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INTRODUCTION 

Numerous studies demonstrated a high incidence of 
reduced bone mineral density (BMD) and an elevated 
prevalence of osteopenia and osteoporosis in both men 
and women infected with HIV, compared with control 
groups1. In 2014, the Joint United Nations Program on 
HIV/AIDS (UNAIDS) estimated that approximately 
4.2 million people aged 50 years or more worldwide are 
living with HIV, surviving the infection thanks to com-
bined Anti-Retroviral Therapy (cART). cART success 
led to the progressive aging of these patients and, as a 
consequence, the emergence of age-related diseases, in-
cluding diabetes mellitus, cardiovascular disease, ma-
lignancies, osteoporosis, osteopenia and fragility frac-
tures2-4. As a matter of fact, in addition to the traditional 
risk factors for bone disease, cART, chronic inflamma-
tion and HIV itself have complex effects on bone turn-
over in PLWH2,5. Moreover, individuals with HIV have 
a high prevalence of risk factors for low bone mineral 
density (BMD), such as poor nutrition, low body weight, 
high rates of tobacco and alcohol use, hypogonadism 
and hypovitaminosis D2,5. 

The purpose of this paper is to review the current 
knowledge about altered bone metabolism that may lead 
to osteopenia and osteoporosis in HIV-infected patients 
and to provide an overview of current recommendations 
for evaluation and management of bone disease in this 
specific population. 

BONE LOSS ASSOCIATED
WITH NORMAL AGING 

The skeleton is continually renewed by the process of 
homeostatic bone remodeling. Growth hormone and sex 
steroids (i.e. testosterone and estradiol) are responsible 
for the growth spurt during adolescence which culmi-
nates with BMD peaking during early adulthood; there-
after, the skeleton is continuously remodeled5. Osteo-
clasts are giant multinucleated cells of myeloid origin 
that resorb bone under the coordinated action of two 
cytokines, receptor activator of NF-κB (RANKL) and 
osteoprotegerin (OPG). RANKL is the key effector of 
osteoclast differentiation and activity, while OPG is a 
RANKL receptor that moderates its activity and hence 
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mass, sedentary lifestyle, smoking, alcohol abuse, glu-
cocorticoid therapy, low intake of calcium and vitamin 
D, are shared with the general population. In addition, 
immune dysregulation and chronic inflammation, as 
well as antiretroviral drugs, have been shown to neg-
atively impact bone health2. Recently, an ISI disruption 
characterized by elevated B cell RANKL and dimin-
ished OPG has been linked to osteoporosis in HIV in-
fection7. Moreover, proinflammatory cytokines, like 
tumor necrosis factor (TNF) α and IL-6, stimulate os-
teoclastogenesis2,8. High HIV-RNA viral load and T-cell 
activation have been associated with elevated levels of 
RANKL, related to an increased bone turnover2,9. Inter-
feron-γ (IFN- γ) is a physiological inhibitor of RANKL 
signaling, which levels are remarkably down-regulated 
in advanced HIV infection2. Therefore, a limited capac-
ity to suppress RANKL during HIV infection may lead 
to increased osteoclast activation and bone resorption. 
In healthy individuals, several factors control bone me-
tabolism, including the neuroimmune network and the 
neuroendocrine-immune regulatory system. In untreat-
ed HIV infection, bone resorption and bone formation 
are uncoupled because of both direct viral effects and 
proinflammatory mechanisms. In vitro studies demon-
strated that HIV viral proteins, like vpr and gp120, pro-
mote osteoclast activity, whereas p55-gag is able to sup-
press osteoblast activity and increase their apoptosis2. 

CART AND BONE LOSS 

The introduction of cART has certainly improved the 
prognosis of HIV patients by reducing their mortality 
and morbidity but has also revealed some complications 
related to the therapy10. Among these, a greater preva-
lence of decreased BMD, osteopenia and osteoporosis 
in the HIV population than the general population has 
emerged and has been widely studied10,11. Although it 
is extremely effective at reducing HIV viral load and 
reversing many of the classic manifestations of AIDS, 
cART intensifies bone loss during disease reversal7. 
Therefore, the skeleton does not improve with antiretro-
viral therapy but actually undergoes further deteriora-
tion with an additional average loss of up to 6% in BMD 
during the first 2 years of treatment7. 

How ART affects the skeleton has traditionally been 
considered to be a direct toxic effect on bone cells. How-
ever, even before exposure to ART, patients with HIV 
infection have been recognized to exhibit low BMD5,7. 
More recent studies show that even in newly diagnosed, 
therapy-naive HIV-infected patients, without any other 
known causes of osteoporosis, low BMD and high bone 
resorption are significantly prevalent10,12. Moreover, re-
cent studies in which ART is used to treat human hepa-
titis B virus (HBV) infection demonstrated a little bone 
loss compared to that in HIV-infected subjects treated 
with antiretroviral drugs7. Although certain ART regi-
mens, particularly those containing tenofovir disoproxil 
fumarate (TDF), appear to exacerbate bone loss, it is 
now evident that the majority of HIV-infected individu-
als already exhibit reduced bone mineral density before 

of bone resorption. Therefore, the ratio of RANKL to 
OPG is a key determinant of bone resorption in the 
body5. Bone resorption and formation co-exist. Indi-
viduals younger than 35 or 40 years completely replace 
the resorbed bone during the remodeling cycle. How-
ever, with age this cycle becomes unbalanced towards 
resorption, leading to a small deficit at each remodeling 
site. In fact, aging is accompanied by a slow decline in 
BMD both in men and women. In women, after meno-
pause bone loss is intensified for a period lasting 4 to 8 
years, which leads to a 20-30% loss in trabecular bone 
and 5-10 % in cortical bone5. Men appear to be better 
protected against age-related bone decay6. 

Bone loss and fractures are the hallmarks of osteopo-
rosis, regardless of the underlying cause. Osteoporosis 
is defined as a systemic skeletal disorder characterized 
by low bone mass and microarchitectural deterioration 
of bone tissue, with a consequent increase in bone fra-
gility and fractures2. BMD can be measured by imaging 
modalities, such as dual X-ray absorptiometry (DXA), 
which helps identifying patients at high risk of frac-
tures2. Osteoporosis is defined as a bone density less 
than 2.5 standard deviations (SDs) of the mean BMD of 
a sex-matched, young, healthy population, i.e. a T score 
less than < 2.5. Osteopenia is an intermediate category 
of bone loss defined as a T-score between 1 and 2.52. 
The diagnosis of osteoporosis can also be made when 
a hip or spine fragility fracture is present, regardless 
of BMD. A fragility fracture is generally defined as a 
fracture resulting from trauma with an energy equal to 
or less than a fall from a standing position3. In older 
populations, the risk of fracture increases by 2- to 3-fold 
for each SD decrease in BMD below the young normal 
mean3. 

BONE AND THE IMMUNE SYSTEM 

Accumulating data suggest that the immune system and 
skeletal system are deeply integrated, forming a nexus 
referred to as the immuno-skeletal interface (ISI)5. The 
ISI exists as a consequence of shared cells and cytokine 
effectors that play discrete roles in immune and skeletal 
functions. Under normal physiological conditions, the 
immune system secrets bone protective factors such as 
OPG, which may be lost when the immune system is 
chronically suppressed (immunosuppression), leading 
to an accelerated rate of basal bone resorption5. 

HIV INFECTION AND BONE LOSS 

Numerous studies have evaluated bone density among 
patients with HIV infection and have found the prev-
alence of osteoporosis and osteopenia to be elevated 
in HIV-infected compared with control groups. A me-
ta-analysis of studies comparing bone mineral density 
in HIV-infected with non-HIV-infected patients demon-
strated a pooled odds ratio of 3.7 for osteoporosis1. 

The pathogenesis of bone disease in HIV infection 
is multifactorial. Multiple risk factors, such as low body 
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osteopenia and those who have not. TDF should be used 
with prudency in patients with low trauma or atraumatic 
fractures or very low BMD, due to the association with 
proximal tubule dysfunction2. 

EACS 2019 guidelines recommend to screen and 
treat secondary causes of osteoporosis if a low BMD 
is found. 

BASIC RECOMMENDATIONS 
FOR ALL HIV-INFECTED PATIENTS 

Management strategies for patients at high risk for fra-
gility fracture include dietary and lifestyle changes14. 
An adequate daily intake of dietary calcium is recom-
mended for postmenopausal women and men ≥50 years 
of age. Daily total calcium intake should be 1000-1500 
mg for men 50-70 years of age, or 1200 mg for wom-
en ≥51 years of age and men ≥71 years of age. Dietary 
calcium should be increased as a first-line approach, 
but calcium supplementation remains a good option 
for those who cannot achieve adequate calcium intake 
through diet alone3,14,15. 

As HIV-infected patients are at risk of vitamin D 
insufficiency or deficiency, vitamin D status should be 
determined by serum 25-hydroxy vitamin D levels in 
those with a history of low BMD and/or fracture14,15. 

Supplementary vitamin D should be given to 
HIV-infected patients with vitamin D insufficiency 
(<20 ng/mL [<50 nmol/L]) or deficiency (<10 ng/mL 
[<25 nmol/L]), particularly if the deficiency is associat-
ed with compensatory hyperparathyroidism14. Vitamin 
D daily intake from dietary sources should be 800-1000 
IU, in order to achieve a serum 25-hydroxy vitamin D 
level of approximately 30 ng/mL (75 nmol/L) and a suit-
able maintenance dose administered thereafter to sus-
tain this level2,14. Vitamin D deficiency can blunt bone 
response to bisphosphonate treatment; therefore, the 
target serum 25-hydroxy vitamin D level of 30 ng/mL 
should be achieved before initiating therapy with an an-
tiresorptive drug14,16. 

HIV-infected patients with osteopenia/osteoporosis 
should be reminded to increase regular weight-bearing 
and muscle-strengthening exercise, avoid tobacco use 
and excessive alcohol intake2,14. Strategies to assess and 
reduce fall risk, such as checking and correcting vision 
and hearing, evaluating neurological problems, and re-
ferring patients to physical and occupational therapy, 
are also recommended3. 

THERAPEUTIC MANAGEMENT 
OF OSTEOPOROSIS IN HIV-INFECTED 
PATIENTS 

Pharmacological treatment should be initiated for 
HIV-infected patients under the same criteria as those 
stated for the general population14. According to guide-
lines anti-osteoporosis treatment should be undertaken 
for postmenopausal women and men aged > 50 years 
with fragility fractures or a T-score of the hip, femoral 

therapy5. Studies conducted on transgenic rats demon-
strate that severe osteoclastic bone resorption may be 
a consequence of an imbalance in the ratio of receptor 
activator of NF-κB ligand to OPG13. Indeed, dramatic 
changes are known to occur within the B cell compart-
ment of HIV-1-infected humans, including declines in 
resting memory B cell populations and increases in na-
ive and immature/transitional B cells13. The relevant B 
cell populations responsible for elevated RANKL and/
or diminished OPG production remain to be determined; 
however, it is likely that activated mature B cells, a pop-
ulation whose numbers are increased in association with 
HIV infection, are responsible for RANKL production, 
whereas resting memory B cells, a population that de-
creases in HIV infection, may account for diminished 
OPG production13. Furthermore, data confirm that re-
population of immune cells is a common event associat-
ed with all classes of HAART and it leads to an inflam-
matory environment capable of driving significant bone 
resorption and loss of BMD and mass5,7. The recovery 
of CD4 T cells involves homeostatic reconstitution, a 
process involving T cell proliferation and expansion to 
fill available immunological space7. Similar process-
es are involved in CD8 T cell and B cell recovery and 
are driven in part through cytokine mediated process-
es. Through costimulatory interactions and cytokine 
production CD4 T cell subsets further regulate other 
adaptive immune components including humoral im-
munity (B cells) and antigen presenting cells including 
macrophages, dendritic cells and B cells. Therefore, the 
regeneration and rekindling of adaptive immunity has 
the potential to produce inflammatory events that may 
have the capacity to drive osteoclastogenesis and bone 
loss, as it is characteristic of other inflammatory states7.

SCREENING AND MONITORING 
INDIVIDUALS WITH HIV INFECTION 
AT RISK FOR FRAGILITY FRACTURE 

It is appropriate to assess the risk of low BMD and fra-
gility fracture in all HIV-infected adults14. Patients with 
major risk factors for fragility fracture, including a pre-
vious history of fragility fracture, receipt of glucocorti-
coid treatment for >3 months (≥5 mg of prednisone daily 
or equivalent), or at high risk for falls, should be evalu-
ated with dual-energy X-ray absorptiometry (DXA). In 
patients without major fracture risk factors, an age-spe-
cific evaluation is appropriate14. Patients without a ma-
jor risk factor for fragility fracture, men who are aged 
40-49 years and premenopausal women aged ≥40 years 
should have their 10-year risk of fracture assessed using 
the Fracture Risk Assessment Tool FRAX score without 
BMD, with risk assessment performed every 2-3 years 
or when a new clinical risk factor develops14. FRAX 
algorithm is used to calculate 10-year fracture risk by 
integrating information coming from patients risk fac-
tors for osteoporosis and BMD2. However, FRAX algo-
rithm has not been formally validated for HIV-positive 
patients, because it may underestimate the fracture risk 
and may not discriminate between patients who have 
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pogonadism, and smoking, and HIV-related risk factors 
such as chronic immune activation and antiretroviral 
therapy toxicities2,10. With the advancing age of indi-
viduals living with HIV/AIDS, low bone mineral den-
sity associated with HIV infection is likely to collide 
with the pathophysiology of skeletal aging, leading to 
increased fracture risk13. The role of ART in increas-
ing the incidence of fractures has not been completely 
established: up to now, data seems to converge on an in-
creased incidence of fractures among HIV-positive pa-
tients exposed to therapy than HAART-naive patients, 
suggesting the role of certain antiretroviral agents, such 
as tenofovir disoproxil fumarate (TDF) and protease 
inhibitors (PI), in increasing the risk of fractures. An 
extensive number of studies evaluated the effect of ART 
on fracture risk, especially for those patients who also 
present other risk factors10,22-30 . A better control of the 
HIV disease activity seems to be the first goal to reduce 
the impact on bone caused by the inflammatory back-
ground in these patients10. 

The best approach to these patients should provide a 
detailed assessment of the parameters of bone metabo-
lism including bone turnover markers. In addition, DXA 
is confirmed to be a useful tool for assessing possible 
bone mineral density impairment, although, in this par-
ticular setting, even moderately reduced bone mass lev-
els may be associated with increased fracture risk. For 
this reason, it is necessary to define a different T-score 
threshold associated with an increased fracture risk. 
Consequently, in these patients it could be important to 
perform radiographs of the dorso-lumbar spine in order 
to detect vertebral fractures even in patients with a nor-
mal or slightly reduced bone mass10. The early detection 
of patients at a high risk of fractures allow to introduce 
a bone sparing treatment already in the first phases of 
the disease, by using wherever possible a low-impact 
antiretroviral therapy and by monitoring the presence 
of vertebral fractures 10. Only when the mechanism for 
HIV-related versus HAART-related changes can be de-
fined, will we be much closer to designing specific in-
terventions31.

In conclusion, cART has greatly prolonged life ex-
pectancy in HIV-positive patients, transforming the dis-
ease into a chronic condition. Fracture risk assessment 
should be performed in HIV-infected individuals and 
bone mineral density measured when indicated. Life-
style measures to optimize bone health should be ad-
vised and, in individuals at high risk of fracture, treat-
ment with bisphosphonates considered. 

Conflict of Interest:
The Authors declare that they have no conflict of inte-
rests.

REFERENCES

  1.	Triant VA, Brown TT, Lee H, Grinspoon SK. Fracture 
prevalence among human immunodefi-ciency virus (HIV)-
infected versus non-HIV-infected patients in a large U.S. 
healthcare system. J Clin Endocrinol Metab 2008; 93: 3499-
3504. 

neck or lumbar spine ≤ 2.5; pharmacological treatment 
should also be considered if the 10-year probability of 
hip fracture is ≥ 3% or the 10-year risk for major osteopo-
rosis-related fractures is ≥ 20% using the FRAX score2. 
Before initiating anti-osteoporosis treatment, secondary 
causes of low BMD should be evaluated. Avoidance or 
discontinuation of medications associated with bone 
loss (e.g., antiepileptic drugs, proton pump inhibitors, 
thiazolidinediones, and corticosteroids) should be con-
sidered if appropriate alternatives are available3,14,17. 

Bisphosphonates are generally considered first-line 
therapy for persons with a history of fragility fracture 
and/or osteoporosis by DXA, as they inhibit osteo-
clast-mediated bone resorption3. Alendronate and zole-
dronic acid were shown to significantly improved BMD 
at the lumbar spine, total hip, and trochanter in HIV-in-
fected patients treated for 48 weeks in randomized con-
trolled trials3,18. Alendronate improved lumbar BMD and 
minimized femoral BMD decrease after 52 weeks com-
pared to treatment with vitamin D and calcium alone 
in patients on HAART with osteopenia/osteoporosis19. 
Patients with HIV infection should receive alendronate 
70 mg once weekly (with calcium carbonate 1000 mg/
vitamin D 400 IU per day)2,14,18. Intravenous zoledronic 
acid 5 mg yearly can be given as an alternative to alen-
dronate14. Treatment duration should be individualized. 
Bisphosphonate treatment should be reviewed after an 
initial 3- to 5-year period, because of concerns about 
the negative effects of long-term suppression of bone 
turnover (such as osteonecrosis of the jaw and atypical 
femoral fractures)14,20. Several outcomes have been used 
in the general population to judge the success of an-
ti-osteoporosis treatment, including the lack of definite 
fractures, or symptoms or signs of possible fracture; 
maintenance of height (< 1 cm of loss)14,21; no change or 
an increase in BMD measured by central DXA of hip 
and spine; reduction in serum or urine markers of bone 
resorption of ≥ 30%; and therapy adherence14,22-30. 

In HIV-infected patients, if BMD continues to de-
cline on oral bisphosphonate therapy, a second-line 
approach can include intravenous zoledronic acid14. 
Other second-line osteoporosis therapies, including es-
trogen-replacement therapy, the selective estrogen re-
ceptor modulator raloxifene for post-menopausal wom-
en, as well as the PTH analogue teriparatide, have not 
been specifically evaluated in the setting of HIV infec-
tion2. Data on the effects of bisphosphonates on the risk 
of fracture in HIV-infected patients are not available3. 
However, considering the increased life expectancy of 
HIV-infected people, there is need for clinical trials 
evaluating the long-term safety and the optimal duration 
of treatment with bisphosphonates. 

CONCLUSIONS

The prevalence of low BMD is higher among HIV-in-
fected patients in comparison with the general popula-
tion2. It is clearly demonstrated that the pathogenesis of 
bone disease in HIV infection is multifactorial, involv-
ing traditional risk factors such as low body weight, hy-



HIV and bone disease

5

19.	 Guaraldi G, Orlando G, Madeddu G, Vescini F, Ventura P, 
Campostrini S, Mura MS, Parise N, audarella R, Esposito R. 
Alendronate Reduces Bone Resorption in HIV-Associated 
Osteope-nia/Osteoporosis. HIV Clin Trials 2015; 5: 269-277. 

20.	 Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner B, 
Randall S, Lindsay R. Clinician’s Guide to Prevention and 
Treatment of Osteoporosis. Osteoporos Int 2014; 25: 2359-2381.

21.	 Siminoski K, Jiang G, Adachi JD, Hanley DA, Cline G, Io-
annidis G, Hodsman A, Josse RG, Kendler D, Olszynski WP, 
Ste Marie L-G, Eastell R. Accuracy of height loss during 
prospective moni-toring for detection of incident vertebral 
fractures. Osteoporos Int 2005; 16: 403-410.

22.	Delmas PD, Recker RR, Chesnut CH3, Skag A, Stakkestad 
JA, Emkey R, Gilbride J, Schimmer RC, Christiansen C. 
Daily and intermittent oral ibandronate normalize bone 
turnover and provide signifi-cant reduction in vertebral frac-
ture risk: results from the BONE study. Osteoporos Int 2004; 
15: 792-798.

23.	Bauer DC, Black DM, Garnero P, Hochberg M, Ott S, Or-
loff J, Thompson DE, Ewing SK, Delmas PD. Change in 
bone turnover and hip, non-spine, and vertebral fracture in 
alendronate-treated women: the fracture intervention trial. J 
Bone Miner Res 2004; 19: 1250-1258. 

24.	Eastell R, Barton I, Hannon RA, Chines A, Garnero P, Del-
mas PD. Relationship of early changes in bone resorption to 
the reduction in fracture risk with risedronate. J Bone Miner 
Res 2003; 18: 1051-1056.

25.	Roux C, Garnero P, Thomas T, Sabatier JP, Orcel P, Audran 
M, Comité Scientifique du GRIO. Recommendations for 
monitoring antiresorptive therapies in postmenopausal os-
teoporosis. Joint Bone Spine 2005; 72: 26-31.

26.	Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson 
DE, Nevitt MC, Bauer DC, Genant HK, Haskell WL, Mar-
cus R, Ott SM, Torner JC, Quandt SA, Reiss TF, Ensrud KE. 
Randomized trial of effect of alendronate on risk of fracture 
in women exisiting vertebral fracture. Lancet 1996; 348: 
1535-1541. 

27.	 Chesnut CH III. Treating Osteoporosis with Bisphosphonates 
and Addressing Adherence. Drugs 2006; 66: 1351-1359. 

28.	Cummings SR, Black DM, Thompson DE, Applegate WB, 
Barrett-Connor E, Musliner TA, Pa-lermo L, Prineas R, Ru-
bin SM, Scott JC, Vogt T, Wallace R, Yates AJ, LaCroix AZ. 
Effect of alendro-nate on risk of fracture in women with low 
bone density but without vertebral fractures: results from the 
Fracture Intervention Trial. JAMA 1998; 280: 2077-2082.

29.	 Harris ST, Watts NB, Genant HK, McKeever CD, Han-
gartner T, Keller M, Chesnut CH3, Brown J, Eriksen EF, 
Hoseyni MS, Axelrod DW, Miller PD. Effects of risedronate 
treatment on vertebral and nonvertebral fractures in women 
with postmenopausal osteoporosis: a randomized controlled 
trial. Verte-bral Efficacy With Risedronate Therapy (VERT) 
Study Group. JAMA 1999; 282: 1344-1352. 

30.	Caro JJ, Ishak KJ, Huybrechts KF, Raggio G, Naujoks C. 
The impact of compliance with osteo-porosis therapy on 
fracture rates in actual practice. Osteoporos Int 2004; 15: 
1003-1008.

31.	 Kim-Chang JJ, Wilson L, Chan C, Fischer B, Venturi G, 
Goodenow MM, Aldrovandi G, Weber TJ, Sleasman JW, 
the Adolescent Medicine Trials Network for HIV/AIDS 
Interventions, Emmanuel, Lujan-Zilberman, Julian, Belzer, 
Flores, Tucker, Kovacs, Homans, Lozano, D’Angelo, Hagler, 
Trexler, Douglas, Tanney, DiBenedetto, Martinez, Bojan, 
Jackson, Febo, Ayala-Flores, Fuentes-Gomez, Futter-man, 
Enriquez-Bruce, Campos, Steever, Geiger, Moscicki, Au-
erswald, Irish, Abdalian, Kozina, Baker, Peralta, Gorle, 
Friedman, Maturo, Major-Wilson, Puga, Leonard, Inman, 
Flynn, Dillard, Garofalo, Bren-nan, Flanagan. Tenofovir 
Has Minimal Effect on Biomarkers of Bone Health in Youth 
with HIV Receiv-ing Initial Antiretroviral Therapy. AIDS 
Res Hum Retroviruses 2019; 35: 746-754.

  2.	Castronuovo D, Cacopardo B, Pinzone MR, Di Rosa M, 
Martellotta F, Schioppa O, Moreno S, Nunnari G. Bone dis-
ease in the setting of HIV infection: update and review of the 
literature. Eur Rev Med Pharmacol Sci 2013; 17: 2413-2419.

  3.	Walker Harris V, Brown TT. Bone loss in the HIV-infected 
patient: evidence, clinical implica-tions, and treatment strat-
egies. J Infect Dis 2012; 205: S391-S398. 

  4.	Wing EJ. HIV and aging. Int J Infect Dis 2016; 53: 61-68.
  5.	Weitzmann MN, Ofotokun I, Titanji K, Sharma A, Yin MT. 

Bone loss among women living with HIV. Curr HIV/AIDS 
Rep 2016; 13: 367-373. 

  6.	Laurent MR, Dedeyne L, Dupont J, Mellaerts B, Dejaeger 
M, Gielen E. Age-related bone loss and sarcopenia in men. 
Maturitas 2019; 122: 51-56. 

  7.	 Weitzmann MN. Bone and the Immune System. Toxicol 
Pathol 2017; 45: 911-924. 

  8.	Gibellini D, Borderi M, De Crignis E, Cicola R, Vescini 
F, Caudarella R, Chiodo F, Re MC. RANKL/OPG/TRAIL 
plasma levels and bone mass loss evaluation in antiretroviral 
naive HIV-1-positive men. J Med Virol 2007; 79: 1446-1454. 

  9.	 Gazzola L, Bellistri GM, Tincati C, Ierardi V, Savoldi A, 
Del Sole A, Tagliabue L, d’Arminio Monforte A, Marchetti 
G. Association between peripheral T-Lymphocyte activation 
and impaired bone mineral density in HIV-infected patients. 
J Transl Med 2013; 11: 51.

10.	 Dalla Grana E, Rigo F, Lanzafame M, Lattuada E, Suardi 
S, Mottes M, Valenti MT, Dalle Car-bonare L. Relationship 
between vertebral fractures, bone mineral density, and os-
teometabolic profile in HIV and hepatitis B and C-infected 
patients treated with ART. Front Endocrinol (Lausanne) 
2019; 10: 302. 

11.	 Cazanave C, Dupon M, Lavignolle-Aurillac V, Barthe N, 
Lawson-Ayayi S, Mehsen N, Mercie P, Morlat P, Thiebaut 
R, Dabis F; Groupe d’Epidémiologie Clinique du SIDA en 
Aquitaine. Reduced bone mineral density in HIV-infected 
patients: prevalence and associated factors. AIDS 2008; 22: 
395-402. 

12.	Ceballos ME, Carvajal C, Jaramillo J, Dominguez A, Gon-
zalez G. Vitamin D and Bone Mineral Density in HIV 
Newly Diagnosed Therapy-Naive Patients Without Any Sec-
ondary Causes of Osteopo-rosis. Calcif Tissue Int 2019; 104: 
42-49. 

13.	 Vikulina T, Fan X, Yamaguchi M, Roser-Page S, Zayzafoon 
M, Guidot DM, Ofotokun I, Weit-zmann MN. Alterations 
in the immuno-skeletal interface drive bone destruction in 
HIV-1 transgenic rats. Proc Natl Acad Sci U S A 2010; 107: 
13848-13853. 

14.	 Brown TT, Hoy J, Borderi M, Guaraldi G, Renjifo B, Vescini 
F, Yin MT, Powderly WG. Rec-ommendations for Evalua-
tion and Management of Bone Disease in HIV. Clin Infect 
Dis 2015; 60: 1242-1251. 

15.	 Li Vecchi V, Soresi M, Giannitrapani L, Mazzola G, La Sala 
S, Tramuto F, Caruso G, Colomba C, Mansueto P, Madonia 
S, Montalto G, Di Carlo P. Dairy calcium intake and lifestyle 
risk factors for bone loss in hiv-infected and uninfected 
Mediterranean subjects. BMC Infect Dis 2012; 12: 192.

16.	 Bruyere O, Reginster JY. Vitamin D status and response to 
antiosteoporotic therapy. Womens Health (Lond) 2008; 4: 
445-447.

17.	 McComsey GA, Tebas P, Shane E, Yin MT, Overton ET, 
Huang JS, Aldrovandi GM, Cardoso SW, Santana JL, Brown 
TT. Bone disease in HIV infection: a practical review and 
recommendations for HIV care providers. Clin Infect Dis 
2010; 51: 937-946.

18.	 McComsey GA, Kendall MA, Tebas P, Swindells S, Hogg 
E, Alston-Smith B, Suckow C, Go-palakrishnan G, Benson 
CA, Wohl DA. Alendronate with calcium and vitamin D 
supplementation is safe and effective for the treatment of 
decreased bone mineral density in HIV. AIDS 2007; 21: 
2473-2482.


