Bone disease in HIV infection
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Summary

The advent of highly active anti-retroviral therapy (HAART)
has dramatically decreased the rate of AIDS-related mortality
and significantly extended the life span of patients with AIDS.
A variety of metabolic side effects are associated with the-
se therapies, one of which is metabolic bone disease. The
causes of low bone mineral density (BMD) in individuals with
HIV infection appear to be multifactorial and likely represent
a complex interaction between HIV infection, traditional
osteoporosis risk factors, and antiretroviral related factors.
This review summarizes the clinical evidence linking HIV-
associated osteoporosis to direct infection and antiretroviral
therapy use. The purported mechanisms involved in bone
loss are also reviewed. Additionally, recommendations re-
garding the pharmacologic management of HIV/HAART-re-
lated osteoporosis are given. In conclusion, we make the
point that HIV infection should be considered as arisk fac-
tor for bone disease.
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Introduction

Advances in anti-retroviral therapy have resulted in a dramatic de-
cline in mortality for individuals infected with human immunode-
ficiency virus (HIV). The decrease in mortality in HIV-infected per-
sons initially was the result of improved prophylaxis and treatment
of opportunistic infections but was considerably accelerated
with the introduction of highly-active antiretroviral therapy (HAART)
in the mid- 1990s. In the post-HAART era, opportunistic infections
have been replaced by long-term complications of HIV infection
itself and of HAART (1).

Long-term HAART is associated with several metabolic and
morphological complications, including lipodystrophy, insulin resi-
stance, diabetes, dyslipidemia, osteopenia and osteoporosis (2-4).
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Osteoporosis is a disorder characterized by decreased bone den-
sity and deterioration of the skeletal microarchitecture, resulting
in bone fragility (5). According to the World Health Organization
(WHO) criteria osteoporosis is defined as a bone mineral density
T-score < -2.5 and osteopenia between -1 and -2.5 SD (6).
Heterogeneous cross-sectional cohort studies, performed over the
past ten years, have described a significantly higher prevalence of
bone disease in HIV-positive individuals when compared to age-,
race- and sex-matched HIV-negative individuals (1, 3, 7-25). The
prevalence of reduced BMD in HIV-infected individuals has ranged
from 25.7% (21) to 87.5% (8). Moreover, the prevalence of osteo-
penia in these patients was 22.0% (7) to 67.5% (8), and of osteo-
porosis from 1% (13) to 26.8% (3). Brown et al. (26) in a meta-analy-
sis of pooled prevalence data from eleven cross-sectional studies
performed between 2000 and 2005, which includes a review of the
literature from 1993 to 2005, demonstrated an overall prevalence
of 67% reduced BMD and 15% osteoporosis in 884 HIV-positive
individuals when compared to 654 HIV-negative age and sex-mat-
ched controls.

Whereas bone mass is largely genetically determined, certain life-
style and hormonal factors that are prevalent among HIV infec-
ted persons are associated with low peak bone mass and disor-
dered bone metabolism. These include physical inactivity, de-
creased intake of calcium and vitamin D, cigarette smoking, al-
cohol use, depression, opiate use and low testosterone levels (27).
Actually, the large number of independent disease and lifestyle-
related risk factors, and complex HAART combinations used in
clinical practice, have generated considerable confusion as to the
exact causes and appropriate interventions.

In this review we discuss evidence linking metabolic bone disease
to HIV infection and its treatment.

Bone loss intrinsic to HIV-1 infection

The pathogenesis of excess bone loss associated with HIV is com-
plex and likely multifactorial.

Bone loss may result from pathophysiologic interactions within the
bone microenvironment between T cells, osteoclasts and osteo-
blasts, promoted by elements of both HIV infection and its therapy.
Additionally, bone loss may result from nutritional and hormonal
changes commonly associated with HIV infection, such as wasting,
malnutrition, malabsorption, hypogonadism, and calcium and vi-
tamin D deficiency.

Canque et al. (28) in 1995 demonstrated that HIV can infect bone
marrow stromal cells. Serrano et al. (29) in the same years showed
that HIV infection of preosteoblastic marrow stromal cells could
adversely affect their differentiation into osteoblasts. At the pre-
sent, however, there is insufficient evidence to support this findings
(30,31).

In recent years it has become evident that the immune and ske-
letal systems are interlinked, and consequently changes in the im-
mune system potently affect skeletal metabolism (32, 33).
Recent meta-analysis (1, 33, 34) showed that HIV-infection may
have both direct and indirect effects on osteoclasts.

Osteoclast function is influenced by a number of factors modulated
during HIV-1 infection, including pro-inflammatory cytokines
such as TNF-a, expression of receptor of activated NF-«B ligand
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(RANKL) and osteoprotegerin (OPG), vitamin D and calcium me-
tabolism and hormone levels (35, 36).

Under basal physiological conditions, B cells act as critical stabilizers
of peak BMD in vivo. This is a consequence of the fact that B cel-
Is are a source of OPG. B cell OPG production is further sustai-
ned by interactions with T cells, through CD40 ligand (CD40L) co-
stimulation (33, 37, 38). Consequently, during HIV-1 infection, HIV
leads to a disruption of T cell to B-cell communication, leading
to increased presence of RANKL and diminished OPG produc-
tion by B cells. The elevated RANKL/OPG ratio is biased in favor
of increased osteoclast formation.

Another central cytokine involved in the immuno-skeletal interfa-
ce is IFN-y. During HIV infection the cytokine profile favours TNF-
o expression and increased viral replication, whilst there is a shift
towards a TH2 cytokine balance, with decreased production of IFN-
v (39). The downregulation of IFN- limits availability of a factor whi-
ch downregulates RANKL (40) and potentially limits the normal
cross-talk between RANKL and IFN-y, resulting in stimulation of
osteoclast formation (41).

Yadav et al. (42) have recently reported that the suppressor of cy-
tokine signaling-1 (SOCS-1), a potent inhibitor of IFN-y signal tran-
sduction is significantly elevated in cells derived from individuals
with progressive HIV infection. So, the upregulation of SOCS-1
may contribute to elevated osteoclastogenesis by removing the
dampening effect of IFN-y on the differentiation of osteoclast pre-
cursors in the context of HIV infection.

Anyway, current data suggest that alterations in the immuno-ske-
letal interface may be responsible for much of the loss of BMD ob-
served in HIV patients naive to antiretroviral therapy.

Bone loss induced by HAART

Good evidence of reduced BMD in HAART-naive HIV-infected
patients tells us that HAART cannot be the only responsible in
the pathogenesis of metabolic bone disease in HIV-infected pa-
tients.

Antiretroviral treatment consists of at least three antiretroviral drugs,
usually two nucleoside reverse transcriptase inhibitors (NRTI) plus
either a protease inhibitor or a non-nucleotide reverse transcrip-
tase inhibitor (NNRT]I). Less widely used regimens combine two
protease inhibitors or more than three antiretroviral drugs.
HAART has long been suspected of influencing bone turnover in-
dependently of the bone loss associated with HIV infection itself
(43), although it has been suggested that this effect may be re-
latively modest in relation to the loss of BMD associated with other
established osteoporosis risk factors (14, 22).

Initiation of antiretroviral therapy is associated with a 2%-6% de-
crease in BMD over the first 48-96 weeks of therapy, a decrea-
se that is similar in magnitude to that sustained during the first 2
years of menopause (44-46).

However, some HAART regimens may be associated with more
pronounced bone loss. Brown et al. (26) in a recent meta-analy-
sis of cross-sectional studies, showed that HIV infected patients
receiving protease inhibitors had a higher prevalence of osteo-
porosis compared to those receiving non protease inhibitor regi-
mens. However, with the available studies, the influence of other
important factors such as disease severity and prior HAART hi-
story, could not be determined and interpretation of studies ad-
dressing HAART-associated bone loss have been further confoun-
ded by the wide range of antiretroviral regimens utilized in clini-
cal practice, inadequate controlling of traditional osteoporosis risk
factors, other disease-related effects, and variability in anatomi-
cal sites chosen for BMD analysis.

A high incidence of osteopenia/osteoporosis has been associa-
ted with both Pl and NRTI use.

Pls are potent inhibitors of cytochrome CYP3A4, which includes
inhibition of 1 hydroxylase (47); NRTIs inhibit the enzyme DNA
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polymerase-y (48) leading to loss of structure and function of mi-
tochondrial DNA (49).

One of the first studies was conducted by Tebas et al. (43). They
measured BMD in HIV infected patients receiving a Pl and found
that 50% of the patients had osteopenia and 21% had osteopo-
rosis. This incidence is significantly increased compared to patients
without therapy or normal controls. Moore et al. (9) confirmed that
71% of HIV infected patients on PI therapy have reduced BMD.
Jain et al. (50) compared the effect of various Pls on bone resorption
and found that some PIs, but not all, increase bone resorption. Du-
vivier et al. (51) report that in a randomized clinical trial in which
patients received either a non-nucleoside reverse transcriptase
inhibitor (NNRTI) and a protease inhibitor, two nucleoside rever-
se transcriptase inhibitors (NRTIs) with a protease inhibitor, or a
combination of one NNRTI with two NRTIs, 48 weeks of treatment
revealed an overall combined (average of all treatment groups)
significant decline in BMD of -4.1% at lumbar spine and -2.8% at
hip. The decrease in BMD at lumbar spine was significantly higher
in the protease inhibitor-containing.

Similarly, Carr et al. (7) reported that 3% of 44 HIV-infected pa-
tients receiving NRTIs developed osteoporosis and 22% developed
osteopenia.

Tsekes et al. (52) determined BMD and whole body fat by dual-
energy X ray absorbance (DEXA) of HIV-infected patients on Zi-
dovudine (AZT) and other NRTIs and found significant decreases
in both body fat and BMD. Of greatest interest recently, the nu-
cleoside reverse transcriptase inhibitor tenofovir has been stron-
gly associated with an acute decrease in BMD; in a recently pre-
sented study, there was more bone loss in patients with HIV sup-
pression who were switched to tenofovir than in those who were
switched to abacavir (45, 53).

Not all studies agreed on a negative effect of HAART on bone me-
tabolism.

In 2003 Vescini (16) described a higher prevalence of osteope-
nia and osteoporosis than was to be expected in age-matched and
sex-matched subjects, but he did not find any significance diffe-
rences among different drug regimens. Dolan et al. (54) showed
that change in BMD was associated with CD4 count, weight, fol-
licle-stimulating hormone, bone resorption markers, and baseli-
ne BMD, but not with antiretroviral use. Recently, Brown et al. (55)
reported that loss of BMD after HAART initiation occurred inde-
pendently of the antiretroviral regimen. Grund et al. (56) reported
that continuous HAART was associated with a decline in BMD and
possibly more fractures relative to intermittent HAART, but
likewise reported no consistent drug specific association. Further-
more, in the meta-analysis of Paccou et al. (57) conventional risk
factors for osteoporotic fractures, including wasting syndrome, hy-
pogonadism, disorders in calcium and phosphate metabolism, and
HIV infection per se accounted for bone loss with no evidence of
a HAART-related contribution. Yin et al. (58) report that initiation
of certain combinations of antiretroviral agents may be associa-
ted with moderate bone loss initially, but BMD usually stabilizes
or improves with longer follow-up. Similar data were reported by
Libois et al. (4) who found that osteopenia and osteoporosis was
highly prevalent among HIV infected premenopausal women, but
loss of BMD was associated to low BMI and not with antiretrovi-
ral therapy, containing PI or not.

Consequently, after more than a decade of investigation no agree-
ment exists as to the direct effects of HAART or their components
on bone cells in vivo, or their mechanisms of action on the ske-
leton. In fact, it's probably that all HAART formulation may be inhe-
rently detrimental to the skeleton and that bone loss following
HAART may be a recoupling of bone formation and resorption (33).
Patient or group differences in rate of remodeling, however, may
be due to the differential effects of certain antiretroviral agents, du-
ration of treatment, and stage of immune reconstitution or to dif-
ferences in nutritional status, hormonal function, and body com-
position. The effects of individual antiretroviral agents are difficult
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to ascertain since most patients are treated with combination the-
rapy and have experienced multiple regimens, and most studies
have lacked the power to detect BMD change between different
treatment groups.

Treatment

With a paucity of data available, a pragmatic approach to mana-
ging patients at risk of having reduced BMD or fragility fractures
is needed to minimise or reverse validated risk factors for redu-
ced BMD. Because of the high prevalence of low BMD in HIV in-
fection, it is important to focus on factors important to bone health,
including adequate nutrition, particularly calcium and vitamin D in-
take.

The prevalence of low vitamin D levels is 60%—75% in different
HIV-infected cohorts (59-62).

Non pharmacologic interventions should be tried in all HIV-infected
patients. These include having a minimum of 1200 mg of elemental
Ca2+ in the diet, 800 to 1000 IU of vitamin D per day, and regu-
lar weight-bearing and muscles strengthening exercises to reduce
the risk of falls and fractures (63,64).

All patients with a diagnosed vertebral/hip fracture and/or a DXA
score of less than 2.5 at femoral neck/spine should be treated with
pharmacologic therapy.

Bisphosphonates are the most commonly prescribed class of an-
tiresorptive agents and typically elicit a 60—70% decrease in markers
of bone resorption (65). Over the past few years, data from three
randomized trials using alendronate (66-68) have been published,
demonstrating the efficacy and tolerability of oral bisphosphona-
te therapy in HIV-positive patients with low BMD.

In consideration of gastrointestinal side-effects associated to oral
bisphosphonates, an alternative could be annual zoledronic acid
infusion. It has been shown to be well tolerated and to significantly
increase BMD in HIV infected individuals with osteoporosis
(69,70).

Conclusion

At the present time, osteopenia and osteoparosis are a frequent
finding in HIV-infected patients. At the moment, the etiology of this
disease in HIV population is not completely understood. The cau-
ses appear to be multifactorial and likely represent a complex in-
teraction between HIV infection, traditional osteoporosis risk fac-
tors exacerbated by consequences of chronic HIV infection (eg,
poor nutrition and low weight), low vitamin D levels, and HAART-
related factors.

Currently, the treatment of HIV-induced bone loss seems to be bi-
sphosphonates in conjunction with vitamin D and calcium sup-
plementation.

Further longitudinal studies of HIV patients will be needed to cla-
rify the correlation between BMD, HIV and HAART.
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