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Pathogenesis of bone disorders in HIV infection

Since 1996, HIV-infected patients have been 
typically treated with an antiretroviral combina-
tion therapy (ART) consisting of three different 
substances that are chosen from different classes 
of antiretrovirals, including nucleoside analog 
reverse transcriptase inhibitors (NRTIs), non-
nucleoside analog reverse transcriptase inhibit-
ors (NNRTIs) and protease inhibitors (PIs). 
After the widespread implementation of ART, 
AIDS-defi ning complications and malignancies 
have declined steeply. However, with prolonged 
patient survival, the long-term effects of chronic 
HIV infection and its treatment have become 
an area of intensive research. An increased pre-
valence of bone demineralization and other osse-
ous complications has been observed among 
HIV-infected subjects and have recently been 
the subject of more detailed studies [1–3]. This 
review examines the epidemiology, patho genesis 
and management of osteoporosis and osteo-
necrosis – the most common bone disorders in 
HIV-infected subjects. 

Normal regulation of bone turnover
Bone tissue undergoes a continuous remodel ing 
process consisting of resorption and formation 
of its calcifi ed matrix. Osteoblasts generate oste-
oid and are normally in synchron ized balance 
with the number and activity of osteoclasts. 
This equilibrium of bone remodeling is crucial 
in maintaining calcium homeostasis, as well as 
maintaining the biomechanical properties of the 
osseous architecture. Disproportional increases 

in bone resorption result in lower bone mineral 
density (BMD), micro architectural deterior-
ation and predisposition to fracture. Osteoblasts 
derive from mesenchymal stem cells while 
osteoclasts originate from hematopoietic cells 
similar to monocytes and macrophages. On a 
molecular basis, the bone remodeling process 
is governed by complex intercellular signaling. 
Osteoblast function and development is regu-
lated by bone morpho genetic proteins (BMPs) 
and the activation of the transcription factor 
RUNX-2 [4].

Osteoclastogenesis, on the other hand, is pred-
ominantly regulated by the OPG/RANKL/RANK 
system. The receptor activator of NF-κB ligand 
(RANKL) is expressed by osteoblasts and activated 
T cells and acts as the key mediator of osteoclasto-
genesis by pro moting the formation and func-
tional development of osteoclasts, thus enhancing 
bone resorption [5,6]. RANKL binds to its recep-
tor RANK on osteoclast precursors [6]. RANK 
signaling then triggers the activation of NF-κB, 
its trans location to the nucleus and transcrip-
tion of osteoclastic genes. The RANKL–RANK 
interaction is blocked by osteoprotegerin (OPG), 
a bone-protecting member of the TNF-receptor 
family that binds to RANKL, thereby acting as 
its soluble decoy receptor and inhibiting osteoclast 
differentiation [7]. Bone metabolism is also tightly 
regulated by hormones, including parathyroid 
hormone, 1,25-dihydroxy-vitamin D

3
, calcito-

nin, estrogens and androgens. Furthermore, local 
factors such as IL-1 and IL-6, prostaglandins, 
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TNF-α, prostaglandins, TGF, colony stimulat-
ing factors (CSFs), and IFN-γ, play an important 
role. TNF-α in particular augments osteoclast 
proliferation and survival [6].

HIV effects on bone turnover
Several viral components appear to directly regu-
late the activity of cultured osteoblasts, osteoclasts 
and macrophages with respect to bone turnover 
(TABLE 1). HIV-1 appears not to induce a cytopathic 
effect [8] and not to directly infect cultured osteo-
blasts [9], but HIV-1 glyco proteins (p55-gag and 
gp120) have been seen to reduce calcium depo-
sition, alkaline phosphatase activity, RANKL 
secretion, BMP levels and expression and activity 
of RUNX-2 in human osteoblasts [10,11]. p55-gag 
also had similar effects in human mesenchymal 
stem cells [10,11]. Furthermore, gp120 was found 
to induce RANKL in T cells [12]. On the con-
trary, HIV-1 rev, a regulatory protein essential 
for viral replication, appears to enhance the 
mineraliz ation rate, RUNX-2 activity and secre-
tion of BMP-2 [11], while the HIV-1 accessory 
viral protein fosters the production of RANKL by 
osteoblasts [13]. In infected macrophages, HIV-1 
induces macrophage CSF (M-CSF), and thus 
promotes macrophage pro liferation and differ-
entiation [14–16]. RANKL and M-CSF bind to 
their respective receptors on osteoclastic precur-
sor cells and induce osteoclast proliferation and 
differentiation [14]. M-CSF also enhances osteo-
clastogenesis by downregulating the secretion of 
OPG in bone marrow macrophages [17]. 

Several cytokines that are upregulated in 
HIV-infection (IFN-γ, TNF-α, IL-1, -3 and 
-4) also foster M-CSF production [18]. IL-1, 
TNF-α and TNF-β are also direct stimulators 
of osteoclastogenesis [6,19,20]. Recent in vitro 
fi ndings indicate that HIV-1 may also impair 
bone homeostasis by inducing TNF-α-mediated 
osteoblast apoptosis [21].

Thus, in vitro work has identifi ed a plethora 
of mechanisms by which HIV infection may 
enhance bone loss. The following section will 
examine the evidence for HIV effects on bone 
in vivo.

Osteopenia & osteoporosis in 
HIV-infected individuals
In clinical practice, bone loss is usually measured 
by dual energy x-ray absorptiometry (DEXA). 
DEXA assesses the BMD as the amount of 
matter per cm3 of bone in g/cm3. In individ-
uals, BMD results can also be expressed as a 
T-score, which refers to the number of standard 
deviations above or below the mean BMD of a 
population of healthy sex-matched adults at the 
age of their peak bone density (30 years). The 
Z-score refers to the number of standard devia-
tions above or below the mean for the patient’s 
age and sex. The WHO defi nes osteopenia as a 
T-score between -1 and -2.5, and osteoporosis as 
a T-score below -2.5 [22]. 

Prior to the era of potent antiretroviral ther-
apy, investigators noted several abnormalities in 
the bone metabolism of HIV-infected patients. 

Table 1. Effects of HIV-1 on osteoblasts and osteoclasts in vitro and animal models.

Study Model Main fi ndings Ref.

Viral factors

Mellert et al. 
(1990) 

hOB-like cells HIV-1 does not induce a cytopathic effect [8]

Nacher et al. 
(2001) 

hOBs from HIV-infected patients hOBs do not express CD4; HIV is not detected in osteoblast cultures 
from HIV-infected patients

[9]

Fakkrudin et al. 
(2003) 

Human PBMCs HIV gp120 induce RANKL secretion by PBMCs and increase 
osteoclastic activity

[12]

Fakkrudin et al. 
(2005) 

Human PBMCs HIV Vpr increases RANKL expression in PBMCs in a glucocorticosteroid-
receptor-dependent mechanism. Vpr acts synergistically with 
exogenous glucocorticosteroids 

[13]

Cotter et al. 
(2007) 

Human MSCs
hOBs

HIV p55-gag and gp120 reduce calcium deposition, ALP activity and 
lower levels of BMP, RANKL and RUNX-2. HIV components impair MSC 
differentiation into osteoblasts

[10]

Gibellini et al. 
(2008) 

HOBIT
Primary hOBs

HIV induces TNF-α and triggers apoptosis via an interaction between 
gp120 and cell membranes

[21]

Cotter et al. 
(2008) 

Human MSCs HIV rev enhances mineralization, RUNX-2 activity and BMP-2 secretion. 
HIV p55-gag has opposite effects and also reduces alkaline phosphatase 
activity. The effects are dependent on MSC differentiation status

[11]

ALP: Alkaline phosphatase ; BMP: Bone morphogenetic protein; gp: Glycoprotein; hOB: Human osteoblast; HOBIT: Human osteoblast-like initial transfectant 
– osteoblast derived cell line; MSC: Mesenchymal stem cell; PBMC: Peripheral blood mononuclear cell; RUNX: Runt-related transcription factor; Vpr: Viral protein of 
regulation.
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Bone histomorphometry revealed diminished 
bone remodeling in comparison with HIV-
uninfected controls [1]. Serum osteocalcin was 
lower in patients with advanced HIV and cor-
related positively with the number of CD4+ 
T lymphocytes [1]. 

Several cohort studies have compared the 
effects of HIV on bone and found a substantially 
lower BMD in both men and women (TABLE 2).

In the largest of these cohorts (492 HIV-
infected French patients), osteopenia was 
found in 55% of men and 51% of women, and 
osteoporosis was observed in 34% of men and 
8% of women [23]. The frequency of osteo-
porosis was higher compared with other stud-
ies, which reported prevalence rates ranging 
from 0 to 22% [23–27]. This was explained by the 
absence of French references for the T-score for 
men. An American database had to be used for 
comparison and perhaps led to an overestimation 
of the prevalence of male osteoporosis. 

The notion that the HIV infection itself con-
tributes to bone loss is also supported by studies 
that associated osteopenia and osteoporosis with 
higher HIV RNA levels [24], as well as with time 
of HIV infection [26,28,29].

The fi nding of a higher prevalence of bone loss 
with low plasma viral load in one study [23] is, at 
fi rst glance, contradictory to other reports that 
hypothesized a role of HIV itself. This fi nding 
may result from the harmful effects of ART on 
bone (see below).

One study randomized 600 ART-naive 
patients (mean age of 36 years) to one of two dif-
ferent antiretroviral combination regimens [30]. 
The prevalence of osteopenia at baseline as 
measured by DEXA was approximately 25%, 
a fi gure that was signifi cantly higher than the 
national prevalence among US adults. 

A recent meta-analysis has confirmed an 
increased prevalence of osteoporosis (15%) in 
HIV-infected individuals [3]. Older age, homo-
sexual transmission, low body mass index (BMI) 
and low HIV-plasma viral load were independ-
ently associated with low bone mineraliz ation 
in men, whereas older age and a low CD4+ 
lympho cyte nadir were associated with bone loss 
in women [23]. 

Established risk factors for bone loss independ-
ent from HIV infection [31] also contribute to 
the risk of osteoporosis in HIV-infected subjects 
(TABLE 3) [24]. In the HIV-infected population, low 
body weight, physical inactivity, alcohol use, cig-
arette smoking and vitamin D defi ciency may in 
fact be particularly prevalent [26,32]. Furthermore, 
in typical also for the HIV-uninfected population, 

lumbar spine T-scores correlated positively with 
body weight, and inversely with increased age; 
high T-scores were associated with male gender. 
A meta-analysis of ten studies reporting BMD 
and BMI in HIV-infected adults revealed that 
the body weight of HIV-infected patients is on 
average 5.1 kg lower than that of controls [33]. 
Other investigators found an increased preva-
lence of low spinal and hip bone densities in asso-
ciation with low body weight, oligo menorrhea 
and reduced serum testosterone among HIV-
infected women [34]. Androgen defi ciency is 
common among HIV-infected women and may 
contribute to bone loss [35]. Furthermore, low 
albumin, catabolic steroid use and menopause 
may accelerate bone loss [36]. 

In summary, the exact underlying reasons 
for low BMD in the HIV-infected popula-
tion are still unclear but probably multi-
factorial [2,3,26,36,37]. Therefore, owing to the lack 
of adjustment for body weight in most studies, it 
cannot be confi dently concluded that the HIV 
infection itself is a risk factor for bone demin-
eralization. HIV infection may no longer be an 
independent predictor of BMD after adjusting 
for body weight differences [33]. Therefore, a 
defi nite role of HIV in the pathogenesis of bone 
loss remains to be proven.

Fractures in HIV-infected individuals
Fracture risk in HIV infection has only recently 
been evaluated. In these studies, HIV-infected 
subjects had an increased risk of vertebral, hip and 
wrist fractures compared with HIV-uninfected 
individuals [38]. In another cohort of 492 HIV-
infected patients, 50 patients (10.2%) had at 
least one pathological fracture [23]. In a Canadian 
study, 138 HIV-infected women reported a 
signifi  cantly higher incidence of lifetime fra-
gility fractures compared with 402 female 
controls (26.1 vs  7.3%) [39]. Both groups were 
matched for the most important risk factors 
for osteo porosis, but the HIV-infected women 
had a higher prevalence of smoking and intra-
venous drug use (53%), were more often treated 
with glucocorticosteroids, had oligo menorrhea 
and reported weight cycling. Interestingly, no 
signifi  cant differences were found in the BMD 
between both groups [39]. Changes in bone 
microarchitecture or an increased frequency of 
falls in HIV-infected women represent a pos-
sible explanation for the increased fracture rate 
in the absence of BMD differences. However, 
other investigators found an increased risk of 
fractures in association with a low BMD in the 
population of HIV-infected patients [40].
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Infl uence of antiretroviral therapy on 
bone metabolism
In HIV-infected individuals, RANKL serum 
levels were significantly higher in patients 
treated with ART than those not receiving 
ART [41]. RANKL serum levels were inversely 
correlated with lumbar spine BMD and posit-
ively correlated with urinary deoxypyridinoline 
excretion as a marker of bone resorption [41]. 
In HIV-infected patients exposed to long-term 
ART, a low BMD was associated with a high 
bone turnover and high levels of OPG [32]. In 
analogy with other conditions of high bone 
turnover, the elevated OPG levels may repre-
sent a protective response to counteract bone 
loss [42]. However, another study by Seminari 
et al. did not demonstrate elevated RANKL 
serum levels in osteopenic patients, nor did it 
fi nd a difference in the OPG:RANKL ratio 
between osteopenic and nonosteopenic subjects 

with HIV infection [32]. Although the plasma 
levels of RANKL and OPG are generally poorly 
correlated with bone status, there appears to be 
a clinical correlation since a meta-analysis con-
fi rmed an increase of the odds of osteoporosis 
in ART-treated compared with ART-naive sub-
jects (odds ratio: 2.4) [3]. We will now review 
the effects of the individual components of the 
antiretroviral combination regimens on osteo-
porosis. An overview of the effects of ART on 
bone is given in TABLES 4 & 5 for the preclinical and 
clinical studies, respectively.

 � Effects of protease inhibitors
In vitro experiments suggest that some PIs 
induce the expression of proinf lammatory 
chemokines in primary human osteoblasts, 
an effect that could contribute to the develop-
ment of decreased BMD in HIV patients [43]. 
There is also evidence that some PIs alter the 

Table 3. Risk factors for bone demineralization and studies indicating increased prevalence in 
HIV-infected patients.

Variable Risk factors for osteopenia/osteoporosis* HIV-infected patients ref.

Nutrition, lifestyle Vitamin D defi ciency [32,93,94]

Low dietary calcium intake –

Cigarette smoking [26,29,48]

Consumption of more than 16 g alcohol per day –

Immobilization [36]

Lack of strength training [36]

Low body weight/BMI See TABLE 2

Diabetes mellitus [27]

Demographic attributes Gender [24,27]

Race [40,90]

Increased age [23,24,40,90]

Others Family history of osteoporosis or hip fracture –

Hormonal –

Hormonal Renal insuffi ciency –

Hyperparathyroidism [32,94]

Hyperthyroidism –

Low free testosterone [29,34,40]

Oligomenorrhea [34]

Postmenopausal status [29,36,89]

Chronic infl ammation Rheumatoid arthritis, other conditions –

Medication Corticosteroids [26,36]

Anticonvulsants –

Opiates [40,90,95]

BMI: Body mass index. 

*Data taken from [31].
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physiol ogical regulation of the RANKL/RANK 
balance. Osteoclast differentiation promoted 
by RANKL is physiologically inhibited by 
IFN-γ [44,45]. In precursor cells of murine 
osteoclasts and primary human osteoclasts, 
the PIs ritonavir and saquinavir suppress the 
physiological block of IFN-γ on the effects 
of RANKL, resulting in increased osteoclast 
formation [12]. Other PIs, such as indinavir 
and nelfi navir, had no impact on this system. 
However, there are confl icting reports concern-
ing the effects of particular PI on osteoblasts, 
osteoclasts and bone formation. In a rat model, 
ritonavir, nelfi navir, indinavir and saquinavir, 
but not lopinavir or amprenavir, were associated 
with increased osteoclast activity [46]. 

The fi rst larger clinical study that examined 
the effects of ART on bone was published in 
2000 [2]. In this cross-sectional study, DEXA 
scans were performed in 112 men. A total 
of 60 out of 95 HIV-infected patients received 

PI, while 17 men were HIV-uninfected controls. 
The prevalence of osteopenia or osteoporosis 
was signifi cantly higher in subjects receiving 
PI (50%) compared with those not receiving 
PI (23%) and controls (29%). However, several 
subsequent longitudinal studies have not con-
fi rmed the association between bone loss and PI 
treatment [23,26,28,40,47]. 

It seems that not all PIs are associated with 
bone demineralization. In 54 patients studied for 
1 year, a low pretreatment BMI was associated 
with a low BMD at baseline, whereas treatment 
with the PI indinavir or nelfi navir was associated 
with stable or even increasing BMD at follow-
up [25]. This effect of nelfi navir was also found 
on extremity bone mineral content. However, 
treatment with other PIs was paralleled by 
decreases in bone mineral content [48,49].

A meta-analysis reviewed 14 studies that 
investigated the effects of PI on BMD and con-
fi rmed slightly increased odds of osteoporosis in 
HIV-infected patients receiving a PI compared 
with those not treated with a PI [3]. When the 
meta-analysis was restricted to studies that had 
been adjusted for potential confounders, the 
odds remained similar [3]. 

A special situation results from the pharmaco-
logical interference of ritonavir with the activity 
of the hepatic cytochrome P450 3A4, which is 
responsible for the metabolism of corticosteroids 
and many other drugs. After fl uticasone inhala-
tion for asthma, six HIV-infected and PI-treated 
patients developed Cushing syndrome [50]. Three 
of these cases were complicated by osteoporosis 
and one by a fracture [50].

 � Effects of NRTIs 
In vitro, the NRTI zidovudine enhances the 
osteoclastogenesis of bone marrow osteoclast 
precursors in the presence of RANKL [51]. Spine 
sections of zidovudine-treated mice showed 
osteopenia with markedly increased osteoclast 
and unchanged osteoblast numbers, suggesting 
that the bone loss is also caused by increased 
osteoclastogenesis in vivo [51]. In addition to 
zidovudine, two other NRTIs (didanosine and 
lamivudine) induced RANKL-dependent osteo-
clastogenesis in vitro and osteopenia in mice [52]. 
However, the combinations of these NRTIs did 
not cause additive or synergistic effects in bone, 
unlike their additive or synergistic toxicity in 
other tissues [53,54]. 

A French cohort did not fi nd a general asso-
ciation between exposure to the NRTI class of 
antiretrovirals and BMD loss [23]. However, the 
evaluation of a possible effect of single NRTIs 

Table 4. Effects of antiretroviral drugs on osteoblasts and 
osteoclasts in vitro and preclinical models.

Study Model Main fi ndings Ref.

Jain et al. 
(2002)

Rat Nelfi navir, indinavir, saquinavir and 
ritonavir, but not lopinavir and amprenavir, 
increase osteoclast activity in neonatal 
calvaria. Unlike the other PIs, lopinavir and 
nelfi navir decrease osteoblast activity

[46]

Wang et al. 
(2002)

Mouse Indinavir decreases vertebral and 
peripheral BMD. Indinavir reduces cortical 
and trabecular bone mass and volume. 
Osteoclast and osteoblast remain 
unchanged

[96]

Fakkrudin 
et al. (2003)

Murine 
osteoclast 
precursors;
human PBMCs

Ritonavir and saquinavir, but not indinavir 
or nelfi navir, enhance osteoclast activity

[12]

Wang et al. 
(2004)

Murine 
osteoclast 
precursors 

Ritonavir inhibits osteoclast differentiation 
downstream of RANKL signaling

[97]

Pan et al. 
(2004)

Murine 
osteoclast 
precursors

Zidovudine stimulates osteoclastogenesis 
by upregulating NF-κB downstream of 
RANKL

[51]

Pan et al. 
(2004)

Mouse Zidovudine lowers BMD by inducing 
osteoclastogenesis

[51]

Pan et al. 
(2006)

Murine 
osteoclast 
precursors;
human PBMCs

Zidovudine, didanosine and lamivudine 
induce RANKL-mediated 
osteoclastogenesis. This effect is not 
regulated by TNF-α.

[98]

Pan et al. 
(2006)

Mouse Zidovudine, didanosine and lamivudine 
induce RANKL-dependent 
osteoclastogenesis and osteopenia. No 
additive or synergistic effects by NRTI 
combinations

[98]

BMD: Bone mineral density; NRTI: Nucleoside analog reverse transcriptase inhibitor; PI: Protease 
inhibitor; PMBC: Peripheral blood mononuclear cell.
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and their association with BMD showed dif-
ferent results. In patients on zidovudine, for 
example, the mean annual decrease of extrem-
ity BMD was 1.2%, while patients on stavudine 
showed less decrease (-0.39%) [48]. The location 
of the DEXA scan also appears to be relevant 
since in the same study patients on stavudine 
had increases in trunk BMC. Another pro-
spective study in men using stavudine calcu-
lated a 0.3% gain of total body BMD during 
the 3-year observation period [36]. In conclu-
sion, current data do not indicate that NRTIs 
lower BMD in patients, but individual NRTIs 
may have a signifi cant impact on bone metabol-
ism. Two further interesting candidates seem 
to be tenofovir and didanosine as participants 
treated with one of these substances had greater 
decreases in total BMD over time compared 
with patients on ART without tenofovir or 
didanosine. The calculated annual loss of total 
BMD in men on didanosine was 0.84% after 
1 year compared with an annual loss of 1.37% 
after 3 years, indicating a possible delayed onset 
of bone toxicity. However, the highest annual 
BMD loss was noted for tenofovir (2.04%) [36]. 

 �Tenofovir
Tenofovir is an NRTI with a favorable safety 
profi le with respect to most organ systems [30]. 
However, preclinical studies in rhesus monkey 
and other vertebrates have demonstrated that 
tenofovir inhibits cortical bone mineraliza-
tion [55,56]. In animals and humans, the use of 
tenofovir is associated with renal phosphate loss 
due to Fanconi syndrome, particularly at supra-
therapeutic dosing and with prolonged drug 
exposure [57,101]. A clinical trial has demonstrated 
diminished tubular phosphate reabsorption and 
an elevated alkaline phosphatase level after only 
12 weeks of tenofovir treatment [58]. Tenofovir 
is taken up into the proximal renal tubules by 
organic anion transporters. Within the renal 
tubule, high intracellular drug concentrations 
are likely to induce a functionally relevant 
loss of mitochondrial DNA copy numbers [59], 
leading to mitochondrial toxicity and proximal 
tubular dysfunction, possibly with renal phos-
phate loss. Lesions similar to hypophosphatemic 
rickets and osteomalacia were found as a con-
sequence of impaired osteoid mineralization 
that developed from tenofovir-induced chronic 
hypophospatemia in macaques [55].

The Gilead Study 903, which followed 
ART-naive patients for a 144-week, double-
blind period after randomization to either 
tenofovir and lamivudine plus efavirenz, or 

the combin ation of stavudine and lamivudine 
plus efavir enz, demonstrated larger decreases 
of spinal BMD in the tenofovir arm (2.2%), 
compared with the stavudine arm (1%). 
However, BMD in the hip decreased to a 
similar extent (2.8% in the tenofovir arm and 
2.4% in the stavudine arm) [30]. The major-
ity of the changes were observed after the fi rst 
24–48 weeks and were not progressive until 
the fi nal 144-week follow-up visit. A total of 
86 HIV-infected patients that were followed 
in the ongoing additional open-label extension 
phase of Study 903 did not exhibit an additional 
bone loss between week 144 and week 288, but 
the participants were supplemented with vita-
min D

3
 (400 IU) and calcium citrate (630 mg) 

after week 144 [60]. 
A longitudinal study in children demon-

strated a signifi cantly decreased BMD during 
a 48-week course of tenofovir exposure [61]. 
A recent report described two HIV-infected 
child ren who developed hypophosphatemia 
and osteopenia associated with limb pain while 
being treated with tenofovir for 12–18 months. 
Switching to a tenofovir-free regimen was paral-
leled by clinical and laboratory improvement in 
both cases [62]. Symptomatic osteo malacia due 
to tenofovir nephrotoxicity has been described 
in further cases [63,64]. Osteomalacia should be 
suspected in the setting of hypo phosphatemia 
and elevated alkaline phosphatase. Skeletal 
scinti graphy may reveal pseudofractures 
(Looser’s zones), which are not evident in 
routine radiographs [WALKER UA, BASEL UNIVERSITY, 

SWITZERLAND, UNPUBLISHED OBSERVATION]. Observations 
with adefovir, another nucleotide analog with 
the same mechanism and side-effect profi le, 
indicate that osteomalacia may improve dur-
ing the course of a few weeks when the nucleo-
tide analog is discontinued and phosphate is 
substituted [65].

 � Effects of NNRTIs
The infl uence of NNRTI-based regimens on 
BMD has been evaluated in 42 NNRTI-treated 
patients and compared with 47 ART-naive sub-
jects. In the study group, 39% of patients had 
osteopenia and 12% had osteoporosis. No signif-
icant differences were found between the two 
groups [37]. Predictors of bone loss were older age 
and low BMI. Consideration of only NNRTI-
treated subjects, older age, low BMI and more 
prolonged exposure to NNRTI was predictive 
of bone loss. The French cohort and other stud-
ies also failed to fi nd a signifi cant association 
between low BMD and NNRTI [23,49].
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Treatment of bone loss in 
HIV-infected patients
Prevention and treatment strategies for bone 
loss, such as weight-bearing exercises, smok-
ing cessation, lowering alcohol consumption 
and optimiz ation of vitamin D and calcium 
intake, should be implemented in HIV-infected 
patients similar to HIV-uninfected individu-
als [66]. Since a low BMI represents an explicit 
risk factor for osteoporosis in HIV-infected 
patients, it is important that an adequate body 
weight and a balanced nutrition are main-
tained. Strength training was found to protect 
against bone demineralization in HIV-infected 
individuals [36].

Biphosphonates reduce bone resorption and 
increase bone mass in HIV-infected individu-
als [67–70]. Compared with the supplementation 
of calcium and vitamin D alone, alendronate 
was well-tolerated and resulted in signifi cant 
increases of bone density at the lumbar spine, 
total hip and femoral neck in both men and 
women [71]. Similar results were also obtained 
for an annual infusion of zoledronate (4 mg) 
[70]. In a 2-year randomized, placebo-controlled 
study of 43 HIV-infected men, zoledronate 
resulted in signifi cant increases of the BMD in 
the lumbar spine (8.9 vs 2.6%) and in the total 
hip (3.8 vs 0.8%) [70]. Despite this promising 
data, whether fractures can be prevented by 
biphosphonates in the setting of HIV-infection 
has not been investigated. 

Raloxifene is a bone-selective estrogen-
receptor agonist approved for the treatment of 
post menopausal osteoporosis in women [72]. 
However, raloxifene should be used with cau-
tion in HIV-infected women because this sub-
stance inhibits cytochrome P450 3A4 [73], a 
bio transformation system also required for the 
inactivation of PI. Other interventions, such as 
teriparatide [74], calcitonin and hormone replace-
ment with progesterone or estrogen, have not 
been specifi cally studied in HIV-infected popu-
lations and, therefore, cannot be recommended 
as standard therapy for osteoporosis.

Osteonecrosis
Osteonecrosis results from an avascular ische-
mic death of the cellular components in bone. 
Triggers of osteonecrosis include exo genous or 
endogenous corticosteroid exposure, alcohol ism, 
hyper trigliceridemia, sickle cell and Gaucher’s 
disease [75]. Studies have also associated osteo-
necrosis with mutations in several genes includ-
ing factor V Leiden and plasminogen-activating 
inhibitor-1 [75]. The risk of osteonecrosis in 

HIV-infected patients is elevated approximately 
100-fold in both adults and children compared 
with the general population [76,77]. The fi rst 
case reports and case series were reported in 
the 1990s [78,79]. At the hip, which is the most 
frequent localization of osteonecrosis, the mini-
mal incidence rate of symptomatic osteo necrosis 
was 0.05% in a large cohort [80]. Another study 
used MRI for the detection of osteo necrosis and 
calculated the annual incidences of asymptom-
atic and symptomatic osteonecrosis of the femo-
ral head as 0.7% and 0.3%, respect ively [76]. 
Multivariate analysis identifi ed prior AIDS-
defi ning illnesses, the CD4+ cell nadir and 
exposure to ART as risk factors. The prevalence 
of symptomatic hip necrosis was estimated as 
4.4% by MRI [81]. Hip osteonecrosis is fre-
quently bi lateral and may also be associated with 
avascular necrosis of other bones. HIV-infected 
patients were also suggested to be at a higher risk 
for osteonecrosis in the jaw [82]. Chronic infl am-
mation, corticosteroids in the setting of immune 
reconstitution and anti cardiolipin autoanti-
bodies have been suggested as risk factors by 
some, but not all investigators [76,80,81,83,84]. 
Osteonecrosis was also attributed to hyper-
triglyceridemia second ary to PI treatment [80,85], 
but not all studies could confi rm the association 
between PI-induced metabolic complications 
and osteonecrosis [86,87]. 

Similar to the situation in HIV-uninfected 
subjects, no conservative treatment was found 
to be effective in arresting or slowing down the 
progression of osteonecrosis. Approximately 
11% of the initially asymptomatic patients 
with hip osteonecrosis were found to eventually 
require hip replacement [76]. 

Future perspective
It is important to gain more certainty regard-
ing the impact of HIV infection and individual 
ART components on BMD in order to rule out 
a future epidemic of fragility fractures. Most 
of the available data are subject to confounders 
owing to the absence of randomized, controlled 
trials. It is also unclear if BMD can serve as a 
predictor of future fracture risk in HIV-infected 
patients because the osseous microarchitecture 
has not been studied in detail in HIV-infected 
patients and studies lacked fractures as a clini-
cal end point. Guidelines for the screening of 
HIV-infected patients for osteoporosis, its pro-
phylaxis and treatment need to be established, 
and more data on HIV-infected women and 
children are required. Based on the growing 
understanding of the pathogenesis of bone 
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loss, many novel interventions [88] are currently 
being developed and need to be evaluated in the 
setting of HIV infection.
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Executive summary

HIV effects on bone turnover
 � HIV envelope glycoproteins and viral protein of regulation promote osteoclastogenesis in vitro. Enhanced production of RANKL, 

macrophage colony-stimulating factor and lowered secretion of osteoprotegerin result in bone demineralization. Important stimulators 
of bone resorption in the setting of infl ammation are IL-1 and TNF-α.

Osteopenia & osteoporosis in HIV-infected individuals
 � HIV-infected patients without prior antiretroviral combination therapy have lower BMD than HIV-uninfected controls. The exact 

underlying mechanisms of bone demineralization in the HIV-infected population are still unclear but the contributors are probably 
multifactorial since many of the traditional risk factors for osteoporosis are also highly prevalent in the HIV-infected population. 

 � Fracture risk is enhanced in HIV-infected patients.
Infl uence of antiretroviral combination therapy on bone mass
 � It is still unclear whether antiretroviral combination therapy truly infl uences bone mass regulation. There is evidence that tenofovir 

induces hypophosphatemia and osteomalacia in some patients. With regard to protease inhibitors, some appear to be linked to 
osteopenia, while others do not.

Treatment of bone loss in HIV-infected patients
 � Given the paucity of data, most prevention and treatment strategies for bone loss are currently extrapolated from the general 

population. Biphosphonates were found to be safe and effective in HIV-infected patients with osteoporosis. Raloxifene should be 
avoided in the setting of protease inhibitor treatment.

Osteonecrosis
 � The risk of osteonecrosis is approximately 100-fold higher in HIV-infected patients than in the general population. MRI is the gold 

standard for its early diagnosis. Suspected risk factors are infl ammation, corticosteroids and anticardiolipin antibodies. Data concerning 
an association between the use of protease inhibitors and osteonecrosis are controversial.
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