4), chronic pain syndrome (n = 2), and postherpetic
neuralgia (n = 1) rather than a primary seizure disorder (n = 3).
In unvariate analysis, a reduced risk of fracture was seen in
patients taking statin therapy OR: 0.30 (95% CI: 0.10 to 0.94, P
, 0.04) and an increased risk seen with proton pump inhibitors
OR: 2.93 (95% CI: 1.20 to 7.15, P , 0.02), but these were both
not significant on multivariate analysis. There were few patients
on sex hormone replacement therapy such as testosterone, and
this was not associated with fracture risk in this study.

In a multivariate analysis, the factors which remained
independently associated with fracture risk were index CD4
cell count ,200 cells per microliter, (OR: 4.91, 95% CI: 1.78
to 13.57, P = 0.002), steroid therapy (OR: 8.96, 95% CI: 1.55
to 51.88, P = 0.014), and anti-epileptic medications (OR: 8.88,
95% CI: 1.75 to 44.97, P = 0.008).

DISCUSSION
This study, of the largest series of fragility fractures

occurring in HIV patients reported to date, found that a low
CD4 count, but not high viral load, was strongly associated
with an increased risk of fracture. Patients with a CD4 cell
count ,200 cells per microliter had an almost 5 times
increased risk of developing a fragility fracture that was not
dependent on the known duration of HIV infection as this
factor was controlled for in the study design. Systemic
corticosteroids and anti-epileptic medications were also
associated with an increased risk of fracture, but use of
duration or class of antiretroviral agent was not.

The fracture incidence rate in this study of 0.53 per 100
person-years follow-up is comparable with that reported by
Collin et al.8 Likewise, the prevalence of 3.87 per 100 patients
is similar to the US population based study by Triant et al,2

which found an increased prevalence of fractures in HIV
patients (2.87 per 100 patients) compared with non-HIV
patients (1.77 per 100 patients). Although Triant et al
described the significance of fractures in an HIV population,
individual clinical information was not obtained such as the
presence of osteoporosis/osteopenia, exclusion of high impact
trauma cases, or HIV-related information such as CD4 markers
or antiretroviral medications. Other published studies also
lacked individual clinical data,9 included traumatic fractures,8

were in a select group of patients,7 or lacked a control
population.4

This study is the first to report an association between low
CD4 cell count and increased risk of fragility fracture. Current
literature has not associated CD4 cell count to fracture risk,23

although an association with nadir CD4 cell count and
development of osteoporosis/osteopenia has previously been
reported.24,25 One possible mechanism may be that patients with
poor immunological recovery have persistently upregulated
proinflammatory cytokines making them susceptible to frac-
ture.14 Dysregulated bone metabolism has also been seen in
patients with advanced HIV disease.14 This study did not

TABLE 3. Medication Use at Time of Fracture of Case and Control Patients

Medication Case, n = 61 (%) Control, n = 122 (%) Univariate, OR (95% CI) P Multivariate, OR (95% CI) P

Antiretroviral agent (yes/no)

Tenofovir 19 (31) 40 (33) 0.91 (0.43 to 1.90) 0.80 — —

Protease inhibitors 30 (49) 57 (47) 1.12 (0.58 to 2.16) 0.74 — —

NNRTIs 20 (33) 49 (40) 0.72 (0.37 to 1.40) 0.33 — —

No ARVs 10 (16) 20 (16) 1.00 (0.40 to 2.5) 1.0 — —

Antiretroviral agent (mean duration/years)

Tenofovir 1.55 1.93 0.89 (0.66 to 1.21) 0.48 — —

Protease inhibitors 1.81 1.91 1.0 (0.77 to 1.29) 1.00 — —

NNRTIs 2.45 3.49 0.85 (0.71 to 1.01) 0.06 — —

Anti-epileptics 11 (18) 5 (4) 6.4 (1.76 to 23.3) 0.005 8.88 (1.75 to 44.97) 0.008

Systemic corticosteroids 8 (13) 2 (2) 8.00 (1.70 to 37.7) 0.01 8.96 (1.55 to 51.88) 0.014

Statin 7 (11) 28 (23) 0.30 (0.10 to 0.94) 0.04 — —

Sex hormone replacement 3 (5) 1 (1) 6.0 (0.62 to 57.7) 0.12 — —

Proton Pump inhibitors 13 (21) 10 (8) 2.93 (1.20 to 7.15) 0.02 — —

NNRTI, nonnucleoside reverse transcriptase inhibitor.

TABLE 2. Fracture Site in Order of Frequency

Fracture Site (n = 73) n (%)

Vertebral 18 (25)

Neck of Femur 15 (21)

Wrist (Colles) 13 (18)

Ankle 8 (11)

Foot 8 (11)

Humerus 6 (8)

Ribs 5 (7)
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demonstrate a corresponding increased risk of fracture with
detectable viral load .400 copies per milliliter suggesting that
those at risk are not necessarily the same as those with
untreated/poorly controlled HIV infection. McComsey et al4

reported a median CD4 cell count of 174 cells per milliliter
(range: 7–908) at the time of fracture in their case series, but this
was without a control comparison. Other studies of fractures in
HIV infection did not collect HIV-specific markers such as CD4
cell count or viral load.2,7,9 The association between low CD4
cell count and fracture risk suggest that chronic immune
activation and persistent inflammation may play an important
role in bone demineralization and fracture development.

In this study, no associations were found between
fracture risk and antiretroviral therapy, either with use of, class
or duration of antiretroviral agent. It is possible that there were
too few cases to determine a true association with use of
antiretroviral therapy and risk of fracture and a larger study is
required. Controversy exists as to whether reduction in bone
mineral density is related to HIV itself or to antiretroviral
treatment, with a contribution from both likely. A meta-
analysis performed on all studies reporting prevalence of
reduced bone mineral density in HIV patients showed
a significant increase in osteoporosis in those on antiretroviral
therapy.5 Exposure to protease inhibitors and tenofovir have
been implicated in greater loss of bone mineral density.11,26,27

Corticosteroids are a potent cause of bone loss resulting
in development of pathological fractures,28 so it is not
surprising that use of corticosteroids was associated with an
increased risk of fragility fracture. It has been suggested that
guidelines for monitoring and the use of prophylaxis be
developed for corticosteroid induced osteoporosis,29 given that
steroids are commonly prescribed in HIV care for the
management of opportunistic infections or malignancy.
Anti-epileptic medications were also independently associated
with an increased fracture risk in this study. Proposed
mechanisms include altered hepatic enzymes and vitamin D
dysregulation.30 Caution should be taken with this observation
as it is unknown how long patients were on therapy, and
indications for treatment were largely for chronic neuropathic
pain rather than a seizure disorder. Gabapentin rather than
phenytoin or carbamazepine was more commonly prescribed.
Vitamin D levels are unknown, but deficiency may be
a significant confounder given that patients with chronic
neuropathic pain may be more likely to remain indoors, with
reduced mobility, and therefore be vitamin D deficient. Despite
their diverse range of immunological effects, in this study,
statins were not found to be associated with reduced fracture
risk. A protective association of statins (OR: 0.30, P = 0.04),
seen on univariate analysis, was no longer found to be
significant on multivariate analysis.

More than half of the fractures in this study occurred in
a relatively young group of patients younger than 50 years,
implying that more fractures are likely to occur as this group
ages. Increasing age is one of the strongest risk factors for
development of fracture in the general population.31 This was
also observed in the study by Triant et al, where increasing
fracture prevalence occurred particularly in those older than
40 years.2 Patients who have had a prior fracture are also much
more likely to sustain a further fracture.32,33

Although abnormal DEXA scans accurately confirmed
the presence of osteopenia and osteoporosis in fracture cases,
it was not performed in a large proportion of cases (44%). This
finding was similar to a previous study where only 20% of
patients with fractures underwent DEXA scanning,4 suggest-
ing a lack of appreciation or under investigation of bone
disease by those managing HIV patients. DEXA-based t score
definitions of osteoporosis and osteopenia are based on white
older females. Applying t scores classifications to this group of
predominantly younger male HIV-infected participants may
not be suitable. Although Z scores are referenced to patients of
a similar age and sex, the scores lack standardization and vary
widely.34 There were insufficient Z score results in this study to
allow meaningful interpretation. The number of patients tested
for vitamin D levels would also be of interest as this is
a potential reversible contributor of low bone mineral density.
There was a high prevalence (55%) of osteopenia or
osteoporosis in the control group, which is in keeping with
previously published studies.24,35

There are a number of limitations to our study including
the retrospective nature of the study design. However, given
the relatively infrequent number of clinical fractures observed,
prospective studies would require a much longer study period.
There was insufficient data available to assess important
osteoporotic risk factors such as smoking, family history of
fracture, alcohol consumption, and vitamin D levels. Not all
subjects underwent DEXA scan measurement to be able to
analyze the association of osteopenia or osteoporosis with
CD4 cell count, HIV viral load, and concurrent medications.
Lack of information on duration and dosage of medication was
also a limitation.

In conclusion, bone demineralization and resultant
fragility fractures are an emerging clinical problem affecting
an increasingly aging HIV-infected population. Chronic
inflammatory factors and antiretroviral treatment are thought
to contribute to the pathogenesis of disease. This is the largest
clinical study to date of fragility fractures occurring in an
HIV-infected population. The study found that risk of fracture
was independently associated with low CD4 cell count, use of
corticosteroids, or anti-epileptic medications. There were no
associations between fracture risk and use of class or duration
of antiretroviral agent.
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