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The bone is a dynamic tissue formed by a continuous process of  bone modelling and resorption, which 
involves osteoblasts and osteoclasts. The osteoblasts regulate the bone building phase through the 

production and deposition of  bone matrix and its mineralization. The osteoclasts, on the contrary, regulate 
the bone resorption. Once formed, the adult bone is continuously remodelled throughout life to assure 
its homeostasis. Inflammatory diseases and immune dysregulations have been indicated as pathological 
conditions that may alter the skeleton structure determining a direct and indirect imbalance of  osteoblast/
osteoclast interaction with a derangement of  bone density. The derangement of  bone mass homeostasis 
mainly determines the occurrence of  osteopenia characterized by bone mass loss and osteoporosis, a systemic 
condition characterized by both quantitative and qualitative alterations that reduce bone strength with an 
increased fracture risk. The pathogenesis of  bone mass loss with osteopenia and osteoporosis in HIV-infected 
patients could be considered as multifactorial. The bone histomorphometric analysis of  bone biopsy obtained 
from HIVseropositive patients demonstrated a decrease of  osteoblast activity with bone mineral density loss, 
and some plasma bone-related factors were significantly impaired with an imbalance of  cytokine regulation. 
The analysis of  HIV infection in osteoblast-like cell lines demonstrated that these cell lines can be infected 
by HIV. Bone could be considered an additional potential reservoir of  HIV infection, and the HIV-related 
bone damage may be due to direct loss and functional impairment of  osteoblasts. Since the osteoblasts 
differentiated from bone marrow mesenchymal stem cells (MSCs), it may be possible that HIV could infect 
and replicate in these cells. HIV can enter bone marrow and vessel wall MSC, integrate its retrotranscribed 
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genome in host DNA, but the viral progeny is not detected, or detected at very low levels. HIV elicits an 
MSC differentiation committed preferentially to adipocytes activating PPAR gamma factor and decreasing 
osteoblast differentiation through a down-regulation of  specific bone-related transcription factors. Since 
the induction of  apoptosis is a major mechanism of  some HIV-related cytopenias during the HIV disease, 
the primary osteoblasts were challenged with heat-inactivated HIV and gp120 to analyze the survival of  
these cells. Interestingly, both treatments induced apoptosis activation through a TNF-alpha paracrine/
autocrine mechanism gp120 can be considered as a key viral factor in the derangement of  survival and 
activity of  osteoblasts. Osteoclasts derive from monocyte/macrophage lineage cells. Their proliferation and 
differentiation are essentially regulated by M-CSF and RANKL factors even though IL-1, IL-6, IL-11, and 
TNF-alpha can play a role in the enhancement of  differentiation. HIV infection of  macrophages up-regulates 
M-CSF production and secretion. M-CSF could also affect the osteoclast differentiation and activity acting 
indirectly on RANKL. OPG is a decoy receptor that binds some cytokines such as TRAIL and RANKL 
inhibiting the cell membrane binding of  these factors. Hence, M-CSF down-regulates OPG augmenting 
the free RANKL that can bind RANK and induce osteoclast differentiation and bone resorption activity. 
RANKL and RANKL/OPG ratio is augmented in HIV patients and its increase is directly linked to plasma 
HIVRNA levels. Tat enhances the differentiation and activity of  osteoclasts in presence of  canonical stimulus 
represented by RANKL/M-CSF. HIV infection causes an immune derangement with severe alterations of  
cytokine regulation. In particular, HIV up-regulates the synthesis and secretion of  TNF-alpha and IL-6 
that are involved in the bone structure homeostasis. TNF-alpha is an inducer of  osteoclast activity and can 
determine the survival impairment of  osteoblasts, whereas IL-6 is involved in the osteoclast differentiation 
enhancement in presence of  M-CSF and RANKL induction.
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With the evolution of  bone densitometry, differences in technologies, acquisition techniques, reference 
databases, reporting methods, and terminology have developed. These differences may have adverse effects 
on patient care and the exchange of  scientific information. Indications for Bone Mineral Density (BMD) 
Testing are:

»  Women aged 65 and older.

»  Postmenopausal women under age 65 with risk factors for fracture.

» Women during the menopausal transition with clinical risk factors for fracture, such as low body weight, 
prior fracture, or high-risk medication use.

»  Men aged 70 and older.

»  Men under age 70 with clinical risk factors for fracture.

»  Adults with a fragility fracture.

»  Adults with a disease or condition associated with low bone mass or bone loss.

»  Adults taking medications associated with low bone mass or bone loss.

»  Anyone being considered for pharmacologic therapy.

»  Anyone being treated, to monitor treatment effect.

»  Anyone not receiving therapy in whom evidence of  bone loss would lead to treatment.

The WHO international reference standard for osteoporosis diagnosis is a T-score of  -2.5 or less at the 
femoral neck. The reference standard from which the T-score is calculated is the female, white, age 20-29 
years, NHANES III database. Osteoporosis may be diagnosed in postmenopausal women and in men who 
are age 50 or older if  the T-score of  the lumbar spine, total hip, or femoral neck is -2.5 or less. The term 
“osteopenia” is retained, but “low bone mass” or “low bone density” is preferred. People with low bone 
mass or density are not necessarily at high fracture risk. In postmenopausal women and in men age 50 and 
older, T-scores are preferred, and the WHO densitometric classification is applicable. In females prior to 
menopause and in males younger than age 50, Z-scores, not T-scores, are preferred. This is particularly 
important in children. A Z-score of  -2.0 or lower is defined as “below the expected range for age”, and 
a Z-score above -2.0 is “within the expected range for age.” Osteoporosis cannot be diagnosed in men 
under age 50 on the basis of  BMD alone. The WHO diagnostic criteria may be applied to women in the 
menopausal transition.
The only validated skeletal site for the clinical use of  QUS in osteoporosis management is the heel. Validated 
heel QUS devices predict fragility fracture in postmenopausal women (hip, vertebral, and global fracture 
risk) and men over the age of  65 (hip and all non-vertebral fractures), independently of  central DXA 
BMD. Discordant results between heel QUS and central DXA are not infrequent and are not necessarily 
an indication of  methodological error. Heel QUS in conjunction with clinical risk factors can be used 
to identify a population at very low fracture probability in which no further diagnostic evaluation may 
be necessary. Central DXA measurements at the spine and femur are preferred for making therapeutic 
decisions and should be used if  possible. However, if  central DXA cannot be done, pharmacologic treatment 
can be initiated if  the fracture probability, as assessed by heel QUS, using device specific thresholds and in 
conjunction with clinical risk factors, is sufficiently high. QUS cannot be used to monitor the skeletal effects 
of  treatments for osteoporosis.
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Secondary hyperparathyroidism may develop in the presence of  hypovitaminosis D in order to maintain 
calcium homeostasis. A significant proportion of  patients receiving HAART had vitamin D deficiency. The 
secondary hyperparathyroidism probably due to vitamin D deficiency is an important contributing factor for 
the observed changes in BMD. Vitamin D deficiency noted in HIV patients is probably multifactorial, and we 
have to determine whether the effect of  HAART on vitamin D metabolism is an additional causative factor, 
and what benefit vitamin D supplementation might confer in HIV patients.

HYPOLCACEMIA

• IRC
• VDD
• Tubulopathies (Calcium loss)
• Malabsorption
• Pancreatitis
• Osteoblastic metastases

HYPER-PTH

• Bone reabsorption of calcium
– Osteitis cystic fibrosis
– ↑ turnover (OC>OB)

• ↑ 1alpha hydroxylase activity
– ↑ Ca and P bowel absorption

• ↑ urinary excretion of P

Secondary hyper-PTH

Increased fracture risk in patients 
with VDD
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The available data indicates that HIV-infected children and adolescents have reduced bone mass 
compared to healthy peers. The increased survival due to the control of  HIV infection by potent 
antiretroviral treatment, exposes patients to the achievement of  a reduced peak bone mass and to 
an increased fracture risk during adult life. Reduced bone mass in HIV-infected children is the result 
of  altered bone metabolism, showing significantly increased bone resorption rate. Both infection per 
se and the use of  certain antiretroviral compounds seem to contribute to the altered metabolism. 
Preventative measures to improve bone health are thus necessary in all young patients that exhibit low 
bone mass measurements and altered bone metabolism. QUS of  the peripheral skeleton is related to 
DXA. The ability to detect low values is similar to that of  total body DXA. Many data suggest that 
QUS may be an additional diagnostic tool for the study of  bone mass in HIV-infected youths.

Bone metabolism in children

From: Mora S, et al. J Bone Miner Metab 27(6):721-6;2009.

Bone alkaline phosphatase

Age and sex

QUS is increasingly used for osteopenia/osteoporosis risk assessment, because of  its low cost, portability 
and lack of  exposure to ionizing radiation. The most widely validated technique is QUS at the heel. 
f-QUS is a most recent technique, the performance characteristics of  which have been largely examined 
in many studies.
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Lifestyles beneficial for the prevention and treatment of  osteoporosis include: physical activity, daily 
consumption of  1 g of  calcium and Vit D 800 UI/day with a weight loss and malabsorption prevention 
diet (BMI <18.5), smoking cessation and decreased alcohol consumption. A height loss of  more than 3 cm 
suggests a diagnosis of  vertebral fracture. The classic risk factors for osteoporosis include: hypogonadism, 
family history of  fractures, BMI <19 kg/m2, hypovitaminosis D, smoking, sedentary lifestyle, low impact 
fractures, advanced age, female gender, menopause and/or amenorrhea, habitual alcohol consumption 
of  >3 units/day, steroids exposure for >3 months. Plasma levels of  25-OH vitamin D should be checked 
in all patients preferably in winter and spring. Considering that in some individuals (especially those 
with very low 25-OH vitamin D plasma levels) regular nutritional supplementation may not be able to 
obtain optimal level, retesting plasma levels after 6 months from nutritional supplementation is advisable. 
Correct assessment of  the bone structure cannot be separated from a study mineral metabolism.

AD-SoS values, plotted as a function of age in relation to normative curves 
obtained in the reference population (±1 SD), are shown in Figure 1(a). 
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UBPI values plotted as a function of age in relation to normative 
curves obtained in the reference population (±1 SD) are shown in Figure 1(b). 

It was significantly reduced in our population ( p < 0.05).
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The advent of  potent combination antiretroviral therapy (ART) in the treatment of  HIV infection has resulted 
in effective control of  disease progression and has significantly increased survival in patients with HIV. As a 
result, increasing emphasis is now placed on preventative health, management of  comorbid chronic disease 
and avoiding long-term toxicities of  ART. The focus is slowly shifting to consider how current treatment of  
patients asymptomatic for various potential comorbidities will affect their outcomes as ageing patients in 15-25 
years time. As patients with HIV infection become older, they become increasingly susceptible to age-related 
co-morbidities such as renal and bone diseases. Renal disease is commonly associated with bone disease, and in 
patients with chronic kidney disease, for example, CKD-MBD (chronic kidney disease mineral bone disorder) 
is a major cause of  morbidity and reduced quality of  life. Both renal disease and bone demineralisation are 
common in patients with HIV, increasing with age, and of  an incidence generally greater than in a normal 
population of  the same age. The interaction between renal disease and bone is complex, and is characterised 
by aberrations in acid/base, calcium/phosphorus, parathyroid hormone and vitamin D homeostasis. Ranging 
from renal osteodystrophy to mild decline in bone mineral density, these linked conditions form a heterogeneous 
group with multifactorial etiologies that are difficult to distinguish. The effective management of  both these 
diseases should, therefore, represent a cornerstone in the care of  the long-term HIV-infected patient. Although 
guidance and recommendations exist in several forms, including examples such as the KDIGO CKD-MBD 
Guidelines, the McComsey bone health review recommendations, the National Osteoporosis Foundation 
guidelines and various major society treatment guidelines, many physicians would benefit from further concise 
and collated practical guidance. The OSTEO-RENAL EXCHANGE programme has been developed in 
response to the need to bring clarity and develop best practice in this area.
The OSTEO-RENAL EXCHANGE programme is an educational platform to raise awareness and deliver 
practical guidance in the management of  bone and renal diseases. The objectives are: to identify and address the 
most important clinical questions relating to the management of  these diseases, to use robust methodology to 
reach expert consensus on current best practice in screening and diagnosis, monitoring, infection management, 
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comorbidity treatment and prevention, to facilitate maximum exchange of  the outputs of  the programme, to 
ensure that best practice in managing bone and renal issues related to HIV is understood and implemented 
in the HIV community, and to identify areas that may require additional research. The programme is being 
developed and driven as a result of  the expert guidance of  several carefully selected expert groups: 

-  Steering committee: a small group of  international experts, to provide programme oversight and direction.

-  Expert KOL group: a group of  16 international experts in HIV and related disciplines, whose role is to generate 
an initial broad list of  important clinical questions relating to HIV-associated bone and renal diseases, and lead 
the process for answering the 10 final prioritised questions, based on literature review and expert opinion. 

-  Expert clinician group: a group of  up to 25 HIV physicians whose role is to refine and prioritise key clinical 
questions according to their clinical importance, and vote at the international meeting to reach consensus on the 
answers generated by the expert KOLs.

-  Research fellow group: a group of  up to 10 fellows nominated by expert KOLs, who are responsible for a 
comprehensive literature search and report of  the evidence related to one of  the selected prioritised questions.

The exact nature of  these outputs include:

-  A final consolidated report, containing the agreed answers, with supporting evidence.

-  A slide deck summarising the questions; answers and illustrative cases, for onward cascade at a national/
regional level by meeting delegates.

-  A consensus publication summarising the most relevant outcomes of  the programme.

10

Areas of clinical focus in bone and renal disease 
for OSTEO-RENAL EXCHANGE

• Which patients should be screened, and when?

• Which methods should be used? 

• Differential diagnosis – HIVAN vs nephrotoxicity or other causes

• How often should monitoring be performed? – different approaches to patient age, ethnicity, gender

• Frequency of monitoring and relevant risk factors

• Should patients be monitored for nephrotoxicity?

• Changing monitoring schedules in reaction to drug toxicity

• Drug toxicity and bone / renal disease – is there evidence  for avoiding  toxicity / effects on metabolism?

• Do strategies exist for dose reduction in renal insufficiency?

• What are the characteristics of new ART classes regarding renal/bone safety?

• Dynamics of ART-related BMD loss – what happens after the ART initiation period?

• Should HAART be modified through different stages of co-morbidity progression?

• Are there effective preventative strategies that can be adopted for bone and renal disease?

• How  should preventive strategies be modified to suit different risk profiles?


