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Abstract
Chronic viral infections, such as human immunodeficiency virus (HIV), hepatitis 
B (HBV), and hepatitis C (HCV), negatively impact bone health leading to 
osteopenia/osteoporosis and increased bone fragility. This narrative review aims 
to provide a comprehensive overview of the contemporary literature on bone 
changes in patients with chronic viral infections (HIV, HBV, HCV mono-infection, 
and coinfections), focusing on their clinical implications and the importance of 
assessing multiscale bone properties to evaluate bone strength decline in these 
individuals. Previous studies suggest that skeletal alterations in these subjects 
may arise from direct viral effects on bone cells and from indirect mechanisms 
involving systemic inflammation, immune dysregulation, therapy-related effects, 
and distant organ failure (e.g., liver disease). It has been reported that HBV/HCV 
co-infection in people living with HIV produces the most severe phenotype 
through additive inflammatory, hepatic, and metabolic insults. Further, an 
increased risk of developing osteonecrosis of multiple joints has also been 
reported among people living with HIV. Given the limited contemporary data, 
future studies should focus on investigating hierarchical alterations in bone 
structure to deepen our understanding of the complex skeletal changes in patients 
with chronic viral infections, thereby providing a solid foundation for advancing 
clinical management. As the population living with chronic viral infections ages, 
total joint arthroplasty will increasingly become a standard procedure, requiring a 
deeper understanding of how various hierarchical bone morpho-structural 
changes affect implant stability and longevity in these patients.
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Core Tip: Chronic viral infections, such as human immunodeficiency virus, hepatitis B and hepatitis C mono- and 
coinfection, negatively impact bone health leading to osteopenia, osteoporosis, and increased bone fragility at an earlier age. 
However, many questions remain unanswered, underscoring the need for further research into the etiopathogenetic 
mechanisms underlying multiscale determinants of bone strength to guide more effective, personalized treatments and 
preventive modalities for these individuals.
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INTRODUCTION
Osteoporosis is a silent, progressive skeletal condition defined by low bone mineral density (BMD) and altered bone 
microarchitecture, which ultimately predisposes patients to fractures. In an etiopathogenetic sense, two main types of 
osteoporosis have been described: Primary and secondary osteoporosis[1]. Primary osteoporosis is associated with aging 
and declining sex hormones (i.e., postmenopausal osteoporosis), while secondary osteoporosis is caused by systemic 
diseases, organ dysfunctions, substance abuse, toxins, and medications[2,3]. Recent data suggest that secondary oste-
oporosis occurs in up to 30% of postmenopausal women, more than 50% of premenopausal women with osteoporosis, 
and between 50% and 80% of men with osteoporosis[4]. Also, secondary osteoporosis is associated with an increased risk 
of fracture and fracture-related complications[3,5]. Still, it is essential to note that secondary osteoporosis is a hetero-
geneous condition that depends heavily on the type and severity of the underlying condition and/or the therapy causing 
it[6]. Previous studies suggest that people living with human immunodeficiency virus (PLWH) have at least a twofold 
increase in fracture risk compared to the general population[7-9]. Furthermore, some data suggest that hepatitis B virus 
(HBV) infection is associated with significantly higher fracture risk[10], at least in females[11] and aged subjects[12]. 
Similarly, hepatitis C virus (HCV) has been associated with a higher risk of osteoporosis[13,14], with increased fracture 
risk reported in some studies[15,16]. Most importantly, chronic HCV and/or HBV coinfection is an independent risk 
factor for osteoporosis and fractures among PLWH[17], even before the development of end-stage liver disease (viral 
cirrhosis)[18]. Since secondary osteoporosis, bone fractures, and their complications are preventable, it is important to 
understand the factors that contribute to bone health decline in individuals with chronic viral infections. Low BMD and 
increased fracture risk in individuals with human immunodeficiency virus (HIV), HCV, and HBV mono-infection or 
coinfection cannot be fully explained by traditional risk factors (advanced age, low body mass index, smoking, alcohol 
abuse, and glucocorticoid use)[19,20]. Instead, interactions between direct viral effects, chronic immune activation and 
inflammation, antiretroviral therapy (ART), liver disease, endocrine disruption, and alterations in bone microenvir-
onment drive bone fragility and skeletal health impairment in these individuals[8,21]. Furthermore, an increased risk of 
developing osteonecrosis of multiple joints has been reported among PLWH[22]. As this condition often affects younger 
people and may require surgical intervention, it is important to recognize additional risk factors specific to PLWH. With 
the aging of the population living with chronic viral infections, total joint arthroplasty will inevitably become routine 
practice, necessitating consideration of how changes in hierarchical bone morphology affect implant stability and 
longevity[23]. However, many important questions regarding the clinical management of these patients remain 
unanswered, underscoring the need for further research into the etiopathogenetic mechanisms underlying bone strength 
determinants to guide more effective, personalized treatments and preventive strategies in individuals with chronic viral 
infections. It is important to note that the influence of viral infections on the musculoskeletal system may have been 
generally underestimated within the global orthopedic community[24], highlighting the need to raise awareness of the 
implications of chronic viral infections in orthopedics[24].

Thus, this study aimed to provide an overview of the contemporary literature on skeletal changes in patients with 
chronic viral infections (HIV, HCV, and HBV mono- or coinfection), focusing on their clinical implications and the 
importance of using assessment of multiscale bone properties to evaluate bone strength decline in these individuals.

LITERATURE SEARCH STRATEGY FOR THIS NARRATIVE REVIEW
An electronic literature search was conducted in November 2025 and December 2025 using the PubMed/MEDLINE, 
Cochrane, and Web of Science databases. To identify published articles on bone health in patients with chronic viral 
infections, we used the following search terms: “viral infections” OR “HIV” OR “PLWH” OR “Hepatitis C” OR “HCV” 
OR “Hepatitis B” OR “HBV” AND ”bone” OR ”osteopenia” OR “osteoporosis” OR ”fracture” OR ”osteonecrosis” OR 
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“bone mineral density” OR ”BMD” OR ”DXA” OR ”FRAX” OR “bone quality” OR ”bone microarchitecture” OR 
“pQCT”. Three authors independently conducted the literature search. This review included only human studies from 
basic, translational, and clinical fields, written in English. Studies involving pediatric patients living with HIV, HCV, 
and/or HBV were out of the scope of this review. Further, in vitro studies using cell lines to assess the etiopathogenetic 
mechanisms underlying bone alterations associated with viral infections were beyond the scope of this review. Our 
review focused on the evaluation of the postcranial skeleton in patients with HIV, HCV, and HBV infection, meaning that 
dental research in patients with chronic viral infections was not included. In the event of any discrepancies, the dilemma 
was resolved through discussion and all authors agreed on the final pool of studies included in this review.

BONE HEALTH IN INDIVIDUALS WITH CHRONIC VIRAL INFECTIONS: EPIDEMIOLOGICAL 
PERSPECTIVE AND CLINICAL RELEVANCE
Fracture risk in patients with chronic viral infections
Over the past two decades, a significant increase in life expectancy of patients with HIV, HCV, and HBV occurred due to 
major advances in the available treatment options. As a result, a new population of elderly patients with long-term viral 
infections is emerging. Nowadays, it is commonly debated whether bone health is affected in these individuals and 
whether viral infection itself or long-term exposure to antiviral drugs contributes to skeletal decline, revealing key issues 
for the clinical management of bone fragility in these patients[17]. Large epidemiological studies have revealed an 
increased fracture rate in PLWH compared with noninfected individuals[25,26], with a nearly threefold increase observed 
in the Danish register[27]. A most recent meta-analysis reported that 21% of PLWH experienced fragility fractures, 
indicating a significant prevalence of bone-related complications[28]. Overall fracture prevalence of 4.08% vs 0.44% and 
fragility fracture prevalence of 2.66% vs 2.19% have been noted in PLWH compared with controls, revealing relative risks 
for all fractures and fragility fractures of 1.91 and 1.68, respectively[7]. A high prevalence of subclinical vertebral fractures 
has been reported in PLWH (12%-46%)[29,30]. Since prior vertebral fracture [independent of Dual-energy X-ray absorp-
tiometry (DXA) findings] is a risk factor for further fractures, screening with novel vertebral fracture assessment tools 
may help assess fracture risk, especially in osteopenic PLWH[29-31].

Regarding patients with chronic viral hepatitis, studies are also showing an increased risk of low-trauma fractures[32]. 
The DANVIR study[33] found an increased risk for all fracture localizations, with no significant difference between 
chronic and cleared HCV infection. Consistently, population-based analyses in postmenopausal women with HCV report 
a significantly higher predicted 10-year fracture risk (major osteoporotic fracture risk of 11.3% vs 9.0%, and hip fracture 
risk of 3.4% vs 2.3%) compared with HCV-seronegative individuals[34]. HIV/HCV co-infection is linked to a higher risk 
of fractures compared to HIV infection alone, which may only be partly attributable to the severity of liver disease. In a 
systematic review and meta-analysis of 15 studies, fracture incidence was increased (incidence rate ratio 1.77), and 
fracture risk was nearly threefold higher in HIV/HCV coinfected patients compared with uninfected controls[35]. 
Further, studies reported that HIV/HCV coinfection is linked to a 1.2-2.4-fold higher risk compared with HIV mono-
infection, indicating that the detrimental impact of HCV on bone health may occur independently of advanced liver 
disease[18]. Bedimo et al[18] also reported markedly reduced bone turnover markers in HIV/HCV-co-infected patients 
who received pegylated interferon-α and ribavirin. However, it is unknown whether this is a direct effect of interferon or 
a result of HCV viral clearance, and whether the reduction of bone turnover markers will result in improved BMD[17]. In 
contrast, no difference in hip fracture incidence was noted for chronic HBV infection in comparison with the uninfected 
population, while in cases of hepatic decompensation, there was an increased incidence of hip fractures in individuals 
with HBV[10]. Comparable to HCV, patients with HIV/HBV co-infection who are receiving antiviral treatment face a 
higher risk of hip fracture compared to those treated for HIV alone or uninfected individuals[10]. In long-term follow-up, 
tenofovir disoproxil fumarate (TDF) therapy has also been associated with an increased risk of fractures in elderly 
individuals with HBV infection, whereas entecavir demonstrates a more favorable bone safety profile[36].

In summary, contemporary data suggest that clinical fracture risk evaluation is advised for individuals with chronic 
viral infections who exhibit specific clinical indicators (males aged 50 or above, postmenopausal women, and patients 
with prior fragility fractures)[37]. However, distinct universally accepted and applied guidelines for clinical fracture risk 
assessment in patients with chronic viral infections are yet to be established.

Osteodensitometric evidence of skeletal alterations in individuals with chronic viral infections
Large population-based cohorts and meta-analyses consistently demonstrate reduced BMD in patients living with HIV, 
HBV, and HCV infections. These associations are observed in both mono-infection and coinfection settings, with greater 
skeletal impact in coinfected individuals and important implications for long-term morbidity[7,11]. Reduced BMD of the 
lumbar spine and femoral neck, with a higher prevalence of osteoporosis in PLWH compared with uninfected controls, 
has recently been reported[8]. Namely, a cross-sectional cohort study in China[38] (n = 706 PLWH) showed a prevalence 
of low BMD (osteopenia/osteoporosis) of 13.9% overall, which markedly increased to 65.3% in PLWH aged ≥ 50 years 
compared with 38.2% in age-matched controls, which is further supported by conclusion of meta-analysis conducted by 
Chang et al[7]. Identified risk factors include older age, low body mass index, chronic inflammation, immunodeficiency, 
and prolonged ART[38,39]. Previous studies also revealed that most bone loss in PLWH occurs during the early stages of 
the disease and is exacerbated by the ART initiation, highlighting the interplay among the immune system, inflammation, 
and increased osteoclast activity[40]. Namely, multiple studies indicate that ART initiation is associated with 2%-6% 
decline in BMD during the first 1-2 years after starting treatment, particularly at trabecular-rich sites such as the lumbar 
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spine. This effect is most pronounced with TDF-containing regimens and has also been reported with protease inhibitor 
(PIs)-based therapies[3]. Treatment with TDF has been associated with greater decreases in BMD, particularly at the 
lumbar spine (approximately -2.1% vs -0.8% with entecavir), and with a higher prevalence of osteopenia compared with 
entecavir-treated PLWH[41,42]. Switching to tenofovir alafenamide is associated with smaller declines or modest 
increases in spine and hip BMD compared to continued TDF-based therapy in these patients[43]. Thus, current data 
suggest that it may be advisable to avoid using TDF or boosted PIs in PLWH with a high likelihood of skeletal alterations.

Chronic HBV infection is increasingly recognized as a condition accompanied by reduced bone mass. Data from case-
control studies and cohort analyses show that patients with chronic HBV have lower BMD at the lumbar spine and 
femoral neck compared with healthy controls of similar age[17,44]. Large population-based cohort data further 
demonstrate that chronic HBV infection is independently associated with an increased risk of osteoporosis that may occur 
at an earlier age. In a retrospective cohort analysis[11], the 5-year cumulative incidence of osteoporosis was higher in 
HBV patients than in matched controls (2.9% vs 1.6%), with a corresponding hazard ratio of 1.76 for osteoporosis, and a 
more pronounced association was observed in males. Also, chronic HCV infection is associated with reduced BMD and 
an increased risk of osteoporosis, as demonstrated in large population-based cohorts and meta-analyses[11,15]. This 
impact is further supported by findings of DXA studies of treatment-naïve, non-cirrhotic HCV patients, which 
demonstrate lower lumbar spine and femoral neck BMD, particularly among postmenopausal women, supporting HCV 
infection as an independent risk factor for osteoporosis[45]. Still, it is important to note that the direct bone effects of anti-
HCV therapy, including direct-acting antivirals, remain incompletely characterized, as clinical studies have not 
thoroughly examined how direct-acting antiviral-mediated HCV cure affects bone outcomes[46,47]. Furthermore, patients 
with HIV/HCV coinfection have greater reductions in BMD compared with HIV mono-infected or uninfected individuals
[18,35]. In a systematic review and meta-analysis of 15 studies[35], the prevalence of osteoporosis in HIV/HCV coinfected 
patients was approximately 22%, with an odds ratio of 1.63 compared with HIV mono-infection. Recent DXA-based 
studies demonstrate significantly lower BMD and Z-scores in HIV/HCV coinfected individuals compared with controls, 
as well as a higher prevalence of bone demineralization (31.7%) compared with HIV (23.8%) or HCV (7.5%) mono-
infected patients, with more frequent lumbar spine demineralization in HIV/HCV coinfection[48]. Still, data on BMD in 
HBV/HCV coinfection are limited, with only one cross-sectional study demonstrating that HBV/HCV coinfection was 
more strongly associated with reduced BMD than HBV mono-infection, with the association remaining significant only in 
males, not in females[49].

In summary, contemporary data support the notion that chronic viral infections represent a relevant and underre-
cognized cause of secondary osteoporosis, with HIV, HBV, HCV, and their coinfections being associated with clinically 
significant reductions in BMD and increased fracture risk[7,8,11,17,21,38]. However, a substantial proportion of fragility 
fractures occur in individuals with BMD values above osteoporotic thresholds defined by DXA, underscoring the need 
for generating new integrated clinical assessments beyond BMD alone. Optimization of calcium, protein, and vitamin D 
intake has been recommended, with evidence indicating that bone loss at the initiation of ART can be attenuated through 
supplementation with high doses of vitamin D and calcium[40,50]. Recent data indicate that alendronate and zoledronate 
increase BMD and are well tolerated in PLWH[19,51], while raloxifene has been reported to enhance the effectiveness of 
antiviral therapy in postmenopausal women suffering from HCV[52]. This may suggest it could serve as a beneficial 
adjunct to standard antiviral regimens in osteoporotic women with HCV[53], warranting further confirmation.

Risk of osteonecrosis (avascular necrosis) in patients living with chronic viral infections
Apart from osteoporosis and bone fragility, it is important to recognize other specific skeletal abnormalities in individuals 
living with chronic viral infections. One of these is osteonecrosis[54] - an ischemic or cytotoxic necrosis affecting the 
epiphyseal bone, leading to gradual destruction and collapse of the subchondral bone, which can cause secondary 
osteoarthritis[55,56]. It is a debilitating and progressive condition that is most often irreversible without treatment. 
Symptoms vary depending on the affected bone and the stage of the disease. Most patients experience sudden pain as the 
initial symptom. While joint mobility is usually maintained in the early stages, it tends to decline as the disease advances, 
eventually leading to painful joint contracture[56]. Osteonecrosis of the femoral head is the most frequent[22], with the 
humeral head being the second most frequent, followed by the knee, ankle, and elbow joint[57]. When present in PLWH, 
the condition is often bilateral, with multiple joint involvement not uncommon[55,58]. Osteonecrosis is a multifactorial 
condition with known risk factors including systemic corticosteroids, alcoholism, hyperlipidemia, sickle cell anemia, 
coagulopathies, autoimmune disease, obesity, and smoking. Still, PLWH experience symptomatic osteonecrosis more 
frequently than the general population[56], indicating that these individuals may have some additional risk factors for 
osteonecrosis. Indeed, previous studies revealed that dyslipidemia, the use of megestrol acetate and steroids, testosterone 
replacement, vasculitis, anti-phospholipid syndrome, and specific ART treatment, including regimens with PIs, have been 
associated with osteonecrosis in PLWH[22,59]. Various theories have been proposed regarding the development of 
multifocal osteonecrosis in PLWH, including direct damage through necrotizing vasculitis and hyperlipidemia-caused 
ischemia induced by PIs[54]. Further, a significant correlation has been identified between TDF-based regimens and 
osteonecrosis in PLWH, but the exact mechanisms remain to be fully elucidated[59]. In PLWH, osteonecrosis may 
progress rapidly and be accompanied by severe symptoms, often requiring multiple joint replacement procedures, apart 
from non-surgical therapeutic approaches[56]. Previous studies indicate that joint replacement in PLWH is safe and 
effective, with complication risks similar to those in the general population[60,61]. It is important to note that previous 
studies focus on HIV alone[62], while the incidence of osteonecrosis in patients with HCV and HBV mono-infection and 
HIV-coinfection is still unknown, requiring further research.
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MULTI-SCALE ASSESSMENT OF BONE STRUCTURE IN PATIENTS WITH CHRONIC VIRAL INFECTIONS
Contemporary clinical and epidemiological literature indicates that increased bone fragility cannot be captured solely by 
DXA and cannot be explained solely by a decrease in BMD[39,63]. It is well known that only up to one-third of fragility 
fractures are associated with low BMD, and DXA findings cannot explain the remainder[64,65]. Moreover, recent studies 
are suggesting that the clinically common applicable fracture risk assessment tool (FRAX) underestimates fracture risk in 
people with chronic viral infections (especially in HIV and HCV-infected individuals)[66-69]. FRAX overlooks infection-
related factors such as HIV or HCV co-infection, duration of antiviral treatment, nutritional status, frailty, fall propensity, 
and it is not validated for patients under 40. Emerging evidence indicates that a modified FRAX[70], incorporating HIV as 
a secondary cause of osteoporosis, enhances predictive accuracy in clinical practice, which may indicate that applying this 
modified FRAX tool yields more reliable guidance for therapeutic interventions targeting skeletal disturbances associated 
with both the virus and ART. These data support the importance of assessing other factors (especially intrinsic bone 
features, referred to as bone quality[71,72]). Evaluating these bone features is crucial because it may lead to the 
development of new and more effective treatment methods, as some anti-osteoporosis medications have been shown to 
enhance bone strength and reduce fracture risk without elevating BMD[73].

Peripheral quantitative computed tomography (pQCT) is a noninvasive 3D method for the clinical assessment of bone 
microarchitecture at the distal radius and tibia, developed to overcome limitations of DXA[74-77]. Most frequently, recent 
studies have used pQCT to assess bone microarchitecture in PLWH[78-80]. Recently, our team published a detailed 
evaluation of the studies on bone microarchitecture in PLWH[8]. In short, previous studies reported deficits in trabecular 
and cortical bone parameters (e.g., 6%-19% lower volumetric BMD, thinner cortices, reduced trabecular number) in HIV-
infected patients compared to uninfected controls, often independent of areal BMD by DXA, and linked to HIV duration, 
ART (especially tenofovir), and inflammation[74-80]. Thus, in this review, we will focus more on the rare studies 
involving intrinsic bone alterations in individuals with HBV and HCV mono-infections and their coinfections with HIV 
(Figure 1). Pioneering studies[81-83] used bone histomorphometry on transiliac bone biopsy samples to evaluate skeletal 
changes in individuals with chronic HCV or HBV infection. These studies are primarily case reports or small series, with 
exclusive involvement of female patients. Findings in HCV patients center on HCV-associated osteosclerosis, charac-
terized by markedly increased bone turnover with net bone gain (elevated bone volume and osteoid volume, thicker 
trabeculae), and slightly delayed mineralization[81-83]. Moreover, larger pioneering studies were focused on bone 
histomorphometry of transiliac bone biopsy samples from individuals with viral liver disease and liver cirrhosis. A cross-
sectional study by Diamond et al[84] showed reduced trabecular bone volume, due to reduced trabecular thickness, 
coupled with prolonged mineralization lag time and low bone formation rates, noted in 20 individuals with chronic viral 
cirrhosis compared to control individuals. A cross-sectional study by Stellon et al[85], revealed low-turnover osteoporosis 
driven by impaired bone formation, prolonged osteoid maturation, and mild resorption increase in 34 women with 
corticosteroid-treated chronic viral hepatitis. Moreover, Klco et al[86] reported a wide range of bone marrow alterations in 
individuals living with HCV, without correlating these observations with possible skeletal changes. On the other hand, 
bone histomorphometry of transiliac bone biopsy samples from individuals with HBV showed drug-induced (adefovir or 
tenofovir) hypophosphatemic osteomalacia with impaired mineralization and low bone turnover[87]. These findings 
were recently supported by the pQCT study by Wakolbinger et al[88], which involved eight patients with liver cirrhosis 
of viral origin (HCV and HBV). These studies suggest that trabecular bone is preferentially affected due to its higher 
cytokine sensitivity and bone turnover rate, while cortical bone is relatively spared except in advanced liver disease with 
secondary hyperparathyroidism. Some more recent studies consistently demonstrate that individuals with HIV/HCV 
coinfection have mild deficits in trabecular and cortical parameters of distal radius and tibia (lower trabecular bone 
volume, thinner trabeculae, thinner and more porous cortices) compared to HIV-mono-infected or uninfected controls[16,
80]. It is important to note the findings of the latest study[89], which report the absence of significant changes in 
trabecular/cortical microstructure, stiffness, or failure load before and 18 months post-cure in HCV-positive individuals.

Contemporary literature on bone quality alterations in individuals with chronic viral infection is based on small-scale 
cross-sectional studies, which fairly limits the statistical power, warranting further research using large-scale prospective 
studies with specific stratification strategies to reveal the true nature of these changes. Given the scarcity of data in 
contemporary literature (especially in individuals with HBV, Figure 1), future research should prioritize the analysis of 
the internal organization of bone tissue (with distinct focus on the Haversian system and bony lamellae analysis), 
morpho-structural and functional characteristics of bone cells, the compositional evaluation of the mineral and organic 
parts of bone extracellular matrix, and the functional examination of bone marrow to clarify its impact on bone fragility in 
individuals living with HIV, HBV and HCV. The overall significance of these investigations could be enhanced by 
employing multiple advanced techniques to examine various hierarchical structural bone properties within the same 
bone sample from an individual patient[71]. Most importantly, these bone-assessing techniques should be combined with 
computational methods[90,91] to fully describe bone alterations in individuals with chronic viral infections[8]. Ultimately, 
in combination with clinical data, these new findings may lay a solid foundation for the development of personalized 
algorithms to predict fracture risk in these individuals.

LIMITATIONS OF OUR STUDY AND FUTURE DIRECTIONS TO BE EXPLORED
This review has several limitations that should be acknowledged. Our review was restricted to studies published in 
English and available in full text, which may introduce publication bias, indicating that future reviews might benefit from 
searching the literature in other languages to provide a more comprehensive and population-specific overview of the 
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Figure 1 Contemporary literature about skeletal alterations in patients with chronic viral infections (human immunodeficiency virus, 
hepatitis C virus, and hepatitis B virus): Importance of multiscale assessment of bone hierarchical organization. The number of plus signs 
indicates the number of studies present in the literature. The emphasis is put on the relatively low number of studies in patients with hepatitis B virus, and the 
complete absence of small-scale bone studies in patients with chronic viral infections. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency 
virus; BMC: Bone mineral content; BMD: Bone mineral density; NPCs: Non-collagenous proteins.

topic. Since this is a narrative rather than a systematic review, we did not quantify the methodological quality of the cited 
studies and thus did not evaluate publication bias. Moreover, our review extrapolates findings from a limited, hetero-
geneous pool of studies, particularly regarding micro-scale bone features in individuals with chronic viral infections. 
Lastly, a detailed evaluation of studies on the etiopathogenetic mechanisms of skeletal alterations in individuals with 
chronic viral infections would require a more systematic approach and has been previously elaborated in great detail 
elsewhere[8,21,39,92,93]. To avoid repetition of previous work, we should state that these studies suggest that bone loss in 
HIV, HBV, and HCV, and especially its coinfection, is driven by synergistic inflammatory, viral, endocrine, and iatrogenic 
mechanisms that disproportionately target trabecular microarchitecture and osteoclast function, resulting in accelerated 
skeletal fragility at an earlier age than in the general population. Thus, in addition to aging-related bone loss, other 
unique factors contribute to bone loss in individuals with chronic viral infections (Figure 2). It is important to note that 
these etiopathogenetic pathways disproportionately affect trabecular bone due to their high metabolic demands, which 
may explain the findings of previous studies on inter-site differences and the predominance of vertebral fractures in these 
patients[94-97]. In short, bone loss in individuals living with chronic viral conditions results from the convergence of four 
major pathophysiological pathways (Figure 2): Chronic systemic inflammation and immune activation, direct viral effects 
on bone cells, endocrine and metabolic disturbances, and drug-induced mechanisms (ART and historical HCV therapies). 
It has been reported that HIV and HCV core proteins inhibit osteoblast differentiation while promoting osteoclast activity 
by upregulating receptor activator of nuclear factor-κB and pro-inflammatory cytokines [tumor necrosis factor-α, 
interleukin-6 (IL)-6, IL-1β], disrupting the receptor activator of nuclear factor-κB/osteoprotegerin axis, and accelerating 
bone resorption[17,97-100]. Studies revealed that most bone loss in PLWH occurs during the early stages of the disease 
and is exacerbated by the initiation of antiviral therapy, highlighting the interplay among the immune system, inflam-
mation, and osteoclast activity[40]. In patients with chronic HCV infection, persistent arthralgia and bone loss are 
associated with elevated IL-6 and a skewing of mesenchymal stem cell fate toward adipogenesis rather than osteogenesis
[100]. HBV and HIV/HBV co-infection accelerate BMD loss and fractures via insulin-like growth factor 1 deficiency, 
cytokine excess (IL-1, tumor necrosis factor-α), and ART toxicity, with trabecular predominance and males at heightened 
risk[101,102]. Taken together, contemporary literature on the etiopathogenetic mechanisms of bone loss in chronic viral 
infections cannot fully explain the clinical presentation, underscoring the need for further research in the years to come.
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Figure 2 Etiopathogenesis and mechanisms of bone alterations in patients with chronic viral infections. A: Etiopathogenesis; B: Mechanisms. 
HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; Oc: Osteoclasts; Ob: Osteoblasts; Ot: Osteocytes; Nef: Negative factor; Vpr: 
Viral protein R; Tat: Trans-activator of transcription; gp120: Glycoprotein 120; RANKL: Receptor activator of nuclear factor-κB; IL: Interleukins; TNF: Tumor necrosis 
factor; Vit D: Vitamin D; ROS: Reactive oxygen species; ART: Antiretroviral therapy; PIs: Protease inhibitors; TDF: Tenofovir disoproxil fumarate.

CONCLUSION
Skeletal damage is common in individuals living with HIV, HBV, and HCV. Still, the influence of these viral infections on 
the musculoskeletal system may have been underestimated and frequently overlooked. Previous studies have 
contributed to our understanding of skeletal alterations in these individuals, but numerous questions remain un-
answered. Current data indicate that routine DXA screening from age 50, avoidance of ART-related toxicity, and lifestyle 
interventions (healthy diet, balancing vitamin D homeostasis, smoking and alcohol cessation, weight-bearing exercise) 
could mitigate skeletal burden in these individuals. Still, combined with available clinical data, a hierarchical approach to 
evaluating structural bone properties could lay the foundation for developing a patient-specific diagnostic algorithm that 
reliably predicts fracture risk in patients with chronic viral infections (HIV, HBV, and HCV). Lastly, the complex 
multifactorial etiopathogenetic mechanisms underlying skeletal alterations in these patients remain to be fully invest-
igated, potentially laying the groundwork for advancing therapeutic solutions for these individuals.
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