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Abstract
Purpose of Review In the era of modern bone-friendly antiretroviral therapy (ART) regimens for people living with HIV
(PLWH), this review discusses the research gaps and management concerns that remain for individuals who have already been
exposed to ARTwith negative effects on bone metabolism, especially children and adolescents who have not acquired peak bone
mass, and older adults who have additional risk factors for fracture.
Recent Findings Data now support the use of avoidance of TDF and use of bone-friendly regimens that include integrase strand
transfer inhibitors in PLWH with increased risk of fracture for either ART initiation or switch.
Summary Despite significant advances in our understanding of ART choice for PLWH with regard to bone health, additional
diagnostic tests to determine fracture risk and management strategies beyond ARTchoice are necessary, especially in vulnerable
PLWH populations, such as children and adolescents and older adults.
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Introduction

With effective antiretroviral therapy (ART), healthy aging has
become a major focus of HIV management. HIV-associated
non-AIDS (HANA) complications and comorbidities, such as
cardiovascular disease, cancer, and liver and kidney failure,
are more important causes of morbidity in older people living
with HIV (PLWH) than opportunistic infections. Osteoporosis
and fracture are aging-related comorbidities that have also
been shown to be more common in PLWH [1]. The etiology

of low bone mineral density (BMD) and bone loss with HIV
infection and antiretrovirals is multifactorial. Data from
in vitro studies demonstrating the negative effects of HIV-1
proteins on bone cells suggest that HIV may have direct ef-
fects on the bone [2–5]. Animal studies and clinical data also
suggest that chronic immune activation and upregulation of
pro-resorptive inflammatory cytokines may also negatively
impact bone mass [6].

Host factors may also contribute to bone loss, such as the
higher prevalence of low body weight, HCV co-infection, and
smoking among PLWH. However, data from the START
study clearly demonstrate that bone loss during ART initiation
is far greater than that of HIV infection alone [7•]. Data from
multiple studies, mostly with standard nucleoside reverse tran-
scriptase inhibitor (NRTI)-containing regimens, reveal a 2%–
4% loss in areal BMD by dual energy x-ray absorptiometry
(DXA) at either the lumbar spine or hip within 1–2 years after
ART initiation. The lowest BMD is observed at 6 months at
the spine or 12 months at the hip, with stabilization and some
improvement usually observed 2–3 years after ART initiation,
despite remaining on the same regimen.

In particular, tenofovir disoproxil fumarate (TDF) has been
reported to be associated with greater bone loss than other
NRTIs, such as abacavir, or integrase strand transfer inhibitors
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(INSTIs) when used in combination with other agents for
ART initiation [8–10]. TDF utilized in combination with
emtricitabine (FTC) for pre-exposure prophylaxis (PrEP) is
associated with 1%–2% decrease in BMD [11, 12].
Switching from TDF to abacavir, INSTIs or tenofovir
alafenamide fumarate (TAF) results in a 1%–2% improvement
in BMD [13–16]. All of these studies suggest that TDF has a
distinct negative effect on bone metabolism; however, the ex-
act mechanism is still elusive. TDF use is associated with
proximal tubular dysfunction, but development of
hypophosphatemia and osteomalacia is rare. Also, bone biop-
sy data do not reveal a consistent worsening of mineralization
with initiation of TDF [17•]. Direct effects of TDF on osteo-
blasts and osteoclasts have been documented in vitro, but
clinical significance is less well defined. Remarkably, a recent
study comparing TAF/FTC/bictegravir with abacavir/
lamivudine/dolutegravir for ART-initiation demonstrated neg-
ligible decreases in BMD at the spine and hip after 96 weeks,
with supportive bone turnover marker data [18].

The identification of two first-line regimens that have min-
imal bone toxicity is a major scientific advance, and it is rea-
sonable to expect that as more people have access to these
regimens, long-term complications of osteoporosis and frac-
ture will decrease on an individual basis and for the overall
population. However, research gaps and management con-
cerns remain for individuals who have already been exposed
to ARTwith negative effects on bone metabolisms, especially
children and adolescents who have not acquired peak bone
mass, and older adults who have additional risk factors for
bone fragility and falls.

Concerns for Children with Perinatally Acquired HIV

The scale-up of ART has dramatically improved survival for
children living with perinatally acquired HIV. However, even
in the era of ART, children experience a range of early comor-
bidities due to HIV and/or ART. Low bone mass has been
reported in children, adolescents, and young adults with peri-
natally acquired HIV in many countries around the world,
including the USA [19], South Africa [20, 21], Zimbabwe
[22], Brazil [23], and Thailand [24]. Decreased bone mass
accrual in childhood is a concern as the pubertal years are a
critical period for bone mass acquisition and obtaining peak
bone mass at the end of skeletal maturation. Low peak bone
mass is an important predictor of osteoporotic fracture risk
adulthood [25–28]. Newer bone-friendly ART options such
as TAF are not widely available for young children in
resource-limited settings. Children in many low- and
middle-income countries continue to receive TDF or will have
had prior exposure to TDF. A study of the effect of TDF on
bone metabolism and bone mass in Thai and Indonesian ado-
lescents with perinatally acquired HIV found elevated para-
thyroid hormone (PTH) and bone turnover dysregulation but

no reduction in bone mass [29]. However, in children and
adolescents where bone acquisition is ongoing, the negative
impact of ART may not manifest in short-term BMD loss but
rather inadequate increase in bone mineral content (BMC) or
BMD, and ultimately in decreased peak bone mass, which is
much more difficult to define. Additionally, the negative ef-
fects of HIVon somatic growth and neurodevelopment and of
environmental factors such as malnutrition and chronic infec-
tions, especially in sub-Saharan Africa, can also contribute to
poor bone health outcomes over the lifespan. Bone-friendly
drugs, therefore, are unlikely to completely resolve bone is-
sues in perinatal HIV.

Concerns for Youth Who Acquired HIV in Adolescence

In addition, those who acquire HIV during adolescence or
early adult life also experience bone mass reductions or loss
as well as a number of bone architectural abnormalities and
reduced bone strength. Several studies point to sub-optimal
peak bone mass acquisition. Mulligan et al. observed low
bone mass in a study of young men with recently acquired
HIV infection [30]. This study (ATN 021B) evaluated bone
outcomes in 199 young men who recently acquired HIV. The
participants were between the ages of 14–25 years, living in
the USA and Puerto Rico, and included those who were ART-
naive (N = 105), on a non-nucleoside reverse-transcriptase
inhibitor (NNRTI)-containing regimen (N = 52) or on a prote-
ase inhibitor (PI)-containing regimen (N = 42) [30]. Median
time since HIV diagnosis ranged from 1.3 years in the ART-
naive group to 2.2 years in the PI group. Those on ART
(NNRTI or PI-based regimens) had lower total body BMC
Z-scores and lower total hip BMD Z-scores than uninfected
controls. The PI group had significantly lower total body
BMD Z-scores than both the NNRTI group and uninfected
controls. These findings are similar to reports among adults
who acquired HIV later in life and have experienced longer
durations of disease and exposures to ART. Another study of
youngmen ages 20–25 years evaluated an average of 2.5 years
after HIV diagnosis also observed decreases in bone mass
indices by high-resolution peripheral quantitative computed
tomography (HR-pQCT), including volumetric BMD and ab-
normalities in bone microarchitecture [31]. Deficiencies in
plate-related parameters by individual trabeculae segmenta-
tion (ITS) analyses and an estimated 14%–17% reduction in
bone stiffness by finite element analysis were detected in com-
parison to uninfected controls [31].

Concerns for Children Exposed to HIV but Negative

Given that TDF is widely used in pregnancy, especially in
resource-limited settings, there have been concerns about the
effects of in utero TDF exposure on growth and bone health in
infants. Data on the effects of fetal TDF exposure on growth
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and bone development are limited, but most show no effect
[32–36]. In a study of 464 pregnant women initiating TDF-
containing regimens in South Africa and their infants, no as-
sociation between duration of TDF exposure in utero was
found with early linear growth [32]. A study of in utero TDF
exposure and fetal long bone growth found no association
between duration of in utero TDF exposure per 1-week incre-
ment and change in femur length Z-scores or change in hu-
merus length Z-scores [33]. However, long-term follow-up is
still needed.

Concerns for Youth Who Are Exposed to TDF

Given the effects of TDF on BMD, there are concerns that
prolonged exposure to TDF and FTC for prevention of HIV
through pre-exposure prophylaxis (PrEP) at young ages, prior
to skeletal maturation and achievement of peak bone mass,
may result in alterations in bone homeostasis, decreased bone
mass accrual, lower bone strength, and possible increase long
term fracture risk. TDF-containing regimens used for PrEP
were recently approved for adolescents > 35 kg and have been
evaluated in a number of clinical trials involving bothmen and
women [37]. In a randomized trial of TDF and FTC use in 498
HIV-seronegative men who have sex with men (MSM) and
transgender women conducted in the USA, Thailand, South
Africa, Peru, and Brazil, in which greater than half were less
than 25 years old, BMD decreased modestly but statistically
significantly by 24 weeks in the spine and hip in those ran-
domized to FTC/TDF PrEP [11]. Changes in BMD by week
24 correlated inversely with intracellular tenofovir diphos-
phate (TFV-DP) levels, implicating either a direct or indirect
role for TDF in bone loss. Discontinuation of treatment result-
ed in a reversal of bone loss, although not completely.

In a clinical trial of 101 younger MSM (15–22 years, me-
dian age 20 years) in the USA, statistically significant changes
from baseline were observed at both 24 and 48 weeks in lum-
bar spine, total hip, and total body BMD z scores [12].
Participants with the greatest TDF exposure experienced the
greatest declines in femoral neck total hip BMD. Of interest,
changes in BMD indices in this study were related to in-
creased PTH and decreased fibroblast growth factor (FGF)-
23 levels and not to change in creatinine, phosphate, or renal
tubular reabsorption of phosphate.

While there are fewer studies specifically addressing the
question of impact on bone development with TDF and FTC
exposure among women prior to completion of skeletal mat-
uration, adverse effects of TDF and FTC on BMD in other-
wise healthy young women taking PrEP have been document-
ed. In a randomized clinical trial involving 575 women in
Zimbabwe and Uganda with a median age of 29 years, signif-
icant decreases from baseline to 48 weeks of 1.4% in lumbar
spine and 0.9% in total hip BMD were noted in women
deemed adherent to TDF/FTC as measured by plasma levels

compared to those in the placebo arm [38]. In adults, losses in
BMD due to TDF/FTC PrEP are largely reversible with dis-
continuation of PrEP [38, 39]. However a recent study of
young MSM in the USA found that the youngest age group
(15–19 years) experienced greater decline in both whole body
and lumbar spine BMD compared to older men ages 20–
22 years, and that both whole body and lumbar spine BMD
remained below baseline even 48 weeks after discontinuation
of TDF/FTC, suggesting an elevated vulnerability to the ad-
verse drug effects during late adolescence [40].

Concerns for Older Adults with HIV

Data from antiretroviral switch studies are limited to DXA and
bone turnover marker evaluations. None of the studies exam-
ined bone structure using high-resolution computed tomogra-
phy scans or direct measures of bone strength using biopsies
or tissue analysis. There are also no clinical data to indicate
whether switching off of TDF or other ARTcombination with
negative bone effects will decrease fracture risk over time.
This is of particular concern for older individuals who may
already have osteoporosis and be at risk of fracture because of
bone fragility or have additional fall risks. In this situation,
switching to an INSTI-based regimen with either TAF or
abacavir may not be enough and consideration for bone-
specific agents such as bisphosphonates may also be neces-
sary. Screening DXAs are helpful, and have been recommend-
ed for all PLWH over age 50 given the higher risk of fracture
but in practice are performed infrequently. Similarly, although
bisphosphonates have been studied and shown to be effective
in prevention of bone loss with antiretroviral therapy [41, 42]
or treatment of low bone density/osteoporosis in PLWH [43],
there are no clear guidelines on when they should be used.
Some experts advocate for switching to a bone friendly regi-
men first and monitoring for improvement in BMD by DXA
after 1–2 years and delaying initiation of bisphosphonates,
given potential risks of long-term bisphosphonate use. This
strategy would appear to be safe in situations where patients
have no fracture history or evidence of fracture, and the 10-
year absolute risk of fracture when calculating with FRAX
plus femoral neck BMD data is below treatment threshold
(< 20% risk of major osteoporotic fracture and < 3% risk of
hip fracture). Identification of additional biomarkers or other
imaging modalities that can further risk stratify and determine
which pat ients would benef i t f rom ini t ia t ion of
bisphosphonates [41] would be an important scientific
advance.

Conclusions

Significant advances in our understanding of the effect of HIV
and antiretrovirals on bone mass and fracture risk during the
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lifespan has improved our ability to individualize treatment
for PLWH to mitigate aging-related complications such as
osteoporosis and fracture. Data now support the avoidance
of TDF and use of bone-friendly regimens such as TAF/
FTC/bictegravir or abacavir/3TC/dolutegravir in PLWH with
fracture risks. However, TDF will continue to be utilized as
part of combination regimens for HIV therapy and for PrEP
and hepatitis B virus (HBV) therapy globally. Certain vulner-
able populations, such as children and young adults with HIV
from perinatal or behavioral acquisition and older PLWH, are
likely to remain at higher risk of fracture despite optimization
of ART. Therefore, additional research to define nutritional
and lifestyle modifications as well as better biomarkers for
risk stratification for fracture risk in this population are
needed.

Compliance with Ethical Standards

Conflict of Interest The authors have no disclosures to declare.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Shiau S, Broun EC, Arpadi SM, YinMT. Incident fractures in HIV-
infected individuals: a systematic review and meta-analysis. AIDS
Lond Engl. 2013;27(12):1949–57.

2. Gibellini D, De Crignis E, Ponti C, Borderi M, Clò A, Miserocchi
A, et al. HIV-1 tat protein enhances RANKL/M-CSF-mediated os-
teoclast differentiation. Biochem Biophys Res Commun.
2010;401(3):429–34.

3. Grigsby IF, Pham L, Mansky LM, Gopalakrishnan R, Carlson AE,
Mansky KC. Tenofovir treatment of primary osteoblasts alters gene
expression profiles: implications for bone mineral density loss.
Biochem Biophys Res Commun. 2010;394(1):48–53.

4. Cotter EJ, Chew N, Powderly WG, Doran PP. HIV type 1 alters
mesenchymal stem cell differentiation potential and cell phenotype
ex vivo. AIDS Res Hum Retrovir. 2011;27(2):187–99.

5. Fakruddin JM, Laurence J. HIV-1 Vpr enhances production of re-
ceptor of activated NF-kappaB ligand (RANKL) via potentiation of
glucocorticoid receptor activity. Arch Virol. 2005;150(1):67–78.

6. Hileman CO, Labbato DE, Storer NJ, Tangpricha V, McComsey
GA. Is bone loss linked to chronic inflammation in antiretroviral-
naive HIV-infected adults? A 48-week matched cohort study. AIDS
Lond Engl. 2014;28(12):1759–67.

7.• Hoy JF, Grund B, Roediger M, Schwartz AV, Shepherd J,
Avihingsanon A, et al. Immediate Initiation of Antiretroviral
Therapy for HIV Infection Accelerates Bone Loss Relative to
Deferring Therapy: Findings from the START Bone Mineral
Density Substudy, a Randomized Trial. J Bone Miner Res Off J
Am Soc Bone Miner Res. 2017;32(9):1945–55 This study

demonstrates the different rates of bone loss in patients before
antiretroviral therapy and after antiretroviral therapy.

8. McComsey GA, Kitch D, Daar ES, Tierney C, Jahed NC, Tebas P,
et al. Bone mineral density and fractures in antiretroviral-naive
persons randomized to receive abacavir-lamivudine or tenofovir
disoproxil fumarate-emtricitabine along with efavirenz or
atazanavir-ritonavir: Aids clinical trials group A5224s, a substudy
of ACTG A5202. J Infect Dis. 2011;203(12):1791–801.

9. Sax PE, Wohl D, Yin MT, Post F, DeJesus E, Saag M, et al.
Tenofovir alafenamide versus tenofovir disoproxil fumarate,
coformulated with elvitegravir, cobicistat, and emtricitabine, for
initial treatment of HIV-1 infection: two randomised, double-blind,
phase 3, non-inferiority trials. Lancet Lond Engl. 2015;385(9987):
2606–15.

10. Brown TT, Moser C, Currier JS, Ribaudo HJ, Rothenberg J,
Kelesidis T, et al. Changes in bone mineral density after initiation
of antiretroviral treatment with tenofovir disoproxil fumarate/
emtricitabine plus atazanavir/ritonavir, darunavir/ritonavir, or
raltegravir. J Infect Dis. 2015;212(8):1241–9.

11. Mulligan K, Glidden DV, Anderson PL, Liu A, McMahan V,
Gonzales P, et al. Effects of emtricitabine/tenofovir on bonemineral
density in HIV-negative persons in a randomized, double-blind,
placebo-controlled trial. Clin Infect Dis. 2015;61(4):572–80.

12. Havens PL, Stephensen CB, Van Loan MD, Schuster GU,
Woodhouse LR, Flynn PM, et al. Decline in bone mass with
tenofovir disoproxil fumarate/emtricitabine is associated with hor-
monal changes in the absence of renal impairment when used by
HIV-uninfected adolescent boys and young men for HIV
Preexposure prophylaxis. Clin Infect Dis. 2017;64(3):317–25.

13. Martin A, Bloch M, Amin J, Baker D, Cooper DA, Emery S, et al.
Simplification of antiretroviral therapy with tenofovir-emtricitabine
or abacavir-lamivudine: a randomized, 96-week trial. Clin Infect.
2009;49(10):1591–601.

14. Post FA, Yazdanpanah Y, Schembri G, Lazzarin A, Reynes J,
Maggiolo F, et al. Efficacy and safety of emtricitabine/tenofovir
alafenamide (FTC/TAF) vs. emtricitabine/tenofovir disoproxil fu-
marate (FTC/TDF) as a backbone for treatment of HIV-1 infection
in virologically suppressed adults: subgroup analysis by third agent
of a randomized, double-blind, active-controlled phase 3 trial<sup/
>. HIV Clin Trials. 2017;18(3):135–40.

15. Hagins D, Orkin C, Daar ES, Mills A, Brinson C, DeJesus E, et al.
Switching to coformulated rilpivirine (RPV), emtricitabine (FTC)
and tenofovir alafenamide from either RPV, FTC and tenofovir
disoproxil fumarate (TDF) or efavirenz, FTC and TDF: 96-week
results from two randomized clinical trials. HIVMed. 2018;19(10):
724–33.

16. McComsey GA, Lupo S, Parks D, Poggio MC, DeWet J, Kahl LP,
et al. Switch from tenofovir disoproxil fumarate combination to
dolutegravir with rilpivirine improves parameters of bone health.
AIDS Lond Engl. 2018;32(4):477–85.

17.• Ramalho J, CSW M, Galvão J, Furukawa LN, Domingues WV,
Oliveira IB, et al. Treatment of Human Immunodeficiency Virus
Infection With Tenofovir Disoproxil Fumarate-Containing
Antiretrovirals Maintains Low Bone Formation Rate, But
Increases Osteoid Volume on Bone Histomorphometry. J Bone
Miner Res Off J Am Soc Bone Miner Res. 2019; This is the only
comprehensive study of the effect of HIV infection and antire-
troviral initiation on bone histomorphometry, and reveals that
osteoblast dysfunction (low bone formation rate and minerali-
zation defect) is present before antiretroviral initiation.

18. Wohl DA, Yazdanpanah Y, Baumgarten A, Clarke A, Thompson
MA, Brinson C, et al. Bictegravir combined with emtricitabine and
tenofovir alafenamide versus dolutegravir, abacavir, and
lamivudine for initial treatment of HIV-1 infection: week 96 results
from a randomised, double-blind, multicentre, phase 3, non-
inferiority trial. Lancet HIV. 2019 Jun;6(6):e355–63.

Curr HIV/AIDS Rep (2020) 17:1–54



19. Unsal AB, Mattingly AS, Jones SE, Purdy JB, Reynolds JC, Kopp
JB, et al. Effect of Antiretroviral Therapy onBone andRenal Health
in Young Adults InfectedWith HIV in Early Life. J Clin Endocrinol
Metab. 2017;102(8):2896–904.

20. Arpadi SM, Shiau S, Strehlau R, Patel F, Mbete N, McMahon DJ,
et al. Efavirenz is associated with higher bone mass in South
African children with HIV. AIDS Lond Engl. 2016;30(16):2459–
67.

21. Arpadi SM, Thurman CB, Patel F, Kaufman JJ, Strehlau R, Burke
M, et al. Bone Quality Measured Using Calcaneal Quantitative
Ultrasonography Is Reduced Among Children with HIV in
Johannesburg, South Africa. J Pediatr. 2019.

22. Gregson CL, Hartley A, Majonga E, McHugh G, Crabtree N,
Rukuni R, et al. Older age at initiation of antiretroviral therapy
predicts low bone mineral density in children with perinatally-
infected HIV in Zimbabwe. Bone. 2019;125:96–102.

23. Jiménez B, Sainz T, Díaz L,MelladoMJ, NavarroML, Rojo P, et al.
Low bone mineral density in vertically HIV-infected children and
adolescents: risk factors and the role of T-cell activation and senes-
cence. Pediatr Infect Dis J. 2017;36(6):578–83.

24. Puthanakit T, Saksawad R, Bunupuradah T, Wittawatmongkol O,
Chuanjaroen T, Ubolyam S, et al. Prevalence and risk factors of low
bone mineral density among perinatally HIV-infected Thai adoles-
cents receiving antiretroviral therapy. J Acquir ImmuneDefic Syndr
1999. 2012;61(4):477–83.

25. Hernandez CJ, Beaupré GS, Carter DR.A theoretical analysis of the
relative influences of peak BMD, age-related bone loss and meno-
pause on the development of osteoporosis. Osteoporos Int.
2003;14(10):843–7.

26. Heaney RP, Abrams S, Dawson-Hughes B, Looker A, Marcus R,
Matkovic V, et al. Peak bone mass. Osteoporos Int. 2000;11(12):
985–1009.

27. Gordon CM, Zemel BS, Wren TAL, Leonard MB, Bachrach LK,
Rauch F, et al. The determinants of peak bone mass. J Pediatr.
2017;180:261–9.

28. Weaver CM, Gordon CM, Janz KF, Kalkwarf HJ, Lappe JM, Lewis
R, et al. The National Osteoporosis Foundation’s position statement
on peak bone mass development and lifestyle factors: a systematic
review and implementation recommendations. Osteoporos Int.
2016;27(4):1281–386.

29. Sudjaritruk T, Bunupuradah T, Aurpibul L, Kosalaraksa P, Kurniati
N, Sophonphan J, et al. Impact of tenofovir disoproxil fumarate on
bone metabolism and bone mass among perinatally HIV-infected
Asian adolescents. Antivir Ther. 2017;22(6):471–9.

30. Mulligan K, Harris DR, Emmanuel P, Fielding RA, Worrell C,
Kapogiannis BG, et al. Low bone mass in behaviorally HIV-
infected young men on antiretroviral therapy: adolescent trials net-
work study 021B. Clin Infect Dis. 2012;55(3):461–8.

31. Yin MT, Lund E, Shah J, Zhang CA, Foca M, Neu N, et al. Lower
peak bone mass and abnormal trabecular and cortical
microarchitecture in young men infected with HIV early in life.
AIDS Lond Engl. 2014;28(3):345–53.

32. le Roux MS, Jao J, Brittain K, Phillips TK, Olatunbosun S, Ronan
A, et al. Tenofovir exposure in utero and linear growth in HIV-
exposed, uninfected infants. AIDS. 2017;31(1):97–104.

33. Jao J, Abrams EJ, Phillips T, Petro G, Zerbe A, Myer L. In Utero
Tenofovir Exposure Is not Associated With Fetal Long Bone
Growth. Clin Infect Dis. 2016;62(12):1604–9.

34. Gibb DM, Kizito H, Russell EC, Chidziva E, Zalwango E,
Nalumenya R, et al. Pregnancy and infant outcomes among HIV-
infected women taking long-term ARTwith and without tenofovir
in the DART trial. PLoS Med. 2012;9(5):e1001217.

35. Viganò A, Mora S, Giacomet V, Stucchi S, Manfredini V, Gabiano
C, et al. In utero exposure to tenofovir disoproxil fumarate does not
impair growth and bone health in HIV-uninfected children born to
HIV-infected mothers. Antivir Ther. 2011;16(8):1259–66.

36. Nachega JB, Uthman OA,Mofenson LM, Anderson JR, Kanters S,
Renaud F, et al. Safety of tenofovir disoproxil fumarate-based anti-
retroviral therapy regimens in pregnancy for HIV-infected women
and their infants: a systematic review and meta-analysis. J Acquir
Immune Defic Syndr 1999. 2017;76(1):1–12.

37. Society for Adolescent Health and Medicine. hiv pre-exposure pro-
phylaxis medication for adolescents and young adults: a position
paper of the society for adolescent health and medicine. J Adolesc
Health. 2018;63(4):513–6.

38. Mirembe BG, Kelly CW, Mgodi N, Greenspan S, Dai JY, Mayo A,
et al. Bone mineral density changes among young, healthy african
women receiving oral tenofovir for HIV preexposure prophylaxis. J
Acquir Immune Defic Syndr 1999. 2016;71(3):287–94.

39. Glidden DV, Mulligan K, McMahan V, Anderson PL, Guanira J,
Chariyalertsak S, et al. Brief Report: Recovery of Bone Mineral
Density After Discontinuation of Tenofovir-Based HIV Pre-
exposure Prophylaxis. J Acquir Immune Defic Syndr 1999.
2017;76(2):177–82.

40. Havens PL, Perumean-Chaney SE, Patki A, Cofield SS, Wilson
CM, Liu N, et al. Changes in bone mass after discontinuation of
pre-exposure prophylaxis (PrEP) with tenofovir disoproxil
fumarate/emtricitabine in young men who have sex with men: ex-
tension phase results of adolescent trials network protocols 110 and
113. Clin Infect Dis. 2019;8.

41. Carr A, Kerr SJ, Richardson R, Ebeling P, Pocock N, Rojas J, et al.
Prolonged effect of zoledronic acid on bone mineral density and
turnover in HIV-infected adults on tenofovir: a randomized, open-
label study. J Bone Miner Res Off J Am Soc Bone Miner Res.
2019;30.

42. Ofotokun I, Titanji K, Lahiri CD, Vunnava A, Foster A, Sanford
SE, et al. A single-dose zoledronic acid infusion prevents antiretro-
viral therapy-induced bone loss in treatment-naive HIV-infected
patients: A phase IIb trial. Clin Infect Dis. 2016;63(5):663–71.

43. Bolland MJ, Grey A, Horne AM, Briggs SE, Thomas MG, Ellis-
Pegler RB, et al. Effects of intravenous zoledronate on bone turn-
over and bone density persist for at least five years in HIV-infected
men. J Clin Endocrinol Metab. 2012;97(6):1922–8.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Curr HIV/AIDS Rep (2020) 17:1–5 5


	Bone Update: Is It Still an Issue Without Tenofovir Disoproxil Fumarate?
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Concerns for Children with Perinatally Acquired HIV
	Concerns for Youth Who Acquired HIV in Adolescence
	Concerns for Children Exposed to HIV but Negative
	Concerns for Youth Who Are Exposed to TDF
	Concerns for Older Adults with HIV

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



