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Abstract
Life expectancy of people living with HIV (PLWH) is reaching similar length as in the general population. Accordingly,
age-related comorbidities, including osteoporosis, are increasing. Fracture risk is higher and increases approximately
10 years earlier in PLWH. Classical risk factors of bone fragility are highly prevalent in PLWH but factors specific for
HIV infection itself and the type of antiretroviral therapy (ART) (triple combination antiretroviral therapy) regimen
(especially tenofovir and protease inhibitors) also contribute to bone loss. The majority of bone loss occurs during virus
activity and at initiation of ART (immune reconstitution) and is associated with an increase of bone resorption (upregu-
lation RANKL). Recent data indicate that calcium and vitamin D supplements as ART initiation lower BMD loss. The
reduction of tenofovir plasma concentrations with tenofovir alafenamide attenuates BMD loss but it remains unknown
whether it will contribute to reduce fracture risk. Hence, special considerations for the management of bone fragility in
PLWH are warranted. Based on the current state of epidemiology and pathophysiology of osteoporosis in PLWH, we
provide the consensus of the Swiss Association against Osteoporosis on best practice for diagnosis, prevention, and
management of osteoporosis in this population. Periodic assessment of fracture risk is indicated in all HIV patients and
general preventive measures should be implemented. All postmenopausal women, men above 50 years of age, and patients
with other clinical risk for fragility fractures qualify for BMD measurement. An algorithm clarifies when treatment with
bisphosphonates and review of ART regimen in favour of more bone-friendly options are indicated.
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Introduction

Currently, there are an estimated 15,000 to 20,000 people
living with HIV infection (PLWH) in Switzerland (prevalence
0.24% of the 8.42 million Swiss residents), with roughly 550
registered incident cases every year, corresponding to an inci-
dence of 6.4 per 100,000 inhabitants in 2016 [1]. Residual life
expectancy of a 20-year-old PLWH enrolled in the Swiss HIV
Cohort Study (SHCS), a prospective longitudinal research
effort that includes the majority of PLWH residents in
Switzerland, has increased from 11.8 years in 1988–1991 to
54.9 years in 2006–2013, resulting in a life expectancy similar
to the one in the general population [2]. The proportion of
PLWH aged above 50 years old is increasing, reaching more
than 50% in the SHCS participants in 2016 (unpublished data)
or in the USA [3]. This development reflects the continuous
improvement of efficacy of anti-HIV treatment options, par-
ticularly since the introduction of triple combination antiretro-
viral therapy (ART) in 1996. Accordingly, the proportion of
PLWH older than 50 years has steadily increased [4]. It is
likely that the proportion of elderly PLWH in the Swiss HIV
population has grown further in the meantime. Consequently,
an increasing number of patients suffer from common age-
related comorbidities such as type 2 diabetes, non-AIDS can-
cerous diseases, cardiovascular disease, and osteoporosis.
Like in the general population, the incidence rates of osteopo-
rosis and fractures in the HIV population increased with age
[5]. Prevalence of low bone mineral density (BMD), osteopo-
rosis, and fractures is higher than in the general population,
owing to high prevalence of classical risk factors associated
with osteoporosis among PLWH as well as specific risk fac-
tors related to HIV infection itself and ART [6, 7]. Therefore,
special considerations for treatment of osteoporosis in PLWH
are warranted. In this article, we summarise the current state of
epidemiology and pathophysiology of osteoporosis in PLWH
and present the position of the Swiss Association against
Osteoporosis (SVGO/ASCO) on best practice for diagnosis,
prevention, and management of osteoporosis in HIV-infected
patients.

Risk factors of osteoporosis and bone fragility
in PLWH

Bone fragility in PLWHmay reflect overrepresentation of tradi-
tional risk factors of osteoporosis such as smoking, alcohol
abuse, drug use, low body mass index (BMI), and high preva-
lence of vitamin D deficiency coupled with effects of long-term
HIV infection, continued immune dysfunction, and ART-
induced toxicities (Table 1) [7, 8]. In addition, some endocrine
diseases that negatively influence bone metabolism, such as
hypogonadism in men, are highly prevalent in PLWH [9].
Sarcopenia may also contribute to the risk of fracture in

PLWH [10]. Recently, frailty has been identified as additional
risk factor for low BMD in HIV-positive women and osteopo-
rosis in HIV-infected men [11]. Disease-specific risk factors
include direct impact of HIV and chronic inflammation and
ART-specific side effects on BMD as well as a high prevalence
of co-infection with HCV, which translates into higher risk of
osteoporosis [12]. Both permanently elevated levels of pro-
inflammatory cytokines and toxic effects of certain viral proteins
on bone metabolism result in bone loss as a consequence of
increased bone resorption [13–15]. In the START study HIV
population (median age 32 years, 80% non-white, 26% wom-
en), the annual decline of hip BMD in ART-naïve adults was
0.3–0.6%, which is only slightly higher as expected in the gen-
eral population [16]. Indeed, annual loss of BMD at the hip and
lumbar spine for premenopausal women as well as men aged
below 50 years is approximately 0.15–0.4% [17]. A moderate
direct impact of HIV infection on BMD is thus supported. It is
likely that HIV-related and menopause-induced BMD declines
are additive in middle-aged women infected with HIV [13, 18].

BMD changes at ART initiation and clinical
significance

Additionally, BMD of PLWH is affected by ART (Table 2). A
decline in BMD following ART initiation occurs within the
first year independently of the regimen, with bone loss being
more pronounced when starting a regimen containing
tenofovir disoproxil fumarate (TDF) either in HIV-infected
patients or in HIV-uninfected patients using this drug as a
chemoprophylaxis (PreP) [19–21]. The role of boosted prote-
ase inhibitor in bone loss has been demonstrated in small
studies [22–24]. A recent drug class, the integrase inhibitors,

Table 1 Risk factors of osteoporosis and bone fragility in PLWH

Traditional risk factors HIV-related risk factors

Age Antiretroviral therapy

Caucasian race Hepatitis C or B co-infection

Low BMI Immune system modulation

Prior low-trauma fracture Viral proteins

Parents history of hip fracture Chronic inflammation

Poor nutrition (low calcium
and protein intakes)

Drugs use

Vitamin D deficiency

Menopause and male hypogonadism

Alcohol abuse

Tobacco use

Low physical activity

Glucocorticoids

Proton pump inhibitors

Comorbidities
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seems to lower the effect of bone loss as compared to both
booster protease inhibitors [25].

The extent of initial bone loss (2–4%) is similar to the one
induced by oral glucocorticoids [19, 26]. Increased bone re-
sorption within the first 1–2 years is followed by stabilisation,
which makes bone loss transient in nature, possibly associat-
ed with immune reconstitution [19]. A recent longitudinal
study found no difference in BMD decline between HIV-
positive and HIV-negative patients, the only factor associated
with greater BMD decline in HIV-positive patients being
ART initiation within the previous 3 months [27]. The
START study, a randomised clinical trial comparing BMD
dynamics in HIV patients who either received immediate or
deferred ART, found an annual BMD decline of 2% at both
the hip and spine in HIV patients who received immediate
ART (vs. a decline of 0.3–0.6% in patients in the deferred
ART study arm) [16], suggesting that contribution of ART or
immune reconstitution to BMD decline is greater than that of
HIV infection itself. A cross-sectional study of bone health in
elderly long-term HIV-infected men under successful ART
(median ART duration 15 years) revealed spine and hip areal
BMD values only 3–7% lower than in age-matched non-in-
fected case controls. Furthermore, altered bone microstructure
in both trabecular and cortical bones were observed [28]. In
summary, these data reinforce the statement of a transient, not
sustained effect of ART on bone loss.

However, BMD loss at ART initiation is not unavoidable,
and clinical trials have shown that some interventions, in par-
ticular vitamin D and calcium supplements, can prevent early
initial bone loss. In a randomised controlled clinical trial that
followed 165 PLWH over 48 months, supplementation with
4000 IU/day cholecalciferol and 500 mg of calcium carbonate
twice daily attenuated bone loss related to initiation of
efavirenz/emtricitabine/TDF [29]. In another randomised con-
trolled trial in HIV-infected youth aged 16–24 years on stable
TDF-containing ART regimens, spine BMD significantly in-
creased over 48 weeks in the intervention group receiving
monthly 50,000 IU vitamin D3 plus multivitamin (containing
daily vitamin D 400 IU and calcium 162 mg), but not in the
control group receiving placebo plus multivitamin [30].
Another phase 2 study showed that a single dose of zoledronic
acid administered at ART initiation prevented ART-induced
bone loss through the first 48 weeks of ART [31].

TDF-induced BMD decline may also be attenuated or even
improved by a switch to other drugs such as abacavir or an
integrase inhibitor, or by a switch to alternative tenofovir
prodrug tenofovir alafenamide (TAF) [32–34]. In contrast to
TDF, TAF acts target-specifically with intracellular activation
of the prodrug in infected immune cells with lower concentra-
tions of circulating tenofovir and similar antiviral efficacy
[35]. A meta-analysis of clinical studies comparing efficacy
and safety data of TDF versus TAF in ART-naïve patients or

Table 2 Classes and mechanisms of action of antiretroviral therapies on bones

ART class Main drugs Specific bone toxicity Common bone toxicity

Nucleos(t)ide
reverse-transcriptase
inhibitors (NRTIs)

ABC abacavir - TDF associated with greater loss of BMD than
other NRTIs.

- TDF also associated in some patients with renal
tubulopathy and urine phosphate wasting.

- Smaller BMD decline with TAF than with TDF,
thanks to target-specific intracellular activation
of the prodrug in infected immune cells and
lower concentrations of circulating tenofovir.

- TDF-induced BMD decline attenuated by a switch
to abacavir or TAF.

- Decrease in BMD observed after
the initiation of any ART regimen.

- Increase of bone resorption
associated with immune
reconstitution.

- Subsequent stabilisation
with continued use.

ZDV zidovudine
d4T stavudine
ddI didanosine
3TC lamivudine
FTC emtricitabine
TDF tenofovir disoproxil

fumarate
TAF tenofovir

alafenamide
Non-nucleoside

reverse-transcriptase
inhibitors (NNRTIs)

EFV efavirenz - EFVassociated with lower vitamin D levels
via a modulation of various cytochromes and
enzymes involved in activation or deactivation
of vitamin D or vitamin D–binding protein.

ETV etravirine
NVP nevirapine
RPV rilpivirine
DOR doravirine

Protease inhibitors (PIs) ATV atazanavir - PIs associated in some studies only with greater
loss of BMD than other ART class.DRV darunavir

Boosting RTV ritonavir (used
as booster=/r)

COBI cobicistat (used
as booster=/c)

Fusion inhibitor (FI) ENF enfuvirtide
Integrase strand transfer

inhibitor (INSTI)
RAL raltegravir - TDF-induced BMD decline attenuated

by a switch to INSTI.DTG dolutegravir
EVG/c elvitegravir
BIC bictegravir

CCR5 Inhibitor MVC maraviroc

ART, antiretroviral therapies; BMD, bone mineral density. Only currently used and upcoming ART in Switzerland is reported
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patients switching from a TDF-containing to an equivalent
TAF-containing regimen favoured TAF. Significant differ-
ences in BMD at the hip and spine after 2 years were observed
(− 2.4% and − 2.0% for TDF, respectively vs. + 0.07% and −
0.06% for TAF, respectively), while discontinuations due to
bone toxicities were not significantly different [36]. However,
a recent study in virologically suppressed HIVadults showed
that the magnitude of BMD improvement was lower in pa-
tients switching from TDF to abacavir or raltegravir than in
patients with annual 5-mg zoledronic acid added to TDF [37].
In addition, there is currently no data showing that initiating or
switching to a bone-protective ART regimen lowers fracture
incidence in PLWH.

For clinical interpretation of BMD changes associated with
ART initiation or with switch to a bone-protective regimen in
PLWH, various scenarios are presented in Fig. 1. It should be
noted that these changes (± 2–5% BMD) have relatively little
impact on fracture risk calculated by FRAX® compared to
clinical risk factors at baseline. Therefore, it is a matter of
debate whether the magnitude of these BMD changes is clin-
ically significant in terms of actual increased fracture risk be-
yond the traditional underlying risk factors of bone fragility.

Pathophysiology of bone fragility in PLWH

Virus-associated and ART-related factors as well as the pa-
tient’s clinical risk factors jointly contribute to bone fragility
in PLWH, which is mainly characterised by an increase of
bone resorption (reviewed in [7]). Experiments using an
HIV-transgenic rat model reflecting the human disease in
terms of BMD decline, elevated bone resorption, and lower
BMI revealed osteoclast activation by enhanced production of
receptor activator of nuclear factor kappa-B ligand (RANKL)
by B cells accompanied by downregulation of antagonist
osteoprotegrin (OPG) expression [38]. In line with these re-
sults, correlations of RANKL/OPG ratio and BMD at hip and
femoral neck (but not spine) were observed in treatment-naïve
HIV-infected patients. RANKL/OPG imbalances were likely
caused by virus-induced B cell dysregulation as reflected in
changes in RANKL- and OPG-expressing B cell subpopula-
tions [39]. Osteoclast activation could be further driven by
elevated RANKL levels induced by increased concentrations
of pro-inflammatory cytokines (interleukins (IL) 1 and 6, tu-
mour necrosis factor α (TNF-α)) as a consequence of HIV-
related chronic inflammation. Furthermore, osteoblast and os-
teoclast activity was found to be directly affected in vitro by
virus proteins (reviewed in [13, 24, 40]).

The details of the impact of ART on bone resorption still
remain incompletely understood. Depending on the ART reg-
imens in which TDF was used, bone effects of variable mag-
nitude were observed, with efavirenz/emtricitabine/TDF be-
ing less toxic towards bone than TDF administered with a PI

or cobicistat [4]. Drug-induced immune reconstitution
emerged as an important factor. Initiation of lopinavir/
ritonavir combined with TDF/emtricitabine was found to re-
sult in a surge in CTX, RANKL, and TNFα plasma levels. It
has been hypothesised that these osteoclastogenic cytokines
would be produced by B and T cells as a response to recon-
stitution of the CD4+ Tcell subpopulation with ART initiation
[41, 42]. Whether ART, especially TDF, has direct effects on
bone metabolism is less clear. A role for tenofovir plasma
concentration is supported by the fact that lower tenofovir
plasma concentration using the tenofovir prodrug TAF has
been found to be favourable in terms of toxicity towards both
the kidney and bone [34, 43]. In addition to its contribution
to immune reconstitution, TDF-related bone loss has been
associated to renal phosphate wasting caused by the toxic-
ity of high tenofovir plasma concentrations towards renal
proximal tubular cells [34, 44, 45]. However, clinical re-
search aiming to characterise the role of TDF-mediated
renal phosphate wasting has produced contradictory re-
sults: while a longitudinal study of 90 HIV-infected pa-
tients on TDF-containing ART did find a statistically sig-
nificant relationship of phosphaturia and BMD at the fem-
oral neck [46], AIDS Clinical Trials group A5224s, a study
investigating renal phosphate wasting in patients receiving
TDF/emtricitabine versus abacavir/lamivudine combined
with atazanivir/ritonavir or efavirenz, could not find any
evidence of a correlation of BMD at the spine or hip to
phosphaturia in patients receiving TDF [47].

Finally, HIV infection as such and ART may also inter-
fere with vitamin D metabolism, in addition to the high
prevalence of vitamin D insufficiency in the HIV-positive
population, in combination with risk factors that also apply
to the general population. A recent report suggests that
there is a relationship between monocyte activation, IL-6
levels, and vitamin D insufficiency in HIV-infected pa-
tients [48]. Furthermore, the popular first-line non-nucleo-
side reverse-transcriptase inhibitor efavirenz seems to be
associated with decline of vitamin D levels that leads to
higher risk of vitamin D insufficiency [49, 50]. Efavirenz-
induced modulation of various cytochromes and enzymes
involved in activation or deactivation of vitamin D or vi-
tamin D–binding protein has been implicated as a patho-
physiological mechanism [49].

Epidemiology of fragility fractures in PLWH

Incidence of fractures has been found to be increased in the
HIV-positive compared to the general population in some co-
hort and registry studies (reviewed in [7, 51]). However, there
were some limitations in these initial reports, such as insuffi-
cient cohort size or number of cases, young populations, or the
lack of discrimination of traumatic versus low-impact fracture,
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rendering it difficult to draw any generalised conclusions in
terms of bone fragility [52]. Although long-term data on frac-
ture risk in the HIV population are limited, particularly for
elderly patients who have been on ART for long periods of
time, recent reports, with longer follow-up than the initial
ones, confirm that an increase in fracture incidence is emerg-
ing in PLWH. In a prospective study of fracture incidence in
HIV-positive versus HIV-negative men older than 40 years,
incidence of all fractures (traumatic and low-impact) was
higher in HIV-positive men aged 50–59 compared to HIV-
negative controls, indicating that fracture incidence increases

approximately 10 years earlier in the HIV-infected versus the
general male populations [53]. Whether PLWH are at higher
risk of non-traumatic vertebral fractures associated with bone
fragility remains a matter of debate. The prevalence of mor-
phometric vertebral fractures has been investigated in few
studies in PLWH, with prevalence varying between 12 and
47% depending of the age and characteristics of the popula-
tion and the method of vertebral fractures assessment
(reviewed in [6]). Again, one of the main limitations of these
studies is that it was not possible to distinguish fragility versus
prior traumatic fractures in rather young populations. This is
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 Initiation of ART in ART-naïve patients: FRAX 10-years probability 
(%) of major osteoporotic fracture

 Switch from TDF to bone-protective ART regimen in virologically-
suppressed patients: FRAX 10-years probability (%) of major 
osteoporotic fracture

Baseline risk factors

Age Prior 
fracture

FN
T-score

45 yrs No -1.5 SD

45 yrs No -3.0 SD

45 yrs Yes -3.0 SD

65 yrs No -1.5 SD

65 yrs No -3.0 SD

65 yrs Yes -3.0 SD

Baseline
After 2 years, FN BMD -2%
After 2 years, FN BMD -5%

Baseline
After 2 years, FN BMD +2%
After 2 years, FN BMD +5%

a

b

Fig. 1 Change of 10-year probability of major osteoporotic fracture
assessed by FRAX® 2 years after ART initiation (a) or switch from TDF
to a bone-protective ART regimen (b), according to various clinical risk
factors of bone fragility at baseline and various scenarios of BMD changes
(mean ± 2% and worst/best ± 5%). Fracture probability mainly depends of
baseline clinical risk factors and is marginally affected by BMD changes,
even in the worst/best scenarios. Fracture probability was assessed with
FRAX® for a BMI of 23 kg/m2, not taking into account other clinical risk
factors than gender, age, fracture history, and femoral neck BMD. As BMD

was included within FRAX®, entering HIV in the secondary cause box was
not considered in the FRAX® algorithms, as it is assumed that secondary
osteoporosis affects fracture risk solely through BMD. However, if the
contribution of HIV infection to fracture risk is partially independent of
BMD, fracture probability may be underestimated by FRAX®. In the
general population, the intervention threshold at the age of 65 proposed
by SVGO/ASCO is a 10-years probability of major osteoporotic fracture
≥ 20%. FN, femoral neck; BMD, bone mineral density; FRAX®, fracture
risk assessment tool; ART, antiretroviral therapy
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supported by the absence of association between spine BMD
and vertebral fractures reported in some of these studies. For
instance, in an Italian cohort of 141 HIV-infected patients
(87%males, median age 43 years), the prevalence of vertebral
fracture was 13.5%. Only 2/19 patients with vertebral frac-
tures had BMD below expected range for age. On the other
side, it should be noted that the risk of fracture underestima-
tion through observational cohort analyses is also much great-
er for vertebral versus peripheral clinical fractures.

Assessment of absolute fracture risk in PLWH

Assessment of absolute fracture risk using FRAX® has been
recommended for routine evaluation of fracture risk in PLWH
[54]. In fact, HIV infection has been added to the set of secondary
risks for osteoporosis that can be selected to refine the result.
Nevertheless, there are concerns that FRAX® has limited predic-
tive value for PLWH because important factors associated with
HIV infection are not adequately reflected in the calculation,
which may lead to underestimation of actual fracture risk
(reviewed in [55]): (i) a general limitation of the FRAX® tool is
that it is only validated above 40 years of age. The calculated
fracture risk usually remains below the intervention threshold
for patients aged 40–50, an age at which fracture risk of some
PLWH may already be elevated; (ii) there is uncertainty if the
FRAX® value (including HIV infection as a secondary risk factor
or femoral neck BMD) is superior to case finding by dual X-ray
absorptiometry (DXA) alone; (iii) significant risk factors specific
for the ageing HIV population such as type of ART and its dura-
tion, HCV co-infection, or history of falls are not incorporated.
Therefore, we do not propose FRAX® as a first-line screening
tool in PLWH but to refine fracture risk in those who qualify for a
DXA (based on clinical risk factors which suggest a high risk of
fragility fractures), and in whom only a moderately low BMD
was identified (T-score between − 1 and − 2.5 SD) (Fig. 2).

The addition of trabecular bone score (TBS) measured on
the spine to femoral neck BMD has recently been proposed to
adjust fracture probability in the FRAX® algorithm for the
general population [56]. Whether the predictive accuracy of
FRAX® is improved with TBS in PLWH has not been investi-
gated. One study points out the potential interest of TBS for
fracture risk assessment in PLWH. In the Italian cohort reported
above (19 vertebral fractures in 141 HIV-infected patients), no
significant differences were found stratifying vertebral fracture
prevalence by BMD, whereas patients in the lowest quartile of
TBS showed a higher prevalence of sub-clinical vertebral frac-
tures [57]. This observation is however not supported by other
reports. No difference in TBS (but some in hip BMD) was
found in another study including 23 pairs of adults with and
without a prior fracture after their HIV diagnosis, matched on
age, sex, race, and smoking history [58]. A cross-sectional
study in 174 HIV-infected men and 178 controls found that

despite being associated with decreased BMD, HIV was not
associated with lower TBS [59]. Another one found lower
BMD values but no difference of TBS in PLWH treated with
tenofovir compared to abacavir for more than 5 years [60]. The
value of TBS for fracture risk assessment in the context of HIV
needs therefore further investigations.

Diagnosis, prevention, and management
of osteoporosis in PLWH

Based on the data presented above, we propose the algorithm
presented in Fig. 2 for diagnosis, prevention, and management
of osteoporosis in PLWH.

Diagnosis

Osteoporosis risk factors are highly prevalent in PLWH and
should be assessed regularly in all PLWH, independent of age
or sex. This especially applies to nutritional and lifestyle habits,
vitamin D status, and risk of fall, which are alterable risk factors.
Screening for osteoporosis withDXA should be performed in all
HIV-positive men ≥ 50 years of age, postmenopausal women,
and PLWH with high risk of fragility fracture as in the general
population: history of low-trauma fracture (i.e. following a fall
from standing height or lower), evidence of vertebral fracture
from previous thoracic and abdominal X-rays or CT scans, clin-
ical hypogonadism, oral glucocorticoid use of at least 2.5 mg qd
prednisone equivalent for > 3months,malabsorption, inflamma-
tory bowel disease, or primary hyperparathyroidism. It should
be noted that a DXA is covered by the Swiss obligatory health
insurance for PLWH. Premenopausal women and men <
50 years of age should be referred to an osteoporosis specialist
if significant risk for osteoporosis emerges following risk assess-
ment. Additionally, vertebral fracture assessment (VFA) con-
comitantly of DXA should be performed in PLWH at high risk
of sub-clinical vertebral fractures.

Prevention

Preventive measures against osteoporosis should be imple-
mented in all PLWH. Measures described in the Swiss
Association against Osteoporosis guideline for the general
population basically also apply to the HIV population [61].
Regular physical activity and a balanced diet containing suf-
ficient amounts of calcium and protein should be promoted
(mean recommendations 1000 mg calcium and 1 g/kg protein
per day). Additionally, fall prevention and ways to stop toxic
habits (smoking, alcohol abuse) should be discussed. In addi-
tion to nutrition improvement, supplements may be consid-
ered, especially for vitamin D ± calcium. Dietary calcium
intake can be roughly estimated and improved with the con-
sumption of dairy products (≅ 300 mg calcium per serving)
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andmineral waters rich in calcium. A balanced diet containing
dairy products usually covers the recommended daily intake
of calcium (1000 mg/day), while a diet without dairy products
and a vegan diet only provide 300 mg/day and 500 mg/day,
respectively. In the case of low calcium intake, a daily supple-
ment combining calcium and vitamin D should be considered.
Schematically, if a balanced diet with three dairy products per
day or mineral waters rich in calcium is consumed, additional
calcium supplementation is not necessary. A diet with one to
three dairy products per day and no mineral water should be
supplemented by 500 mg/day calcium, while a diet containing
neither requires supplementation with 1 g/day calcium.
PLWH are at high risk of vitamin D deficiency and measure-
ment of 25(OH)D serum concentrations is recommended in
this population [62]. Very little vitamin D is provided by the
diet and supplements (recommended daily equivalent dose
800 IU/day) are required in case of insufficiency (< 20 ng/
mL or 50 nmol/L) or deficiency (< 10 ng/mL or 25 nmol/L).
This seems particularly important since two randomised con-
trolled trials showed that vitamin D supplementation attenuat-
ed bone loss related to initiation of ART [29, 30].

Pharmacological treatment

Basically, treatment of osteoporosis in PLWH should follow
the recommendations in the Swiss Association against
Osteoporosis guidelines for the HIV-negative population
[61]. There is no indication for treatment with bisphosphonate
systematically at the initiation of ART. Treatment is indicated
in patients with prior low-trauma vertebral or hip fracture, in
patients whose 10-year fracture probability is above the age-
appropriate intervention threshold, and in case of low BMD
(osteoporosis based on a T-score below to − 2.5 at any site) in
postmenopausal women and men ≥ 50 years of age (Fig. 2).
An age-dependant FRAX intervention threshold is used in the
Swiss population (men and women), corresponding to a 10-
year fracture probability equal to or exceeding that of a woman
of the same agewith a prior fragility fracture (Table 3) [61, 63].
Prior to treatment initiation, secondary causes of osteoporosis
should be ruled out or treated and renal phosphate wasting
should be excluded. Bisphosphonate treatment (alendronate
or zolendronate) is currently the preferred option because clin-
ical data suggest that they are well tolerated, safe, and

PREVENTION in all PLWH
• Promote physical activity

• Fall prevention
• Improve nutrition: Calcium 1000 mg/d, Proteins 1g/kgBW/d

• Vitamin D if 25-OH-vitamin D<75 μmol/L (daily-equivalent dose 800 IU/d) ± calcium supplements
• Stop toxic habits

< intervention 
threshold for age (3)

≥ intervention 
threshold for age (3)

DXA after 2 years 
if T-score≤-1.5SD. 

If BMD loss + 
high CTX 

levels

PLWH at high risk of 
fragility fractures (1)

PLWH at high risk of prior 
vertebral fracture (2)

DXA + VFA

PLWH with low-trauma 
hip or vertebral fracture

• Rule out or treat
secondary causes (3)

• Exclude renal
phosphate wasting

Postmenopausal women and men ≥ 50 years:
• Initiate bisphosphonate

• DXA after 2 years
• Reassess need for treatment after 3-5 years

Premenopausal women and men <50 years:
• Refer to osteoporosis specialist

ART-naive: Avoid TDF-
containing regimens (4)

TDF-containing 
regimens: Switch to TAF-
containing equivalents (4)

(1) Postmenopausal women and men ≥ 50 years, history of clinical low-trauma fracture(s), vertebral fracture on previous
thoracic and abdominal X-rays and CT scans, oral glucocorticoids >2.5 mg/d, hypogonadism, malabsorption, 
inflammatory bowel diseases, primary hyperparathyroidism.

(2) Age ≥ 70 years, significant height loss (>4cm) or kyphosis, prior non-vertebral low-trauma fracture, oral glucocorticoid
use ≥ 2.5mg/d, chronic inflammatory disease, hypogonadism.

(3) According to SwissAssociation against Osteoporosis guidelines for the general population.

(4) If possible according to virological status.

DXA

Osteoporosis
(T-score ≤ -2.5)

Osteopenia
(-2.5 < T-score < -1

Normal BMD
(T-score ≤ -1)

Reassess risk 
regularly

Assess 10-years fracture 
probability with FRAX®

Fig. 2 Algorithm for diagnosis,
prevention and management of
bone fragility in PLWH
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efficacious in PLWH [13, 64]. BMD response to alendronate in
HIV-infected patients was observed to be greater in those with
increased CTX and TNFα levels at baseline, while no change
could be measured in OPG, RANKL, and other inflammatory
markers [65]. Apart from a single case report about successful
use of teriparatide in an HIV-positive man [66], data on the use
of therapeutic options other than BP for treatment of osteopo-
rosis in PLWH, such as raloxifene, denosumab, or teriparatide,
are currently lacking [64]. Response to bisphosphonate treat-
ment should be assessed after 2 years by DXA scan. The need
for further treatment should be re-evaluated after 3–5 years as
in the general population.

ART regimens should be reviewed in patients with osteopo-
rosis and those with a FRAX® above the recommended inter-
vention threshold for age. In patients not reaching the FRAX®
intervention threshold but with marked osteopenia (T-score < −
1.5/− 2 SD), the kinetics of bone loss should be assessed with
repeated DXA after 2 years, and ART regimens should also be
reviewed in case of bone loss, especially in patients with high
levels of CTX. For these patients, TDF-sparing regimens may
be preferred to TDF-containing regimens. This is also applica-
ble to patients with confirmed hypophosphatemia of renal ori-
gin. In all cases, virological efficacy prevails and any change in
ART should be discussed with the referent infectiologist.

In the case of osteoporosis or high fracture risk identified in
treatment-naïve patients, TDF-containing regimens should be
avoided and a first-line TAF-containing regimen (especially in
the case of co-infection with hepatitis B) or abacavir-containing
regimen (if not HLA B*5701) should be considered.
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