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Abstract 

The antiretroviral therapy (ART) has improved the prognosis of HIV patients, but has also revealed complications related to 

this therapy. Some bone-related abnormalities such as low bone mineral density (BMD), osteoporosis, osteopenia, 

osteomalacia, fractures and other bone disorders have appeared in HIV-infected individuals. The risk of 

osteopenia/osteoporosis in HIV patients is not only due to ART. Both ART and chronic HIV infection have been implicated 

in reducing BMD. Therefore, the pathogenesis of reduced bone mass is multifactorial: including the contribution of the virus, 

immunosuppression, ART, drug toxicity, in addition to traditional risk factors for the development of osteoporosis (female 

gender, yellow and white ethnicity, advanced age, early menopause, heredity, family history of osteoporosis or osteoporotic 

fracture, low calcium intake, poor food absorption, sedentary lifestyle, use of medications (glucocorticoids and 

anticonvulsants), hypovitaminosis D, and systemic inflammatory diseases.  

HIV infected patients are more likely to have fragility fractures as a consequence of reduced BMD. A moderate increase in 

prevalence of fractures and increased propensity to fall in these patients have been reported. 

Considering the involvement of HIV/AIDS infection on bone mineral metabolism, knowing the profile of markers of its 

metabolism and body composition in these patients before starting ART would be of great value as well as supplementation of 

vitamin D and calcium with the initiation of ART. 

This review will address bone metabolism disorders associated with HIV infection and use of ART in HIV-infected patients. 
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1 Introduction 

Acquired Immunodeficiency Syndrome (AIDS) was first described in the 

United States of America in 1981 in homosexual individuals with recurrent 

pulmonary infections by Pneumocystis carini [1]. Since then, and in a 

relatively short period, much has been done by the community to expand 

knowledge regarding this infection and with the intention of preventing its 

spread. 

Despite enormous efforts, the human immunodeficiency virus (HIV) 

epidemic has spread at alarming rates. During the first years of the 

epidemic most patients progressed inexorably towards a state of almost 

complete destruction of immune functions. In 1987, less than 4 years after 

the isolation of HIV-1, zidovudine was approved by the Food and Drug 

Administration (FDA). However, this drug, as well as others that appeared 

soon after, did not achieve satisfactory control of viral replication. The 

patients had high morbidity and mortality and the prognosis of those with 

HIV infection was dismal. In developed countries, the trend towards a 

decrease in AIDS-related morbidity and mortality had been observed even 

before the emergence of highly potent antiretroviral therapy (ART), as a 

result of prophylaxis and better management of opportunistic infections. 

With the advent of protease inhibitors (PI) and combination antiretroviral 

therapy, great advances have been made in reducing mortality [2]. 

However, the epidemiological profile of HIV infection has undergone 

major changes in recent years. People living with HIV/AIDS are aging, 

thus becoming more exposed to the complications of its chronicity and the 

prolonged use of antiretrovirals. In addition, infected patients are mostly 

young and have a life expectancy similar to that of uninfected patients [2]. 

The introduction of ART has improved the prognosis of HIV patients, but 

has also revealed complications related to the therapy. Previous studies 
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have shown metabolic changes that contribute to increased cardiovascular 

risk, such as dyslipidemia, insulin resistance and lipodystrophy [3]. After 

that, there were reports of changes in mineral and bone metabolism [2]. 

The evidence of a high prevalence of reduced Bone Mineral Density 

(BMD), osteopenia and osteoporosis in the HIV population when 

compared to the control population has been studied [4,5]. 

Vitamin D deficiency, a substance with immunomodulatory properties, has 

reached epidemic proportions, involving even healthy individuals in 

tropical regions. Possibly there is an association of its deficiency with 

metabolic syndrome, diabetes, arterial hypertension, autoimmune diseases 

and neoplasms [2]. Studies suggest that in HIV-positive patients, factors 

linked to the virus itself and the use of ART may be added to the other 

causes of hypovitaminosis [2]. 

In this sense, the reports of alterations in the mineral and bone metabolism 

of HIV-infected patients and the possibility of abnormalities in the serum 

levels of vitamin D and calcium, deserve to be highlighted [2,6,7]. It is 

important to investigate the profile of markers of mineral and bone 

metabolism and BMD in these patients before starting ART, as well as 

describing them and evaluating the possibility of some clinical or 

laboratory parameter working as an early marker. With this, therapeutic 

strategies can be evaluated, with gains for the health of them. 

Considering the potential risks of these alterations, it is important to know 

them well in order to better approach these patients' mineral and bone 

metabolism disorders and, consequently, their quality of life. 

2 Osteometabolic complications 

People with HIV/AIDS develop low BMD with earlier onset than the 

general population [8]. Osteopenia and osteoporosis are more common 

with an estimated prevalence three times higher than in individuals without 

HIV [9]. Both ART and chronic HIV infection have been implicated in 

reducing BMD.10 Pinto Neto et al., demonstrated that BMD was reduced 

in individuals who had classic risk factors, such as low body mass index 

(BMI) and postmenopausal women. The authors also observed that male 

individuals had lower BMD than females [11]. 

Clarifying the causes of bone changes in patients with HIV/AIDS is a 

challenge, due to their multifactorial nature, including the contribution of 

the virus, immunosuppression, ART, drug toxicity, in addition to 

traditional risk factors for the development of osteoporosis (female gender, 

yellow and white ethnicity, advanced age, early menopause, heredity, 

family history of osteoporosis or osteoporotic fracture, low calcium intake, 

poor food absorption, sedentary lifestyle, use of medications 

(glucocorticoids and anticonvulsants), hypovitaminosis D, and systemic 

inflammatory diseases [12,13,14]. 

Patients with HIV infection are more likely to have fragility fractures as a 

consequence of reduced BMD [15-19]. However, data on the prevalence 

of fragility fractures in the HIV population are poor and often based on 

retrospective studies. A moderate increase in prevalence of fractures in 

those patients compared to the general population have been reported by 

some studies [17-21]. Other studies, however, show a significant increased 

prevalence of fractures and increased propensity to fall [21]. Recently, 

Dalla Grana et al., concluded HIV patients suffer from bone fragility, 

particularly at spine, independently by the level of BMD [5]. 

3 Vitamin D and calcium 

Vitamin D is essential for maintaining serum calcium levels. It has been 

suggested that vitamin D plays a key role in several extraskeletal processes, 

such as cardiovascular disease, diabetes, muscle weakness and falls, 

autoimmune disorders and neoplasms [22].  The deficiency of this vitamin 

has reached epidemic proportions and, according to the position of national 

and international medical societies, the recommendation is to maintain 

25(OH)vitamin D (25OHvitD) levels greater than 30 ng/ml in specific 

conditions, including patients over 65 years of age or pregnant women, 

those with recurrent falls, a history of fragility fractures, osteoporosis, 

secondary hyperparathyroidism, chronic kidney disease or cancer, and 

individuals who use drugs with the potential to affect vitamin D 

metabolism [2,22-24]. 

Observational studies have determined high rates of vitamin D deficiency 

in HIV-positive patients, a finding that suggests that it is a combination of 

traditional risk factors, factors directly related to the virus, and factors 

related to ART [25,26]. As described by Lake & Adams and Escota et al., 

this deficiency in HIV-positive patients is defined by serum levels of 

25OHvitD below 20 ng/ml and its insufficiency by levels between 21 and 

29 ng/ml [11,22]. 

Vitamin D metabolism 

Vitamin D3 (cholecalciferol) is photosynthesized in the skin upon exposure 

to ultraviolet B radiation. Vitamin D2 (ergocalciferol) can be ingested 

through food (fish oil, cod liver oil, shitake mushrooms, egg yolks) and 

supplements. Both forms of vitamin D are converted in the liver and other 

tissues to 25OHvitD. It is then transformed into its active metabolite, 

1,25(OH)2vitaminD by the enzyme 25-hydroxyvitamin D 1-α-

hydroxylase, mainly in the kidney. Its catabolism is carried out by 25-

hydroxyvitamin D 24-hydroxylase [11,22]. The main function of the active 

form of vitamin D is to maintain normal serum calcium levels through 

increased renal calcium absorption, suppression of PTH secretion, and 

increased intestinal absorption of calcium and phosphorus [11,22]. 

Epidemiology of vitamin D deficiency/insufficiency 

It is estimated that one billion people have vitamin D deficiency or 

insufficiency. In the USA, data from the National Health and Nutrition 

Examination Survey (NHANES) 2003 and 2006 estimate a prevalence of 

vitamin D deficiency of 38%, whereas these figures rise to 79% when 

assessing the adult population with deficiency and insufficiency together 

[26,27]. 

Vitamin D deficiency is also common among HIV positive patients. 

Among 253 ART-naïve HIV-positive patients in London, Gedela et al., 

reported 58% vitamin D deficiency, with 13% of them having severe 

deficiency (25OHvitD<10ng/ml) [28]. Muller et al., using a stricter 

definition of vitamin D deficiency (25OHvitD<10ng/ml), demonstrated a 

42% prevalence of vitamin D deficiency among 211 ART-naïve 

participants of the Swiss HIV Coort Study.29 Conrado et al., demonstrated 

25OHvitD deficiency <30ng/ml in 40.65% of 214 female patients with 

HIV [30]. 

There is no consensus on what is the ideal serum level for vitamin D. There 

are many suggestions for values that define the lower limit of normality, 

ranging from 20 to 37 ng/ml. However, what is known so far is that this 

lower limit should be the one that maintains normal serum calcium levels 

and, consequently, does not induce PTH release [2,31]. 

Factors associated with vitamin D deficiency/insufficiency 

Hypovitaminosis D in the HIV-positive population has its genesis based 

on traditional risk factors, which affect the general population, and specific 

risk factors, related to the infection and its treatment. Among the traditional 

risk factors there are dark skin pigmentation, obesity, winter, low sun 

exposure, low dietary intake of vitamin D, injecting drug use, sedentary 

lifestyle, smoking, kidney disease, liver disease and malabsorption 

syndrome [22].  HIV-positive patients have specific risk factors for reduced 

serum levels of 25OHvitD due to the complex interaction of the host, 

chronic infection and inflammation, and the consequences of metabolic 

disorders resulting from ART [11]. 

Studies suggest that factors linked to the virus itself and the use of 

antiretrovirals may be added to other causes of hypovitaminosis D. The 

virus reduces vitamin D levels through the action of pro-inflammatory 

cytokines, such as tumor necrosis factor-α (TNF-α), inhibiting renal 

hydroxylation. There is consumption of 25OHvitD by macrophages and 

lymphocytes as soon as the disease progresses and the type of antiretroviral 

used influences vitamin D levels. PIs block 25(OH) hydroxylation vitamin 

D and the bioactivation of 1,25(OH)2vitamin D in the kidneys; non-

nucleotide reverse transcriptase inhibitors (NNRTIs) increase catabolism 

of 25(HO) and 1,25(HO)2vitamin D by inducing 25-hydroxyvitamin D 24-
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hydroxylase [11,22]. However, HIV/AIDS infection and the action of ART 

on vitamin D metabolism require further studies. The available data come 

from reduced samples and short follow-up time, requiring further research 

to define the benefits of vitamin D on the cardiovascular, immune and 

endocrine-metabolic systems of patients infected with HIV. 

Consequences of vitamin D deficiency/insufficiency 

The main consequences of vitamin D deficiency/insufficiency are 

associated with reduced BMD, which are fragility fractures, muscle 

weakness and risk of falling. Observational studies in the general 

population showed that vitamin D deficiency was associated with risk of 

fragility fracture, as well as risk of falling and muscle weakness, which 

could be explained by the effect of vitamin D on skeletal muscle [22,32]. 

BMD reduction is prevalent in the HIV-positive population when 

compared to the general population and more common among those 

individuals who have hypovitaminosis D [33]. Prolonged vitamin D 

deficiency would cause hypocalcemia, and consequently secondary 

hyperparathyroidism and bone demineralization. However, most studies in 

the HIV-infected population did not establish an association between 

vitamin D and BMD [22,23].  

Screening and treatment recommendations 

The European AIDS Clinical Society recently published guidelines 

recommending screening for vitamin D status in HIV-positive patients and 

treatment. This assessment should be performed in case of a history of 

fractures or reduced BMD, in those at high risk of fractures, and in those 

with factors associated with vitamin D deficiency. For individuals with 

serum 25OHvitD levels <10 ng/ml replacement is recommended. For those 

with serum levels of 25OHvitD between 10 and 20 ng/ml, replacement is 

only recommended if there is an association with osteoporosis, 

osteomalacia or elevated PTH levels.34 

McComsey and colleagues have developed recommendations for HIV 

bone disease, including vitamin D deficiency. The authors recommended 

50,000 IU of vitamin D weekly for 8 to 12 weeks, then monthly. Another 

recommendation could be 2,000 IU daily for 12 weeks, then 1,000 to 2,000 

IU daily for those diagnosed with vitamin D deficiency. The target would 

be serum 25OHvitD levels greater than 32 ng/ml, which should be 

evaluated after replacement.35 However, there are many controversies in 

the literature regarding replacement and the best regimen for it. 

4 Bone disease in the population with HIV/AIDS 

As aforementioned, BMD reduction is prevalent among individuals with 

HIV. These patients present osteopenia or osteoporosis in a proportion that 

varies from 28 to 50%, against 16% expected for the general population. It 

has also been shown that HIV-positive patients have significant changes in 

biochemical markers of bone metabolic activity, such as pyridinolines, 

alkaline phosphatase, N-telopeptide, hydroxyproline, osteocalcin, among 

others [5]. 

The etiopathogenesis of reduced BMD in HIV-positive patients is 

multifactorial. Traditional risk factors such as hypogonadism, smoking, 

alcoholism, decreased organic capacity, low body mass index (BMI), and 

vitamin D deficiency contribute to the increased risk. Among the non-

traditional factors, we can highlight the direct effects of ART and the 

chronic activation of the immune system determined by the infection.4 

Furthermore, it is known that HIV-infected patients have osteopenia or 

osteoporosis in a proportion that varies from 28 to 50%, against a 

percentage of 16% expected for the general population [4,5]. 

Randomized controlled trials comparing BMD during PI and non-PI 

regimens have shown mixed results. Some studies have shown that PI-

containing regimens lead to a decrease in spine BMD. Studies have shown 

no difference in total body or hip BMD between treatment in the two 

groups [10,36]. Despite mixed effects on BMD, an association was found 

between cumulative PI exposure and an increased risk of fracture (RR: 

1.11; 95% CI: 1.05-1.18; p=0.001). Treatment with lopinavir/ritonavir led 

to a 17% increase in the risk of incident hip, vertebral, or wrist fracture 

[36]. 

Randomized clinical trials comparing BMD in patients using tenofovir vs 

patients not using tenofovir found that tenofovir use is associated with a 

significant decrease in BMD in the hip and spine [38,39]. Study to define 

the cumulative impact of tenofovir therapy vs other antiretroviral therapy 

(ART) and its relationship to the risk of osteoporotic fractures in HIV-

infected patients during pre-highly active ART ) periods (1988-1995) and 

ART (1996–2009) showed that cumulative exposure to tenofovir was 

associated with an increased risk of incident fracture (RR: 1.16; 95% CI, 

1.08-1.24; p=0.0001) [37].The mechanism to explain the effect of 

tenofovir on bone is not yet clear. Experimental models have shown that 

tenofovir impairs bone mineralization through its effects on renal function 

and phosphate handling, which results in increased bone remodeling and 

osteomalacia [40,41]. These effects may be exacerbated by concomitant 

vitamin D deficiency [42]. 

The impact of starting ART on BMD was evaluated and the authors 

showed a loss of 2% to 6% of bone mass after 48 to 96 weeks of therapy, 

regardless of the type of ART started.10 This degree of bone loss is greater 

than would be expected with aging alone and was comparable to bone loss 

seen in women aged 50-59 years [43,44]. Importantly, a low CD4 cell 

count prior to initiation of ART is associated with greater decreases in 

BMD.45 Probably, the loss of BMD with the initiation of ART can be 

explained by a rapid increase in bone remodeling. 

Studies have shown a significant increase in osteocalcin (bone formation 

marker) and c-telopeptide (bone resorption marker) after starting ART 

[39]. Markers of bone resorption are already elevated with untreated HIV 

infection, and they increase earlier and to a greater extent than markers of 

bone formation, creating a "catabolic window" during the first six months 

after initiation of ART [46]. Although treatment is associated with 

significant bone loss, longitudinal studies have shown that with continued 

ART, BMD stabilizes over time [47,48]. 

Direct effects of the virus and inflammation promote an imbalance 

between bone formation and resorption. Studies in vitro showed that the 

viral proteins Vpr and gp120 stimulate osteoclastic activity, whereas p55-

gag suppresses osteoblastic activity and induces its apoptosis, thus 

observing, an imbalance between bone formation and resorption [49,50]. 

Furthermore, the immune response of HIV infection produces activation 

of pro-inflammatory cytokines that alter the relationship between 

osteoblasts and osteoclasts. Authors have shown that cytokines released by 

the inflammatory immune response, such as interleukin (IL) 1, IL3, IL4, 

IL6, IL11 and TNF-α, are implicated in the control of osteoclastic 

differentiation and activation, increasing bone resorption. Another 

mechanism proposed to explain the increase in osteoclastic activity 

involves the overexpression of cytokines and specific growth factors. It has 

been demonstrated that the increase of IL4 or transforming growth factor-

β (TGF-β) in bone can result in loss of bone mass that is probably due to 

primary effects on osteoblasts [4,25,49]. According to Hileman et al., the 

activation of pro-inflammatory cytokines, such as IL1 and TNF-α, plays 

an important role in the pathogenesis of AIDS [50]. This pro-inflammatory 

activation contributes to viral replication, the development of 

immunodeficiency and the appearance of some clinical manifestations, 

especially endocrine abnormalities [51]. 

Cytokines and growth factors are involved in the modulation of osteoblasts 

and osteoclasts. It has been shown that the TAX viral protein could play 

an important role in bone pathologies by inducing genes responsible for 

multiple cytokines, such as IL6, IL2, TNF-α, which modulate osteoclasts 

and increase bone resorption [52]. Defining whether these alterations 

originate from an increase in osteoclastic activity (resorption) or inhibition 

of osteoblastic activity (formation) is essential for efficient therapeutic 

strategies. However, most studies did not demonstrate sufficient statistical 

power for definitive conclusions [5]. 

Sclerostin and Sirtuin 1 (SIRT1) were recently identified as important for 

bone metabolism [53]. Sclerostin is encoded by the SOST gene e plays a 

key role in bone turnover by reducing osteoblasts’ differentiation and 
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mineralization.  The SOST gene is an epigenetic target of SIRT1 in 

osteoblasts. It is negatively regulated by SIRT1 [54] and SOST knockout 

mice exhibit an increased bone mass phenotype [55]. The treatment with 

the SIRT1 activator SRT3025 in mice reduces the expression of sclerostin 

in bone and increases the periosteal cortical mineralizing surface and the 

marker of bone formation pro-collagen type I. The SRT3025 also 

downregulates sclerostin in a murine osteocyte. Consequently, it plays a 

key role in bone turnover by reducing osteoblasts’ differentiation and 

mineralization. As a result, there is an increased bone mass phenotype [55]. 

Silent information regulator 1 (SIRT1) is a nicotinamide adenine 

dinucleotide (NAD+)-dependent deacetylase, which deacetylates histone 

and non-histone proteins [56-58]. It is a cellular regulator that has received 

attention recently and is involved in the regulation of physiological 

functions, including endocrine, metabolic regulation, immune response, 

oxidative stress, inflammation, and ageing [59-63]. 

Studies have demonstrated a relationship between SIRT1 and the HIV 

virus, due to its ability to modulate viral replication. SIRT1 recycles HIV-

Tat protein, which is critical for transcriptional activation of HIV-1 

provirus and induces T-cell hyperactivation [64,65]. 

5 Role of Sirtuin 1 and 6 in HIV-Infected Patients 

Sirtuins have the ability to control numerous cellular pathways during the 

viral life cycle, however, their exact role in viral infections is still not fully 

understood.66 It is known that they can affect viral factors and influence 

the course of an infection. One example is the deacetylation of the Tat HIV 

viral protein by SIRT1, affecting the transcription efficiency of the 

integrated viral genetic material [65]. Viral Tat protein influences 

chromatin modifying factors favoring viral replication (histone 

acetyltransferase 1 recruitment, increased Tat acetylation, increased RNA 

transcription efficiency, and increased viral load [67,68]. Tat deacetylation 

by SIRT1 promotes its reconstitution and recruitment of host proteins, 

preventing the end of the transcription process in the elongation phase and 

the beginning of the next transcription cycle. Without this protein, the 

elongation process is ineffective, resulting in significantly higher levels of 

altered virus [69]. Tat is also a factor that affects SIRT1, binding to its 

catalytic domain and thus blocking the deacetylase activity towards NF-

kB, p53, p21 or BCL2-associated X protein (BAX), causing an HIV-

specific status of chronic immune activation [70]. This state of chronic 

immune activation due to HIV infection favors the heightened production 

of transcription factors and pro-inflammatory interleukins, which allows 

the integration of newly formed viral DNA into the host genome [71,72]. 

Studies on the relationship between SIRT1 and HIV Tat protein have 

shown that IL-2 and NF-kB activities are important in the course of 

infection. Activation of IL-2 gene expression occurs via the T-cell receptor 

(TCR) and the CD28 co-receptor. The Tat protein of the virus is involved 

in the process of activating the IL-2 gene and regulates the expression of 

host genes in infected T cells [71]. As a result, activation of T cells via 

TCR receptors causes cleavage of NF-kB at the from NF-kB Inhibitor 

(IkB) inhibitory factor, its translocation to the nucleus and activation due 

to post-translational modifications, including lysine acetylation by SIRT1 

[73]. In vitro studies have shown a reduction in NFkB-p65, a deacetylation 

of the subunit in the presence of Tat, as well as in the presence of 

nicotinamide factor (NAM), limiting the activity of SIRT1. 

Bone changes are common in HIV-infected patients. A prospective open 

cohort study (n=5826) from 2000 to 2006, showed that fracture rates and 

the relative proportion of fragility fractures were significantly higher in 

outpatient HIV patients compared to the general population.74 Gibellini et 

al., and Womack et al., showed that in the plasma of HIV-infected men, 

levels of osteoprotegerin (OPG), NF-kappa receptor activator b-ligand 

(RANKL) and TNF-related apoptosis-inducing ligand (TRAIL) were 

significantly higher in the HIV-infected group compared with the control 

group [75,76]. 

The reduction in bone density is mainly caused by the negative impact of 

Vpr on RANKL. The upregulation of RANKL increases the formation of 

osteoclasts and lowers the levels of OPG (RANKL inhibitor), the main 

determining factors of bone metabolism and the degree of bone resorption 

[74,77]. Cross-sectional study showed that OPG levels produced by T cells 

were significantly lower and that those of RANKL were higher in HIV-

infected individuals compared to healthy ones [77]. Titanji et al., showed 

lower OPG expression and higher RANKL expression in B cells from HIV 

positive patients compared to negative controls. The authors also found a 

correlation between B-cell RANKL/OPG ratio and T-score, Z-score, and 

total bone mineral density (BMD) in areas at highest risk of fracture: hip 

and femoral neck [77]. 

Osteoporosis is also associated with highly active antiretroviral therapy 

(HAART). A cohort study by Womack et al., with 40,115 individuals, 

found significant positive correlations between increased risk of fragility 

fracture and PI use among HIV-infected patients.76 The decline in BMD is 

independent of the type of PIs used. Patients treated with these drugs had 

a significant reduction in lumbar spine BMD after one year compared to 

other therapeutic regimens [78,79]. In vitro studies in cultures of human 

osteoblasts showed that PIs alter the expression of some genes responsible 

for bone calcium deposition, they reduce alkaline phosphatase (ALP) and 

the transcription factor runt-2 (Runx-2) [79]. Cozzolino et al., showed a 

reduction in BMD of more than 5% in 31% of the analyzed HIV cases, 

after 4 years of virological suppression, as a result of combination 

antiretroviral therapy (cART). In the National Health and Nutrition 

Examination Survey (NHANES) a significantly higher incidence of 

reduced BMD was demonstrated in the femoral neck compared to controls 

(47% vs. 29%). It is likely that PIs have a negative effect on vitamin D3 

metabolism [80]. 

Another mechanism of bone resorption would be the proximal renal 

tubular damage caused by tenofovir (TDF), leading to hypophosphatemia 

and increased parathyroid hormone. This drug also interacts directly with 

osteoblasts and osteoclasts, contributing to increased bone resorption [81]. 

Negredo et al., showed a significant reduction in BMD in HIV-infected 

patients after 48 weeks of switching from TDF to abacavir (ABC), with 

changes in serum bone markers, especially with increased sclerostin [81]. 

Choi et al., showed that SIRT1 is a deacetylating agent of SRY-Box 

transcription factor (SOX2), the main factor maintaining the self-renewal 

and ability to differentiate mesenchymal stem cells (MSCs), that is also 

observed in osteoblasts. SOX2 maintains stem cells by regulating the 

expression of Dickkopf-related protein 1 (DKK1). The SIRT1/SOX-2 axis 

regulates the differentiation or regeneration of MSCs. Deacetylation of 

SOX2 by SIRT1 inhibits its transport from the nucleus to the cytosol, 

degradation by proteasomes and ubiquitination, as demonstrated in in vitro 

studies on bone marrow mesenchymal stem cells (BM-MSCs) [82]. 

SIRT6 is another sirtuin that participates in bone remodeling disorders. 

Zhang et al., demonstrated abnormal bone remodeling and resorption in 

SIRT6 knockdown mice. Genes in osteoblasts are indicated as possible 

changes in the mechanism in the expression of transcription factor 2 related 

to runt (Runx2) and Osterix (Osx). In the absence of SIRT6, there is 

increased acetylation of histone H3K9 in the promoter region of Runx2 

and Osx, responsible for inhibiting blastogenesis and the transition from 

osteoblasts to osteocytes [83]. The authors suggest that SIRT6 is 

considered as an important determinant of osteoblastogenesis. Increased 

expression of OPG and DKK1 were also observed in SIRT6 deficiency, 

causing alterations in the differentiation of osteoblasts and osteoclasts. 

Studies show that SIRT6 is a positive regulator of osteogenic 

differentiation. SIRT6 also regulates osteogenic differentiation, and 

controls IGF-1-mediated bone resorption, affecting hypoxia-induced 

osteoblastic apoptosis. Under hypoxia, there is increased production of 

pro-inflammatory cytokines and increased glycolysis. Studies conducted 

on human osteoblastic cells have shown that SIRT6 inhibits the above 

processes confirming its role in preventing inflammatory bone resorption 

[84]. 

HIV-infected individuals on chronic use of HAART are more likely to 

develop adipose tissue and metabolic disorders such as lipodystrophy and 

metabolic syndrome. SIRT1 may influence the outcome of these changes 

due to its role in regulating transcription factors involved in energy 
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regulation. Tagliari et al., genotyped four polymorphisms located in SIRT1 

in 832 HIV-infected patients receiving this kind of therapy by real-time 

polymerase chain reaction. The authors concluded that none of the 

investigated genetic variants are predictive factors for the development of 

lipodystrophy and metabolic syndrome in HIV-infected individuals in 

Brazil [85]. 

6. The author's own critical contributions 

Cross-sectional study carried out in our service with 60 people living with 

human immunodeficiency virus, both sexes between the ages of 18 and 55 

years (median: 34 yr) prior to the start of ART drugs demonstrated changes 

in 25-OH vitamin D levels. The authors observed changes in 36 (60%) 

patients, of which 14 (23.3%) showed deficiency and 22 (36.7%) showed 

insufficiency. Concerning the BMD, there were prevalence of spinal BMD 

(L1-L4), femoral neck BMD, and total femur BMD deficiencies as well as 

the bone markers evaluated in the study population. The prevalence of low 

spinal BMD (L1-L4) and total femur BMD were 16.7% and 7.1%, 

respectively (Tables 1 and 2) [86]. 

Brown et al., studied 33 HIV-infected individuals who were not using ART 

and found a lower prevalence of low BMD than that found in our study 

[87]. One possible explanation for the difference between these findings 

may be that viral proteins are able to directly stimulate osteoclastic activity 

and inhibit osteoblastic activity. In addition, HIV-positive patients show 

elevated levels of inflammatory cytokines such as interleukin-6 and tumor 

necrosis factor-α, which are capable of promoting osteoclast formation, 

and thus, contribute to bone reabsorption [22]. 

Hileman et al., demonstrated decreased BMD in 33.3% of their patients 

with a median age of 40yr (25-50yr), which is higher than the median age 

in our study [50]. The authors also did not find an association between 

vitamin D status and alterations in the BMD, although their study 

population had a high prevalence of vitamin D deficiency. The data 

evaluated in our study emphasized that it is a population with a recent 

diagnosis of HIV infection and the evaluated patients were not receiving 

ART [86]. 

In clinical practice, it is necessary to consider the serum vitamin D levels 

and make the decision to use supplements. The description of biomarker 

profile is necessary for establishing the prognosis of these patients with 

low bone mass.  Our results revealed that, although young and unexposed 

to ART, the study population presented with compromised bone health, 

low BMD, and low levels of 25OH vitamin D. 

Table 1: Bone metabolism’ markers and BMD in adults with HIV not yet exposed to ARV (n=60) 

 

HIV: human immunodeficiency virus; ART: antiretroviral Therapy; SD: standard deviation; BMD: bone mineral density; DXA: dual-energy X-ray 

absorptiometry; PTH: parathyroid hormone. Cut off points: <29ng/ml 25OH vitamin D; hypocalcemia <8,6mg/dL; hypophosphatemia <3.0mg/dL; 

hypoparathyroidism <8.5mg/Dl 

Table 2: Univariate analysis of 25OH vitamin D and BMD in adults with HIV not yet exposed to ARV  (n=60) 
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HIV: human immunodeficiency virus; ART: antiretroviral; BMD: bone mineral density. *Spearman test 

7 Screening, diagnosis and treatment of bone disease 

in the population with HIV/AIDS 

Due to the strong association between HIV infection and reduced BMD, 

McComsey et al., recommended screening using dual-energy X-ray bone 

densitometry (DXA) in all postmenopausal women, men aged ≥ 50 years, 

and in individuals with a history of fragility fracture regardless of age and 

gender.35 Once BMD reduction is confirmed in these patients, the 

investigation of secondary causes is necessary. The main causes are 

endocrine disorders (vitamin D deficiency, hyperparathyroidism, 

subclinical hyperthyroidism, hypogonadism), renal disorders (phosphate 

wasting, idiopathic hypercalciuria), gastrointestinal disorders (celiac 

disease) and hematological disorders (multiple myeloma, mastocytosis) 

[4]. 

Osteoporosis is characterized by compromised bone strength that 

predisposes to an increased risk of fractures. Its diagnosis can be based on 

a history of fragility fracture or on BMD assessment by DXA. The World 

Health Organization (WHO) classifies BMD as normal, osteopenia or 

osteoporosis according to the number of standard deviations below the 

mean BMD of the reference population (healthy, young between 25 and 

35 years old, paired for sex and ethnicity) by T-score. T-scores ≤ -2.5 

define osteoporosis for women who are in menopause and for men > 50 

years. Osteopenia was defined by T-scores ≤ -1.0 to ≥ -2.5 for women who 

are already in menopause and for men > 50 years. For individuals younger 

than 50 years of age and women in pre-menopause, the Z-score (standard 

deviation related to age-matched populations matched by sex and 

ethnicity) is used to further define changes in BMD. Osteoporosis was 

defined by Z-scores ≤ -2.0 associated with fragility fracture. Z-scores ≤ -

2.0 in the absence of fractures defined reduction in BMD for age [4,88,89]. 

Osteomalacia is the impairment of bone matrix mineralization caused, 

most often, by severe vitamin D deficiency [35]. In HIV-positive patients, 

reduced BMD is associated with low weight, hypogonadism, 

malabsorption, long-standing HIV infection, use of glucocorticoids, 

lipodystrophy, insulin resistance, and hyperlactatemia. Other factors such 

as vitamin D deficiency, hyperparathyroidism, subclinical 

hyperthyroidism, Cushing's syndrome, phosphate wasting, hypercalciuria, 

celiac disease, multiple myeloma and mastocytosis are associated with 

reduced BMD not only in the HIV-infected population, but also in the 

general population [4]. 

Studies have shown the usefulness of DXA as an instrument for assessing 

body composition (fat mass, fat-free mass, BMD and bone mineral 

content). It is considered a tool that presents validity, precision and 

reliability, in addition to being a non-invasive technique for collecting 

information about the different tissues that make up the human body [89]. 

The pharmacological treatment for osteoporosis should be considered for: 

postmenopausal women and men aged 50 years or older who have a history 

of hip or vertebral fractures, associated with T-score for BMD ≤ -2.5 or 

low BMD characterized by BMD T-score between -1.0 to -2.5 associated 

with 10-year probability of hip fracture ≥ 3% or probability of hip fracture 

associated with osteoporosis in 10 years ≥ 20% according to the US FRAX 

model. The US FRAX model is a WHO tool that allows the determination 

of fracture risk in patients with reduced BMD. It was developed from 

cohort studies of populations in Europe, North America, Asia and 

Australia. In its most sophisticated form, the FRAX instrument is 

computer-oriented, however, many simplified versions based on the 

number of risk factors are also available and can be downloaded from the 

internet for in-office use. The FRAX® algorithm provides the probability 

of fracture over the next 10 years. The result is the probability of hip 

fracture and the probability in the next 10 years of a major fracture (clinical 

vertebral fracture, forearm, hip and shoulder). However, this tool has not 

been validated in the HIV-positive population, and may underestimate the 

10-year risk of fractures in these patients [4,35]. 

The National Osteoporosis Foundation recommends adequate calcium and 

vitamin D intake, aerobic and anaerobic physical activity at least 3x/week 

for 30 minutes, smoking and alcohol intake cessation, in addition to 

implementing strategies to reduce the risk of falls (correction of visual 

alterations, evaluation of neurological alterations and referral to 

occupational therapy and physical rehabilitation) [4]. As vitamin D 

deficiency/insufficiency is implicated in the genesis of reduced BMD in 

this population, the European AIDS Clinical Society recommends 

screening upon diagnosis of infection and then every 2 years. On the other 

hand, the Endocrine Society indicates screening only in those at high risk 

of hypovitaminosis, such as the use of ART [4,90,91]. 

Bisphosphonates are considered first-line therapy for patients with a 

history of fragility fractures and/or osteoporosis as determined by DXA. 

They bind to bone, reducing osteoclastic activity and bone resorption. 

However, the safety of long-term use of bisphosphonates is not known in 

these patients [4,35,92]. Second-line therapy includes estrogen or 

raloxifene for postmenopausal women, teriparatide (recombinant 

parathyroid hormone), and denosumab (human monoclonal antibody 

against RANKL). However, these medications have not been tested in the 

HIV population and should not be routinely recommended [4,92]. 

After initiation of treatment for osteoporosis, DXA should be performed 

within one to two years to assess the effectiveness of treatment. If the BMD 

is stable or shows improvement in relation to the previous exam, consider 

less frequent performance of the next exams. If BMD is reduced, assess 

adherence, treatment efficacy, and/or presence of secondary causes [4,35]. 

8 Markers of mineral and bone metabolism  

Bone formation markers 

a) Total alkaline phosphatase 

Total alkaline phosphatase (TAF) is an enzyme that catalyzes the 

hydrolysis of phosphate esters and has a half-life in the blood of 24 to 48 

hours. Its serum concentration has been used as a marker of bone turnover. 

Although the measurement of TRF activity involves a wide variety of 
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isoenzymes that originate from the intestines, kidneys, pancreas, placenta, 

liver and bones, the two major sources of this enzyme are bone (osteoblast) 

and liver (endothelial cells). Thus, TAF is non-specific tissue and changes 

in any disease that affects one or more of these sources, reducing its value 

as a marker of bone turnover [93]. 

b) Bone-specific alkaline phosphatase 

Bone-specific alkaline phosphatase (BEAF) is located in the plasmatic 

membrane of osteoblast and is released into the circulation as a dimer. In 

vivo it is involved in bone formation and mineralization and predominates 

in childhood until the end of longitudinal growth. It is the most used bone 

formation marker.93 BEAF has advantages over TAF because it does not 

suffer hepatic influences and it is more sensitive to small variations in the 

circulating pool. BEAF correlates with TAF and osteocalcin, and its 

advantage is that it is relatively independent of diseases that affect other 

sources of TFA [93]. 

The bone phenomena associated with elevations in TAF need to be of great 

intensity, as occurs in fractures, Paget's disease, fibrous dysplasia, 

hyperparathyroidism with advanced bone disease, and osteomalacia or 

rickets. In these situations, it can be used as a marker of disease activity or 

as a parameter of response to established treatment. However, when greater 

sensitivity and specificity are needed, BEFA is the most indicated.  

c) Pro collagen type I peptide 

About 97% of the organic matrix produced by osteoblasts consists of type 

I collagen, which is synthesized as a large protein: procollagen I. During 

the conversion of procollagen to type I collagen, the amino (N) and 

carboxy (C) terminal fragments of the procollagen molecule are broken 

and released into the circulation. The amino and carboxyterminal 

propeptide separates from the procollagen molecule in a 1:1 molar ratio in 

relation to newly formed collagen. They are not incorporated into the bone, 

being released into the circulation where it reflects bone formation without 

being affected by resorption. However, the carboxyterminal propeptide is 

not specific for bone and is produced by other tissues that synthesize type 

I collagen, including the skin [93]. 

None of the assays developed for the analysis of the carboxyterminal or 

aminoterminal propeptide were more sensitive than BEAF or osteocalcin 

for differentiating between normal and pathological conditions of bone 

formation. In part, this fact occurs as a result of the inability of the assays 

used to distinguish between bone and soft tissue contributions to 

circulating levels of this peptide [93]. 

d) Osteocalcina 

Osteocalcin (OC) is the most abundant non-collagenous osteoblast-

specific protein in the body and is initially synthesized in osteoblasts as a 

pre-promolecule. Next, it undergoes vitamin K-dependent modifications 

and intracellular cleavages to produce the mature OC, which will be 

secreted. These modifications in its molecule allow it to present high 

affinity for the hydroxyapatite present in bone, thus regulating bone 

mineral maturation. However, OC is also present in the systemic 

circulation, and its serum concentration has been correlated with bone 

formation and osteoblast numbers, thus being used as a serum marker of 

bone formation [94]. 

Bone resorption markers 

a) Fibroblastic growth factor-23 (FGF-23) 

FGF-23 plays a special role in mineral metabolism and is indicated as a 

marker of bone mineral disease. It is a molecule produced mainly in bone 

tissue by osteoblasts and osteocytes and is an important regulator of 

mineral metabolism, especially phosphorus [60,61]. 

FGF-23 is predominantly expressed in bone, but it is also expressed in 

brain, thymus, small intestine, heart, lung, liver, kidney, 

thyroid/parathyroid, lymph node, skeletal muscle, spleen, skin, stomach, 

and testis [95]. In this way, the osteocyte lacuno–canalicular system should 

be viewed as an endocrine organ regulating phosphate metabolism. This 

hormone causes a decrease in phosphate reabsorption, causing 

phosphaturia and hypophosphatemia, by downregulating the sodium 

phosphate co-transporters in the proximal tubule. Consequently, there is a 

decrease in phosphate reabsorption causing phosphaturia and 

hypophosphatemia. By inhibiting the activity of renal 1α-hydroxylase and 

stimulating that of 24-hydroxylase, it diminishes the production of 1,25OH 

vitamin D resulting in low serum levels of calcitriol [95,96]. In humans, 

FGF-23 also rises after prolonged phosphorus overload even in individuals 

with normal renal function [97]. 

The serum concentration of FGF-23 is elevated in patients with CKD 

contributing to the reduction of active vitamin D levels in these patients.98 

The possible causes of the increase in this hormone in CKD population 

would be the stimulation of hyperphosphatemia, the low production of 

active vitamin D, the alteration of its metabolism and the lower renal 

excretion of phosphorus. Previous studies have shown that FGF-23 appears 

to be prognostic for the onset of secondary hyperparathyroidism and the 

response of PTH levels to calcitriol therapy [99]. 

Animals deficient in FGF-23 present, in addition to hyperphosphatemia, 

bone alterations, ectopic calcifications and hypoglycemia. These changes 

are reversed when these animals have vitamin D receptor (VDR) deletion, 

suggesting that some of the actions of this hormone are mediated by its 

action on 25-hydroxyvitamin D 1-α-hydroxylase [100]. Hypoglycemia and 

increased insulin sensitivity seem to be mediated by vitamin D production, 

corroborating the fact suggested in other studies, of the interaction between 

the regulation of bone metabolism and glycemic levels. Vitamin D appears 

to participate in the regulation of peripheral insulin sensitivity [98]. 

It is evident that FGF-23, calcitriol and PTH are all involved in controlling 

the mineral metabolism of the intestine, bone, kidney and parathyroid 

gland in order to regulate calcium and phosphorus homeostasis [93]. Data 

suggest an association between circulating levels of FGF-23, fat mass and 

alterations in the lipid profile in the general population. It is known that 

FGF-23 regulates the metabolism of phosphorus and vitamin D, in addition 

to being positively correlated with cardiovascular risk [101]. 

In the HIV-positive population, FGF-23 has only been studied in patients 

on HAART, mainly in those using tenofovir. This medication induces 

bone, kidney and endocrine alterations of unknown causes. The main 

changes related to mineral and bone metabolism are phosphaturia, 

hypophosphatemia, increased levels of 1,25(HO)2vitamin D and FGF-23 

[102,103,104]. 

b) Osteopontin  

Osteopontin (OPN) was first described as a circulating protein involved in 

several physiological and even pathological processes. Data showed that it 

can be found in the cytoplasm and nucleus of several cell types, such as: 

pre-osteoblasts, osteoblasts, osteocytes, chondrocytes, fibroblasts, 

dendritic cells, macrophages, T cells, hepatocytes, smooth muscle cells, 

musculoskeletal cells, endothelial cells, kidney cells, among others. The 

extracellular functions of OPN occur through its interaction with multiple 

cell surface receptors, such as integrins and CD44, regulating cellular 

processes such as bone mineralization, tissue remodeling and immunity 

[94,105]. 

One of the main functions of OPN is the control of biomineralization, due 

to its ability to directly bind to apatite crystals and inhibit mineralization, 

being considered a marker of bone resorption. Furthermore, it is not only 

important for bone mineralization, being strongly elevated in sites of 

ectopic and/or pathological calcification (vascular calcification, valve 

calcification, among others) [95]. 

c) Osteoprotegerin 

Osteoprotegerin (OPG) is a glycoprotein described in the 1990s, produced 

by various tissues such as bone, vascular, heart, lung, kidney and placenta, 

in addition to circulating freely in the plasma. It serves as a soluble receptor 

for two members of the TNF superfamily: TNFSF11 and TNFSF10. 

TNFSF11 stimulates bone resorption through the differentiation and 

activation of osteoclasts, however, its neutralization by OPG prevents bone 

resorption and loss of bone mass [106]. 

d) Tartrate-resistant acid phosphatase and C-telopeptide 

Tartrate-resistant acid phosphatase (TRAP) and type I collagen 

carboxyterminal telopeptide (C-telopeptide) are markers of bone 

resorption measured in blood. Acid phosphatase is a lysosomal enzyme 



J. Biomedical Research and Clinical Reviews                                                                                                                                 Copy rights@ Maria G. M. G. Penido. et al. 

 
Auctores Publishing LLC – Volume 8(1)-145 www.auctoresonline.org  
ISSN: 2692-9406          Page 8 of 13 

present in bone, prostate, platelets, erythrocytes and liver. Osteoclasts 

contain TRAP which is released into the circulation. However, it is not 

osteoblast specific and is relatively unstable in the frozen sample. For these 

reasons, its use has no significant application in the clinical control of 

patients [107]. 

e) Calcium 

Bone resorption includes the dissolution of calcium salts and enzymatic 

fragmentation of the organic matrix of bone, which is mainly composed of 

type I collagen. Thus, until now, the parameters used as bone resorption 

markers come from collagen degradation. The measurement of calcium in 

24-hour urine or in a single morning urine sample collected with fasting is 

considered a clinically useful marker of bone resorption. However, 

although widely available, calciuria is not specific for bone turnover, but 

has considerable value in clinical situations and for calcium metabolism 

[108]. 

f) Hydroxyproline 

Urinary hydroxyproline is a product resulting from collagen degradation. 

It is released into the circulation in free form and bound to peptide buffers. 

It is found in connective tissues other than bone, in the C1q complement 

system, and in the N-terminal propeptide of type I collagen. 

Hydroxyproline is not a good marker of bone resorption because only 40% 

of it is derived from bone. Furthermore, 90% of circulating hydroxyproline 

is metabolized by the liver in normal individuals. Its levels are largely 

influenced by a diet rich in hydroxyproline, by renal excretion and also by 

the circadian rhythm. When compared to histomorphometric studies, its 

excretion is weakly correlated with bone resorption. In this way, the 

variability of hydroxyproline measurements limits its use in clinical 

practice, especially for measuring small changes in bone turnover [93]. 

g) Hydroxylysine 

Hydroxylysine is the result of collagen degradation and is eliminated in the 

urine during bone metabolism. Unlike hydroxyproline, it is not influenced 

by diet. However, to date, its use as a bone resorption marker is not 

widespread, and there is no test available for its dosage in daily practice 

[93]. 

h) Pyridinoline and Deoxypyridinoline 

Pyridinoline (Pyr) and deoxypyridinoline (D-Pyr) are products of collagen 

degradation by collagenase and are excreted in the urine without being 

metabolized and linked to pyridine cross-links. The “cross-links” are links 

that connect the collagen molecules and increase the tensile strength 

between the fibers. These connections are made between the non-helical 

portion of a collagen molecule with the helical region of another molecule. 

As bone is the most abundant source of collagenous matrix and its turnover 

rate is higher than other connective tissues such as cartilage, the dosage of 

Pyr and D-Pyr in biological fluids reflects the bone source. Pyd differs 

from D-Pyr only by the presence of a hydroxyl group, with the former 

having wide tissue distribution, while the latter is more specific to bone 

tissue and correlates better with calcium kinetics and bone 

histomorphometry [108].  Pyr is present in various connective tissues such 

as bone, cartilage and others. D-Pyr is present only in bone tissue, dentin 

and tendons, being considered for that reason, a more specific marker of 

bone resorption. They are not influenced by diet, and urine collection to 

measure these compounds can be performed without dietary restrictions. 

Pyr and D-Pyr levels are increased during childhood, in young adults and 

especially after menopause. The correlation observed between the levels 

of Pyr and D-Pyr with the results obtained by bone histomorphometry 

suggest the accuracy of these markers in measuring bone turnover and 

reabsorption [93,109]. 

i) Telopeptide 

As mentioned above, the non-helical region of the collagen molecule is 

called carboxyterminal telopeptide (C telopeptide) and aminoterminal 

telopeptide (N telopeptide). During bone tissue degradation, these regions 

are broken and telopeptides C and N are released into the circulation as 

intact molecules. When bone is resorbed by osteoclasts, fragments of type 

I collagen are released into the circulation and filtered by the kidneys. 

It has been shown that the dosage of these fragments in urine would reflect 

the level of bone reabsorption in bone-metabolic diseases [109]. However, 

little is known about these fragments, their measurements and possible 

relationships with the degree of osteoclastic activity. 

The products resulting from the degradation of collagen in the urine may 

have a non-osseous origin, since collagen fibers are distributed throughout 

the connective tissue of the human body. However, the most modern 

methods for assess telopeptides (ELISA) measure the products derived 

from the urinary degradation of telopeptides (carboxyterminal or 

aminoterminal α 1 chain of type I collagen), which is a specific amino acid 

sequence that is only found in bone collagen. Thus, the measurement of 

telopeptides is currently a very specific marker of bone resorption. 

9 Inflammatory mediators involved in the 
pathogenesis of HIV/AIDS and in the reduction of 

BMD 

a) Interleukin 1-β 

Interleukin 1-β (IL1-β) is a polypeptide produced during infections, 

injuries and exposure to antigens. Macrophages are its main source, but it 

is also synthesized by epithelial, lymphoid and vascular tissues. It 

determines cell proliferation, activation and chemotaxis of leukocytes, 

cytotoxicity, metabolic alterations, vascular tissue alterations such as 

proliferation of smooth muscle cells, pro-inflammatory and degradation 

effects, such as bone resorption by acting as an osteoclast activating factor 

[110]. 

b) Interleukin 6 

Interleukin 6 (IL6) is a pleiotropic cytokine that plays an important role in 

ordering the immune system in the face of injuries. It also acts by 

regulating the inflammatory response, the synthesis of acute phase liver 

proteins and bone metabolism (Lotz 1995). Produced by various cell types, 

such as T lymphocytes, macrophages, smooth muscle cells, fibroblasts, 

skeletal muscle cells, osteoblasts, and osteocytes. It plays an important role 

in bone resorption, as it indirectly activates osteoclasts through increased 

expression of the Rankl gene by osteoblasts [111]. 

c) Tumor necrosis factor α 

Tumor necrosis factor α (TNF-α) is a cytokine that plays a fundamental 

regulatory role in the inflammatory response. It interacts with two different 

receptors, TNFR1 and TNFR2, which are expressed differently in cells and 

tissues, in addition to initiating distinct intracellular signaling pathways. 

These different signaling pathways lead to different cellular responses, 

such as: cell death, survival, differentiation, proliferation and migration. 

Endothelial cells respond to stimulation by TNF-α through pro-

inflammatory changes, increasing leukocyte adhesion, transendothelial 

migration, increased vascular permeability, promoting thrombosis [112].  

10 Conclusions 

In this scope, and accepting that HIV infection and its treatment are 

associated with numerous comorbidities that lead to hypoactivity of the 

musculoskeletal system with decreased organic capacity and increased 

catabolism, the assessment of these patients' body composition, especially 

bone mass, could provide valuable information. Long-term clinical studies 

are not yet available to serve as a reliable source for establishing guidelines 

for approaching HIV-associated metabolic bone changes and their 

treatment. 

Considering the involvement of HIV/AIDS infection on bone mineral 

metabolism, knowing the profile of markers of its metabolism and body 

composition in these patients before starting ART would be of great value 

as well as supplementation of vitamin D and calcium with the initiation of 

ART. 

11 References 

1. Gottlieb, M. S., Schroff, R., Schanker, H. M., Weisman J. D., Fan, P. 

T., Wolf, R. A., Saxon, A. (1981). Pneumocystis Carinii Pneumonia 

and Mucosal Candidiasis in Previously Healthy Homosexual Men: 



J. Biomedical Research and Clinical Reviews                                                                                                                                 Copy rights@ Maria G. M. G. Penido. et al. 

 
Auctores Publishing LLC – Volume 8(1)-145 www.auctoresonline.org  
ISSN: 2692-9406          Page 9 of 13 

Evidence of a New Acquired Cellular Immunodeficiency. New 

England Journal of Medicine. 305, 1425–1431.  

2. Conrado, T., Bandeira, F. (2010). Vitamin D Deficiency in HIV-

Infected Individuals: One More Risk Factor for Bone Loss and 

Cardiovascular Disease? Arquivos Brasileiros de Endocrinologia e 

Metabologia. 54(2), 118–122.  

3. Guimarães, M. M. M., Greco, D. B., Ribeiro de O Júnior, A., Penido, 

M. G., Machado, L. J. C. (2007). Corporal Fat Distribution and 

Lipidic and Glicemic Profiles of HIV-Infected Patients. Arquivos 

Brasileiros de Endocrinologia e Metabologia. 51, 42–51. 

4. Cazanave, C., Dupon, M., Lavignolle-Aurillac, V., Barthe, N., 

Lawson-Ayayi, S., Mehsen, N., Mercié, P., Morlat, P., Thiébaut, R., 

Dabis, F., Groupe d'Epidémiologie Clinique du SIDA en Aquitaine. 

(2008). Reduced bone mineral density in HIV infected patients: 

prevalence and associated factors. AIDS. 22, 395–402.  

5. Dalla Grana, E., Rigo, F., Lanzafame, M., Lattuada, E., Suardi, S., 

Mottes, M., Valenti, M. T., Dalle Carbonare, L. (2019). Relationship 

Between Vertebral Fractures, Bone Mineral Density, and 

Osteometabolic Profile in HIV and Hepatitis B and C-Infected 

Patients Treated With ART. Frontiers Endocrinology. 10, 302.  

6. Güerri-Fernández, R., Villar-García, J., Díez-Pérez, A., Prieto-

Alhambra, D. (2014). HIV infection, bone metabolism, and fractures. 

Arquivos Brasileiro9s de Endocrinologia e Metabologia. 58(5), 478-

483.  

7. Kibirige, D., Ssekitoleko, R. (2013). Endocrine and metabolic 

abnormalities among HIV-infected patients: a current review. 

International Journal of STD & AIDS. 24(8), 603-611.  

8. Guaraldi, G., Orlando, G., Zona, S., Menozzi, M., Carli, F., Garlassi, 

E., Berti, A., Rossi, E., Roverato, A., Palella F. (2011). Premature 

age-related comorbidities among HIV- infected persons compared 

with the general population. Clinical Infectious Diseases 53(11), 

1120-1126.  

9. Schafer, J.J., Manlangit, K., Squires, K. (2013). Bone health and 

human immunodeficiency virus infection. Pharmacotherapy. 33(6), 

665-682.  

10. Brown, T. T., Qaqish, R. B. (2006). Antiretroviral therapy and the 

prevalence of osteopenia and osteoporosis: a meta-analytic review. 

AIDS. 20(17), 2165-2174.  

11. Pinto Neto, L. F., Ragi-Eis, S., Vieira, N. F. R., Soprani, M., Neves, 

M. B., Ribeiro- Rodrigues, R., Miranda, A. E. (2011). Low bone mass 

prevalence, therapy type, and clinical risk factors in an HIV-infected 

Brazilian population. Journal of Clinical Densitometry. 14(4), 434-

439.  

12. Triant, V. A., Brown, T. T., Lee, H., Grinspoon, S. K. (2008). Fracture 

prevalence among human immunodeficiency virus (HIV)-infected 

versus non-HIV infected patients in a large U.S. healthcare system. 

The Journal of Clinical Endocrinology & Metabolism. 93, 3499-3504.  

13. Souza, M. P. G. (2010). Diagnostico e tratamento da osteoporose. 

Revista Brasileira de Ortopedia. 45(3), 220-229.  

14. Lake, J. E., Adams, J.S. (2011). Vitamin D in HIV-infected patients. 

Current HIV/AIDS Reports. 8(3), 133-141.  

15. Bolland, M. J., Grey, A., Reid, I. R. (2015). Skeletal health in adults 

with HIV infection. Lancet Diabetes Endocrinology. 3, 63–74.  

16. Compston, J. (2015). HIV infection and osteoporosis. Bonekey 

Reports. 4, 636.  

17. Collin, F., Duval, X., Le Moing, V., Piroth, L., Al Kaied, F., Massip, 

P., Villes, V., Chêne, G., Raffi, F., ANRS CO8 APROCO-

COPILOTE study group. (2009). Ten-year incidence and risk factors 

of bone fractures in a cohort of treated HIV1-infected adults. AIDS. 

23, 1021–1024.  

18. Prior, J., Burdge, D., Maan, E., Milner, R., Hankins, C., Klein, M., 

Walmsley, S. (2007). Fragility fractures and bone mineral density in 

HIV positive women: a case-control population-based study. 

Osteoporosis International. 18, 1345–1353.  

19. Triant, V. A., Brown, T. T., Lee, H., Grinspoon, S. K. (2008). Fracture 

prevalence among human immunodeficiency virus (HIV)-infected 

versus non-HIV-infected patients in a large U.S. healthcare system. 

The Journal of Clinical Endocrinology & Metabolism. 93, 3499–

3504.  

20. Yin, M. T., Shi, Q., Hoover, D. R., Anastos, K., Sharma, A., Young, 

M., Levine, A., Cohen, M. H., Shane, E., Golub, E. T., Tien, P. C. 

(2010). Fracture incidence in HIV-infected women: results from the 

women’s interagency HIV study. AIDS. 24, 2679–2686.  

21. Hoy, J., Young, B. (2016). Do people with HIV infection have a 

higher risk of fracture compared with those without HIV infection? 

Current Opinion in HIV AIDS. 11, 301–305.  

22. Escota, G.V., Cross, S., Powderly, W. G. (2014). Vitamin D and 

calcium abnormalities in the HIV-infected population. Endocrinology 

and Metabolism Clinics of North America. 43(3), 743-767.  

23. Moreira, C. A., Ferreira, C. E. D. S., Madeira, M., Silva, B. C. C., 

Maeda, S. S., Batista, M. C., Bandeira, F., Borba, V. Z. C., Lazaretti-

Castro, M. (2020). Reference values of 25-hydroxyvitamin D 

revisited: a position statement from the Brazilian Society of 

Endocrinology and Metabolism (SBEM) and the Brazilian Society of 

Clinical Pathology/Laboratory Medicine (SBPC). Archives of 

Endocrinology and Metabolism. 64(4), 462-478. Erratum in: 

Archives of Endocrinology and Metabolism. 2020 Oct 8;64(5):636.  

24. Bilezikian, J. P., Formenti, A. M., Adler, R. A., Binkley, N., Bouillon, 

R., Lazaretti-Castro, M., Marcocci, C., Napoli, N., Rizzoli, R., 

Giustina, A. (2021). Vitamin D: Dosing, levels, form, and route of 

administration: Does one approach fit all? Review in Endocrine and 

Metabolic Disorders. 22(4), 1201-1218.  

25. Ross, A.C., McComsey, G.A. (2012). The Role of Vitamin D 

Deficiency in the Pathogenesis of Osteoporosis and in the Modulation 

of the Immune System in HIV-Infected Patients. Clinic Reviews in 

Bone and Mineral Metabolism. 10, 277–287.  

26. National Center for Health Statistics, Centers for Disease Control and 

Prevention 2014 

27. Yetley, E. A., Pfeiffer, C. M., Schleicher, R. L., Phinney, K. W., 

Lacher, D. A., Christakos, S., Eckfeldt, J. H., Fleet, J. C., Howard, G., 

Hoofnagle, A. N., Hui, S. L., Lensmeyer, G. L., Massaro, J., Peacock, 

M., Rosner, B., Wiebe, D., Bailey, R. L., Coates, P. M., Looker, A. 

C., Sempos, C., Johnson, C. L., Picciano, M. F. (2010). Vitamin D 

Roundtable on the NHANES Monitoring of Serum 25(OH)D: Assay 

Challenges and Options for Resolving Them. NHANES monitoring 

of serum 25-hydroxyvitamin D: a roundtable summary. Journal of 

Nutrition. 140(11), 2030S-2045S.  

28. Gedela, K., Edwards, S., Benn, P., Grant, A. Prevalence of vitamin D 

deficiency in newly diagnosed HIV-positive patients registering for 

care at the Mortimer Market Centre. HIV Medicine, 12, p.51. 

Available at: http://dx.doi.org/10.1111/j.1468-1293.2011.00925.x. 

Accessed on February 22th 2023 

29. Mueller, N. J., Fux, C. A., Ledergerber, B., Elzi, L., Schmid, P., Dang, 

T., Magenta, L., Calmy, A., Vergopoulos, A., Bischoff-Ferrari, H. A., 

Swiss HIV Cohort Study. (2010). High prevalence of severe vitamin 

D deficiency in combined antiretroviral therapy-naive and 

successfully treated Swiss HIV patients. AIDS. 15, 24(8):1127-1134.  

30. Conrado, T., Miranda-Filho, D.B., Ximenes, R. A., Albuquerque, M. 

F., Lacerda, H. R., Ramos, R. C., Araújo, P. S., Montarroyos, U., 

Bandeira, F. (2011). Vitamin D Deficiency in HIV-Infected Women 

on Antiretroviral Therapy Living in the Tropics. Journal of 

International Association Physicians AIDS Care (Chic). 10(4), 239-

245.  

31. Holick, M. F. (2007). Vitamin D deficiency. New England Journal of 

Medicine. 19, 357(3):266-281.  

32. Murad, M. H., Elamin, K.B., Abu Elnour, N. O., Elamin, M. B., 

Alkatib, A. A., Fatourechi, M. M., Almandoz, J. P., Mullan, R. J., 

Lane, M. A., Liu, H., Erwin, P. J., Hensrud, D. D., Montori, V.M. 

(2011). Clinical review: The effect of vitamin D on falls: a systematic 

http://dx.doi.org/10.1111/j.1468-1293.2011.00925.x


J. Biomedical Research and Clinical Reviews                                                                                                                                 Copy rights@ Maria G. M. G. Penido. et al. 

 
Auctores Publishing LLC – Volume 8(1)-145 www.auctoresonline.org  
ISSN: 2692-9406          Page 10 of 13 

review and meta-analysis. The Journal of Clinical Endocrinology & 

Metabolism. 96(10), 2997-3006. doi: Erratum in: The Journal of 

Clinical Endocrinology & Metabolism. 2021 Mar 8;106(3):e1495. 

33. Dao, C. N., Patel, P., Overton, E. T., Rhame, F., Pals, S. L., Johnson, 

C., Bush, T., Brooks, J.T., Study to Understand the Natural History 

of HIV and AIDS in the Era of Effective Therapy (SUN) 

Investigators. (2011). Low vitamin D among HIV-infected adults: 

prevalence of and risk factors for low vitamin D Levels in a cohort of 

HIV-infected adults and comparison to prevalence among adults in 

the US general population. Clinical Infectious Diseases. 1, 52(3):396-

405.  

34. European AIDS Clinical Society (2021). European Guidelines for 

treatment of HIV-infected adults in Europe.  

35. McComsey, G. A., Tebas, P., Shane, E., Yin, M. T., Overton, E. T., 

Huang, J. S., Aldrovandi, G. M., Cardoso, S. W., Santana, J. L., 

Brown, T. T. (2010). Bone disease in HIV infection: a practical 

review and recommendations for HIV care providers. Clinical 

Infectious Diseases. 15, 51(8):937-946. 

36. Duvivier, C., Kolta, S., Assoumou, L., Ghosn, J., Rozenberg, S., 

Murphy, R. L., Katlama, C., Costagliola, D., ANRS 121 Hippocampe 

study group. (2009). Greater decrease in bone mineral density with 

protease inhibitor regimens compared with nonnucleoside reverse 

transcriptase inhibitor regimens in HIV-1 infected naive patients. 

AIDS. 27, 23(7):817-824.  

37. Bedimo, R., Maalouf, N. M., Zhang, S., Drechsler, H., Tebas, P. 

(2012). Osteoporotic fracture risk associated with cumulative 

exposure to tenofovir and other antiretroviral agents. AIDS. 24, 

26(7):825-31.  

38. McComsey, G. A., Kitch, D., Daar, E. S., Tierney, C., Jahed, N. C., 

Tebas, P., Myers, L., Melbourne, K., Ha, B., Sax, P. E. (2011). Bone 

mineral density and fractures in antiretroviral-naive persons 

randomized to receive abacavir-lamivudine or tenofovir disoproxil 

fumarate-emtricitabine along with efavirenz or atazanavir-ritonavir: 

Aids Clinical Trials Group A5224s, a substudy of ACTG A5202. 

Journal of Infectious Diseases. 15;203(12):1791-1801.  

39. Stellbrink, H. J., Orkin, C., Arribas, J. R., Compston, J., Gerstoft, J., 

Van Wijngaerden, E., Lazzarin, A., Rizzardini, G., Sprenger, H. G., 

Lambert, J., Sture, G., Leather, D., Hughes, S., Zucchi, P., Pearce, H., 

ASSERT Study Group. (2010). Comparison of changes in bone 

density and turnover with abacavir-lamivudine versus tenofovir-

emtricitabine in HIV-infected adults: 48-week results from the 

ASSERT study. Clinical Infectious Diseases. 15;51(8):963-972.  

40. Verhelst, D., Monge, M., Meynard, J. L., Fouqueray, B., Mougenot, 

B., Girard, P. M., Ronco, P., Rossert, J. (2002). Fanconi syndrome 

and renal failure induced by tenofovir: a first case report. American 

Journal of Kidney Diseases. 40(6), 1331-1333.  

41. Karras, A., Lafaurie, M., Furco, A., Bourgarit, A., Droz, D., Sereni, 

D., Legendre, C., Martinez, F., Molina, JM. (2003). Tenofovir-related 

nephrotoxicity in human immunodeficiency virus-infected patients: 

three cases of renal failure, Fanconi syndrome, and nephrogenic 

diabetes insipidus. Clinical Infectious Diseases. 36(8):1070-1073.  

42. Childs, K. E., Fishman, S. L., Constable, C., Gutierrez, J. A., Wyatt, 

C. M., Dieterich, D. T., Mullen, M. P., Branch, A. D. (2010). Short 

communication: Inadequate vitamin D exacerbates parathyroid 

hormone elevations in tenofovir users. AIDS Res Hum Retroviruses. 

26(8):855-859.  

43. Knoke, J. D., Barrett-Connor, E. (2003). Weight loss: a determinant 

of hip bone loss in older men and women. The Rancho Bernardo 

Study. American Journal of Epidemiology. 158(12):1132-1138.  

44. Warming, L., Hassager, C., Christiansen, C. (2002). Changes in bone 

mineral density with age in men and women: a longitudinal study. 

Osteoporosis Internartional. 13(2):105-112.  

45. Gallant, J. E., Staszewski, S., Pozniak, A. L., DeJesus, E., Suleiman, 

J. M., Miller, M. D., Coakley, D. F., Lu, B., Toole, J. J., Cheng, A. 

K., 903 Study Group. (2004). Efficacy and safety of tenofovir DF vs 

stavudine in combination therapy in antiretroviral-naive patients: a 3-

year randomized trial. JAMA. 292(2):191-201. 

46. Aukrust, P., Haug, C. J., Ueland, T., Lien, E., Müller, F., Espevik, T., 

Bollerslev, J., Frøland, S. S.  (1999). Decreased bone formative and 

enhanced resorptive markers in human immunodeficiency virus 

infection: indication of normalization of the bone-remodeling process 

during highly active antiretroviral therapy. The Journal of Clinical 

Endocrinology & Metabolism. 84(1):145-150.  

47. Dolan, S. E., Kanter, J. R., Grinspoon, S. (2006). Longitudinal 

analysis of bone density in human immunodeficiency virus-infected 

women. The Journal of Clinical Endocrinology & Metabolism. 91(8), 

2938-2945.  

48. Bolland, M. J., Grey, A. B., Horne, A. M., Briggs, S. E., Thomas, M. 

G., Ellis-Pegler, R. B., Woodhouse, A. F., Gamble, G. D., Reid, I. 

R. (2007). Bone mineral density remains stable in HAART-treated 

HIV-infected men over 2 years. Clinical Endocrinology (Oxf). 

67(2):270-275 

49. Fakruddin, J. M., Laurence, J. (2003). HIV envelope gp120-mediated 

regulation of osteoclastogenesis via receptor activator of nuclear 

factor kappa B ligand (RANKL) secretion and its modulation by 

certain HIV protease inhibitors through interferon-gamma/RANKL 

cross-talk. Journal of  Biological Chemistry. 28, 278(48):48251-8.  

50. Hileman, C. O., Labbato, D. E., Storer, N. J., Tangpricha, V., 

McComsey, G. A. (2014). Is bone loss linked to chronic 

inflammation in antiretroviral-naive HIV-infected adults? A 48-

week matched cohort study. AIDS.  31,28(12):1759-1767.  

51. Kibirige, D., Ssekitoleko, R. (2013). Endocrine and metabolic 

abnormalities among HIV-infected patients: a current review. 

International Journal of STD AIDS. 24(8), 603-11 

52. Serrano, S., Mariñoso, M. L., Soriano, J. C., Rubiés-Prat, J., Aubia, 

J., Coll, J., Bosch, J., Del Rio, L., Vila, J., Goday, A. (1995). Bone 

remodelling in human immunodeficiency virus-1-infected patients. 

A histomorphometric study. Bone.16(2):185-191.  

53. Tozzi, R., Masi, D., Cipriani, F., Contini, S., Gangitano, E., 

Spoltore, M.E., Barchetta, I., Basciani, S., Watanabe, M., Baldini, 

E., et al. (2022). Circulating SIRT1 and Sclerostin Correlates with 

Bone Status in Young Women with Different Degrees of Adiposity. 

Nutrients. 14, 983:1-16. 

54. Cohen-Kfir, E., Artsi, H., Levin, A., Abramowitz, E.; Bajayo, A., 

Gurt, I., Zhong, L., D’Urso, A., Toiber, D., Mostoslavsky, R., et al. 

(2011). Sirt1 Is a Regulator of Bone Mass and a Repressor of Sost 

Encoding for Sclerostin, a Bone Formation Inhibitor. 

Endocrinology 152, 4514–4524. 

55. Morvan, F., Boulukos, K., Clément-Lacroix, P., Roman Roman, S., 

Suc-Royer, I., Vayssière, B., Ammann, P., Martin, P., Pinho, S., 

Pognonec, P., et al. (2006). Deletion of a Single Allele of the Dkk1 

Gene Leads to an Increase in Bone Formation and Bone Mass. 

Journal Bone and Mineral Research. 21, 934–945. 

56. Lu, C., Zhao, H., Liu, Y., Yang, Z., Yao, H., Liu, T., Gou, T., Wang, 

L., Zhang, J., Tian, Y., Yang, Y., Zhang, H. (2023). Novel Role of 

the SIRT1 in Endocrine and Metabolic Diseases. International 

Journal of Biological Sciences. 19(2), 484-501.  

57. Cantó, C., Auwerx, J. (2012). Targeting sirtuin 1 to improve 

metabolism: all you need is NAD(+)? Pharmacological reviews. 

64,166-187. 

58. Molina-Serrano D, Kyriakou D, Kirmizis A. Histone Modifications 

as na Intersection Between Diet and Longevity. Frontiers in 

genetics. 2019; 10: 192. 

59. Guarente, L., Picard, F. (2005). Calorie restriction--the SIR2 

connection. Cell. 120:473-482. 

60. Nogueiras, R., Habegger, K. M., Chaudhary, N., Finan, B., Banks, 

A. S., Dietrich, M. O., Horvath, T. L., Sinclair, D. A., Pfluger, P. 

T., Tschöp, M. H. (2012). Sirtuin 1 and sirtuin 3: physiological 

modulators of metabolism. Physiological Reviews. 92, 1479-1514. 



J. Biomedical Research and Clinical Reviews                                                                                                                                 Copy rights@ Maria G. M. G. Penido. et al. 

 
Auctores Publishing LLC – Volume 8(1)-145 www.auctoresonline.org  
ISSN: 2692-9406          Page 11 of 13 

61. Daenthanasanmak, A., Iamsawat, S., Chakraborty, P., Nguyen, H. 

D., Bastian, D., Liu, C., Mehrotra, S., Yu, X. (2019). Targeting Sirt-

1 controls GVHD by inhibiting T-cell allo-response and promoting 

Treg stability in mice. Blood. 133, 266-279. 

62. Chen, H. Z., Wang, F., Gao, P., Pei, J. F., Liu, Y., Xu, T. T., Tang, 

X., Fu, W., Jie Lu, Yan, Y., Wang, X., Han, L., Zhang, Z., Zhang, 

R., Zou, M., and Liu D. (2016). Age-Associated Sirtuin 1 Reduction 

in Vascular Smooth Muscle Links Vascular Senescence and 

Inflammation to Abdominal Aortic Aneurysm. Circulation 

Research. 119, 1076-1088. 

63. Martins, I.J. (2016) Anti-Aging Genes Improve Appetite 

Regulation and Reverse Cell Senescence and Apoptosis in Global 

Populations. Advances in Aging Research, 5, 9-26.  

64. Shirakawa, K., Chavez, L., Hakre, S., Calvanese, V., Verdin, E. 

(2013). Reactivation of latent HIV by histone deacetylase 

inhibitors. Trends Microbiology 21, 277-285. 

65. Pinzone, M. R., Cacopardo, B., Condorelli, F., Rosa, M. D., 

Nunnari, G. (2013). Sirtuin-1 and HIV-1: An overview. Current 

Drug Targets 14, 648-652. 

66. Alqarni, M., Foudah, A., Muharram, M., Labrou, N.  (2021). The 

Pleiotropic Function of Human Sirtuins as Modulators of Metabolic 

Pathways and Viral Infections.  Cells 10, 460. 

67. Budayeva, H.G., Rowland, E.A., Cristea, I.M. (2016). Intricate 

Roles of Mammalian Sirtuins in Defense against Viral Pathogens. 

Journal of Virology 90, 5–8.  

68. Bogoi, R.N., De Pablo, A., Valencia, E., Martín-Carbonero, L., 

Moreno, V., Vilchez-Rueda, H.H., Asensi, V., Rodriguez, R., 

Toledano, V., Rodés, B. (2018). Expression profiling of chromatin-

modifying enzymes and global DNA methylation in CD4+ T cells 

from patients with chronic HIV infection at different HIV control 

and progression states. Clinical Epigenetics; 10, 1–10. 

69. Kwon, H.-S., Brent, M.M., Getachew, R., Jayakumar, P., Chen, L.-

F., Schnolzer, M., McBurney, M.W., Marmorstein, R., 

Greene,W.C., Ott, M. (2008). Human Immunodeficiency Virus 

Type 1 Tat Protein Inhibits the SIRT1 Deacetylase and Induces T 

Cell Hyperactivation. Cell Host Microbe 3, 158–167. 

70. Gao, B., Kong, Q., Kemp, K., Zhao, Y.-S., Fang, D. (2012). 

Analysis of sirtuin 1 expression reveals a molecular explanation of 

IL-2-mediated reversal of T-cell tolerance. Proceedings of the 

National Academy of Sciences USA 109, 899–904. 

71. Samer, S., Arif, M.S., Giron, L.B., Zukurov, J.P.L., Hunter, J., 

Santillo, B.T, Namiyama, G., Galinskas, J., Komninakis, S.V., 

Oshiro, T.M., Sucupira, M,C,, Janini, L.M., Diaz, R.S. (2020). 

Nicotinamide activates latent HIV-1 ex vivo in ART suppressed 

individuals, revealing higher potency than the association of two 

methyltransferase inhibitors, chaetocin and BIX01294. The 

Brazilian Journal of Infectious Diseases. 24(2):150-159.  

72. Tuyama, A.C., Hong, F., Saiman, Y. Wang, C., Ozkok, D., 

Mosoian, A., Chen, P., Chen, B.K., Klotman, M.E., Bansal, M.B. 

(2010). Human immunodeficiency virus (HIV)-1 infects human 

hepatic stellate cells and promotes collagen I and monocyte 

chemoattractant protein-1 expression: Implications for the 

pathogenesis of HIV/hepatitis C virus-induced liver fibrosis. 

Hepatology 52, 612–622. 

73. Kovari, H., Ledergerber, B., Battegay, M., Rauch, A., Hirschel, B., 

Foguena, A.K., Vernazza, P., Bernasconi, E., Mueller, N.J., Weber, 

R. (2010). Incidence and Risk Factors for Chronic Elevation of 

Alanine Aminotransferase Levels in HIV-Infected Persons without 

Hepatitis B or C Virus Co-Infection. Clinical Infectious Diseases 

50, 502–511. 

74. Young, B., Dao, C.N., Buchacz, K., Baker, R., Brooks, J.T. (2011). 

The HIV Outpatient Study (HOPS) Investigators. Increased Rates 

ofBone Fracture Among HIV-Infected Persons in the HIV 

Outpatient Study (HOPS) Compared with the US General 

Population, 2000–2006. Clinical Infectious Diseases 52, 1061–

1068. 

75. Gibellini, D., Borderi, M., De Crignis, E., Cicola, R., Vescini, F., 

Caudarella, R., Chiodo, F., Re, M.C. (2007). RANKL/OPG/TRAIL 

plasma levels and bone mass loss evaluation in antiretroviral naive 

HIV-1-positive men. Journal of Medical Virology79, 1446–1454. 

76. Womack, J.A., Goulet, J., Gibert, C., Brandt, C., Chang, C.C., 

Gulanski, B., Fraenkel, L., Mattocks, K., Rimland, D., Rodriguez-

Barradas, M.C., Tate, J., Yin, M.T., Justice, A.C., Veterans Aging 

Cohort Study Project Team. (2011). Increased Risk of Fragility 

Fractures among HIV Infected Compared to Uninfected Male 

Veterans. PLoS ONE 6, e1721 

77. Titanji, K., Vunnava, A., Foster, A., Sheth, A.N., Lennox, J.L., 

Knezevic, A., Shenvi, N., Easley, K., Ofotokun, I., Weitzmann, 

M.N. (2018). T-cell receptor activator of nuclear factor- B 

ligand/osteoprotegerin imbalance is associated with HIV-induced 

bone loss in patients with higher CD4+ T-cell counts. AIDS 32, 

885–894. 

78. Duvivier, C., Kolta, S., Assoumou, L., Ghosn, J., Rozenberg, S., 

Murphy, R., Katlama, C., Costagliola, D. (2009). Greater decrease 

in bone mineral density with protease inhibitor regimens compared 

with nonnucleoside reverse transcriptase inhibitor regimens in 

HIV-1 infected naive patients. AIDS 23, 817–824. 

79. Malizia, A.P., Cotter, E., Chew, N., Powderly,W., Doran, P. (2007). 

HIV Protease Inhibitors Selectively Induce Gene Expression 

Alterations Associated with Reduced Calcium Deposition in 

Primary Human Osteoblasts. AIDS Research Human Retroviruses. 

23, 243–250. 

80. Cozzolino, M., Vidal, M., Arcidiacono, M.V., Tebas, P., 

Yarasheski, K.E., Dusso, A.S. (2003). HIV-protease inhibitors 

impair vitamin D bioactivation to 1,25-dihydroxyvitamin D. AIDS 

17, 513–520. 

81. Negredo, E., Diez-Pérez, A., Bonjoch, A.; Domingo, P., Pérez-

Álvarez, N., Gutierrez, M., Mateo, G., Puig, J., Echeverría, P., 

Escrig, R., Clotet, B. (2015). Switching from tenofovir to abacavir 

in HIV-1-infected patients with low bone mineral density: Changes 

in bone turnover markers and circulating sclerostin levels. Journal 

of Antimicrobial Chemotherapy. 70, 2104–2107.  

82. Choi, Y., Yoon, D.S., Lee, K.-M., Choi, S.M., Lee, M.-H., Park, 

K.H., Han, S.H., Lee, J.W. (2019). Enhancement of Mesenchymal 

Stem Cell-Driven Bone Regeneration by Resveratrol-Mediated 

SOX2 Regulation. Aging and Disease 10, 818–833. 

83. Zhang, P., Liu, Y., Wang, Y., Zhang, M., Lv, L., Zhang, X., Zhou, 

Y. (2017). SIRT6 promotes osteogenic differentiation of 

mesenchymal stem cells through BMP signaling. Scientific Reports 

7, 10229.  

84. Hou, K.-L., Lin, S.-K., Chao, L.-H., Lai, E.H.-H., Chang, C.-C., 

Shun, C.-T., Lu, W.-Y., Wang, J.H., Hsiao, M., Hong, C.-Y., et al. 

(2016). Sirtuin 6 suppresses hypoxia-induced inflammatory 

response in human osteoblasts via inhibition of reactive oxygen 

species production and glycolysis-A therapeutic implication in 

inflammatory bone resorption. BioFactors 2016, 43, 170–180. 

85. Tagliari, C.F.D.S., de Oliveira, C.N., Vogel, G.M., da Silva, P.B., 

Linden, R., Lazzaretti, R.K., Notti, R.K., Sprinz, E., Mattevi, V.S. 

(2020). Investigation of SIRT1 gene variants in HIV-associated 

lipodystrophy and metabolic syndrome. Genetics and Molecular 

Biology.  14;43(1):e20190142. 

86. Guimarães, N.S., Guimarães, M.M.M., Kakehasi, A.M., Paula, 

M.G.P., Caporali, J,F,M,, Vieira, É.L.M., Tanajura, P.R., 

Tupinambás, U.  (2018). Prevalence of low bone mass and changes 

in vitamin D levels in human immunodeficiency virus-infected 

adults unexposed to antiretrovirals. Revista da Sociedade Brasileira 

de Medicina Tropical 51(5):596-602.  

87. Brown, T.T., Chen, Y., Currier, J.S., Ribaudo, H.J., Rothenberg, J., 

Dubé, M.P., Murphy, R., Stein, J.H., McComsey, G.A. (2013). 



J. Biomedical Research and Clinical Reviews                                                                                                                                 Copy rights@ Maria G. M. G. Penido. et al. 

 
Auctores Publishing LLC – Volume 8(1)-145 www.auctoresonline.org  
ISSN: 2692-9406          Page 12 of 13 

Body composition, soluble markers of inflammation, and bone 

mineral density in antiretroviral therapy-naive HIV-1-infected 

individuals. AIDS. 63(3):323-330 

88. ISCD Official position. 2019 available on 

https://iscd.org/learn/official-positions/ Accessed on 19th February, 

2023 

89. Dickinson, S.A., Fantry, L.E. (2012). Use of dual-energy x-ray 

absorptiometry (DXA) scans in HIV-infected patients. Journal of 

International Association Physicians AIDS Care (Chic). 11(4), 239-

244. 

90. European AIDS Clinical Society (2022). European Guidelines for 

treatment of HIV-infected adults in Europe. Available on: 

https://eacs.sanfordguide.com Acessed on December 19th, 2022 

91. Holick, M. F., Binkley, N. C., Bischoff-Ferrari, H. A., Gordon, C. 

M., Hanley, D. A., Heaney, R. P., Murad, M. H., Weaver, C. M., 

Endocrine Society. (2011). Evaluation, treatment, and prevention of 

vitamin D deficiency: an Endocrine Society clinical practice 

guideline. The Journal of Clinical Endocrinology & Metabolism. 

96(7), 1911-1930. doi: 10.1210/jc.2011-0385. Erratum in: J Clin 

Endocrinol Metab. 2011 Dec 96(12), 3908. 

92. Compston, J. (2014). Osteoporosis and fracture risk associated with 

HIV infection and treatment. Endocrinology & Metabolism Clinical 

of North America. 43(3), 769-780 

93. Bikle, D. D. (1997). Biochemical markers in the assessment of bone 

disease. American Journal of Medicine. 103(5), 427-436.  

94. Oldknow, K. J., MacRae, V. E., Farquharson, C. (2015). Endocrine 

role of bone: recent and emerging perspectives beyond osteocalcin. 

Journal of Endocrinology. 225(1), R1-19.  

95. Penido, M. G. M. G., Alon, U. S. (2012). Phosphate homeostasis 

and its role in bone health. Pediatric Nephrology. 27(11), 2039-

2048. Erratum in: Pediatric Nephrology. 2017 Jul 6. 

96. Alon, U.S. (2011). Clinical practice. Fibroblast growth factor 

(FGF)23: a new hormone. European Journal of Pediatrics. 170(5), 

545-554.  

97. Burnett, S. M., Gunawardene, S. C., Bringhurst, F. R., Jüppner, H., 

Lee, H., Finkelstein, J. S. (2006). Regulation of C-terminal and 

intact FGF-23 by dietary phosphate in men and women. Journal of 

Bone and Mineral Research. 21(8), 1187-1196.  

98. Inaba, M., Okuno, S., Imanishi, Y., Yamada, S., Shioi, A., 

Yamakawa, T., Ishimura, E., Nishizawa, Y. (2006). Role of 

fibroblast growth factor-23 in peripheral vascular calcification in 

non-diabetic and diabetic hemodialysis patients. Osteoporosis 

International. 17(10), 1506-1513.  

99. Kazama, J. J., Sato, F., Omori, K., Hama, H., Yamamoto, S., 

Maruyama, H., Narita, I., Gejyo, F., Yamashita, T., Fukumoto, S., 

Fukagawa, M. (2005). Pretreatment serum FGF-23 levels predict 

the efficacy of calcitriol therapy in dialysis patients. Kidney 

Internationhal. 67(3), 1120-1125.  

100. Hesse, M., Fröhlich, L. F., Zeitz, U., Lanske, B., Erben, R. G. 

(2007). Ablation of vitamin D signaling rescues bone, mineral, and 

glucose homeostasis in Fgf-23 deficient mice. Matrix Biology. 

26(2), 75-84.  

101. Mirza, M. A., Alsiö, J., Hammarstedt, A., Erben, R. G., 

Michaëlsson, K., Tivesten, A., Marsell, R., Orwoll, E., Karlsson, 

M. K., Ljunggren, O., Mellström, D., Lind, L., Ohlsson, C., 

Larsson, T.E. (2011). Circulating fibroblast growth factor-23 is 

associated with fat mass and dyslipidemia in two independent 

cohorts of elderly individuals. Arteriosclerosis Thrombosis and 

Vascular Biology. 31(1), 219-227.  

102. Saeedi R, Jiang SY, Holmes DT, Kendler DL. (2014). Fibroblast 

growth factor 23 is elevated in tenofovir-related hypophosphatemia. 

Calcified Tissue International. 94(6), 665-668.  

103. Havens, P. L., Kiser, J. J., Stephensen, C. B., Hazra, R., Flynn, P. 

M., Wilson, C. M., Rutledge, B., Bethel, J., Pan, C. G., Woodhouse, 

L. R., Van Loan, M. D., Liu, N., Lujan-Zilbermann, J., Baker, A., 

Kapogiannis, B .G., Gordon, C. M., Mulligan, K., Adolescent 

Medicine Trials Network for HIV/AIDS Interventions (ATN) 063 

Study Team. (2013). Association of higher plasma vitamin D 

binding protein and lower free calcitriol levels with tenofovir 

disoproxil fumarate use and plasma and intracellular tenofovir 

pharmacokinetics: cause of a functional vitamin D deficiency? 

Antimicrobial Agents Chemotherapy. 57(11), 5619-5628.  

104. Havens, P. L., Hazra, R., Stephensen, C. B., Kiser, J. J., Flynn, P. 

M., Wilson, C. M., Rutledge, B., Bethel, J., Pan, C. G., Woodhouse, 

L. R., Van Loan, M. D., Liu, N., Lujan-Zilbermann, J., Baker, A., 

Kapogiannis, B. G., Gordon, C. M., Mulligan, K., Adolescent 

Medicine Trials Network for HIV/AIDS Interventions (ATN) 063 

study team.  (2014). Vitamin D3 supplementation increases 

fibroblast growth factor-23 in HIV-infected youths treated with 

tenofovir disoproxil fumarate. Antiviral Therapy. 19(6), 613-618.  

105. Kahles, F., Findeisen, H. M., Bruemmer, D. (2014). Osteopontin: A 

novel regulator at the cross roads of inflammation, obesity and 

diabetes. Molecular Metabolism. 223(4), 384-393.  

106. Nybo, M., Rasmussen, L. M. (2008). The capability of plasma 

osteoprotegerin as a predictor of cardiovascular disease: a 

systematic literature review. European Journal of  Endocrinology. 

159(5), 603-608.  

107. Blumsohn, A., Eastell, R. (1997). The performance and utility of 

biochemical markers of bone turnover: do we know enough to   use   

them   in clinical practice? Annals of Clinical Biochemistry 34, 

449-459.   

108. Akesson, K. (1995). Biochemical markers of bone turnover. A 

review. Acta Orthopaedica Scandinavica. 66(4), 376-386.  

109. Garnero, P., Delmas, P. D. (1998). Biochemical markers of bone 

turnover. Applications for osteoporosis. Endocrinology and 

Metabolism Clinics of North America. 27(2), 303-323. 

110. Lee, Y. M., Fujikado, N., Manaka, H., Yasuda, H., Iwakura, Y. 

(2010). IL-1 plays an important role in the bone metabolism under 

physiological conditions. International Immunology. 22(10), 805-

816.  

111. Bakker, A. D., Jaspers, R. T. (2015). IL-6 and IGF-1 Signaling 

Within and Between Muscle and Bone: How Important is the 

mTOR Pathway for Bone Metabolism? Current Osteoporosis 

Report. 13(3), 131-139.  

112. Bradley, J. R. (2008). TNF-mediated inflammatory disease. Journal 

of Pathololy. 214(2), 149-160.  

 

 

 

 

 

https://iscd.org/learn/official-positions/
https://eacs.sanfordguide.com/


J. Biomedical Research and Clinical Reviews                                                                                                                                 Copy rights@ Maria G. M. G. Penido. et al. 

 
Auctores Publishing LLC – Volume 8(1)-145 www.auctoresonline.org  
ISSN: 2692-9406          Page 13 of 13 

 

 

 

 

 

 

 

 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI: 10.31579/2692-9406/145

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  
 

➢ fast, convenient online submission 
➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  
➢ authors retain copyrights 
➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At Auctores, research is always in progress. 

 

Learn more  https://www.auctoresonline.org/journals/biomedical-research-and-

clinical-reviews-  

file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=80
https://www.auctoresonline.org/journals/biomedical-research-and-clinical-reviews-
https://www.auctoresonline.org/journals/biomedical-research-and-clinical-reviews-

