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Introduction
Age is a main determinant of bone fragility, and 
fracture risk exponentially increases after the age 
of 60 years in the general population [Kanis et al. 
2005]. Major advances over the past 20 years in 
treatment of human immunodeficiency virus 
(HIV) and chronic viral liver diseases, hepatitis B 
(HBV) and hepatitis C (HCV), have contributed 
to a significant improvement of health status and 
an increase in the life expectancy of patients with 
these viral infections. As a result, a new popula-
tion of elderly patients, with long-term infections 
of HIV, HCV, or HBV, is emerging. Usual risk 
factors for osteoporosis or fracture are frequently 
reported in these individuals and add to age-
dependent bone loss [Compston, 2016]. It 
remains debated whether these individuals have 

lower bone strength and a higher risk of fracture 
than the general population, and whether viral 
infection itself or long-term exposure to drugs for 
controlling infection also contribute to bone fra-
gility. These are key clinical issues for the man-
agement of bone fragility in these patients. If bone 
fragility is only associated with classical risk fac-
tors of fracture, standard clinical care should be 
considered as in the general population. On the 
other hand, if viral infection or its treatments have 
direct effects on bone health, this should be taken 
into account in the management of HIV and 
chronic viral hepatitis.

In this review, we report recent highlights on the 
epidemiology of bone fragility in patients pre-
senting with HIV, HBV or untreated HCV 
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infections, its pathophysiology and discuss the 
interference of antiviral therapies with bone 
metabolism.

Methods
A literature search of the Medline database was 
used to identify the publications on HIV, HBV or 
HCV infections and bone health up to March 
2016. We searched using the keywords ‘HIV’ OR 
‘hepatitis B’ OR ‘hepatitis C’ AND ‘osteoporosis’ 
OR ‘fracture’ OR ‘bone mineral density’. Many 
more data were published for HIV than for HBV 
or HCV.

Are patients presenting a chronic viral 
infection with HIV, HCV or HBV at higher risk 
of fracture?
It is quite challenging to assess whether HIV, 
HCV or HBV infections increase the risk of fra-
gility fractures, because fracture risk may be 
associated both with a high prevalence of classi-
cal risk factors for fracture in infected individuals 
and also with virus and its treatments. No frac-
ture data are available specifically in elderly pop-
ulations with long-term treatment for HIV, 
chronic HBV or untreated HCV infections. In 
studies investigating fracture risk in chronic viral 
infections, control groups do not match for all 
the potent determinants of fractures linked to 
viral infection itself, patients’ characteristics and 
antiviral drugs. For instance, a study in male vet-
erans showed a higher risk for fracture in HIV-
infected compared with uninfected men. After 
adjusting for body mass index (BMI), which was 
lower in HIV-infected compared with uninfected 
men, HIV infection was no more associated with 
an increased fracture risk in this study [Womack 
et al. 2011]. Registry data with large sample size 
identified an increased fracture rate in HIV-
infected populations compared with uninfected 
controls [Guerri-Fernandez et al. 2013; Hansen 
et al. 2012; Triant et al. 2008]. An almost three-
fold increase in fracture risk has been shown in 
HIV-infected patients compared with that of age- 
and gender-matched uninfected patients in 
Danish registries [Prieto-Alhambra et al. 2014]. 
However, substantial heterogeneity is observed 
in baseline traditional risk factors for fracture and 
data are missing regarding the distinction of fra-
gility fractures versus fractures associated with 
trauma, which may be highly prevalent in  
young infected populations. A number of cohort 
studies reported that HIV-infected people are at 

increased risk of fracture. A meta-analysis of 
these studies, including five controlled studies 
reporting incident fragility fractures, found a 
pooled incidence rate ratio of 1.35 [95% confi-
dence interval (CI) 1.10–1.65] for fragility frac-
ture in HIV-infected adults compared with 
controls [Shiau et  al. 2013]. However, these 
cohort studies with more detailed data included a 
high proportion of young men (i.e individuals 
not at high risk of fragility fractures) in which few 
fracture events were recorded, in most cases self-
reported [Collin et al. 2009; Young et al. 2011]. 
These studies also suffer from a lack of power, so 
that an increased risk of fracture was shown only 
in studies with the highest number of participants 
and longest follow up. For instance, while similar 
fracture incidence rates were initially reported 
among predominantly premenopausal partici-
pants of the Women’s Interagency HIV Study 
with or without HIV infection [Yin et al. 2010], 
follow-up with 5 additional observation years 
(median 10-year follow up) identified a higher 
adjusted fracture rate in middle-aged HIV-
infected women compared with HIV-uninfected 
women [Sharma et al. 2015]. Taken together, it 
appears that HIV-infected individuals have an 
increased risk of fracture, but it remains unknown 
if it is associated with HIV infection itself or a 
pattern of classical risk factors of bone fragility 
shared by the HIV-infected population.

Regarding chronic viral hepatitis, untreated HCV 
infection is associated with higher fracture risk 
[Hansen et  al. 2014; Lo Re et  al. 2012]. HIV/
HCV co-infection is associated with a greater risk 
of fracture than HIV mono-infection, only par-
tially explained by the severity of liver disease [Lo 
Re et al. 2012; Maalouf et al. 2013]. In chronic 
untreated HBV infection, no difference in hip 
fracture incidence was shown compared with 
uninfected patients, except in black populations. 
The risk of hip fracture was however increased in 
patients with hepatic decompensation (i.e. ascites, 
spontaneous bacterial peritonitis, variceal hemor-
rhage, or hepatic encephalopathy) [Byrne et  al. 
2014]. Similarly as for HCV, dually-treated HIV/
HBV co-infection is associated with an increased 
risk of hip fracture compared with treated HIV-
mono-infected and uninfected patients [Byrne 
et al. 2015].

To summarize, HIV and untreated HCV and 
HBV infections with severe liver disease are asso-
ciated with an increased risk of fracture which is 
higher in case of co-infections.
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Are bone mineral density or bone 
microstructure altered by HIV, HCV or HBV 
chronic infections?
Cross-sectional studies have shown that HIV-
infected patients have low bone mineral density 
(BMD) and microstructural bone alterations 
associated with a higher bone resorption, inde-
pendent of sex, age and gonadal status (Table 1) 
[Biver et  al. 2014; Bolland et  al. 2015; Calmy 
et  al. 2013; Yin et  al. 2013, 2014]. Although 
BMD is only 3–5% lower in patients infected 
with HIV than in uninfected patients in most 
cross-sectional studies, differences in bone corti-
cal and trabecular microstructure parameters 
may approach 20% between long-term HIV-
infected men and controls matched for age and 
BMI [Biver et al. 2014]. Concerning chronic viral 
hepatitis, untreated young patients (4–21 years 
old) with chronic HBV and HCV infection do not 
have a lower BMD than healthy patients [Mora 
et al. 2014]. A cross-sectional study showed that 
hepatitis B surface antigen (HBsAg) seropositiv-
ity in adult men was significantly associated with 
lower BMD [Baeg et al. 2016]. Regarding chronic 
hepatitis C, reduced BMD values were reported 
in untreated HCV-infected patients in some stud-
ies [Gaudio et  al. 2012; Lin et  al. 2012; Orsini 
et al. 2013], but inconsistently [Pelazas-Gonzalez 
et al. 2013].

Pattern and determinants of bone loss in 
HIV, HCV and HBV-infected patients
Bone loss in chronic viral infections is the result of 
the cumulative and time-dependent interactions 
between patient’s classical risk factors for osteo-
porosis, viral load and associated inflammation, 
and antiviral drug regimen (Figure 1). While 
cross-sectional studies do show lower BMD in 
HIV-infected patients compared with controls, 
longitudinal studies show a high proportion of 
virus-suppressed HIV-infected patients with 
increasing or stable BMD following 1–2 years 
after initiation of antiretroviral therapy (ART) 
[Bolland et al. 2015; Escota et al. 2016].

Patients’ risk factors for osteoporosis
In wealthy countries, classical risk factors for 
osteoporosis and fragility fractures may be preva-
lent in patients infected with HIV, HCV and 
HBV (depending on the transmission route): low 
body weight, poor nutrition, smoking habits, 
alcohol consumption, opioids or antidepressive 
drug use, liver diseases, hypogonadism and frailty 

[Compston, 2016]. This suggests that HIV, HCV 
and HBV infections may be markers of lifestyle 
and health associated with risk factors for low 
BMD. This hypothesis is well illustrated in stud-
ies showing low BMD in homosexual men before 
or soon after the diagnosis of HIV and in studies 
on pre-exposure prophylaxis with ART [Grijsen 
et al. 2010, 2013; Liu et al. 2011]. In addition, 
cross-sectional studies showing lower BMD in 
HIV-infected patients compared with age- and 
sex-matched noninfected controls showed a par-
allel lower body weight. Adjustment for between-
group differences in bodyweight results in a 
remaining BMD difference of only 2% between 
groups [Bolland et al. 2015]. Some of these risk 
factors are influenced by the virus and its treat-
ment. In particular, body weight loss, which is 
common in untreated HIV infection, is usually 
reversed over subsequent years after ART initia-
tion (Table 2).

Chronic inflammation
Whether bone loss may also be linked with  
virus-associated chronic inflammation has been 
investigated in ART-naïve HIV-infected adults. 
High-sensitivity C-reactive protein and interleu-
kin-6 levels are elevated in HIV-infected patients 
[Neuhaus et al. 2010]. BMD loss associated with 
higher interleukin-6 levels has been observed in 
ART-naïve HIV-infected adults compared with 
noninfected patients [Hileman et  al. 2014]. A 
positive association between low BMD and time 
since HIV diagnosis has been reported in ART-
naïve HIV-infected adults, but without associa-
tion with CD4 cell count or viral load [Carr et al. 
2015], highlighting the importance of traditional 
risk factors for bone loss in these populations. 
Low BMD values have also been associated with 
longer time since HIV diagnosis in HIV-infected 
treated individuals, without association with 
treatment variables and cumulative exposure to 
ART [Cotter et al. 2014].

Antiviral drugs
It might be expected that viral load suppression 
with antiviral drugs decreases bone loss associ-
ated with chronic viral inflammation. All HIV-
infected patients initiating ART present an 
accelerated BMD loss of about 2% at the spine 
and the hip, in comparison with patients to whom 
ART is deferred [Bolland et al. 2015]. Bone loss 
is associated with an increase of bone resorption 
markers. In addition, a biphasic pattern of BMD 
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change is observed after ART initiation in HIV 
infection: a short-term decrease of 2–4% in BMD 
at the hip and spine that occurs mainly within the 
first year of treatment, followed by a stability of 
BMD thereafter [Bolland et al. 2015]. Thus, the 
magnitude of bone loss after ART initiation is 
quite small (for comparison, post-menopausal 
bone loss is about 1% per year). Moreover, the 
degree of BMD loss varies according to the ART 
regimens.

The decrease in BMD is greater when the initiat-
ing regimen containing tenofovir is compared 
with a regimen with nucleoside reverse tran-
scriptase inhibitors (NRTIs) [McComsey et  al. 
2011; Stellbrink et al. 2010] or when switching to 
tenofovir rather than to NRTI [Cotter et al. 2013; 
Haskelberg et al. 2012; Rasmussen et al. 2012]. 
BMD loss is also observed when tenofovir is used 
in the absence of HIV infection [Mulligan et al. 
2015]. After the initial BMD decline, BMD is 

however also stabilized in long-term regimens 
containing tenofovir, and limited to a 2–4% 
decrease from baseline after 3 years [Cassetti et al. 
2007; Gallant et al. 2004]. In the setting of hepa-
titis B, the effect of tenofovir on BMD remains 
unclear and poorly investigated [Maggi et  al. 
2015; Tien et  al. 2015]. Conversely, tenofovir-
sparing regimens with integrase inhibitor in ART-
naïve HIV-infected adults are associated with 
lower BMD loss than with tenofovir-containing 
regimens [Bernardino et  al. 2015]. In treated 
virologically-suppressed HIV-infected patients, 
switching from tenofovir- to abacavir/lamivudine-
containing regimens is associated with a decrease 
in bone turnover markers [Wohl et al. 2016]. In 
addition to the increase in bone resorption, the 
use of nucleotide analogues such as tenofovir and 
adefovir has been associated with rare cases of 
proximal renal tubular toxicity and hypophos-
phatemic osteomalacia, which may contribute to 
bone alterations seen with HIV and hepatitis B 

Figure 1. Interactions between patient-related, virus-related and antiviral drug-related determinants of 
fracture risk in HIV and hepatitis B and C infections.
Patient-virus interaction: risk factors for fractures are highly prevalent in HIV/HCV/HBV-infected patients. Some patient’s 
lifestyle characteristics may be risk factors for virus infection (for instance, drug abuse and HCV). Virus infection may induce 
comorbidities which may have a direct negative effect on bone and fall risk, will further impair nutritional status and will 
induce loss of weight.
Patient-antiviral drug interaction: antiviral drugs may improve patient’s health status, but some of them may have toxicity 
which affects bone metabolism and the risk of fall.
Virus-antiviral drug interaction: antiviral drugs decrease viral load and restore the consequences of viral infection on 
inflammation, immunity and liver metabolism. Efficacy of antiviral drugs may vary according to virus resistance and patient 
adherence to treatment.
BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus.
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treatments [Hall et al. 2011]. Considering the risk 
of tenofovir-related renal or bone toxicity, a novel 
tenofovir prodrug, tenofovir alafenamide (TAF), 
has been developed to reduce tenofovir plasma 
concentrations by 90% compared with the classi-
cal prodrug tenofovir disoproxil fumarate (TDF). 
Similar virologic efficacy has been demonstrated 
with these two tenofovir prodrugs. In treatment-
naïve HIV-infected patients, BMD loss is attenu-
ated in patients receiving a TAF-containing 
regimen compared with a TDF-containing regi-
men [Gallant et  al. 2016; Sax et  al. 2015]. 
Switching from a TDF-containing to a TAF-
containing regimen has been shown to be nonin-
ferior for maintenance of viral suppression and 
leads to preserved BMD and renal function [Mills 
et al. 2016].

In addition to tenofovir-containing regimens, 
BMD loss seems to be greater in protease inhibi-
tor-containing regimens and correlates with the 
duration of treatment with this ART class [Brown 
et al. 2015b; Duvivier et al. 2009]. Discontinuation 
of protease inhibitors allows recovery of BMD, 
especially in the lumbar spine [Kinai et al. 2014]. 
Efavirenz, a popular first-line drug from the  
nonnucleoside retrotranscriptase inhibitor, is 
associated with a decrease in vitamin D levels and 
an increase in the risk of vitamin D deficiency 
[Havers et al. 2014; Wohl et al. 2014]. The mech-
anism of efavirenz’s effect on vitamin D has been 
linked to modulation of various cytochromes and 
enzymes involved in the inactivation or activation 
of vitamin D, or possibly of vitamin D binding 
protein [Havers et al. 2014].

Oral nucleoside or nucleotide analogs are also 
widely used long-term to treat chronic hepatitis 
B. Few data are available on the bone safety pro-
file of these treatments in a non-HIV related con-
text. TDF-exposed patients with chronic hepatitis 
B have reduced BMD at total hip compared with 
non-TDF-exposed patients with chronic hepatitis 
B [Gill et  al. 2015]. In studies of cohorts with 
chronic hepatitis B, the incidence of hip fracture 
is low and does not differ between treated and 
untreated patients [Porcelli et  al. 2014; Wong 
et  al. 2015]. However, exposure to nucleotide 
analogues increased the risk of hip fracture com-
pared with nucleoside analogs [hazard ratio 
(HR) = 5.69; 95% CI: 1.98–16.39; p = 0.001], 
suggesting that tenofovir-containing treatments 
may also slightly increase the risk of hip fracture 
in the context of chronic hepatitis B [Wong et al. 
2015].

Concerning HCV treatment, no significant bone 
loss was observed with treatment with ribavirin in 
patients who underwent an orthotopic liver trans-
plantation for HCV-related cirrhosis [Trombetti 
et  al. 2002]. A recent study reported that bone 
turnover markers in HIV/HCV-co-infected 
patients controlled for HIV, and who received 
pegylated interferon-α and ribavirin, were mark-
edly reduced [Bedimo et al. 2016]. However, it is 
unknown whether this is a direct effect of inter-
feron or a result of HCV viral clearance, and 
whether the reduction of bone turnover will result 
in improved BMD. Treatment of chronic hepati-
tis C has recently been enriched with oral inter-
feron-free therapies including the hepatitis C 
nucleotide inhibitor, sofosbuvir, in a combination 
regimen with ribavirin; nonstructural protein 5A 
inhibitors, ledipasvir, daclatasvir and ombitasvir; 
the protease inhibitor simeprevir and the ritona-
vir-boosted protease inhibitor paritaprevir; and 
the nonnucleoside inhibitor, dasabuvir. The 
impact of these direct-acting agents on bone 
health has not been evaluated up to now. It is 
unknown if an increase of bone turnover and 
bone loss at initiation will be observed similarly as 
for ART initiation in HIV-infected patients, and 
if the potential bone toxicity would be reversible 
after treatment discontinuation. In this context, 
studies investigating the effect of new interferon-
free regimens on bone are highly warranted.

Pathophysiology of increased bone 
resorption and bone loss in the course of 
HIV infection
The mechanisms of the increase of bone resorp-
tion during HIV infection have recently been elu-
cidated (Table 2). HIV-transgenic rats reproduce 
the pattern of bone and fat metabolism observed 
in HIV-infected patients. These rats are character-
ized by a decrease in BMD, an increase in bone 
resorption with normal bone formation, and a 
decrease in BMI (weighing 21% lower than  
controls, without a difference in food and water 
consumption). In this animal model, an up- 
regulation of RANKL expression by B-cells has 
been observed, compounded by a simultaneous 
decline in expression of its physiological modera-
tor, OPG [Vikulina et al. 2010]. Similar observa-
tions were found in ART-naïve HIV-infected 
patients in which B-cell RANKL/OPG ratios 
correlated with total hip and femoral neck BMD, 
suggesting that B-cell dysregulation promotes 
HIV-induced bone loss through an imbalance in 
the RANKL/OPG ratio [Titanji et  al. 2014].  
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In addition, initiation of ART (lopinavir/ritona-
vir plus TDF/emtricitabine) in these patients 
induces a rapid increase in bone resorption mark-
ers carboxy-terminal collagen crosslinks (CTX) 
followed by an increase in RANKL and tumor 
necrosis factor (TNF)-α levels which positively 
correlates with the magnitude of CD4R T-cell 
repopulation [Ofotokun et  al. 2016b]. Based  
on these data, it has been hypothesized that 
ART-induced T-cells restoration and immune 
reactivation leads to the production of the osteo-
clastogenic cytokines RANKL and TNF-α by 
T-cells and B-cells. These cytokines would con-
tribute to osteoclast formation and activation, to 
the increase of bone resorption and consequently 
to bone loss [Ofotokun et al. 2015].

Management of bone health in patients 
infected with HIV, HBV or HCV

Assessment of fracture risk
Fracture risk increases with age. Similarly as in 
the general population, fracture risk should be 
assessed in the context of HIV or viral hepatitis in 
individuals who have clinical risk factors for frac-
ture, particularly in men aged ⩾50 years and 
postmenopausal women or patients with a his-
tory of fragility fracture [Brown et  al. 2015a]. 
Beyond DXA, FRAX is currently the main tool 
used to assess fracture risk in the general popula-
tion [Kanis et al. 2008]. However, it has not been 
validated for patients under 40 years-old and in 
the context of HIV or viral hepatitis infection. It 
has been proposed to consider HIV as a cause of 
secondary osteoporosis when calculating FRAX 
in HIV-infected individuals. Accuracy of FRAX 
to predict fracture improves when HIV is 
included as a cause of secondary osteoporosis, 
but only a small proportion of HIV-infected indi-
viduals who sustain incident fractures reach a 
suggested FRAX threshold for pharmacological 
intervention with anti-osteoporotic drugs [Yin 
et  al. 2016]. This can be explained by the fact 
that FRAX does not incorporate some risks that 
are specific to viral infection (co-infection HIV/
HCV, duration of antiviral exposure) or risks 
that are predominant in patients with chronic 
viral infections (such as poor nutrition, frailty or 
risk of fall). Thus, clinicians should take into 
account the complex interactions between 
patient, virus and antiviral drug-related determi-
nants of fracture risk for the management of bone 
health in HIV, HBV and HCV infections for each 
patient individually. The longitudinal pattern of 

bone loss, especially the transient accelerated 
bone loss after ART initiation in HIV infection, 
should also be kept in mind. A high prevalence of 
subclinical vertebral fractures has been reported 
in HIV-infected patients (12–46%), indepen-
dently of BMD status [Gazzola et  al. 2015; 
Porcelli et  al. 2014; Stephens et  al. 2016]. As 
prior vertebral fracture is a risk factor for subse-
quent fracture, screening of vertebral fractures 
with vertebral fracture assessment (VFA) con-
comitantly with DXA may help to assess fracture 
risk, especially in osteopenic patients [Damiano 
et al. 2006].

Prevention and management of fracture risk
Management of patients should focus on modifi-
able risk factors, especially nutritional status, 
toxic habits, promotion of physical activity and 
prevention of falls. It has been recommended to 
avoid TDF or boosted protease inhibitors in 
patients at high risk of fracture [Brown et  al. 
2015a]. An alternative may be considering TAF-
containing regimens. BMD loss in the setting of 
HIV infection on ART is preventable [Overton 
et al. 2015; Pinzone et al. 2014]. Optimization of 
calcium, protein and vitamin D intake is recom-
mended. This is supported by a recent rand-
omized controlled study in ART-naïve 
HIV-infected adults showing that supplementa-
tion with high-dose vitamin D and calcium (4000 
IU of cholecalciferol daily plus 500 mg of calcium 
carbonate twice daily) attenuates bone loss at ini-
tiation of efavirenz/emtricitabine/TDF [Overton 
et al. 2015]. Alendronate and zoledronate increase 
BMD and are well tolerated in HIV-infected 
patients, but no study in the context of HIV or 
viral hepatitis infection was designed to demon-
strate a reduction of fracture with bisphospho-
nates [Pinzone et al. 2014]. A single dose of 5 mg 
zoledronic acid administered at ART initiation 
prevents ART-induced bone loss through the  
first 48 weeks of ART [Ofotokun et  al. 2016a]. 
Interestingly, it has been shown that BMD 
response to alendronate in HIV-infected patients 
is greater in those with higher baseline CTX and 
TNF-α levels, although the levels of OPG, 
RANKL or inflammatory markers do not change 
with alendronate treatment [Natsag et al. 2016]. 
There are no data on the efficacy and safety of 
raloxifene, denosumab or teriparatide in HIV and 
chronic viral hepatitis infections. It has been 
shown that raloxifene improves the efficacy of 
antiviral treatment of postmenopausal women 
with chronic hepatitis C, suggesting that it may be 
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of potential interest as an adjuvant to the antiviral 
treatment in osteoporotic women with chronic 
hepatitis C. This rationale is based on a potential 
positive interaction between estrogen levels and 
the virologic response of hepatitis C to antiviral 
treatment [Furusyo et al. 2012]. Lastly, consider-
ing the role of the upregulation of the RANKL 
pathway in HIV- and ART-associated bone loss, 
denosumab may be an interesting treatment in 
this context; data on its efficacy and safety in this 
context are highly warranted.

Conclusion
The impact of long-term infection with HIV, 
HBV and untreated HCV on bone results in a 
complex interaction between highly prevalent risk 
factors for bone fragility and fall in infected 
patients, virus activity and antiviral drugs. The 
majority of bone loss occurs in patients with virus 
activity and at early stage on antiviral therapy, 
illustrating the crosstalk between the immune sys-
tem, inflammation and RANKL/OPG regulation 
of osteoclast activity and bone resorption. 
However, long-term HIV-infected elderly patients 
on successful ART display a certain degree of 
bone microstructure alterations only partially 
captured by DXA. In addition to registries stud-
ies, increased fracture rate is now depicted in 
observational studies with long-term follow up of 
HIV-infected patients. Co-infection of HIV/HCV 
increases the risk of fracture and the risk of frac-
ture in chronic hepatitis B seems mainly associ-
ated with the degree of hepatopathy. Whether the 
implementation of TAF to reduce tenofovir 
plasma concentrations and toxicity will contrib-
ute to reduced fracture risk in long-term HIV-
treated patients remains to be investigated, in 
addition to the interest of denosumab to target 
the RANKL pathways which seem upregulated in 
the pathophysiology of HIV-related bone loss. 
Moreover, it remains unknown to what extent the 
new oral interferon-free therapies of chronic hep-
atitis C, including nucleotide inhibitors and pro-
tease inhibitors, may affect bone health similarly 
as with ART in HIV.
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