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INTRODUCTION

‘ N J ith the development of high active antiretroviral

therapy life expectancy has improved considera-
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ABSTRACT

With the advent of high active antiretroviral therapy there was a significant improve-
ment on HIV subjects survival. Thus, bone changes related to HIV became an impor-
tant aspect of these individuals. HIV affects bone remodeling causing bone fragility. In
addition, antiretroviral therapy may also negatively affect bone metabolism. Several
studies describe an increased incidence of fractures in these patients when compared
with controls without the disease.The European Society of AIDS (EACS), and other societi-
es, have included guidance on management of osteoporosis in HIV-infected patients empha-
sizing the identification of patients with low bone mass. Supplementation of calcium
and vitamin D and the use of alendronate in these individuals should be recommen-
ded on a case base. Arq Bras Endocrinol Metab. 2014;58(5):478-83
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RESUMO

Com o advento da terapia antirretroviral, houve uma melhora consideravel na sobrevida dos
individuos portadores do virus HIV. Dessa forma, as alteragcoes dsseas referentes ao HIV se
tornaram um fator importante no cuidado desses individuos. O HIV altera o remodelamento
6sseo causando fragilidade 6ssea. As alteragoes causadas por esse virus nos linfocitos T afe-
tam a producao de RANKL e de citocinas pro-inflamatdrias levando a osteoclastogénese. Ade-
mais, a terapia antirretroviral também pode afetar negativamente o metabolismo dsseo. Varios
estudos descrevem aumento da incidéncia de fraturas nesses individuos quando comparados
a controles sem a doenca. Diretrizes da Sociedade Europeia de SIDA (EACS) tém orientado o
manejo da osteoporose nesses sujeitos, enfatizando a identificagdo de pacientes com baixa
massa 0ssea. A suplementagdo de calcio e vitamina D e o uso de alendronato nesses indivi-
duos devem ser recomendados caso a caso. Arqg Bras Endocrinol Metab. 2014;58(5):478-83
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tients independently of age and gender (1-3). Although
this is well known and characterized, the ultimate rea-

bly among HIV infected patients. Now the concern has
emerged regarding long-term consequences of both
chronic HIV infection itself and related antiretroviral
therapies (ART).

One of the organs affected by HIV infection is the
bone. Low bone mineral density (BMD) and a decrea-
sed bone mass have been reported in HIV-infected pa-
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son that leads to that bone loss is still not well unders-
tood. Multiple factors appear to be involved, including
eftects of HIV viral proteins, ART side effects and in-
flammatory cytokines on bone cells and bone turnover.
In addition, the effect of HIV infection on traditional
determinants of BMD such as body weight, smoking
status or others (4-7) could also play a key role.
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DEFINITION AND DIAGNOSIS

Osteoporosis is a global health problem that insidi-
ously deteriorates the microstructure of bone. That
deterioration leads to a compromised bone strength,
which predisposes the individual to an increased risk of
fractures of the hip, spine, forearm, and other skeletal
sites. The diagnosis is done in the presence of low-en-
ergy traumatic fracture and should be considered when
low bone mineral density (BMD) is found. Dual energy
X-ray absorptiometry (DEXA) is the gold standard of
bone density measurement, at the lumbar spine, and
hip. DEXA measurements of BMD are the basis of os-
teoporosis diagnostic and risk fracture evaluation. Os-
teoporosis is defined as BMD measurement at the hip
or spine £ 2.5 standard deviations below the mean
BMD for a healthy, young, sex-matched population (T
score). Osteopenia is defined as a T score between -1.0
and -2.5 (8).

However, other methods to more accurately esti-
mate fracture risk have been recently developed. One
of this methods is the Fracture Risk Assessment tool
(FRAX®) (9). FRAX is a computer-based algorithm
developed by the WHO. The FRAX score calculates
the 10-year probability of a major fracture (hip, clini-
cal spine, humerus or wrist fracture) and the 10-year
probability of hip fracture. It takes into account key
clinical risk factors in men and women: age, BMI, prior
fragility fracture, parental history of hip fracture, cur-
rent tobacco smoking, long-term oral glucocorticoid
use, rheumatoid arthritis, other causes of secondary
osteoporosis and alcohol consumption. Femoral neck
BMD can be optionally entered to enhance fracture
risk prediction.

However, FRAX score does not take into account
the presence of HIV-infection nor the use of ART ther-
apies. In a previous study, Calmy and cols. (10) calcu-
lated the FRAX score for 153 HIV-infected adults: they
evaluated whether the score based on risk factors alone
could identify HIV-positive patients with reduced
BMD. They did not detect differences in the FRAX
score between patients with normal BMD and patients
with low BMD; they concluded that the FRAX score
does not discriminate between patients with osteopenia
and those without osteopenia and thus provides very
limited usefulness as a screening tool in the HIV-posi-
tive population. In fact, FRAX has not been validated in
HIV-infected persons and may underestimate the 10-
year risk of fracture in these patients (11).
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BONE BIOLOGY

In the processes that lead to HIV-related bone loss a
large number of elements that play a role in bone me-
tabolism are implicated. Knowing how these elements
are communicated and related becomes of capital im-
portance to understand how bone loss is produced, and
finally how bone fracture overcomes in this population.

Bone is a living organ, composed of a cellular part
with support and communication cells, the osteocytes,
bone forming cells, the osteoblasts, and bone remo-
deling cells, the osteoclasts. Other components are a
non-mineral crystals of collagen and the non-collagen
proteins called osteoid, where the mineral matrix with
calcium and phosphate in the form of calcium hydroxy-
apatite is deposited.

During life, bone undergoes processes of longitudi-
nal and radial growth, modeling, and remodeling (12).
Bone remodeling begins early in foetal life, and once
the skeleton is fully formed in young adults almost all of
the metabolic activity is in this form. Remodeling is re-
sponsible of maintaining bone competence, as one of its
functions is to repair microdamage induced due to the
stress of material, besides its role in mobilizing minerals
stored in bone to supply physiological needs. The bone
remodeling cycle (13) involves a series of highly regu-
lated steps that depend on the interactions of two cell
lineages aforementioned: the mesenchymal osteoblastic
lineage and the hematopoietic osteoclastic lineage. Ab-
normalities of bone remodeling can produce a variety
of skeletal disorders. When bone resorption becomes
higher than bone formation, bone loss and osteopenia/
osteoporosis is the consequence. This negative balance
of cell cycle is the ultimate mechanism of osteoporosis
developing leading to an increased bone fragility, and
thus to fragility fractures.

Among different conditions that can produce low
bone mass, chronic inflammatory diseases of almost any
cause are associated with bone loss. Inflammatory bone
loss in periodontal disease and arthritis is probably the
combined result of stimulation of resorption and in-
hibition of formation by cytokines and prostaglandins.
Interleukin 1 (IL-1), Interleukin IL-6 (IL-6), and tu-

mor necrosis factor as well as growth factors have been =

implicated in pathologic responses in the skeleton, par-
ticularly in osteoporosis associated with estrogen de-
ficiency, hyperparathyroidism, and Paget disease (14-
16). Among these disorders that lead to abnormalities
in bone remodeling HIV has emerged as a new cause
of bone fragility.
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HIV infection, bone metabolism, and fractures

Although osteoporosis is not typically considered to
be an immune-mediated disorder, recent data have in-
dicated an overlapping pathway between bone physiol-
ogy and the biology of inflammation that involves the
T-lymphocyte compartment. The role of HIV-specific
factors in bone loss and fracture remains unclear. How-
ever, HIV itself can produce an inflammatory state that
could lead to bone loss through the promotion of os-
teoclastogenesis and bone resorption due to inflamma-
tory cytokines. T-cells activation are the common ele-
ment between the immune response to HIV and bone
compartment. Activated T-cells affect bone physiology
by producing RANKL and pro-inflammatory cyto-
kines, which promote osteoclast activity. As found in
both % vitro and in vive studies (17), tumor necrosis
factor alpha induces the apoptosis of osteoblasts, and
interleukin 6 (18) directly induces receptor activator of
nuclear factor kappa B ligand (RANKL) expression, an
osteoblast-secreted cytokine that promotes osteoclast
formation and maduration. In both cases, higher le-
vels of these inflammatory markers are associated with
an induced osteoclastogenesis, and, thus, an increased
bone resorption. Moreover, high concentrations of
HIV RNA have been associated with elevated levels of
RANKIL, increasing osteoclast presence in bone (19).

The etiology of osteoporosis in HIV-infected pa-
tients is likely multifactorial, involving traditional risk
factors as well as direct effects of chronic HIV infec-
tion and antiretroviral therapy. However, to date, most
studies in HIV-infected individuals have focused on
bone loss rather than fracture risk. Whether the ob-
served reductions in BMD translate into increased frac-
ture risk, particularly in younger individuals, is uncer-
tain. However, there is growing evidence that shows
an increased fracture risk among HIV infected patients.
We summarize here the essential facts.

HIV AND LOW BONE MASS

Osteoporosis has traditionally affected postmenopausal
women. However, some studies have established that
osteoporosis is also common amongst HIV-positive
men of all ages, as well as in some younger HIV-posi-
tive women. Actually, a growing body of evidence indi-
cates that people with HIV are at risk for osteoporosis.
Several studies in the past decade have established the
association between bone loss and HIV infection.

A first approach to study the role of HIV in bone
loss consists of several epidemiological cohort stud-
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ies (20,21). Many of them have limited sample size,
but these studies demonstrated a higher prevalence of
low BMD in HIV-infected patients compared to the
general population, with osteopenia being present in
40 to 70% of the studied patients. Along these same
lines, Cazanave and cols. published that the prevalence
of osteopenia in HIV-infected patients was 54.6% in
men and 51.1% in women, whereas the prevalence of
osteoporosis among this population was 33.7% in men
and 8.3% in women (22). A systematic review of cross-
sectional studies by Brown and cols. concluded that the
probability of osteopenia and osteoporosis would be
over 6-fold and almost 4-fold higher in HIV-infected
than in uninfected populations respectively (23). In line
with these data, in a clinical trial that evaluated BMD
before starting ART, the prevalence of osteopenia at
the start of ART was in a range of 23 to 28%, clearly
higher than that in the general population (24).

Large population-based studies, as the study SUN
that included 525 patients with HIV, compared BMD
measured by DEXA to uninfected controls in the Na-
tional Survey of Health and Nutrition Examination
U.S. (NHANES). They found that osteoporosis was
associated with older age, non-Caucasian ethnic back-
ground, lower BMI, unemployment, and time since
HIV diagnosis. Nevertheless, since 79% of patients
were on ART treatment, it was not possible to draw
clear conclusions from this study on the independent
contribution of HIV to the loss of bone mass. Other
studies (25,26) found the same correlation, but again
the data was not useful to disentangle the effects of

ART and HIV infection.

ART AND LOW BMD

ART therapy has been associated with low BMD in a
number of studies discussed in a meta-analyisis (3). The
authors reported a relative risk of 2.5 for osteopenia in
patients with ART compared with untreated patients.
In fact, other longitudinal studies and clinical trials
conducted to date also suggest that ART is associated
with low bone mass (24,27).

The analysis of changes in BMD in patients partici-
pating in the SMART study, a trial where continuous
ART vs intermittent ART were compared, found that
10 out of the total 12 fractures reported amongst study
participants, 10 of them appeared in the continuous
ART arm. Also, BMD was significantly lower in the
continuous ART group when compared to the inter-
mittent ART arm (28).
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HIV AND FRACTURES

All this evidence is showing that bone deterioration in
HIV is probably the result of the addition of traditional
risk factors such as smoking, alcohol use, hypogona-
dism, low body weight, vitamin D deficiency, and fac-
tors directly related to HIV infection (24,29). Howev-
er, the question in the late 2000’s was if that decreased
bone mass induced an excess risk of bone fractures. As
a result, a number of studies assessed this association.

Several studies have reported fracture rates in HIV
cohorts compared to uninfected controls. Initially
there was contradictory evidence, and studies in both
directions were published: Arnsten and cols. reported
no significant increase in risk of fractures in 328 men
followed for 2 years (30); Yin and cols. reported no
increase in fracture rates in 1,728 women followed for
5 years (31); and, finally, Collin and cols. reported no
increase in fractures amongst 1,281 adults taking ART
tollowed for 10 years, compared to the general popula-
tion of the same age in Europe (32).

Conversely, Prior and cols. reported an increased
risk of fractures in a cohort of 137 HIV women, but
they did not find differences in BMD (33). Data ob-
tained from population registries or from large cohorts
have led to the publication of a series of studies describ-
ing a strong association between HIV infection and
fractures: Triant and cols. found that the prevalence of
fractures was higher in HIV-infected individuals, but
the nature of his data did not allow adjustment for dif-
ferences in risk factors between groups (34); similarly,
in a more restricted population, the Male Veterans Co-
hort, Womack and cols. reported that HIV status was
related to fracture incidence, but this association was
attenuated after adjustment for co-morbidities (35);
more recently a Spanish population-based cohort study
including over 1.1 million participants and almost
2,500 HIV-infected patients showed a strong associa-
tion between HIV infection and hip fracture incidence,
with an almost five-fold increased risk in the HIV in-
fected individuals, independent of sex, age, smoking,
alcohol drinking, and comorbidities. Similarly, a 75%
higher risk of all clinical fractures and a 60% increase in
risk of non-hip clinical fractures among patients with
a diagnosis of HIV infection was found (36); finally,
another nation-wide case-control study in a Nothern-
European population found that HIV infection is asso-
ciated with an almost 3-fold increase in overall fracture
risk. In HIV patients with an almost 9-fold higher risk
of hip fracture (37).

Arq Bras Endocrinol Metab. 2014;58/5
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Independently of the ultimate cause of the observed
increased risk of fractures, the latter study described a
sharp and early increase in fracture rates in the first few
years following HIV infection. This makes a strong case
for an early assessment of fracture risk in HIV infected
patients, particularly as the HIV population is ageing.

ETIOLOGY OF INCREASED FRACTURED RISK

Apart from the influence of traditional risk factors as-
sociated to an increased fracture risk in HIV-infected
patients. There are other factors that have influence
(Figure 1). It has been hypothesized that inflamma-
tory state promoted by HIV-infection could lead to
decreased bone loss. However, it has been in a recent
study analyzing BMD an immune activation where Gaz-
zola and cols. found that heightened T-cell activation
in HIV-infected patients independently predicts BMD
disorders. That could suggest a critical role of immune
activation in the pathogenesis of decreased bone mass,
even in patients with a full viral response to ART (38).

HIV

Pro-inflammatory state

ART

\ 4
OSTEOPOROSIS and

FRACTURE
A

Hypogonadism

—‘ Tobacco, alcohol, drugs ‘
Glucocorticoids

— Race/ethnicity

Nutritional status
vt S5 ™|
Traditional risk factors

Figure 1. Causes of increased fracture risk in HIV-infected patients

o]

In other studies it has been shown that less than
200CD4 cell/pul (39,40) are associated with increased
fragility fracture incidence. Similarly, in the HOPS co-
hort, nadir CD4 cell count of less than 200 cells/pl
was associated with increased all-fracture incidence in a
multivariate analysis (41).

In consequence, although there is not a complete °

explanation for bone loss and fractures in HIV-infected
patients, it seems that the chronic inflammatory state
due to the HIV infection itself has some responsibility
in that condition. However, further studies should be
done to confirm that hypothesis.
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ART AND FRACTURES

The increased inflammatory status induced by HIV
seems not to be enough to justify all the bone loss
and excess fracture risk described above. In line with
that, several studies have analysed the association be-
tween ART exposure and fracture risk. In a number
of randomized controlled studies, initiation or switch
to ART appears associated with 6-12 months of bone
loss, which then stabilizes, specially after two years of
treatment (42,43). Hansen and cols. found that ART-
exposed patients had a 60% higher risk of fragility frac-
ture than the general population, even after adjusting
for comorbidities. Nevertheless, ART use was not as-
sociated with an increased risk of non-fragility frac-
tures (44). Other study, by Bedimo and cols. studied
retrospectively different ART regimens and their asso-
ciation with fracture risk from 1988 to 2009, and they
reported that cumulative exposure to tenofovir was in-
dependently predictive of increased risk of osteoporotic
fracture (12% higher risk per year of exposure) after
controlling for traditional osteoporotic risk factors and
concomitant ART. Exposure to abacavir, zidovudine
or estavudine or Non-Nucleosid Reverse Transcriptase
Inhibitors (NNRTTIs) were not significantly associated
with increased risk of osteoporotic fracture in neither
uni or multivariate models. More importantly, concom-
itant exposure to both tenofovir and boosted Protease
Inhibitors (PI/r) was associated with a greater osteo-
porotic fracture risk than exposure to either tenofovir
without PI/r or PI/r without tenofovir. Among pro-
tease inhibitors, only lopinavir/ritonavir was associated
with a significantly increased fracture risk (45).

CONSIDERATIONS ABOUT THE PREVENTION OF
OSTEOPOROTIC FRACTURES

The main aim of the treatment of osteoporosis is to
reduce the incidence of fractures. It is though not well
known, nor established, if pharmacological interven-
tions for low BMD in HIV-infected patients, especially
in the younger ones, will reduce their risk of fracture.

- Actually, due to the increasing awareness of the bone
- disease related to HIV, the European Society of AIDS
~ (EACS) (46), and other societies, have included guid-
. ance on management of osteoporosis in HIV-infected

patients and recommendations have also been pub-
lished. These guidelines suggest identifying those pa-
tients at greatest risk of low BMD, measuring BMD in
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those at risk, and treating osteoporosis where identified
(46). Its main recommendations are to follow national
guidelines when available; otherwise, bisphosphonate
therapy with vitamin D and calcium supplementation
should be considered.

Nevertheless, the optimal clinical management of
bone health in HIV-infected individuals is not well de-
fined and remains controversial. It will probably be ne-
cessary to develop guidelines for screening and treating
reversible causes of low bone mineral density and fall
risk in HIV patients, and then establish reommenda-
tions for the treatment of high-risk patients.

In conclusion, the information currently available
suggests that both ART and HIV infection itself favor
bone demineralization, subsequently increasing fracture
risk. Bone loss is faster in the first two years after initia-
tion of ART and tends to stabilize afterwards. However,
given the complex interactions between HIV and ART
that leads to low BMD, optimization of ART therapy,
and prompt strategies to prevent bone loss may be im-
portant. Focus on bone disease as the paradigm of ageing
in this population may improve not only long term life-
expectancy but also the quality of life of these patients.
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