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Abstract
Purpose of review—Low bone-mineral density is a recently recognized metabolic complication
of HIV infection and its treatment. While the clinical impact of low bone-mineral density remains
uncertain, the prolongation of survival attributable to more effective antiretroviral therapy has
contributed to an aging population of HIV-infected patients who may be prone to developing fragility
fractures.

Recent findings—While most of the available data are on young men, recent publications have
increased our understanding of the epidemiology of low bone-mineral density and bone loss in HIV-
positive women. Most studies suggest that initiation of certain combinations of antiretroviral agents
may be associated with moderate bone loss initially, but bone-mineral density usually stabilizes or
improves with longer follow-up. Most studies suggest that, despite lower bone-mineral density,
fragility fractures are relatively uncommon in HIV-positive patients, perhaps because of their relative
youth.

Summary—The pathogenesis of low bone-mineral density in HIV-positive patients is complex and
multifactorial, and its clinical impact remains unclear. Further research is needed to clarify the
approach to optimal screening and treatment of osteoporosis in the setting of HIV infection.
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Introduction
Osteoporosis is a skeletal disorder characterized by compromised bone strength predisposing
to an increased risk of fracture [1]. Osteoporosis currently affects 10–12 million people in the
United States, and another 28–32 million have low bone mass or osteopenia. Although the vast
majority are postmenopausal women and elderly men, osteoporosis may also affect young men
and pre-menopausal women, usually in the setting of an underlying disorder or medication
exposure that adversely affects the skeleton. In this regard, low bone-mineral density (BMD)
is a recently recognized metabolic complication of HIV infection and its treatment. The
epidemiology and pathogenesis of HIV-associated bone loss are reviewed here, highlighting
recent articles as well as areas of controversy and uncertainty.
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Epidemiology of low bone-mineral density and bone loss in HIV-infected
individuals

More than 25 cross-sectional studies of BMD in HIV-positive adults have been published.
Earlier studies [2–4] were conducted in HIV-positive individuals who were comparatively ill
by today’s standards and who had one or more known risk factors for osteoporosis, such as
wasting, hypogonadism, and intestinal malabsorption. Recent studies have been conducted in
healthier individuals, with fewer associated illnesses. While a few of these are multicenter
studies that approximate a population sample [5•] (and Anastos and Hessol, presented at the
11th Conference on Retroviruses and Opportunistic Infections; 8–11 February 2004; San
Francisco, California, USA), the majority consist of convenience samples from HIV clinics or
lipodystrophy cohorts. Data on short-term changes in BMD are now available both from
treatment studies with BMD measured before and after initiation of specific antiretroviral
(ARV) regimens [6–9] (and Powderly et al., presented at the 12th Conference of Retroviruses
and Opportunistic Infections; 22–25 February 2005; Boston, Massachusetts, USA) and from
metabolic study cohorts with patients on a variety of ARV regimens [10•,11]. There are no
controlled studies investigating the risk of fracture in HIV-positive individuals.

Cross-sectional studies
In ambulatory, HIV-positive men without wasting, BMD at the lumbar spine was marginally
(3%) lower in antiretroviral therapy (ART)-naïve men than in age-matched healthy controls
[12,13]. In contrast, BMD appeared to be much lower in HIV-positive individuals on ART.
Tebas et al. [14] reported that lumbar spine BMD was markedly lower in HIV-positive men
receiving protease inhibitors in comparison with HIV-positive men not receiving protease
inhibitors (either ART naïve or receiving non-protease inhibitor based regimens) and HIV-
negative controls. The relative risk for osteoporosis in patients receiving protease inhibitors
was 2.19 (95% confidence interval, 1.13–4.23). Subsequent studies have also reported lower
BMD in HIV-positive individuals currently on ART [15,16] as compared with those not on
ART, but associations between protease inhibitor therapy and lower BMD have not been
consistently detected after adjustment for other risk factors [11,16–18].

In ambulatory HIV-positive women without wasting, BMD at the lumbar spine and hip were
reduced in both treatment-naïve [19] and treatment-experienced women [20,21] (also Anastos
and Hessol 2004; and Jacobson et al., presented at the 10th Conference on Retroviruses and
Opportunistic Infections; 10–14 February 2003; Boston, Massachusetts, USA) in comparison
with age-matched, healthy controls. While differences in BMD were statistically significant,
they were also modest (3–6% lower) [5•,20]. In contrast, in a study comparing predominantly
ARV-experienced, HIV-positive postmenopausal women with historical controls [21], BMD
was considerably lower (9–10%) at the lumbar spine and total hip.

Longitudinal studies
In a retrospective analysis, T sekes et al. [8] noted a 3.7% decrease in lumbar spine BMD after
2 years of treatment with only nucleoside reverse transcriptase inhibitors. Similarly, Mallon
et al. [22] noted an increase in the proportion of patients with low BMD 2 years after beginning
protease inhibitor-based ART. Powderly et al. (presented at the 12th Conference of
Retroviruses and Opportunistic Infections; 22–25 February 2005; Boston, Massachusetts,
USA) reported a 2.4–2.8% decrease in total hip BMD after 144 weeks of treatment with either
tenofovir/lamivudine/efavirenz or stavudine/lamivudine/efavirenz. Bone loss at the lumbar
spine was greater in the group receiving tenofovir as compared with the group receiving
stavudine (−2.2% versus −1.0%, P=0.001), but there was no difference in categorical
progression from normal BMD to osteoporosis/osteopenia between treatment groups.
Additionally, in the tenofovir group, BMD declined during the first 48 weeks after initiation
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of ARVs and stabilized thereafter. In contrast, small increases in BMD have been reported in
two small series of protease inhibitor-naïve patients initiating indinavir-based [7] and
amprenavir-based therapy [9].

Mondy et al. [11] reported small but significant increases in BMD at the lumbar spine (2.6%)
and hip (2.4%) after 72 weeks of follow-up in 90 predominantly male, HIV-positive individuals
receiving mostly protease inhibitor-based regimens. The increase in BMD was associated with
increase in CD4 T cells but was not associated with class of ART [11]. A recently published
longitudinal study of predominantly premenopausal HIV-positive women [10•] demonstrated
that rate of change in BMD did not differ significantly from controls over a 2-year period.
Change in BMD was associated with CD4 count, weight, follicle-stimulating hormone, bone
resorption markers, and baseline BMD, but not with ARV use [10•].

Fracture studies
Three case series of fragility fractures in HIV-positive patients on ART have been published
[23–25]. Although limited, the data do not suggest that the observed reductions in BMD lead
to increased fracture rates. Results from a retrospective study of phase III protease inhibitor
trials suggest that fracture rates are not higher than expected in HIV-positive participants on
treatment (Struble et al., presented at the 41st Interscience Conference on Antimicrobial Agents
and Chemotherapy; 16–19 December 2001; Chicago, Illinois, USA). Recently, McComsey et
al. [25] reported results from an electronic survey of fractures identified by physician recall or
Inter-national Classification of Disease-9 coding from nine HIV clinics with cumulative data
from 8600 HIV-infected individuals. Fifty-five cases of fracture were identified by this survey,
of which only 60% (33/55) were fractures that occurred in the absence of trauma. Fragility
fractures may be rare either because reductions in BMD are modest or because most HIV-
positive patients are relatively young and are not at increased risk for falls, a major predisposing
factor for fracture in the elderly.

Pathogenesis of HIV-associated bone loss
The pathogenesis of excess bone loss associated with HIV is complex and likely multifactorial.
Bone loss may result from pathophysiologic interactions within the bone microenvironment
between T cells, osteoclasts, and osteoblasts, 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 vitamin D deficiency.

Direct and indirect effects of HIV infection
Infection of bone marrow stromal cells by HIV has been clearly demonstrated [26]. It is thus
plausible that HIV infection of preosteoblastic marrow stromal cells could adversely affect
their differentiation into osteoblasts [27]. At present, however, there is insufficient evidence
to support this finding [28].

Infection with HIV may have both direct and indirect effects on osteoclasts. Chronic HIV
infection causes persistent T-cell activation and increased synthesis of proinflammatory, bone-
resorbing cytokines, such as tumor necrosis factor-α (TNF-α) and interleukin-6 [29,30],
systemically and within the bone microenvironment [31–33]. These cytokines both stimulate
osteoclast activity and decrease osteoclast apoptosis [34], thereby increasing bone resorption
[32,33,35]. Fakruddin and Laurence [36] have shown that exposure of T cells to concentrations
of soluble HIV-1 envelope glycoprotein gp120 induced expression of RANKL (receptor
activator of nuclear factor-κB ligand). Moreover, exposure of primary human osteoclast
precursors to conditioned media from peripheral blood mononuclear cells exposed to gp120
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induced the formation of bone-resorbing osteoclasts, an effect that was completely blocked by
RANK antibodies and only partly inhibited by TNF-α anti-bodies [36]. These experiments
suggest that HIV infection directly stimulates bone resorption via RANKL-dependent
mechanisms, which are in part independent of TNF-α.

To date, the only systematic histomorphometric study in HIV-positive patients is a case–control
study of tetracycline-labeled transiliac bone biopsies from 22 ARV-naïve patients with
advanced disease [27]. Histomorphometric parameters reflecting both bone resorption and
bone formation were significantly reduced, especially in subjects with more advanced disease;
however, the rate at which newly deposited osteoid was mineralized was not significantly
altered [27].

Biochemical markers of bone remodeling measured in serum and urine reflect osteoblast and
osteoclast activity at the histologic level and predict rates of bone loss in various adult
populations. Serum osteocalcin, bone-specific alkaline phosphatase, and propeptides of type
1 collagen are markers of bone formation. Serum and urinary telopeptides (C-telopeptide
[CTX] and N-telo-peptide [NTX]) of type 1 collagen are markers of bone resorption. The few
data available before the advent of potent ART [27,37] showed serum osteocalcin
concentrations to be markedly suppressed, consistent with the markedly reduced bone
formation observed in bone biopsies and correlating with disease severity [27]. Aukrust et
al. [38] also found that serum osteocalcin decreases and CTX increases with advancing severity
of HIV, observations subsequently confirmed in other studies [19,27,39,40]. Divergence of
serum osteocalcin and CTX suggest that the usually tightly regulated processes of formation
and resorption are disrupted in ARV-naïve patients [38], similar to ‘uncoupled’ bone
remodeling in rheumatoid arthritis [41], glucocorticoid excess [42], and myeloma [43].

Effects of antiretroviral therapy
Although several in-vitro studies have attempted to address the differential effect of ARVs,
predominantly protease inhibitors, on osteoclasts and osteoblasts, their results are far from
conclusive. Using a rat neonatal calvaria assay, Jain and Lenhard [44] reported significant
increases in osteoclast activity with the addition of 10-µmol/l concentrations of certain protease
inhibitors (nelfinavir, indinavir, saquinavir, and ritonavir) but not others (amprenavir and
lopinavir). In contrast, Wang et al. [45] observed that ritonavir, but not indinavir, inhibited
osteoclast formation and decreased osteoclast pit resorption when co-cultured with bone
marrow macrophages stimulated with RANKL and macrophage colony-stimulating factor. The
discordant findings may be the result of inherent differences in the in-vitro assays but also may
be the result of differences in the concentration of protease inhibitors tested. Fakruddin and
Laurence [36] demonstrated that ritonavir (1–5µmol/l), levels consistent with those achieved
when used as part of a boosting regimen, increased osteoclastogenesis in human osteoclast
precursors, while suprapharmacologic doses of ritonavir (10 and 25µmol/l) were toxic and
suppressed osteoclastogenesis. The osteoblast studies are equally difficult to interpret because
of differences in experimental models, drug dose, and milieu under which the drugs are
administered [44] (and Wang et al., presented at the 24th Meeting of the American Society for
Bone and Mineral Research; 20–24 September 2002; San Antonio, Texas, USA).

In aggregate, most studies support the observation of increased bone turnover in HIV-positive
patients on ART, characterized by increased concentrations of markers of bone resorption and
variable concentrations of formation markers [2,19,46]. Konishi et al. [47] also reported that
serum levels of RANKL were significantly higher in HIV-positive men on ART than not (241.0
±236 pg/ml versus 106.7±102, P<0.05), correlating inversely with lumbar spine BMD and
positively with levels of urinary deoxypyridinoline (a resorption marker). In longitudinal
studies of patients on ART, bone formation and resorption markers remain elevated throughout
the period of observation [11] (and Vigano et al., presented at the 5th International Workshop
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on Adverse Drug Reactions and Lipodystrophy; 8–11 July 2003; Paris, France). Correlation
between markers of bone formation and resorption also increased after initiation of ART
[38].

Taken together, these findings suggest that in ARV-naïve and ARV-experienced HIV-positive
patients, bone formation may be depressed and bone resorption increased in association with
expression of proinflammatory cytokines. After initiation of ART, there is a recoupling of bone
formation and resorption, but the rate of bone remodeling remains increased. Patient or group
differences in rate of remodeling, however, may be due to the differential effects of certain
ARVs, duration of treatment, and stage of immune reconstitution or to differences in nutritional
status, hormonal function, and body composition. The effects of individual ARVs are difficult
to ascertain since most patients are treated with combination therapy and have experienced
multiple regimens, and most studies have lacked the power to detect BMD change between
different treatment groups.

Anthropomorphic and hormonal factors associated with HIV infection
Low body weight as defined by low body mass index [4,11] (and Dolan et al., 2003), lowest
body weight [4,11] (and Dolan et al.), pre-ART weight [16], low fat mass [11,48] (and Dolan
et al.), low lean body mass [4,49] (and Dolan et al. 2003), or significant weight loss [11] is
associated with low BMD in most studies.

Disturbances of calcium homeostasis and the vitamin D–parathyroid hormone (PTH)
endocrine system have been frequently but not consistently reported in association with
advanced HIV infection. Impaired PTH secretion and PTH resistance resulting in mild
hypocalcemia have been reported in several small studies [50–54], but not others [4,17,55]
(and Dolan et al. 2003). Markedly decreased serum 1,25(OH)2D has also been reported,
particularly in patients with advanced disease [19,38,39,56] (and Dolan et al. 2003) and may
be the result of decreased 1α-hydroxylase activity [50,56,57]. In addition, conversion of 25-
OHD to 1,25(OH)2D, which is controlled by cytochrome P450 mixed-function oxygenases, is
inhibited by certain protease inhibitors in vitro [58]. Most studies have been quite small, and
given the complexity of the situation, independent effects of PTH and vitamin D abnormalities
are difficult to ascertain.

Gonadal hormone deficiency is indisputably linked to bone loss in otherwise healthy men and
women. Both gonadal and adrenal hormones decline in men concomitant with progression of
HIV infection [59,60]. Few studies, however, have evaluated associations between gonadal
hormones concentrations and BMD [61]. Amenorrhea or oligomenorrhea are common in HIV-
positive women [62,63] and both estrogen and testosterone levels are strongly associated with
BMD in HIV-positive women [4]. Estrogen could attenuate effects of HIV-associated bone
loss by downregulating both the expression of bone-resorbing cytokines by activated T cells
[64,65] and expression of RANKL by bone marrow cells [66], as well as by upregulating gene
expression and synthesis of osteoprotegerin [67].

Treatment
Owing to the unclear clinical significance of low BMD in an HIV-positive patient and perhaps
to the unfamiliarity of many HIV providers with the evaluation and treatment of osteoporosis,
very few patients with HIV-associated osteoporosis receive adequate treatment. One
noteworthy finding from the fracture survey reported by McComsey et al. [25] was that
diagnostic tests for correctable secondary causes of fracture were performed on only 20–27%
of patients with prevalent fractures, and treatment for secondary prevention including calcium
supplementation was initiated in only 35% of cases.
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Over the past few years, data from three randomized trials using alendronate [68,69•,70] have
been published, demonstrating the efficacy and tolerability of oral bisphosphonate therapy in
HIV-positive patients with low BMD. There have been no controlled studies examining the
efficacy and safety of other formulations of bisphosphonates. The concept of using intravenous
bisphosphonates, such as ibandronate, to treat osteoporosis in HIV-positive patients may be
extremely attractive, as these agents may have significant gastrointestinal symptoms, high pill
burden, and challenging dosing regimens. Data are limited on the effects of calcium and vitamin
D supplementation, and nonexistent on effects of hormone replacement therapy, selective
estrogen receptor modulators, calcitonin, or teriparatide on osteoporosis in HIV-positive
patients. There is no reason to expect, however, that these agents would not be effective.

Conclusion
Low BMD is relatively common among HIV-positive patients and may be due to direct and
indirect effects of HIV infection. The contribution of ART is uncertain. Although certain ARVs
exhibit profound effects on bone cells in vitro, clinical studies suggest that initiation of certain
combinations of ARVs may be associated with moderate bone loss initially, but BMD usually
stabilizes or improves with longer follow-up. As the majority of HIV-positive patients are
young, fragility fractures are not commonly encountered. As the availability of effective ART
permits the population of HIV-positive patients to age, screening, diagnosis, and treatment of
osteoporosis to prevent fragility fractures will become more important. At present, routine
BMD screening of HIV-positive individuals is not warranted. Measurement of BMD should
be considered, however, for HIV-positive individuals with known risk factors such as
menopause, premenopausal amenorrhea, age greater than 65 years, history of fracture as an
adult, low body weight (<127 lb), current smoking, or use of oral corticosteroids for more than
3 months. Further research is needed to clarify the approach to optimal screening and treatment
of osteoporosis in the setting of HIV infection.
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