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Enfermedad esquelética que compromete 
la fortaleza – resistencia - del hueso y que 

predispone a la fractura ósea

Definición: Osteoporosis

Am. J. Med. 1991;90
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Los incrementos en la DMO dan como 
resultado una mayor fortaleza ósea  in vitro
Los incrementos en la DMO dan como 
resultado una mayor fortaleza ósea  in vitro

Estudios de laboratorio para determinar la correlación entre la DMO y la fortaleza ósea en muestras cadavéricas 
humanas
Adaptado de Bouxsein ML y cols. Bone 1999;25(1):49–54; Moro M y cols. Calcif Tissue Int 1995;56(3):206–209.
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Densitómetro 
Osea

T Score (Joven sano)

•Normal > -1

•Osteopenia < -1; > -2.5

•Osteoporosis < -2.5.
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§Mujeres con edad mayor o igual a 65 años.

§Mujeres menores de 65 años si tienen un factor de riesgo de 
baja masa ósea, como: 

Bajo peso corporal (IMC < 19 kg/m2 ).
Fractura previa por fragilidad.
Uso de medicamentos de alto riesgo.
Enfermedad o condición asociada con pérdida de hueso (p.ej., menopausia precoz, infección por 
VIH).

§Cualquier persona que esté en tratamiento con el interés de 
monitorear el efecto del tratamiento para la osteoporosis. 

Solicitud DMO - OMS
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Figura  2  Estudio  de  absorciometría  con  rayos  X  de  doble  ener-
gía en  la  cadera.  Situación  del  paciente.

En  el  estudio  de  cadera,  el  paciente  se  coloca  en  decú-
bito  supino  con  la  pierna  ligeramente  en  abducción  para
mantener  recto  el  eje  femoral,  y  en  rotación  interna  (15-30
grados),  de  manera  que  en  la  imagen  adquirida  el  trocánter
menor  no  sea  visible  (fig.  2).

En  el  estudio  de  antebrazo  el  paciente  se  sienta  al  lado
de  la  mesa  con  el  antebrazo  apoyado  en  ella,  con  la  mano
en  pronación  y  sujeta  con  una  banda  (fig.  3).

El  campo  de  visión  debe  incluir  1-2  centímetros  por
encima  y  debajo  del  área  que  vamos  a  analizar.  El  hueso
debe  estar  recto  y  centrado.

Adquisición
Generalmente  se  utilizan  proyecciones  PA  de  columna  lum-
bar  y  de  fémur  proximal.  La  columna  lateral  no  se  emplea
en  el  estudio  estándar  de  la  osteoporosis.  Su  indicación  es
la  morfometría  vertebral.  En  aquellos  equipos  que  permiten
movimiento  del  brazo  se  puede  estudiar  con  el  paciente  en
decúbito  supino,  mientras  que  en  los  que  no  permiten  mover
el  brazo  solo  se  puede  realizar  en  decúbito  lateral.

Figura  3  Estudio  de  absorciometría  con  rayos  X  de  doble  ener-
gía en  el  antebrazo.  Situación  del  paciente.

En  cuanto  al  tiempo  de  realización,  los  primeros  den-
sitómetros  con  haz  en  lapicero  tardaban  unos  5  minutos
por  estudio,  pero  los  actuales  adquieren  la  imagen  en
menos  de  un  minuto.  Según  el  catálogo  de  exploraciones
de  la  SERAM30,  el  tiempo  de  ocupación  de  sala  para  una

Figura  4  Imagen  de  absorciometría  con  rayos  X  de  doble  energía  de  columna  lumbar  PA.  El  estudio  incluye  los  cuerpos  vertebrales
L1 a  L4.

Documento descargado de http://www.elsevier.es el 22/01/2015. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.
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• FACTORES NO CLÍNICOS
• Densidad Mineral Ósea
• Ultrasonido Cuantitativo
• Marcadores Oseos

Factores de Riesgo para fracturas por 
fragilidad

• FACTORES CLÍNICOS
• Edad
• Bajo peso
• Estado estrogénico
• Tabaquismo
• Glucocorticoides
• Sedentarismo



FRAX



A 10 años probabilidad de fractura en cadera >3%
A 10 años probabilidad de fractura relacionada a osteoporosis >20%
Solo aplica para EEUU













TRATAMIENTNO DE LA OSTEOPOROSIS

TS < -2.5

Umbral de fractura

Fractura Prevalente
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Creación de Centros de Prevención Secundaria de Fracturas.

The incidence of fragility fractures increases markedly with
age, though the rate of rise with age differs for different
fracture outcomes. For this reason, the proportion of frac-
tures at any site also varies with age. This is most evident for
forearm and hip fractures [48] (Fig. 5). Thus forearm frac-
tures account for a greater proportion at younger ages than
in the elderly. Conversely, hip fractures are rare at the age of
50 years but become the predominant osteoporosis fracture
from the age of 75 years. In women, the median age for
distal forearm fractures is around 65 years and for hip
fracture, 80 years. Thus both the number of fractures and
the type of fracture are critically dependent on the age of the
populations at risk.

1.6.1 Hip fracture

Hip fracture is the most serious osteoporotic fracture. Most are
caused by a fall from the standing position, although they
sometimes occur spontaneously [49]. The risk of falling in-
creases with age and is somewhat higher in elderly women
than in elderly men. About one-third of elderly individuals fall
annually, with the result that 5 % will sustain a fracture and
1 % will suffer a hip fracture [50]. Hip fracture is painful and
nearly always necessitates hospitalisation.

A hip fracture is a fracture of the proximal femur, either
through the femoral cervix (sub-capital or trans-cervical:
intra-capsular fracture) or more distally through the trochan-
teric region (intra-trochanteric: extra-capsular fracture). Tro-
chanteric fractures are more characteristically osteoporotic,
and the increase in age-specific and sex-specific risks for hip
fracture is greater for trochanteric than for cervical fractures
[51]. Trochanteric fractures are also more commonly asso-
ciated with a prior fragility fracture.

Displaced cervical fractures have a high incidence of
malunion and osteonecrosis following internal fixation,
and the prognosis is improved with hip replacement. Tro-
chanteric hip fractures appear to heal normally after ade-
quate surgical management. Complications may arise
because of immobility. The outcome is much poorer where
surgery is delayed for more than 2 days. Up to 20 % of
patients die in the first year following hip fracture, mostly as
a result of serious underlying medical conditions [52, 53]
and less than half of survivors regain the level of function
that they had prior to hip fracture [54]. Patients with hip
fracture often have significant co-morbidities, so that not all
deaths associated with hip fracture are due to the hip fracture
event. It is estimated that approximately 30 % of deaths are

Fig. 5 The site specific pattern of osteoporotic fractures between the ages of
50–54 and 85–89 years in women from Sweden [48]

Table 2 Remaining lifetime probability of fracture (%) in men and women from Sweden at the ages shown. The risk ratio refers to the female/male
probabilities [43]

a
Clinical spine fracture

Arch Osteoporos (2013) 8:136 Page 9 of 115, 136

Kanis JA, Johnell O, Oden A, Sembo I, Redlund-Johnell I, Dawson A, De Laet C, Jonsson B (2000) Long-term risk of osteoporotic fracture in Malmo. Osteoporos Int 11:669– 674 
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Table 12
&DXVHV�RI�6HFRQGDU\�2VWHRSRURVLV�LQ�$GXOWVa

Endocrine or metabolic 
causes

Nutritional/
GI conditions Drugs

Disorders 
of collagen 
metabolism 2WKHU

Acromegaly
Diabetes mellitus 

Type 1 
Type 2

Growth hormone 
deficiency

Hypercortisolism
Hyperparathyroidism
Hyperthyroidism
Hypogonadism
Hypophosphatasia
Porphyria
Pregnancy

Alcoholism
Anorexia nervosa
Calcium deficiency
Chronic liver disease
Malabsorption 

syndromes/ 
malnutrition 
(including celiac 
disease, cystic 
fibrosis, Crohn 
disease, and gastric 
resection or bypass)

Total parenteral 
nutrition

Vitamin D deficiency

Anti-epileptic drugsb

Aromatase inhibitors
Chemotherapy/ 

immunosuppressants
Medroxyprogesterone 

acetate
Glucocorticoids
Gonadotropin-releasing 

hormone agents
Heparin
Lithium
Proton pump inhibitors
Selective serotonin- reuptake 

inhibitors
SGLT2-inhibitors
Thiazolidinediones
Thyroid hormone (in 

supraphysiologic doses)

Ehlers-Danlos 
syndrome

Homocystinuria due 
to cystathionine 
deficiency

Marfan syndrome
Osteogenesis 

imperfecta

AIDS/HIV
Ankylosing spondylitis
Chronic obstructive 

pulmonary disease
Gaucher disease
Hemophilia
Hypercalciuria
Immobilization
Major depression
Myeloma and some 

cancers
Organ transplantation
Renal insufficiency/ 

failure
Renal tubular acidosis
Rheumatoid arthritis
Systemic mastocytosis
Thalassemia

AIDS = acquired immunodeficiency syndrome; GI = gastrointestinal; HIV = human immunodeficiency virus; SGLT2 = sodium-
glucose cotransporter 2.
aNot meant to be a complete list.
bPhenobarbital, phenytoin, primidone, valproate, and carbamazepine have been associated with low bone mass.

Table 13
/DERUDWRU\�7HVWV�WR�&RQVLGHU�LQ�'HWHFWLQJ�6HFRQGDU\�2VWHRSRURVLV

Complete blood cell count
Serum chemistry, including calcium, phosphate, total protein, albumin, liver enzymes, alkaline phosphatase, creatinine, 

and electrolytes
24-hour collection for calcium, sodium, and creatinine excretion (to identify calcium malabsorption or hypercalciuria)
Serum 25-hydroxyvitamin D

Additional tests if clinically indicated might include (but not limited to):
%�Serum intact parathyroid hormone concentration for possible primary or secondary hyperparathyroidism

%�Serum thyrotropin

%�Tissue transglutaminase antibodies for suspected celiac disease 

%�Serum protein electrophoresis and free kappa and lambda light chains for suspected myeloma

%�Urinary free cortisol or other tests for suspected adrenal hypersecretion

%�Serum tryptase, urine N-methylhistidine, or other tests for mastocytosis

%�Bone marrow aspiration and biopsy to look for marrow-based diseases

%�Undecalcified iliac crest bone biopsy with double tetracycline labeling

Recommended for patients with bone disease and renal failure to establish the correct diagnosis and direct 
management

May be helpful in the assessment of patients with the following:
Suspected osteomalacia or mastocytosis when laboratory test results are inconclusive
Fracture without major trauma despite normal or high bone density
Vitamin D–resistant osteomalacia and similar disorders to assess response to treatment

Genetic testing for unusual features that suggest rare metabolic bone diseases
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activation of β-catenin in cells of the osteoblast and 
osteo clast lineages causes osteopetrosis, a condition 
characterized by high bone mass and abnormally dense 
bone.8,30,40 The inhibition of osteoclastogenesis by Wnt is 
in part caused by an induction of osteoprotegerin (also 
known as tumour necrosis factor receptor superfamily 
member 11B), a secreted protein that impairs osteo-
clastogenesis by binding RANKL. Downregulation of 
β-catenin in osteoblast precursors, osteocytes and/or 
osteoblasts causes osteopaenia, a condition in which 
bone mass is lower than normal owing to a decrease in 
osteoprotegerin expression and an increase in osteo-
clast number, which result in increased bone resorp-
tion.8,23,30,31,41 In addition, canonical Wnt signal ling 
has direct inhibitory effects on osteoclast pre cursors, 
indepen dent of osteoprotegerin, and inactivation of 
Ctnnb1 in these cells increases osteoclastogenesis 
and osteopaenia.42

Wnt interacts with other signalling pathways in the 
bone cellular environment. One of these signals, insulin-
like growth factor 1 (IGF-1), enhances the stabilization of 
β-catenin.43,44 Notch, a family of transmembrane recep-
tors that determine cell fate, impair Wnt signalling, pos-
sibly by enhancing the availability or activity of glycogen 
synthase kinase-3β (GSK-3β) and of serine–threonine-
protein kinase NLK (NEMO-like kinase) to phosphory-
late and degrade β-catenin and TCF-4, respectively.7,45 
The activity of Wnt signalling is also modulated by intra-
cellular and extracellular factors that bind to Wnt proteins 
or to various components of the signalling pathway.46

Mechanical loading activates Wnt signalling in cells 
of the osteoblastic lineage, suggesting that Wnt activity 
might be responsible for coupling mechanical forces to 
an anabolic response in the skeleton.24 The mechanism 
involves downregulation of the Wnt antagonist sclero-
stin, which is preferentially expressed by the mechano-
sensing osteocyte.47,48 The downregulation of sclero stin 
occurs particularly in high-strain regions of bone, where 
it enhances Wnt signalling and bone formation. Con-
versely, sclerostin is upregulated following unloading of 
the skeleton, which causes bone loss owing to enhanced 
bone resorption and decreased bone formation.47 These 
mecha nisms might be relevant to the pathogenesis of 
osteoporosis of disuse, in which the immobility associ-
ated with prolonged bed rest and nerve injuries results in 
a loss of bone mass. Osteoporosis of disuse is associated 
with a significant increase in fracture risk, and preventing 
or correcting bone loss would prove beneficial to persons 
affected by this disease.

Wnt antagonists
Wnt activity is modulated by proteins secreted into the 
extracellular space (Box 2, Figure 1),46 which interact 
either directly with Wnt proteins or their receptors. In 
addition, Wnt signalling is regulated by trans membrane 
modulators such as Kremen protein 1 and LRP-1, and 
intracellular proteins and kinases, such as GSK-3β  
and the intra cellular domain of Notch.46,49  Regulation of 
the cellular activity of Wnt proteins by Wnt antagonists 
prevents excess cellular exposure to Wnt signalling.

Antagonists that bind Wnt proteins
Secreted Wnt antagonists that interact with Wnt pro-
teins include Wnt inhibitory factor 1 (WIF-1), secreted 
f rizzled-related proteins (sFRPs) and Cerberus; such 
antagonists act by altering the ability of Wnt proteins 
to bind to the Wnt receptor complex.46,50,51 WIF-1 
is expressed at the cartilage–mesenchyme interface 
during development and opposes the inhibitory effects 
of Wnt-3a on chondro genesis.52 In addition, WIF-1 is 
expressed during the differentiation and maturation  
of osteoblasts, possibly to inhibit Wnt activity while the 
osteoblasts complete their differentiation programme.53 
Interestingly, WIF1 is hypermethylated and consequently 
epigenetically silenced in 75% of human osteosarcomas, 
which leads to enhanced Wnt signalling and intra cellular 
accumulation of β-catenin.54,55 Furthermore, mice in 
which the Wif1 gene is inactivated exhibit accelerated 
development of radiation-induced osteosarcoma,55 sug-
gesting that, in this experimental model, Wif-1 might 
protect against this malignancy.
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Figure 1 | Canonical Wnt signalling and bone remodelling. Wnt induces 
osteoblastogenesis and thereby enhances bone formation. Canonical Wnt 
signalling suppresses osteoclastogenesis by inducing osteoprotegerin. In 
addition, Wnt signalling suppresses bone resorption by an osteoprotegerin-
independent mechanism acting directly on osteoclast precursors. The dual effect 
of Wnt on cells of the osteoblast and osteoclast lineage results in an increase in 
bone mass. Sclerostin and Dkk-1 bind to Wnt co-receptors and thereby prevent 
Wnt-receptor interaction and signalling. Abbreviations: Dkk-1, Dickkopf-related 
protein 1; LRP-5, LDL receptor related protein co-receptor 5; LRP-6, LDL receptor 
related protein co-receptor 6. 

Box 2 | Secreted Wnt antagonists

Factors that bind Wnt proteins
 ■ Secreted frizzled-related proteins
 ■ Cerberus
 ■ Wnt inhibitory factor 1

Factors that interact with Wnt receptors
 ■ Sclerostin
 ■ Dickkopf family of proteins
 ■ Sclerostin domain-containing protein 1
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factors for fractures which are very common in this popula-
tion, to factors linked to viral activity and also to the effect 
of ART [40].

Contribution of Classical Risk Factors of Bone 
Fragility

The risk factors of osteoporosis and bone fragility in PLWH 
are summarized in Table 2. Traditional risk factors include 
age, low BMI, nutritional factors, toxic habits, as well as 
hypogonadism. The prevalence of hypogonadism is high in 
HIV-positive men, approximately 20% of them. It can be 
primary hypogonadism, but also secondary hypogonadism 
associated with hypothalamus and pituitary axis dysfunc-
tion, obesity, metabolic syndrome or lipodystrophy [41]. 
In women, HIV infection and menopause are independent 
predictors of a decrease of BMD [42]. In adults infected 
with HIV, malnutrition and reduced frequency of mechani-
cal loading activities have been associated with alterations 

in bone microstructure [43]. The combination of several 
of these risk factors in patients co-infected with HIV and 
hepatitis C could explain the particularly increased risk of 
fractures in this population. Serious falls within the past 
year, significant enough to warrant a visit to a health care 
provider, are also, as in the general population, strong pre-
dictors of fragility fractures in PLWH on ART [44].

Virus Activity

Bone loss is accelerated in patients with a high viral load, 
suggesting a direct effect of virus activity and systemic 
inflammation on bone metabolism. Recent data demon-
strated that HIV has various direct effects on bone cells. 
HIV affects not only lymphocytes, but also macrophages 
and osteoclasts via cell-free viruses or by cell-to-cell transfer 
from infected T-cells. By secreting the receptor activator of 
nuclear factor kappa-B ligand (RANK-L) and reducing the 
expression of osteoprotegerin, HIV-infected lymphocytes 
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Fig. 1  Change of spine BMD after one year in various condi-
tions including HIV. Adapted from Refs. [10, 26– 32]. AI aromatase 
inhibitor, PostMW postmenopausal women, PreMW, premenopausal 
women, GnRH Gonadotropin-Releasing Hormone, GC glucocorti-

coids, ART  antiretroviral treatment, PLWH people living with HIV, 
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Desordenes Óseos



REVIEW

People living with HIV and fracture risk

M.O. Premaor1 & J.E. Compston2

Received: 28 October 2019 /Accepted: 12 February 2020
# International Osteoporosis Foundation and National Osteoporosis Foundation 2020

Abstract
Summary PLHIV have an increased risk of osteoporosis and fractures when compared with people of the same age and sex. In
this review, we address the epidemiology and the pathophysiology of bone disease and fractures in PLHIV. The assessment of
fracture risk and fracture prevention in these subjects is also discussed. The spectrum of HIV-associated disease has changed
dramatically since the introduction of potent antiretroviral drugs. Today, the survival of people living with HIV (PLHIV) is close
to that of the general population. However, the longer life-span in PLHIV is accompanied by an increased prevalence of chronic
diseases. Detrimental effects on bone health are well recognised, with an increased risk of osteoporosis and fractures, including
vertebral fractures, compared to the general population. The causes of bone disease in PLHIV are not fully understood, but
include HIV-specific risk factors such as use of antiretrovirals and the presence of chronic inflammation, as well as traditional risk
factors for fracture. Current guidelines recommend the use of FRAX to assess fracture probability in PLHIVage ≥ 40 years and
measurement of bone mineral density in those at increased fracture risk. Vitamin D deficiency, if present, should be treated.
Bisphosphonates have been shown to increase bone density in PLHIV although fracture outcomes are not available.
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Introduction

The spectrum of human immunodeficiency virus (HIV) infec-
tion has changed greatly since the first cases were described in
the early 1980s [1–3]. Before the advent of antiretroviral ther-
apy (ART), the disease was devastating, and survival after
diagnosis was approximately 2 years [1]. However, after the
introduction of ART in the mid-1990s, the survival of people
living with HIV (PLHIV) increased progressively and is now
close to that of the general population [2–4].

ART has changed not only the survival of PLHIV but also the
clinical spectrum of the disease. Nowadays, HIV infection is
usually well controlled [2–4]. Most PLHIVs have low or sup-
pressed viral load and very few episodes of opportunistic infec-
tion [4]. On the other hand, there remains some degree of chronic
inflammation and metabolic change that predispose to the

premature onset of various chronic diseases [4]. These include
metabolic syndrome, diabetes mellitus, cardiovascular disease
and renal disease. In addition, an increased risk of fractures in
PLHIV has been consistently described in the literature [4].

This review article describes what is known about the ep-
idemiology and pathophysiology of fractures in PLHIV and
discusses the assessment of fracture risk and prevention of
fractures in these subjects.

Epidemiology of fractures in PLHIV

Reports of an increased risk of fractures in PLHIV began to
appear in the 2000s [5, 6], and subsequently, a number of
studies have confirmed this finding (Table 1) [11, 12, 14, 15,
17, 19, 23, 25]. Increased risk of fracture in HIV-positive
subjects has been confirmed by two meta-analyses, using
slightly different methodologies. Shiau and colleagues con-
ducted a meta-analysis that included only cohort studies
[27]: the incidence rate ratio of fracture in PLHIV was signif-
icantly increased at 1.58 (95% CI, 1.25 to 2.00) [27]. Another
meta-analysis carried out by Premaor et al. included both co-
hort and case-control studies. The odds ratio of fracture in
HIV-positive subjects compared with HIV-negative controls
in this meta-analysis was 2.17 (95% CI, 1.29 to 3.66) [28].
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The incidence of fractures in PLHIV ranges from 0.1 to
12.8 per 1000 people/year in the cohort studies (Table 1) [5,
7–10, 13, 15–18, 20–22, 24, 26]. These studies includedmain-
ly male subjects aged between 36 and 55 years. Gonciulea and
colleagues studied the incidence of fractures in subgroups of
older HIV-positive individuals [7]. They found an increased
incidence in PLHIV aged 50 to 59 years compared to HIV-
negative subjects in the same age range [IRR 2.06 (1.49 to
2.84)] [7]. Given the paucity of studies in women, especially
postmenopausal women, the incidence of fracture reported so
far should be generalized with caution to these subpopula-
tions. In addition, most of the data are derived from North
American and European populations and may not applicable
to other parts of the world, particularly sub-Saharan Africa,
where the prevalence of HIV infection is highest.

The risk of vertebral fractures is increased in PLHIV. In a
meta-analysis performed by our group, the OR of vertebral
fractures in HIV-positive subjects was 2.30 (95% CI 1.37 to
3.85) [29]. In this study the prevalence of vertebral fractures
was 11.1% (95%CI 4.5 to 25.0%) [29]. Moreover, there was a
significant difference between the frequency of clinical verte-
bral and morphometric vertebral fractures, 20.2% (95% CI
15.7 to 25.6) versus 3.9% (95% CI 0.9 to 15.8), p = 0.021
respectively [29]. These differences suggest that as in the gen-
eral population, spine fractures may often be asymptomatic in
PLHIV.

Pathogenesis of bone disease in PLHIV (Fig. 1)

Traditional risk factors

Many factors contribute to increased fracture risk in PLHIV,
and these include traditional risk factors as well as factors
intrinsic to HIV. Factors classically associated with low bone
mass and fractures such as age, previous fracture, falls, low
bodymass index, alcohol abuse and smoking are often present
in PLHIV (Fig. 1) [28, 30]. Some risk factors, such as vitamin
D deficiency and diabetes mellitus, are more frequent in these
individuals and also contribute [28]. Men living with HIV
often have reduced serum testosterone levels [31], and HIV-
positive subjects have greater insulin resistance [32, 33]. The
risk of developing diabetes mellitus in PLHIV is 1.4 times
higher than in the general population [32, 33]. The increased
prevalence of other comorbidities in PLHIV also contributes
to increased fracture risk.

Impaired muscle function is a common finding in PLHIV
andmay contribute to increased risk of falls and fractures [34].
The Multicenter AIDS Cohort Study (MACS) reported an
accelerated decline in muscle strength and gait speed in
HIV-positive subjects after the age of 50 years compared with
HIV-negative subjects [35]. Few studies have evaluated the
prevalence of sarcopenia in people living with HIV to date,

and those that exist have used different definitions of
sarcopenia. The prevalence of sarcopenia defined as both de-
creased muscle mass and strength ranges from 5 to 17%
[36–38]. Finally, the use of prescribed medications, for exam-
ple inhibitors of serotonin reuptake, maintenance treatment
with methadone and of non-prescribed drugs has also been
associated with fractures and low bone mass in PLHIV [28,
30]. The use of non-prescribed opioids, cocaine use, or any
injectable drug is associated with increased risk both of fragil-
ity and traumatic fractures [30, 39, 40].

Risk factors specific for HIV infection

Low CD4 cell counts have been consistently associated with
an increased risk of osteoporosis and fractures [20, 21].
Subjects with counts below 200 cells/mm3 have a higher risk
of fracture when compared to individuals with counts above
this value [20, 21]. Co-infection of HIV with hepatitis B or
hepatitis C viruses also increases the risk of fractures [8, 27,
41, 42]. In PLHIV who are co-infected with the hepatitis C
virus, the risk of fractures is twice that of people only infected
with HIV [8, 27, 41]. Co-infection with hepatitis B virus also
increases the risk of fractures in HIV-positive subjects; in ad-
dition, its treatment with anti-HBVantiretroviral and/or inter-
feron alpha is associated with low bone mass and increased
fracture frequency [42].

PLHIV, even when on treatment, have some remaining
degree of chronic inflammation, with increased levels of C-
reactive protein and inflammatory cytokines [40, 43, 44].
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Introduction

The spectrum of human immunodeficiency virus (HIV) infec-
tion has changed greatly since the first cases were described in
the early 1980s [1–3]. Before the advent of antiretroviral ther-
apy (ART), the disease was devastating, and survival after
diagnosis was approximately 2 years [1]. However, after the
introduction of ART in the mid-1990s, the survival of people
living with HIV (PLHIV) increased progressively and is now
close to that of the general population [2–4].

ART has changed not only the survival of PLHIV but also the
clinical spectrum of the disease. Nowadays, HIV infection is
usually well controlled [2–4]. Most PLHIVs have low or sup-
pressed viral load and very few episodes of opportunistic infec-
tion [4]. On the other hand, there remains some degree of chronic
inflammation and metabolic change that predispose to the

premature onset of various chronic diseases [4]. These include
metabolic syndrome, diabetes mellitus, cardiovascular disease
and renal disease. In addition, an increased risk of fractures in
PLHIV has been consistently described in the literature [4].

This review article describes what is known about the ep-
idemiology and pathophysiology of fractures in PLHIV and
discusses the assessment of fracture risk and prevention of
fractures in these subjects.

Epidemiology of fractures in PLHIV

Reports of an increased risk of fractures in PLHIV began to
appear in the 2000s [5, 6], and subsequently, a number of
studies have confirmed this finding (Table 1) [11, 12, 14, 15,
17, 19, 23, 25]. Increased risk of fracture in HIV-positive
subjects has been confirmed by two meta-analyses, using
slightly different methodologies. Shiau and colleagues con-
ducted a meta-analysis that included only cohort studies
[27]: the incidence rate ratio of fracture in PLHIV was signif-
icantly increased at 1.58 (95% CI, 1.25 to 2.00) [27]. Another
meta-analysis carried out by Premaor et al. included both co-
hort and case-control studies. The odds ratio of fracture in
HIV-positive subjects compared with HIV-negative controls
in this meta-analysis was 2.17 (95% CI, 1.29 to 3.66) [28].
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Pathophysiology of bone disease in PLHIV

Bone microarchitecture and quality

Both bone quantity and quality appear to be altered in
PLHIV. The prevalence of osteopenia or osteoporosis in
the spine or hip is approximately two and a half times
higher than in HIV negative subjects (OR 2.4, 95% CI
2.0 to 2.8) [73]. Additionally, adverse effects on bone
microarchitecture have been described in both men
[74–76] and women [77, 78].

Changes in bone microstructure have been reported in
HIV-positive premenopausal women [77]. Calmy et al. report-
ed lower cortical density and lower trabecular density and
number in the radius compared to premenopausal women liv-
ing without HIV. Moreover, in a study carried out in postmen-
opausal Hispanic and African American women, cortical
thickness and area at the tibia were lower in women living
with HIV than in controls [78].

Changes in bone microarchitecture have also been de-
scribed in men [74–76]. Cortical area was decreased in
middle-aged men living with HIV when compared to
con t ro l s [75 ] . Kazak ia e t a l . eva lua t ed bone
microarchitecture in HIV-positive older men using high-
resolution peripheral tomography (HRpQCT) and mag-
netic resonance imaging (MRI) [76]. HRpQCT showed
greater trabecular separation and a lower trabecular num-
ber in the tibia of HIV-positive men compared with HIV-
negative controls [76] and MRI assessment of the femur
also demonstrated greater trabecular separation and lower
trabecular volume [76]. A study of adult men living with
HIV since childhood reported similar results, with lower
cortical and trabecular thickness when compared to HIV-
negative controls [74].

Changes in bone material properties have been report-
ed in PLHIV. Bone material strength index (BMSi), mea-
sured by microindentation of the tibia in PLHIV prior to
initiation of ARV was lower in HIV-subjects when com-
pared with controls [84.5 (IQR 83–87) vs. 90 (IQR 88.5–
93), p value < 0.001] [79]. Furthermore, within the HIV-
positive group, BMSi was lower in women than in men
(80 (IQR 77–83) vs 85 (IQR 83–87), p value < 0.001]
[79]. In a study conducted in adult men living with HIV
since childhood, Yin et al., using micro-finite element
analysis, reported lower whole bone stiffness at the radi-
us and tibia (− 17% and − 14%, respectively) and lower
trabecular stiffness in the radius (− 24%) when compared
to HIV-negative men [74].

Bone histomorphometric data in PLHIV are sparse.
Two studies carried out in treatment-naive HIV-positive
adults have reported a reduced bone formation rate and
in one of these, mineralisation lag time was increased
[50, 80].

Effects of HIV on osteoclasts (Fig. 2)

Recent studies have demonstrated the ability of HIV to infect
human osteoclasts in a way similar to that seen with macro-
phages [81, 83]. The free virus enters the cell at any stage of
osteoclastogenesis through the interaction of the envelope
complex with CD4 and CCR5 receptors and coreceptors
[81]. T lymphocytes also appear to be able to transfer HIV
to osteoclasts. The latter seems to be the preferred way of
infection of human osteoclasts in vitro [81].

Despite altering the function and structure of osteoclasts,
HIV does not decrease the viability of these cells [81]. On the
contrary, in humanized rats, HIV infection was associatedwith
a higher number of osteoclasts and significant bone loss.
Modification occurs in the structure of osteoclasts, particularly
in the sealing zones, and appears to contribute to the increase
in bone resorption [81]. Sealing zones are structures formed
by podosomes rich in F-actin and are part of the resorptive
apparatus of osteoclasts. The changes in podosomes appear to
be caused by alterations in the nonreceptor tyrosine kinase
Src, activated by viral proteins [81]. Furthermore, the CCR5
coreceptor itself appears to affect in the motility of
podosomes, and its activation may contribute to increased
bone resorption [82].

HIV infection of osteoclasts is also associated with an im-
balance between the RANKL/OPG pathways [83]. Studies in
humanized animals infected with HIV demonstrated that the
production of RANKL and OPG by B cells increased and
decreased, respectively [83]. Moreover, the CCR5 coreceptor
has been associated with increased production of RANKL in
in vitro studies [82].

Effects of viral proteins on bone cells

Most of our knowledge of the effects of the virus on bone
remodelling comes from in vitro studies. Effects of both

Osteoclast
• Increase numbers
•Structure 
modification

HIV

• CD4 
• CCR5

Increase 
bone 

resorption

Fig. 2 Effects of HIVon osteoclasts. The HIV infects the osteoclasts via
an interaction of the envelope complex with CD4 and CCR5 receptors
and coreceptors. The infection increases the number of osteoclasts and
modifies its structure (the sealing zones) increasing bone resorption [81,
82]

Osteoporos Int

58 – 117%

Fracturas

200 cel/mm3



www.e-enm.org 95

Review
Article

Human Immunodeficiency Virus Infection and the 

Endocrine System 

Dana Zaid1, Yona Greenman1,2

1Institute of Endocrinology, Metabolism and Hypertension, Tel Aviv-Sourasky Medical Center; 2Sackler Faculty of Medicine, 

Tel Aviv University, Tel Aviv, Israel

In the current era of effective antiretroviral therapies (ARTs), human immunodeficiency virus (HIV) infection became a chronic dis-

order that requires long term follow-up. Among other medical issues, these patients may develop endocrine problems, specific to 

HIV infection and its treatment. The purpose of this review is to give an overview of common endocrine complications associated 

with HIV infection, and to propose diagnostic and therapeutic strategies. HIV can affect the endocrine system at several levels. Adre-

nal and gonadal dysfunction, osteoporosis with increased fracture risk, dyslipidemia with increased cardiovascular risk, are some of 

the endocrine disorders prevalent in HIV-infected patients that may negatively influence quality of life, and increase morbidity and 

mortality. While ARTs have dramatically increased life expectancy in the HIV-infected population, they are not devoid of adverse ef-

fects, including endocrine dysfunction. Physicians caring for HIV-infected patients should be knowledgeable and exercise a high in-

dex of suspicion for the diagnosis of endocrine abnormalities, and in particular be aware of those that can be life threatening. Endo-

crine evaluation should follow the same strategies as in the general population, including prevention, early detection, and treatment.

Keywords: HIV; Anti-retroviral agents; Endocrine system diseases; HIV-associated lipodystrophy syndrome; Diabetes mellitus; 

Hyperlipidemias; Osteoporosis

INTRODUCTION

Human immunodeficiency virus (HIV) affects up to 0.8% of the 

adult population worldwide. Although there has been a signifi-

cant decrease in the number of new infections since the peak of 

the epidemic in 1996, in many parts of the world, especially in 

sub-Saharan Africa, HIV is still highly prevalent, with an esti-

mated 23.5 million people infected [1]. The number of HIV-in-

fected patients is rising in Asia and other parts of the world.

Endocrine dysfunction is well recognized in HIV-infected pa-

tients. Pituitary, adrenal, gonadal, thyroid, bone, and metabolic 

disorders have all been reported. HIV itself, related opportunis-

tic infections, cytokines, immune activation, and antiretroviral 

therapy (ART) all may have adverse effects on endocrine func-

tion.

At the onset of the acquired immune deficiency (AIDS) epi-

demic, endocrine dysfunction was mainly a result of opportu-

nistic infections, neoplasms, including HIV-related malignan-

cies, and concomitant systemic illness. With the development of 

ART and its widespread use, there was a decline in the inci-

dence of opportunistic infection- and neoplasm-related endocri-

nopathies. Chronic metabolic complications of HIV therapy, in-

cluding insulin resistance and diabetes mellitus (DM), dyslipid-

emia, alterations in body fat distribution, hypogonadism and 
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• Activación de T cell, CD4 bajo, VHB-C

T cell activa TNF, IL6, RANK-L

• Disminución de la osteoprotegerina

• Tag y Nef reducen células mesenquimales

• Hipogonadismo

• Lipoatrofia

• DMO y 25 OHVD mandatoria > 50 años

• TDF disminuye DMO entre 2-6%
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• DMO un paciente viviendo con HIV es equivalente a un paciente 
10 años mayor

• Z Score es -0.36 DS en columna; Z Score es -0.31 DS en cuello 
femoral

• Durante la infección por VIH no tratada, la DMO disminuye debido 
a la mala salud, la pérdida de peso y los efectos directos del virus.

• La mayor disminución de la DMO se observa después de iniciar el 
TDF, por un período limitado de 1 a 2 años

3864
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• Los datos del estudio START demostraron claramente 
que la pérdida ósea durante el inicio del TAR es mucho 
mayor que la que resulta de la infección por VIH sola

• La magnitud de la pérdida ósea supera la observada 
después de la menopausia, o se acerca a el 
tratamiento con glucocorticoides o inhibidores de la 
aromatasa, solo dentro de 1 a 2 años después del inicio 
del TAR

• Con TAR a largo plazo y supresión de la actividad viral, 
la DMO puede aumentar y luego estabilizarse

3864
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Abstract
Summary A meta-analysis was conducted to evaluate the
prevalence of osteopenia/osteoporosis in human immunodefi-
ciency virus (HIV)-infected individuals. The prevalence of
osteopenia/osteoporosis in HIV-infected and antiretroviral
therapy (ART)-treated individuals was significantly higher
than respective controls. Evidence regarding bone loss within
first year of HIV infection or ART initiation was preliminary.
Purpose The aim of the study is to systematically review pub-
lished literature on the prevalence of osteopenia/osteoporosis
and its associated risk factors in HIV-infected individuals.
Methods A literature search was conducted from 1989 to
2015 in six databases. Full text, English articles on HIV-
infected individuals ≥ 18 years, which used dual X-ray ab-
sorptiometry to measure BMD, were included. Studies were
excluded if the prevalence of osteopenia/osteoporosis was
without a comparison group, and the BMD/T-score were not
reported.

Results Twenty-one cross sectional and eight longitudinal
studies were included. The prevalence of osteopenia/
osteoporosis was significantly higher in both HIV-infected
[odds ratio (OR) = 2.4 (95%Cl: 2.0, 2.8) at lumbar spine, 2.6
(95%Cl: 2.2, 3.0) at hip] and ART-treated individuals [OR =
2.8 (95%Cl: 2.0, 3.8) at lumbar spine, 3.4 (95%Cl: 2.5, 4.7) at
hip] when compared to controls. PI-treated individuals had an
OR of 1.3 (95%Cl: 1.0, 1.7) of developing osteopenia/
osteoporosis compared to controls. A higher proportion of
tenofovir-treated individuals (52.6%) had lower BMD com-
pared to controls (42.7%), but did not reach statistical signif-
icance (p = 0.248). No significant difference was found in the
percent change of BMD at the lumbar spine, femoral neck, or
total hip from baseline to follow-up between HIV-infected, PI-
treated, tenofovir-treated, and controls. Older age, history of
bone fracture, low BMI, low body weight, being Hispanic or
Caucasian, low testosterone level, smoking, low CD4 cell
count, lipodystrophy, low fat mass, and low lean body mass
were associated with low BMD.
Conclusions The prevalence of osteopenia/osteoporosis in
HIV-infected and antiretroviral therapy (ART)-treated individ-
uals was two times more compared to controls. However,
evidence concerning bone loss within the first year of HIV
infection and ART initiation was preliminary.

Keywords Antiretroviral therapy . Bone density . Hiv .

Osteopenia . Osteoporosis

Introduction

The commencement of antiretroviral therapy (ART) in human
immunodeficiency virus (HIV)-infected individuals has sig-
nificantly reduced their morbidity and mortality [1].
However, HIV infection and the use of ART have been
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Odds ratio of osteopenia/osteoporosis
in antiretroviral-treated versus antiretroviral-naive
individuals

Eight cross-sectional studies and one observational longitudi-
nal study were included in this analysis (Table 1b) [9, 13, 18,
23–28]. The odds of developing osteopenia/osteoporosis at
the lumbar spine and hip was OR = 2.8 (95%Cl 2.0, 3.8),
p= 0.004 and OR = 3.4 (95%Cl 2.5, 4.7), p= 0.0002, respec-
tively (Fig. 3). The overall assessment of heterogeneity be-
tween studies for osteopenia/osteoporosis at lumbar spine
and hip was I2 = 64% (Q = 22.2, p< 0.001) and I2 = 74%
(Q = 30.4, p< 0.001), respectively.

A meta-analysis on the percent change in BMD from base-
line to follow-up for ART-treated individuals could not be
calculated as there was only one observational longitudinal
study [18].

Protease inhibitor-treated versus non protease
inhibitor-treated individuals

Eleven studies [cross-sectional (n= 7); longitudinal (n= 4)]
compared PI-treated versus non PI-treated individuals

(Tables 1 and 2) [13, 18, 20, 24, 25, 27–29, 32–34]. Of the
four longitudinal studies, only one was a randomized con-
trolled trial (RCT) [33]. Four studies only included men [20,
24, 25, 28], one study only included women [27], while six
studies included both men and women [13, 18, 29, 32–34].
The majority of participants were male (range: 63–96%) [18,
29]. All studies were matched for gender except for five stud-
ies [13, 18, 29, 32, 33]. Age and BMI were well matched
between PI-treated and non-PI-treated individuals.

Odds ratio of osteopenia/osteoporosis in protease
inhibitor-treated versus non protease inhibitor-treated
individuals

Seven cross-sectional studies and one observational longitu-
dinal study were included in this analysis (Table 1c) [13, 18,
20, 24, 25, 27–29]. Three longitudinal studies were excluded
as the proportion of osteopenia/osteoporosis at baseline was
not reported [32–34]. The odds of developing osteopenia/
osteoporosis at the lumbar spine and hip was OR = 1.3
(95%Cl 1.0, 1.8), p= 0.20 and OR = 1.3 (95%Cl 1.0, 1.7),
p= 0.17, respectively (Supplementary material 5). The overall
assessment of heterogeneity between studies for osteopenia/

a) lumbar spine 

b) hip

Fig. 2 Odds ratio of osteopenia/osteoporosis in HIV-infected versus HIV-uninfected individuals at a lumbar spine and b hip
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MASA OSEA EN PLWH

•Columna lumbar: OR 2.4 (IC 95% 2.0-2.8) en pacientes VIH-
positivos vs controles
•Cadera: OR 2.6 (IC 95% 2.2-3.0) en pacientes VIH-positivos vs 
controles

Prevalencias de osteopenia/osteoporosis 2-3 veces superiores y 
riesgo de fracturas aumentado hasta 4-5 veces, representando 
un problema de salud pública creciente a nivel mundial.

China: Un estudio transversal con 1,143 pacientes mostró: [2]
•En pacientes sin TAR: 19.2% tenían baja DMO (1.0% osteoporosis, 18.3% 
osteopenia)
•En pacientes con TAR: 32.2% tenían baja DMO (2.4% osteoporosis, 29.8% 
osteopenia)
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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
Paul E Sax, David Wohl, Michael T Yin, Frank Post, Edwin DeJesus, Michael Saag, Anton Pozniak, Melanie Thompson, Daniel Podzamczer, 
Jean Michel Molina, Shinichi Oka, Ellen Koenig, Benoit Trottier, Jaime Andrade-Villanueva, Gordon Crofoot, Joseph M Custodio, 
Andrew Plummer, Lijie Zhong, Huyen Cao, Hal Martin, Christian Callebaut, Andrew K Cheng, Marshall W Fordyce, Scott McCallister, for the 
GS-US-292-0104/0111 Study Team*

Summary
Background Tenofovir disoproxil fumarate can cause renal and bone toxic eff ects related to high plasma tenofovir 
concentrations. Tenofovir alafenamide is a novel tenofovir prodrug with a 90% reduction in plasma tenofovir 
concentrations. Tenofovir alafenamide-containing regimens can have improved renal and bone safety compared with 
tenofovir disoproxil fumarate-containing regimens.

Methods In these two controlled, double-blind phase 3 studies, we recruited treatment-naive HIV-infected patients 
with an estimated creatinine clearance of 50 mL per min or higher from 178 outpatient centres in 16 countries. 
Patients were  randomly assigned (1:1) to receive once-daily oral tablets containing 150 mg elvitegravir, 150 mg 
cobicistat, 200 mg emtricitabine, and 10 mg tenofovir alafenamide (E/C/F/tenofovir alafenamide) or 300 mg tenofovir 
disoproxil fumarate (E/C/F/tenofovir disoproxil fumarate) with matching placebo. Randomisation was done by a 
computer-generated allocation sequence (block size 4) and was stratifi ed by HIV-1 RNA, CD4 count, and region (USA 
or ex-USA). Investigators, patients, study staff , and those assessing outcomes were masked to treatment group. All 
participants who received one dose of study drug were included in the primary intention-to-treat effi  cacy and safety 
analyses. The main outcomes were the proportion of patients with plasma HIV-1 RNA less than 50 copies per mL at 
week 48 as defi ned by the the US Food and Drug Adminstration (FDA) snapshot algorithm (pre-specifi ed non-
inferiority margin of 12%) and pre-specifi ed renal and bone endpoints at 48 weeks. These studies are registered with 
ClinicalTrials.gov, numbers NCT01780506 and NCT01797445.

Findings We recruited patients from Jan 22, 2013, to Nov 4, 2013 (2175 screened and 1744 randomly assigned), and 
gave treatment to 1733 patients (866 given E/C/F/tenofovir alafenamide and 867 given E/C/F/tenofovir disoproxil 
fumarate). E/C/F/tenofovir alafenamide was non-inferior to E/C/F/tenofovir disoproxil fumarate, with 800 (92%) of 
866 patients in the tenofovir alafenamide group and 784 (90%) of 867 patients in the tenofovir disoproxil fumarate 
group  having plasma HIV-1 RNA less than 50 copies per mL (adjusted diff erence 2·0%, 95% CI –0·7 to 4·7). Patients 
given E/C/F/tenofovir alafenamide had signifi cantly smaller mean serum creatinine increases than those given 
E/C/F/tenofovir disoproxil fumarate (0·08 vs 0·12 mg/dL; p<0·0001), signifi cantly less proteinuria (median % change 
–3 vs 20; p<0·0001), and a signifi cantly smaller decrease in bone mineral density at spine (mean % change –1·30 vs 
–2·86; p<0·0001) and hip (–0·66 vs –2·95; p<0·0001) at 48 weeks.

Interpretation Through 48 weeks, more than 90% of patients given E/C/F/tenofovir alafenamide or E/C/F/tenofovir 
disoproxil fumarate had virological success. Renal and bone eff ects were signifi cantly reduced in patients given 
E/C/F/tenofovir alafenamide. Although these studies do not have the power to assess clinical safety events such as 
renal failure and fractures, our data suggest that E/C/F/tenofovir alafenamide will have a favourable long-term renal 
and bone safety profi le.

Funding Gilead Sciences.

Introduction
Guidelines for initial treatment of HIV-1 infection 
recommend the use of two nucleoside reverse transcriptase 
inhibitors plus a third active drug from a diff erent class.1 Of 
nucleoside reverse transcriptase inhibitors, tenofovir 
disoproxil fumarate is included in most recommended 
regimens. Although potent and generally well tolerated, 

tenofovir disoproxil fumarate can cause clinically signifi cant 
renal toxic eff ects,2 especially in patients with risk factors 
for kidney disease or who are receiving concomitant 
ritonavir-boosted protease inhibitors.3,4 Additionally, 
tenofovir disoproxil fumarate has been associated with 
greater reductions in bone mineral density than other 
antiretroviral drugs.5 In one observational study,6 
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concentrations. Bio analytical analyses of drug 
concentrations of tenofovir alafenamide and tenofovir in 
plasma and tenofovir-diphosphate in peripheral blood 
mononuclear cells were done by QPS (Newark, DE, USA).

Role of the funding source
The funder designed the study, collected and analysed 
data, interpreted the results, and helped write the report. 
PES and DW are investigators who had access to the 
analyzed data, independently interpreted the results, and 
helped write the report. All authors had access to the 
analysed data and could assess the results and 
conclusions. Additional information or analyses were 
available to any author upon request. PES, DW, SM, 
MWF, and AKC made the decision to submit the report.

Results
2175 patients were screened for both studies, of whom 
1744 were randomly assigned to receive treatment. 
1733 received at least one dose of study drug; 866 received 
E/C/F/tenofovir alafenamide and 867 received E/C/F/
tenofovir disoproxil fumarate (fi gure 1). Table 1 shows 
baseline characteristics of participants. E/C/F/tenofovir 
alafenamide was non-inferior to E/C/F/tenofovir 
disoproxil fumarate for the combined primary outcome 
(800 patients [92%] vs 784 patients [90%], adjusted 
diff erence 2·0%, 95% CI –0·7% to 4·7%) and for each 
study (fi gure 2). With a cutoff  of fewer than 20 copies per 
mL, virological outcome at week 48 by FDA snapshot 
algorithm was 84·4% for the E/C/F/tenofovir 
alafenamide group and 84·0% for the E/C/F/tenofovir 
disoproxil fumarate group (diff erence in percentages 
0·4%, 95% CI –3·0% to 3·8%, p=0·83). Viral 
suppression was high in both treatment groups for 
per-protocol analysis (781 [98%] of 801 for E/C/F/
tenofovir alafenamide group and 763 [97%] of 
789 patients for E/C/F/tenofovir disoproxil fumarate 
group, adjusted diff erence 0·8%, 95% CI –1·0% to 
2·5%) and the other the secondary effi  cacy endpoints 
(appendix) and for various subgroups (fi gure 2). We 
noted signifi cant diff erences in effi  cacy for those with 
fewer than 100 000 copies per mL baseline HIV-1 RNA 
(94% for E/C/F/tenofovir alafenamide vs 91% for 
tenofovir disoproxil fumarate, diff erence in percentage 
3·1%, 95% CI 0·2–6·0) and for women (95% for 
tenofovir alafenamide and 87% for tenofovir disoproxil 
fumarate, diff erence in percentage 7·9%, 95% CI 
0·2–15·6). The mean increases from baseline in CD4 
cell counts were higher for the E/C/F/tenofovir 
alafenamide group through week 48 (observed data), as 
follows: E/C/F/tenofovir alafenamide 230 (SD 177·3) 
cells per mL; E/C/F/tenofovir disoproxil fumarate 
211 (170·7) cells per mL; diff erence in LSM 19 cells 
per mL, 95% CI: 3 to 36 cells per mL; p=0·024.

We noted virological failure with resistance in seven 
(0·8%) of 866 patients in the E/C/F/tenofovir alafenamide 
group versus fi ve (0·6%) of 867 patients in the E/C/F/

tenofovir disoproxil fumarate group (appendix). 
Resistance mutation development was similar between 
treatment groups (appendix). All patients with emergent 
resistance developed the reverse transcriptase mutation, 
Met184Val/Ile. One patient in the E/C/F/tenofovir 
alafenamide group and in two patients in E/C/F/tenofovir 
disoproxil fumarate developed the Lys65Arg reverse 
transcriptase mutation. Eight of 12 patients (fi ve in the 
E/C/F/tenofovir alafenamide group and three in the 
E/C/F/tenofovir disoproxil fumarate group) developed 
primary INSTI-R, all of which were genotypically 

Elvitegravir, cobicistat, 
emtricitabine, 
tenofovir alafenamide 
(n=866)

Elvitegravir, cobicistat, 
emtricitabine, 
tenofovir disoproxil 
fumarate (n=867)

Diarrhoea 147 (17%) 164 (19%)

Nausea 132 (15%) 151 (17%)

Headache 124 (14%) 108 (13%)

Upper respiratory 
tract infection

99 (11%) 109 (13%)

Nasopharyngitis 78 (9%) 80 (9%)

Fatigue 71 (8%) 71 (8%)

Cough 67 (8%) 60 (7%)

Vomiting 62 (7%) 54 (6%)

Arthralgia 61 (7%) 39 (5%)

Back pain 60 (7%) 57 (7%)

Insomnia 57 (7%) 48 (6%)

Rash 55 (6%) 46 (5%)

Pyrexia 45 (5%) 41 (5%)

Dizziness 44 (5%) 37 (4%)

Data are n (%).

Table 2: Common adverse events (all grades) in ≥5% of patients
See Online for appendix

Figure 3: Changes in quantitative proteinuria at week 48
UPCR=urine protein to creatinine ratio. UACR=urine albumin to creatinine ratio. E/C/F/TAF=elvitegravir, cobicistat, 
emtricitabine, tenofovir alafenamide. E/C/F/TDF=elvitegravir, cobicistat, emtricitabine, tenofovir disoproxil fumarate.
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susceptible to dolutegravir. We did not record any novel 
tenofovir resistance mutations in any of the patients 
given E/C/F/tenofovir alafenamide.

36 participants in the tenofovir alafenamide group and 
29 in the E/C/F/tenofovir disoproxil fumarate group 
participated in the intensive pharmacokinetic substudy; 
fi ve of those enrolled were women. Of those, 21 patients 
who received E/C/F/tenofovir alafenamide and 14 who 
received E/C/F/tenofovir disoproxil fumarate participated 
in the PBMC substudy. Plasma tenofovir exposure 
(AUCtau) after administration of E/C/F/tenofovir 
alafenamide was 91% lower than tenofovir exposure 
achieved with administration of E/C/F/tenofovir 
disoproxil fumarate (appendix). The PBMC tenofovir-
diphosphate AUCtau was 4·1 times higher in participants 
receiving E/C/F/tenofovir alafenamide than in those 
receiving E/C/F/tenofovir disoproxil fumarate.

Both treatments were well tolerated, with most adverse 
events reported as mild or moderate in severity 
(appendix). Adverse events leading to study drug 
discontinuation were uncommon: E/C/F/tenofovir 
alafenamide 8 (0·9%) and E/C/F/tenofovir disoproxil 
fumarate 13 (1·5%); adverse events leading to study drug 
discontinuation deemed related to study drugs were 
similar: E/C/F/tenofovir alafenamide 7 (0·8%) and 
E/C/F/tenofovir disoproxil fumarate 11 (1·3%). Table 2 
shows adverse events reported by 5% or more of patients 
in either treatment group. Roughly 20% of patients in 
either group had a grade 3 or 4 laboratory abnormality 
(appendix). Five patients died (E/C/F/tenofovir 
alafenamide two patients, embolic stroke, and alcohol 
poisoning; E/C/F/tenofovir disoproxil fumarate 
three patients, cardiac arrest, multiple drug overdose, 
and myocardial infarction). None of the serious adverse 
events that resulted in the deaths were deemed related to 
study drugs by the investigator.

There were no discontinuations due to renal adverse 
events in the E/C/F/tenofovir alafenamide group. 

Four patients in the E/C/F/tenofovir disoproxil 
fumarate group discontinued study drug because of 
renal adverse events. Three patients had decreased 
glomerular fi ltration rate and another patient developed 
nephropathy, all believed to be related to study drug. 
We noted no cases of proximal renal tubulopathy 
(including Fanconi syndrome) in either treatment 
group. We recorded decreases from baseline in mean 
estimated glomerular fi ltration rate by week 2 with no 
further change thereafter. We noted signifi cantly 
smaller decreases in estimated glomerular fi ltration 
rate in the E/C/F/tenofovir alafenamide group than in 
the E/C/F/tenofovir disoproxil fumarate group 
(appendix). At 48 weeks, quantitative proteinuria (total 
urinary protein, albumin, retinol binding protein and 
β2-microglobulin to urine creatinine ratios) increased 
from baseline in the E/C/F/tenofovir disoproxil 
fumarate group; reductions or signifi cantly smaller 
increases in these urinary proteins were noted in the 
E/C/F/tenofovir alafenamide group (fi gure 3). Other 
measures of proximal renal tubular function (fractional 
excretion of phosphate and uric acid) showed 
signifi cantly less change in patients receiving E/C/F/
tenofovir alafenamide compared with the E/C/F/
tenofovir disoproxil fumarate group (data not shown).

Fractures were uncommon in both treatment groups 
(one in the E/C/F/tenofovir alafenamide group and seven 
in the E/C/F/tenofovir disoproxil fumarate group), and 
deemed by the investigator to be the result of trauma and 
unrelated to the study drugs; none resulted in permanent 
discontinuation of study drugs. Patients in the E/C/F/
tenofovir alafenamide group had signifi cantly less 
reduction in bone mineral density than those in the 
E/C/F/tenofovir disoproxil fumarate group through 
48 weeks (fi gure 4). Decrease in bone mineral density was 
signifi cantly lower in the E/C/F/tenofovir alafenamide 
group for both lumbar spine (mean –1·30% [SD 3·08] 
vs –2·86 [3·25]; p<0·0001) and total hip (–0·66 [3·26] vs 

Figure 4: Changes in spine and hip bone mineral density through week 48
E/C/F/TAF=elvitegravir, cobicistat, emtricitabine, tenofovir alafenamide. E/C/F/TDF=elvitegravir, cobicistat, emtricitabine, tenofovir disoproxil fumarate. 
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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
Paul E Sax, David Wohl, Michael T Yin, Frank Post, Edwin DeJesus, Michael Saag, Anton Pozniak, Melanie Thompson, Daniel Podzamczer, 
Jean Michel Molina, Shinichi Oka, Ellen Koenig, Benoit Trottier, Jaime Andrade-Villanueva, Gordon Crofoot, Joseph M Custodio, 
Andrew Plummer, Lijie Zhong, Huyen Cao, Hal Martin, Christian Callebaut, Andrew K Cheng, Marshall W Fordyce, Scott McCallister, for the 
GS-US-292-0104/0111 Study Team*

Summary
Background Tenofovir disoproxil fumarate can cause renal and bone toxic eff ects related to high plasma tenofovir 
concentrations. Tenofovir alafenamide is a novel tenofovir prodrug with a 90% reduction in plasma tenofovir 
concentrations. Tenofovir alafenamide-containing regimens can have improved renal and bone safety compared with 
tenofovir disoproxil fumarate-containing regimens.

Methods In these two controlled, double-blind phase 3 studies, we recruited treatment-naive HIV-infected patients 
with an estimated creatinine clearance of 50 mL per min or higher from 178 outpatient centres in 16 countries. 
Patients were  randomly assigned (1:1) to receive once-daily oral tablets containing 150 mg elvitegravir, 150 mg 
cobicistat, 200 mg emtricitabine, and 10 mg tenofovir alafenamide (E/C/F/tenofovir alafenamide) or 300 mg tenofovir 
disoproxil fumarate (E/C/F/tenofovir disoproxil fumarate) with matching placebo. Randomisation was done by a 
computer-generated allocation sequence (block size 4) and was stratifi ed by HIV-1 RNA, CD4 count, and region (USA 
or ex-USA). Investigators, patients, study staff , and those assessing outcomes were masked to treatment group. All 
participants who received one dose of study drug were included in the primary intention-to-treat effi  cacy and safety 
analyses. The main outcomes were the proportion of patients with plasma HIV-1 RNA less than 50 copies per mL at 
week 48 as defi ned by the the US Food and Drug Adminstration (FDA) snapshot algorithm (pre-specifi ed non-
inferiority margin of 12%) and pre-specifi ed renal and bone endpoints at 48 weeks. These studies are registered with 
ClinicalTrials.gov, numbers NCT01780506 and NCT01797445.

Findings We recruited patients from Jan 22, 2013, to Nov 4, 2013 (2175 screened and 1744 randomly assigned), and 
gave treatment to 1733 patients (866 given E/C/F/tenofovir alafenamide and 867 given E/C/F/tenofovir disoproxil 
fumarate). E/C/F/tenofovir alafenamide was non-inferior to E/C/F/tenofovir disoproxil fumarate, with 800 (92%) of 
866 patients in the tenofovir alafenamide group and 784 (90%) of 867 patients in the tenofovir disoproxil fumarate 
group  having plasma HIV-1 RNA less than 50 copies per mL (adjusted diff erence 2·0%, 95% CI –0·7 to 4·7). Patients 
given E/C/F/tenofovir alafenamide had signifi cantly smaller mean serum creatinine increases than those given 
E/C/F/tenofovir disoproxil fumarate (0·08 vs 0·12 mg/dL; p<0·0001), signifi cantly less proteinuria (median % change 
–3 vs 20; p<0·0001), and a signifi cantly smaller decrease in bone mineral density at spine (mean % change –1·30 vs 
–2·86; p<0·0001) and hip (–0·66 vs –2·95; p<0·0001) at 48 weeks.

Interpretation Through 48 weeks, more than 90% of patients given E/C/F/tenofovir alafenamide or E/C/F/tenofovir 
disoproxil fumarate had virological success. Renal and bone eff ects were signifi cantly reduced in patients given 
E/C/F/tenofovir alafenamide. Although these studies do not have the power to assess clinical safety events such as 
renal failure and fractures, our data suggest that E/C/F/tenofovir alafenamide will have a favourable long-term renal 
and bone safety profi le.

Funding Gilead Sciences.

Introduction
Guidelines for initial treatment of HIV-1 infection 
recommend the use of two nucleoside reverse transcriptase 
inhibitors plus a third active drug from a diff erent class.1 Of 
nucleoside reverse transcriptase inhibitors, tenofovir 
disoproxil fumarate is included in most recommended 
regimens. Although potent and generally well tolerated, 

tenofovir disoproxil fumarate can cause clinically signifi cant 
renal toxic eff ects,2 especially in patients with risk factors 
for kidney disease or who are receiving concomitant 
ritonavir-boosted protease inhibitors.3,4 Additionally, 
tenofovir disoproxil fumarate has been associated with 
greater reductions in bone mineral density than other 
antiretroviral drugs.5 In one observational study,6 
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BACKGROUND & AIMS: Long-term use of tenofovir disoproxil fumarate (TDF) reduces bone mineral density (BMD).
Tenofovir alafenamide (TAF), a new prodrug of tenofovir, has shown non-inferior efficacy to
TDF in patients with chronic hepatitis B virus (HBV) infection, with improved bone effects at 48
weeks. We performed a randomized trial to evaluate the bone safety of TAF compared with TDF
over 2 years, assessing baseline risk factors for bone loss, were evaluated after 2 years of
treatment.

METHODS: In a double-blind study, hepatitis B e antigen (HBeAg)-positive patients (n [ 873) and
HBeAg-negative patients (n [ 425) were randomly assigned (2:1) to groups given TAF (25 mg;
n [ 866) or TDF (300 mg; n [ 432) once daily. We assessed bone safety, including hip and
spine BMD, using dual-energy X-ray absorptiometry and measured changes in serum markers
of bone turnover over 96 weeks.

RESULTS: At baseline, treatment groups were well matched. At week 96, patients receiving TAF had
significantly smaller decreases in hip BMD (mean reduction of 0.33%) than patients receiving
TDF (mean reduction of 2.51%) (P < .001) and spine BMD (reduction of 0.75% in patients
receiving patients receiving TAF vs reduction of 2.57% in patients receiving TDF) (P < .001). For
hip BMD, the magnitude of difference in bone loss between the TAF and TDF groups increased
at week 96 compared to week 48 (P < .001). The TAF group had minimal changes in markers of

Abbreviations used in this paper: BMD, bone mineral density; bsAP, bone
specific alkaline phosphatase; CI, confidence interval; CTX, C-terminal
cross-linking telopeptide of type 1 collagen; DXA, dual-energy x-ray
absorptiometry; FRAX, fracture risk assessment tool; HBeAg, hepatitis B
e antigen; HBV, hepatitis B virus; OR, odds ratio; P1NP, procollagen type 1
N terminal propeptide; TAF, tenofovir alafenamide; TDF, tenofovir
disoproxil fumarate.
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(Supplementary Table 4). For hip BMD, the proportions
of patients shifting from a normal range T score to a
value in the range of osteopenia at Week 96 were 6%
(28/493) and 16% (39/247), and the proportions with
shifts from osteopenia to osteoporosis were 1% (2/227)
and 4% (4/114) for TAF- and TDF-treated patients,
respectively. Conversely, a higher proportion of patients
receiving TAF showed positive T-score shifts compared
with those on TDF: osteopenia to normal (TAF 7%; TDF
4%), osteoporosis to osteopenia (TAF 9%; TDF 0%).
Overall, these differences between treatments in T-score
categorical shifts were statistically significant at Week 96
for hip (P < .001). Similar patterns were observed for the
treatment groups for spine BMD; the overall differences

of T-score shifts were significant at Week 48 (P < .001)
but not at Week 96 (P ¼ .055; Supplementary Table 5).

Impact of Risk Factors for Bone Loss and
Fracture Risk Assessment Tool Scores on Bone
Mineral Density Change at Week 96

A smaller proportion of TAF-treated patients consid-
ered to be at higher risk for bone loss experienced a
>3% decline in hip BMD at Week 96 compared with
those receiving TDF when evaluated by subgroups of risk
factors for osteoporotic fracture, including female gender
(18% vs 50%), advanced age (20% vs 52%), Asian
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Figure 1.Mean (standard deviation) percent change in bone mineral density at (A) hip and (B) spine over 96 weeks. *P < .001;
analysis of variance model including treatment as fixed effect. †P < .001; mixed model repeated measure. ‡P ¼ .80; mixed
model repeated measures.
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Figure 2. Categorical changes in bone mineral density at (A) hip and (B) spine at Weeks 48 and 96. *P < .001; Cochran-Mantel-
Haenszel test for ordinal data (using row mean scores differ statistics).
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BACKGROUND & AIMS: Long-term use of tenofovir disoproxil fumarate (TDF) reduces bone mineral density (BMD).
Tenofovir alafenamide (TAF), a new prodrug of tenofovir, has shown non-inferior efficacy to
TDF in patients with chronic hepatitis B virus (HBV) infection, with improved bone effects at 48
weeks. We performed a randomized trial to evaluate the bone safety of TAF compared with TDF
over 2 years, assessing baseline risk factors for bone loss, were evaluated after 2 years of
treatment.

METHODS: In a double-blind study, hepatitis B e antigen (HBeAg)-positive patients (n [ 873) and
HBeAg-negative patients (n [ 425) were randomly assigned (2:1) to groups given TAF (25 mg;
n [ 866) or TDF (300 mg; n [ 432) once daily. We assessed bone safety, including hip and
spine BMD, using dual-energy X-ray absorptiometry and measured changes in serum markers
of bone turnover over 96 weeks.

RESULTS: At baseline, treatment groups were well matched. At week 96, patients receiving TAF had
significantly smaller decreases in hip BMD (mean reduction of 0.33%) than patients receiving
TDF (mean reduction of 2.51%) (P < .001) and spine BMD (reduction of 0.75% in patients
receiving patients receiving TAF vs reduction of 2.57% in patients receiving TDF) (P < .001). For
hip BMD, the magnitude of difference in bone loss between the TAF and TDF groups increased
at week 96 compared to week 48 (P < .001). The TAF group had minimal changes in markers of

Abbreviations used in this paper: BMD, bone mineral density; bsAP, bone
specific alkaline phosphatase; CI, confidence interval; CTX, C-terminal
cross-linking telopeptide of type 1 collagen; DXA, dual-energy x-ray
absorptiometry; FRAX, fracture risk assessment tool; HBeAg, hepatitis B
e antigen; HBV, hepatitis B virus; OR, odds ratio; P1NP, procollagen type 1
N terminal propeptide; TAF, tenofovir alafenamide; TDF, tenofovir
disoproxil fumarate.
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ethnicity (15% vs 42%), and baseline renal impairment
(20% vs 54%) (P < .001 for all comparisons). Similar
results were seen for spine BMD changes. Furthermore,
the proportion with >3% decreases in hip or spine BMD
at Week 96 progressively increased in TDF-treated
patients in the presence of multiple risk factors for
bone loss at baseline (Figure 3). By comparison, the
proportion with >3% BMD decline at hip or spine
remained relatively stable in TAF-treated patients with 3
or fewer risk factors at baseline. When the proportions of
patients with >3% decreases in hip BMD at Week 96
were compared for treatment groups according to
baseline quartile for osteoporotic FRAX score and hip
FRAX score (ie, quartile 1 lowest, quartile 4 highest for
future fracture risk), a similar pattern was seen. In TDF-
treated patients, the proportions with >3% declines in
hip BMD at Week 96 increased progressively across
quartiles, particularly for baseline osteoporotic FRAX
scores (Supplementary Figure 1). In contrast, for those
receiving TAF, small and relatively similar proportions of
patients had >3% declines in hip BMD across all baseline
quartiles for both osteoporotic and hip FRAX scores.

Changes in Biomarkers of Bone Turnover
and Their Association With Bone Mineral
Density Decline

At baseline, median (Q1, Q3) values for all of the 5
bone biomarkers analyzed were similar between treat-
ment groups (Table 2). There was good correlation
between the resorption marker CTX, and the formation
markers P1NP, osteocalcin, and bsAP at baseline, with
the highest correlations observed between CTX and
P1NP and CTX and osteocalcin, and between the forma-
tion markers P1NP and OC (Supplementary Table 6).

Over the 96-week treatment period, greater median
percent increases from baseline were observed in TDF-
compared with TAF-treated patients for CTX, P1NP, OC,
and bsAP, with significant differences (P < .001) observed
for all parameters from Weeks 12 to 96. Notably, in the
TDF group, an increase in the resorption marker CTX
preceded the rises seen with each of the formation
markers (Figure 4). In addition, this marker remained
elevated while levels of the formation markers generally
returned toward baseline, creating a catabolic window.
The percent change in parathyroid hormone was also
greater with TDF versus TAF treatment from Week 24
onward (data not shown; median [Q1, Q3] % change at
Week 96: 29.7 [0.9, 78.3] vs 18.6 [-8.0, 60.6]; P < .001).

Relative to TAF treatment, the higher proportions of
TDF-treated patients who experienced a >3% decline in
hip and spine BMD at Week 96 were also associated with
greater percentage increases in CTX, P1NP, and osteo-
calcin at this time point (P < .001 for all comparisons)
(Supplementary Figure 2).

Bone Fractures

Fracture events were uncommon in both groups and
generally the result of trauma. Nine patients (1%) receiving
TAF and 7 patients (2%) receiving TDF experienced a
fracture event (P¼ .43). None of the fracturesweredeemed
related to the study drugs by the investigators, and none
resulted in discontinuation of study treatment.

Discussion

The findings from this integrated analysis of 2 large
phase 3 studies in patients with chronic HBV infection
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Figure 3. Impact of baseline risk factors on BMD decline at (A) hip and (B) spine at Week 96. Known risk factors for osteo-
porosis assessed included female gender, age "50 years, Asian race, and baseline estimated glomerular filtration rate by
Cockcroft-Gault method <90 mL/min. *P < .001. †P ¼ .001. ‡P ¼ .002; Fisher exact test.
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BACKGROUND & AIMS: Long-term use of tenofovir disoproxil fumarate (TDF) reduces bone mineral density (BMD).
Tenofovir alafenamide (TAF), a new prodrug of tenofovir, has shown non-inferior efficacy to
TDF in patients with chronic hepatitis B virus (HBV) infection, with improved bone effects at 48
weeks. We performed a randomized trial to evaluate the bone safety of TAF compared with TDF
over 2 years, assessing baseline risk factors for bone loss, were evaluated after 2 years of
treatment.

METHODS: In a double-blind study, hepatitis B e antigen (HBeAg)-positive patients (n [ 873) and
HBeAg-negative patients (n [ 425) were randomly assigned (2:1) to groups given TAF (25 mg;
n [ 866) or TDF (300 mg; n [ 432) once daily. We assessed bone safety, including hip and
spine BMD, using dual-energy X-ray absorptiometry and measured changes in serum markers
of bone turnover over 96 weeks.

RESULTS: At baseline, treatment groups were well matched. At week 96, patients receiving TAF had
significantly smaller decreases in hip BMD (mean reduction of 0.33%) than patients receiving
TDF (mean reduction of 2.51%) (P < .001) and spine BMD (reduction of 0.75% in patients
receiving patients receiving TAF vs reduction of 2.57% in patients receiving TDF) (P < .001). For
hip BMD, the magnitude of difference in bone loss between the TAF and TDF groups increased
at week 96 compared to week 48 (P < .001). The TAF group had minimal changes in markers of

Abbreviations used in this paper: BMD, bone mineral density; bsAP, bone
specific alkaline phosphatase; CI, confidence interval; CTX, C-terminal
cross-linking telopeptide of type 1 collagen; DXA, dual-energy x-ray
absorptiometry; FRAX, fracture risk assessment tool; HBeAg, hepatitis B
e antigen; HBV, hepatitis B virus; OR, odds ratio; P1NP, procollagen type 1
N terminal propeptide; TAF, tenofovir alafenamide; TDF, tenofovir
disoproxil fumarate.
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demonstrate that TAF is associated with a superior bone
safety profile than that of TDF over 96 weeks of treat-
ment, including in the subset of patients with risk factors
associated with bone loss and those with higher baseline
FRAX scores. This is consistent with previous reports for
the individual studies in which HBeAg-positive and
HBeAg-negative patients were treated with TAF or TDF
for 48 weeks.23,24 The observed differential effect was
apparent in patients at low risk for bone loss and in
those with known risk factors. As the population of
chronic hepatitis patients requiring lifelong therapy ages,
the potential exists for the long-term safety advantages
of TAF therapy relative to TDF to be more fully realized.

Although TDF is highly efficacious monotherapy for
chronic hepatitis, its use is associated with osteopenia
and BMD loss.12,13,29–31 The precise mechanism of
reduced BMD remains unclear; however, human immu-
nodeficiency virus–infected patients treated with TDF
have shown increases in bone turnover markers sug-
gestive of increases in both osteoblast and osteoclast
activity.32–34 In the present analysis, the observed per-
centage changes in markers of bone formation and

resorption were greater in patients treated with TDF
than TAF. Furthermore, we found the highest median
percentage increases in serum CTX and P1NP occurred
in TDF-treated patients with clinically relevant (>3%)
declines in hip and spine BMD at Week 96. Interestingly,
in patients receiving TDF, the time course for change in
CTX, a resorption marker, compared with the formation
markers, notably P1NP and bsAP, suggests the creation
of a catabolic window wherein bone resorption seems to
outpace bone formation. Taken together, our results
support the concept that reduced systemic exposures of
tenofovir may be responsible for the minimal changes in
bone turnover and smaller declines in BMD observed
in patients receiving TAF versus those receiving TDF.

This analysis has several limitations. These results
describe the first 96 weeks of double-blind treatment
with TAF or TDF; longer term studies are needed to
better understand the clinical implications of these
findings. A subset of patients from both studies will
continue double-blind therapy through 3 years, and a
similarly sized cohort will roll over to open-label TAF at
Week 96 for up to 8 years. A recent analysis of results
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Figure 4. Percent changes (median; Q1, Q3) in serum bone biomarkers over 96 weeks. (A) CTX. (B) P1NP. (C) Osteocalcin.
(D) bsAP. *P < .001. †P ¼ ns. ‡P ¼ .008. OC, osteocalcin.
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Tenofovir alafenamide (TAF), a new prodrug of tenofovir, has shown non-inferior efficacy to
TDF in patients with chronic hepatitis B virus (HBV) infection, with improved bone effects at 48
weeks. We performed a randomized trial to evaluate the bone safety of TAF compared with TDF
over 2 years, assessing baseline risk factors for bone loss, were evaluated after 2 years of
treatment.

METHODS: In a double-blind study, hepatitis B e antigen (HBeAg)-positive patients (n [ 873) and
HBeAg-negative patients (n [ 425) were randomly assigned (2:1) to groups given TAF (25 mg;
n [ 866) or TDF (300 mg; n [ 432) once daily. We assessed bone safety, including hip and
spine BMD, using dual-energy X-ray absorptiometry and measured changes in serum markers
of bone turnover over 96 weeks.

RESULTS: At baseline, treatment groups were well matched. At week 96, patients receiving TAF had
significantly smaller decreases in hip BMD (mean reduction of 0.33%) than patients receiving
TDF (mean reduction of 2.51%) (P < .001) and spine BMD (reduction of 0.75% in patients
receiving patients receiving TAF vs reduction of 2.57% in patients receiving TDF) (P < .001). For
hip BMD, the magnitude of difference in bone loss between the TAF and TDF groups increased
at week 96 compared to week 48 (P < .001). The TAF group had minimal changes in markers of
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TDF in patients with chronic hepatitis B virus (HBV) infection, with improved bone effects at 48
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over 2 years, assessing baseline risk factors for bone loss, were evaluated after 2 years of
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HBeAg-negative patients (n [ 425) were randomly assigned (2:1) to groups given TAF (25 mg;
n [ 866) or TDF (300 mg; n [ 432) once daily. We assessed bone safety, including hip and
spine BMD, using dual-energy X-ray absorptiometry and measured changes in serum markers
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Supplementary Figure 1. Impact of baseline quartile of FRAX score on the proportion of patients who experienced a >3%
decline in hip bone mineral density at Week 96 for (A) major osteoporotic FRAX score and (B) hip FRAX score. *P < .001 by
Fisher exact test.
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

disoproxil fumarate can cause renal tubular dys-
function, which leads to Fanconi’s syndrome, 
nephrogenic diabetes insipidus, acute tubular 
necrosis, and ultimately chronic kidney disease 
(Figs. S4 and S5 in the Supplementary Appendix).4
Fanconi’s syndrome induced by tenofovir diso-
proxil fumarate results from the intracellular 
accumulation of the drug’s metabolites that oc-
curs because of the relatively efficient uptake of 
tenofovir disoproxil fumarate into the proximal 
tubular cell through organic anion transporters 
and the less efficient eff lux from the proximal 
tubular cell through multidrug resistance pro-
teins. Its proximal tubular cell efflux is also in-
hibited by commonly used antiretroviral medica-
tions, including ritonavir, thus increasing the 
risk of toxic effects.

The prodrug tenofovir alafenamide is associ-

ated with fewer nephrotoxic effects. Tenofovir 
alafenamide is not a substrate for organic anion 
transporters 1 and 3 and thus does not accumu-
late in proximal tubular cells to the extent that 
tenofovir disoproxil fumarate does.77 Tenofovir 
alafenamide has more potent anti–HIV-1 activity 
and increased intracellular accumulation than 
tenofovir disoproxil fumarate, which yields lower 
levels of tenofovir in plasma.76

The development of the immune reconstitu-
tion syndrome after initiation of antiretroviral 
therapy may be associated with acute kidney 
injury.78 Renal pathologic features of the im-
mune reconstitution syndrome include dense 
interstitial infiltrates that result from immune 
system reactivation. The immune reconstitution 
syndrome and the diffuse infiltrative lymphocy-
tosis syndrome64 should be considered in the dif-

Figure 3. Handling of Tenofovir by Proximal Tubular Cells.

Tenofovir disoproxil fumarate is taken up by the organic anion transporters 1 and 3 on the basolateral membrane of the proximal tubu-
lar cell and secreted into the tubular lumen through the multidrug resistance proteins 2 and 4. The newer agent, tenofovir alafenamide, 
is not a substrate for organic anion transporters 1 and 3 and thus has less cellular uptake, which probably accounts for its having less 
nephrotoxicity than tenofovir disoproxil fumarate, as reported previously.76 ,77 Intracellular accumulation of tenofovir can cause mitochon-
drial toxic effects and proximal tubular injury, which can lead to Fanconi’s syndrome. Clinical characteristics include proteinuria, normo-
glycemic glucosuria, hypophosphatemia and phosphaturia, aminoaciduria, and uricosuria and hypouricemia. Nephrogenic diabetes in-
sipidus and acute tubular necrosis have also been described.72,76
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Highly active antiretroviral therapy has led to dramatic im-
provement in the life expectancy of persons with human immunodefi-
ciency virus (HIV) infection.1-3 Approximately 36.7 million people live with 

HIV infection worldwide,1,2,4,5 and there were approximately 2.1 million cases of in-
cident HIV infection globally in 2015.5 Almost three quarters of HIV-infected persons 
live in sub-Saharan Africa.1,2,4,6 Although 18.2 million people worldwide were receiv-
ing antiretroviral therapy by 2016,5 only 40% of HIV-infected persons in sub-Saharan 
Africa received antiretroviral therapy as of 2014.7 The prevalence of HIV infection is 
much lower in the United States than in sub-Saharan Africa. Approximately 1.2 mil-
lion persons in the United States have HIV infection, and the annual incidence has 
been stable at approximately 50,000 infections over the past decade.5,8

Kidney disease, which is a common complication of HIV infection and its treat-
ment, may shorten the lifespan of patients.4,9,10 Soon after the index cases of the 
acquired immunodeficiency syndrome (AIDS) were identified in 1980, various 
kidney diseases associated with AIDS were recognized.10 The spectrum of HIV-
associated renal diseases includes diseases that are directly associated with infec-
tion, those that are linked to the systemic immune response to infection, those 
that develop as a consequence of superinfections, and those that are associated 
with the treatment of HIV infection (Table 1).10 Since the introduction of molecular 
tools to detect HIV within tissues, our understanding of the pathogenesis of com-
mon kidney diseases, such as focal segmental glomerulosclerosis and immune-
complex renal disease, in persons with HIV infection has improved. Over the past 
two decades, antiretroviral therapy has converted HIV infection to a chronic ill-
ness, with associated changes in the incidence, type, and severity of HIV-associated 
kidney diseases. Current antiretroviral therapy regimens suppress viral replication, 
but this treatment may result in chronic inflammation, premature aging, and 
metabolic disorders (e.g., diabetes, hyperlipidemia, and abnormal body fat compo-
sition) — conditions that are associated with chronic kidney disease.11-15

E va luation of R ena l S y ndromes in HI V Infec tion

Patients with HIV infection are at increased risk for both acute kidney injury and 
chronic kidney disease.4,9,10,12,16-18 Untreated HIV infection, as well as antiretroviral 
therapy, are associated with kidney disease. Antiretroviral therapy is a double-
edged sword: although it can lead to improvement in the life expectancy of persons 
with HIV infection, it can also increase clinical uncertainty regarding changes in 
renal function in this population. The approaches to evaluating acute kidney injury 
and chronic kidney disease are shown in Figure 1. Given the breadth of causes of 
these kidney diseases, a kidney biopsy may be necessary to establish a diagnosis.

Microalbuminuria, a key sign of kidney disease but also a manifestation of the 
metabolic syndrome and vascular dysfunction, is present in 10 to 15% of patients 
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Abstract
Background: Tenofovir disoproxil fumarate (TDF) may cause acute kidney injury and proximal tubular dysfunction. However,
no detailed studies document urinary phosphate wasting as a marker of TDF-induced tubulopathy.

Methods: Records of HIV-infected patients with presumed TDF toxicity were reviewed. We describe the characteristics and
clinical course of 15 patients who had documented elevated (>20%) fractional excretion of phosphate (FEphos).

Results: Patientswere predominantly Caucasian andmale (73 and 80%, respectively), with amean age of 56 years (range 38–76).
Of the 15 patients, 11 had a estimated glomerular filtration rate (eGFR) of >90 mL/min/1.732 at time of TDF initiation. The mean
duration of TDF therapy prior to diagnosis of TDF toxicity was 64months. Mean FEphos was 34% (range 20–62). Themean eGFR
at TDF initiationwas 104 mL/min/1.73 m2 [standard deviation (SD) 17.0]with a gradual decline to 69 mL/min/1.73 m2 (SD 19.0) by
the time of TDF discontinuation. Of 10 patients with repeated FEphos after TDF discontinuation, 9 had improvement of their
FEphos. Of these individuals, 6 had normalization of their FEphos. Estimated GFR improved in 12 patients after discontinuation
of TDF, though importantly, none returned to their baseline eGFR.

Conclusions: Urinary phosphate wasting is a sensitive marker for TDF-induced proximal tubulopathy and is associated with
unrecognized and permanent renal function decline. Tubular dysfunction can develop after years of TDF therapy in thosewith
normal kidney function at the time of drug initiation. This suggests that continuing vigilance bemaintained in all those on TDF.

Key words: HIV, kidney injury, phosphate wasting, proximal tubular dysfunction, tenofovir

Introduction
Tenofovir disoproxil fumarate (TDF), the oral prodrug of tenofo-
vir, is an acyclic nucleotide phosphonate, which is frequently
used as a first-line therapy in HIV-infected patients [1]. It can be
conveniently dosed once a day and has a favorable side effect

profile, making it one of the most commonly prescribed drugs
in this patient population [2]. The excretion of TDF is primarily
through the kidneys. While most of this renal excretion is
through filtration, 20–30% of TDF is actively transported in the
proximal tubule through organic anion transporter 1 (OAT-1) [3].
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Table 2. Individual characteristics of 15 patients with proximal tubular dysfunction at the time of diagnosis of TDF-induced proximal tubulopathy

Baselinea serum
creatinine
(mg/dL)

Baselinea GFR
(mL/min/
1.73 m2)

Months of TDF
therapy

Creatinine at
TDF stop
(mg/dL)

GFR at TDF stop
(mL/min/
1.73 m2)

Change in GFR
(mL/min/
1.73 m2)

Serum
phosphate
(mg/dL)

Fractional
excretion of
phosphate

TmP/GFR
(mg/dL)

Urine
glucose

Serum
potassium
(meq/L)

Serum
bicarbonate
(meq/L)

1 0.8 97 51 1.3 58 −39 2.4 20 1.9 − 3.1 20
2 0.7 126 103 1.1 69 −57 3.6 21 2.8 + 3.8 28
3 1.0 86 54 1.3 74 −12 2.0 21 1.6 − 5.0 28
4 0.8 121 48 1.2 75 −46 2.9 24 2.2 + 4.1 23
5 1.0 83 59 1.2 64 −19 2.4 27 1.8 − 3.3 30
6 0.8 106 72 1.5 52 −54 2.0 30 1.4 − 4.2 25
7 1.0 88 70 1.5 52 −36 2.0 30 1.4 − 4.2 25
8 0.6 122 94 1.2 70 −52 3.1 30 2.2 − 4.0 26
9 0.8 103 62 1.0 77 −26 3.1 33 2.1 + 4.4 28
10 0.6 115 53 1.0 83 −32 2.2 33 1.5 + 4.3 23
11 0.5 136 56 1.1 69 −67 1.0 42 0.6 + 3.8 21
12 0.8 100 53 2.1 30 −70 2.2 44 1.1 − 3.7 21
13 0.9 111 28 1.1 85 −26 1.0 45 0.6 + 3.3 22
14 1.0 81 50 1.2 63 −18 2.6 48 1.4 − 4.5 27
15 1.0 92 103 0.5 116 24b 2.0 62 0.8 + 3.1 21

GFR, estimated glomerular filtration rate; TDF, tenofovir disoproxil fumarate; TmP, tubular maximal reabsorption of phosphate.
aBaseline values are those recorded at the time of TDF initiation.
bPatient had an improvement in his GFR after starting of TDF.
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Mechanical loading attenuated negative effects of nucleotide analogue 
reverse-transcriptase inhibitor TDF on bone repair via Wnt/ 
β-catenin pathway 
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A R T I C L E  I N F O   

Keywords: 
Bone regeneration 
Tenofovir 
Mechanical loading 
Osteoblast 
Osteoclast 
Endothelial cell 
Wnt pathway 

A B S T R A C T   

The nucleotide analog reverse-transcriptase inhibitor, tenofovir disoproxil fumarate (TDF), is widely used to treat 
hepatitis B virus (HBV) and human immunodeficiency virus infection (HIV). However, long-term TDF usage is 
associated with an increased incidence of bone loss, osteoporosis, fractures, and other adverse reactions. We 
investigated the effect of chronic TDF use on bone homeostasis and defect repair in mice. In vitro, TDF inhibited 
osteogenic differentiation and mineralization in MC3T3-E1 cells. In vivo, 8-week-old C57BL/6 female mice were 
treated with TDF for 38 days to simulate chronic medication. Four-point bending test and μCT showed reduced 
bone biomechanical properties and microarchitecture in long bones. To investigate the effects of TDF on bone 
defect repair, we utilized a bilateral tibial monocortical defect model. μCT showed that TDF reduced new bone 
mineral tissue and bone mineral density (BMD) in the defect. To verify whether mechanical stimulation may be a 
useful treatment to counteract the negative bone effects of TDF, controlled dynamic mechanical loading was 
applied to the whole tibia during the matrix deposition phase on post-surgery days (PSDs) 5 to 8. Second har-
monic generation (SHG) of collagen fibers and μCT showed that the reduction of new bone volume and bone 
mineral density caused by TDF was reversed by mechanical loading in the defect. Immunofluorescent deep tissue 
imaging showed that chronic TDF treatment reduced the number of osteogenic cells and the volume of new 
vessels. In addition, chronic TDF treatment inhibited the expressions of periostin and β-catenin, but increased the 
expression of sclerostin. Both negative effects were reversed by mechanical loading. Our study provides strong 
evidence that chronic use of TDF exerts direct and inhibitory impacts on bone repair, but appropriate mechanical 
loading could reverse these adverse effects.   

1. Introduction 

The nucleotide analog reverse-transcriptase inhibitor, tenofovir dis-
oproxil fumarate (TDF), is widely used for treating human immunode-
ficiency virus (HIV) infection and pre-exposure prophylaxis and as a 
treatment for chronic Hepatitis B virus (HBV) infection. Worldwide, 
there are approximately 36 million living HIV/AIDS patients, of which 2 

million were people aged 10–19 years old; many of the 920,000 children 
receiving antiretroviral therapy (ART) survive into adolescence [1]. By 
2014, over 7.5 million person-years of tenofovir have been prescribed 
globally [2]. In the US, HIV antivirals drugs resulted in medical costs of 
nearly $3 billion per year [3]. HBV infection is a major cause of acute 
and chronic liver disease and associated morbidity and mortality 
worldwide. China has a high prevalence of HBV; more than 80 million 

Abbreviations: HIV, human immunodeficiency virus; HBV, Hepatitis B virus; TDF, Tenofovir Disoproxil Fumarate; ALP, alkaline phosphatase; Osx, Osterix; EMCN, 
Endomucin; Prrx1, Paired Related Homeobox 1; Runx2, RUNX Family Transcription Factor 2; Opg, osteoprotegerin; Opn, Osteopontin; μCT, micro computed to-
mography; BV/TV, bone volume fraction; Ct.Ar, cortical bone area fraction; Ct.Th, cortical bone thickness; Tb.N, trabecular number; Tb.Sp, trabecular separation; Tb. 
Th, trabecular thickness; MAR, mineral apposition rate; BFR, bone formation rate; TRAP, tartrate-resistant acid phosphatase; N.Oc/B.pm, osteoclast number per bone 
perimeter; Oc.S/B.Pm, osteoclast surface per bone perimeter; PBS, phosphate-buffered saline; α-MEM, alpha minimum essential medium; FBS, fetal bovine serum; 
PSD, post-surgery day. 
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bone volume within a tibial bone defect. Independent parameters of 
mechanical loading included magnitude, frequency, duration and rest- 
insertion. Each could influence new bone formation. Bone formation/ 
remodeling occurs when the intensity of applied loading is greater than 
habitual loading. Increased lamellar bone formation is considered an 
adaptive response to mild/moderate overloading, whereas woven bone 
formation is considered an overloading/injury response [84]. The 
design of the mechanical loading parameters and treatment time frame 
applied to the mouse tibia in this study promoted the repair of tibial 
defects [17]. This loading magnitude simulated high load-bearing ac-
tivities, such as extraneous exercises. Although it was not enough to 
induce microdamage accumulation, it may have negative effects on soft 
tissues, such as tendons and cartilage, if applied directly to the systemic 
bone or intact bone. If mechanical loading is to be clinically translated to 
promote bone formation, then the design of loading parameters needs to 
be further optimized. It is also possible to provide the beneficial effect of 
mechanical loading my stimulating the relevant signaling pathways. 

In summary, long term TDF treatment inhibited the mechanosensi-
tivity of osteogenic cells and vessels to a degree. However, mechanical 
loading was still able to partially rescue the expressions of periostin and 

β-catenin and to decrease the expression of sclerostin within defect in 
long-term TDF-treated mice. The number of Osx + cells and the volume 
of new vessels were also up-regulated to the level of control group with 
mechanical stimulation. In line with these, bone regeneration in TDF- 
treated mice was promoted by mechanical loading. This study demon-
strated that long-term use of TDF inhibited bone formation during defect 
repair. Mechanical loading could recover bone volume through the 
upregulation of periostin and the activation of Wnt pathway through 
β-catenin. Delayed unions and non-unions are significant burdens for 
patients on TDF with bone defects. This study's results could lead to 
promising new treatments. Periostin and mechanical stimulation may 
become new methods for promoting bone repair among patients on 
long-term reverse-transcriptase inhibitor medications. 

CRediT authorship contribution statement 

Jianing Zhang: Methodology; Investigation; Data Curation; Formal 
Analysis; Visualization; Writing – original draft; Writing – review & 
editing. Yanrong Tong: Conceptualization; Methodology; Investiga-
tion; Data curation; Validation; Visualization. Yang Liu: Methodology; 

Fig. 6. TDF reduced expression of periostin and increased expression of sclerostin, but mechanical loading reverted these effects. (A, B) Maximum intensity pro-
jection of representative longitudinal thick sections of tibial defect stained for periostin (A), sclerostin (B), and DAPI. A VOI of 620 μm × 185 μm × 30 μm was 
selected for quantification. (C, D) Maximum intensity projection (MIP) and computer-generated surface rendering of periostin (C) and sclerostin (D) staining within 
representative VOI from control and TDF groups. (E) MIP of representative longitudinal thick section of tibial cortical bone stained for sclerostin and DAPI. (F) MIP 
and surface renderings of sclerostin staining within representative VOI from cortical bone. (G-I) Quantifications of periostin (G) and sclerostin (H) within the defect 
site and (I) sclerostin in tibial cortical bone (n = 6). Scale bar = 50 μm (A, B, and E), 30 μm (C, D, and F). **p < 0.01; ***p < 0.001; ****p < 0.0001; two-way ANOVA 
for multiple group comparisons. 
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(Fig. 3I) and osteoclast surface per bone perimeter (Oc.S/B⋅Pm, 77 ±
23%) (Fig. 3J), indicating higher resorption activity after chronic TDF 
treatment. 

3.4. Mechanical loading promoted bone repair in mice with long-term 
TDF treatment 

Previously optimized dynamic mechanical loading was given at 
matrix deposition phase to promote bone defect repair. We applied 
mechanical loading on the left tibia with defect from PSD 5 to 8 to verify 
the effect of mechanical stimulation in chronic TDF-treated mice during 
bone repair (Fig. 4A). μCT analysis of defect site is shown in Fig. 4B. The 
most striking result to emerge from the data is that mechanical stimu-
lation successfully increased the BV/TV (67 ± 15%), Tb.N (61 ± 25%), 
and BMD (51 ± 9%) in the TDF group (Figs. 4C–E). Correspondingly, Tb. 
Sp was significantly decreased (56 ± 28%, Fig. 4F). The collagen matrix 
was imaged by capturing the second harmonic generation (SHG) signal 
of collagen fibers within the defect. A VOI, which was centered within 
the defect (Fig. 5A), was selected for quantification. TDF significantly 
inhibited the volume of new collagen fibers by 26.9 ± 4.9%, but me-
chanical loading restored this inhibition by 75 ± 19% (Figs. 5B and C). 
Histologically, in the TDF non-loaded mice, reduced organized bone 
regeneration and fewer connective tissues were observed, as shown by 
H&E staining (Fig. 5C). Pentachrome staining confirmed the lack of new 
bone tissue in TDF-treated mice (Fig. 5C). 

3.5. TDF inhibited the expression of periostin and promoted the 
expression of sclerostin during bone regeneration, and the effects were 
partially reversed by mechanical loading 

To better elucidate the potential mechanism of the negative effect of 
TDF on bone repair and the rescuing effect of mechanical loading, we 
analyzed the expressions of periostin and sclerostin within tibia defect 
(Figs. 6A and B). Immunofluorescence deep tissue imaging results 
showed that TDF significantly inhibited the expression of periostin 
within the defect by 68.0 ± 23.7% (Figs. 6C and G) and increased the 
expression of sclerostin by 68 ± 10% (Figs. 6D and H). In undamaged 
tibial cortical, TDF significantly up-regulated (25 ± 8%) the number of 
sclerostin+ cells (Figs. 6I). Notably, after applying mechanical loading, 
increased expression of periostin (176 ± 65%, Figs. 6C and G) and 
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These effects were partially reversed by mechanical loading. 

3.6. TDF reduced the activation of β-catenin, the number of osteogenic 
cells, and blood vessels 

To further dissect the effect of TDF on Wnt pathway, the expression 
of β-catenin at the center of tibial defect from different groups was 
compared (Fig. 7A). TDF reduced the expression of total β-catenin and 
nuclear β-catenin by 34.6 ± 15.0% and 51.5 ± 25.9%, respectively. 

Fig. 1. TDF inhibited osteogenesis and mineralization in vitro. (A) Immunofluorescence for β-catenin and markers of osteogenesis (Osx and Col1). MC3T3-E1 cells 
were cultured in osteoblast differentiation medium with (TDF) or without (control) 2 μM TDF. (B-G) Quantification of immunofluorescence staining (n = 3). (H) 
mRNA expression levels of osteoblast-specific genes (Prrx1, Runx2, Alp, Osx, Opg, and Opn) and Wnt/β-catenin pathway-related genes (Axin2, β-catenin, and Postn) 
of indicated groups were detected by qPCR on days 7 and 14 (n = 6). (I) ALP staining after 7 and 14 days (J, K) Alizarin red staining (J) after 14 and 30 days and 
quantification of alizarin red staining (K) (n = 3). Scale bar = 60 μm (A). *p < 0.05; **p < 0.01; Two-tailed Student's t-test for two-group comparisons. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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activation of β-catenin in cells of the osteoblast and 
osteo clast lineages causes osteopetrosis, a condition 
characterized by high bone mass and abnormally dense 
bone.8,30,40 The inhibition of osteoclastogenesis by Wnt is 
in part caused by an induction of osteoprotegerin (also 
known as tumour necrosis factor receptor superfamily 
member 11B), a secreted protein that impairs osteo-
clastogenesis by binding RANKL. Downregulation of 
β-catenin in osteoblast precursors, osteocytes and/or 
osteoblasts causes osteopaenia, a condition in which 
bone mass is lower than normal owing to a decrease in 
osteoprotegerin expression and an increase in osteo-
clast number, which result in increased bone resorp-
tion.8,23,30,31,41 In addition, canonical Wnt signal ling 
has direct inhibitory effects on osteoclast pre cursors, 
indepen dent of osteoprotegerin, and inactivation of 
Ctnnb1 in these cells increases osteoclastogenesis 
and osteopaenia.42

Wnt interacts with other signalling pathways in the 
bone cellular environment. One of these signals, insulin-
like growth factor 1 (IGF-1), enhances the stabilization of 
β-catenin.43,44 Notch, a family of transmembrane recep-
tors that determine cell fate, impair Wnt signalling, pos-
sibly by enhancing the availability or activity of glycogen 
synthase kinase-3β (GSK-3β) and of serine–threonine-
protein kinase NLK (NEMO-like kinase) to phosphory-
late and degrade β-catenin and TCF-4, respectively.7,45 
The activity of Wnt signalling is also modulated by intra-
cellular and extracellular factors that bind to Wnt proteins 
or to various components of the signalling pathway.46

Mechanical loading activates Wnt signalling in cells 
of the osteoblastic lineage, suggesting that Wnt activity 
might be responsible for coupling mechanical forces to 
an anabolic response in the skeleton.24 The mechanism 
involves downregulation of the Wnt antagonist sclero-
stin, which is preferentially expressed by the mechano-
sensing osteocyte.47,48 The downregulation of sclero stin 
occurs particularly in high-strain regions of bone, where 
it enhances Wnt signalling and bone formation. Con-
versely, sclerostin is upregulated following unloading of 
the skeleton, which causes bone loss owing to enhanced 
bone resorption and decreased bone formation.47 These 
mecha nisms might be relevant to the pathogenesis of 
osteoporosis of disuse, in which the immobility associ-
ated with prolonged bed rest and nerve injuries results in 
a loss of bone mass. Osteoporosis of disuse is associated 
with a significant increase in fracture risk, and preventing 
or correcting bone loss would prove beneficial to persons 
affected by this disease.

Wnt antagonists
Wnt activity is modulated by proteins secreted into the 
extracellular space (Box 2, Figure 1),46 which interact 
either directly with Wnt proteins or their receptors. In 
addition, Wnt signalling is regulated by trans membrane 
modulators such as Kremen protein 1 and LRP-1, and 
intracellular proteins and kinases, such as GSK-3β  
and the intra cellular domain of Notch.46,49  Regulation of 
the cellular activity of Wnt proteins by Wnt antagonists 
prevents excess cellular exposure to Wnt signalling.

Antagonists that bind Wnt proteins
Secreted Wnt antagonists that interact with Wnt pro-
teins include Wnt inhibitory factor 1 (WIF-1), secreted 
f rizzled-related proteins (sFRPs) and Cerberus; such 
antagonists act by altering the ability of Wnt proteins 
to bind to the Wnt receptor complex.46,50,51 WIF-1 
is expressed at the cartilage–mesenchyme interface 
during development and opposes the inhibitory effects 
of Wnt-3a on chondro genesis.52 In addition, WIF-1 is 
expressed during the differentiation and maturation  
of osteoblasts, possibly to inhibit Wnt activity while the 
osteoblasts complete their differentiation programme.53 
Interestingly, WIF1 is hypermethylated and consequently 
epigenetically silenced in 75% of human osteosarcomas, 
which leads to enhanced Wnt signalling and intra cellular 
accumulation of β-catenin.54,55 Furthermore, mice in 
which the Wif1 gene is inactivated exhibit accelerated 
development of radiation-induced osteosarcoma,55 sug-
gesting that, in this experimental model, Wif-1 might 
protect against this malignancy.
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Figure 1 | Canonical Wnt signalling and bone remodelling. Wnt induces 
osteoblastogenesis and thereby enhances bone formation. Canonical Wnt 
signalling suppresses osteoclastogenesis by inducing osteoprotegerin. In 
addition, Wnt signalling suppresses bone resorption by an osteoprotegerin-
independent mechanism acting directly on osteoclast precursors. The dual effect 
of Wnt on cells of the osteoblast and osteoclast lineage results in an increase in 
bone mass. Sclerostin and Dkk-1 bind to Wnt co-receptors and thereby prevent 
Wnt-receptor interaction and signalling. Abbreviations: Dkk-1, Dickkopf-related 
protein 1; LRP-5, LDL receptor related protein co-receptor 5; LRP-6, LDL receptor 
related protein co-receptor 6. 

Box 2 | Secreted Wnt antagonists

Factors that bind Wnt proteins
 ■ Secreted frizzled-related proteins
 ■ Cerberus
 ■ Wnt inhibitory factor 1

Factors that interact with Wnt receptors
 ■ Sclerostin
 ■ Dickkopf family of proteins
 ■ Sclerostin domain-containing protein 1
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Summary

Tenofovir-induced osteomalacia secondary to proximal renal tubular dysfunction is not an uncommon complication 
known to occur. A 46-year-old woman was referred for the evaluation of osteoporosis which was diagnosed elsewhere. 
She had polyarthralgia, bony pains and proximal muscle weakness of 1 year duration. She was diagnosed to have HIV 
infection and was on antiretroviral therapy that consisted of tenofovir, lamivudine and efavirenz for the past 12 years. 
She had attained menopause 5 years back. On examination, she had bone tenderness, proximal myopathy and painful 
restriction of movement of her lower limbs. Investigations showed features of renal tubular acidosis, hypophosphatemia 
and�raised�alkaline�phosphatase�that�were�suggestive�of�osteomalacia.�X-ray�of�the�pelvis�showed�diffuse�osteopenia�and�
an�MRI�of�the�pelvis�done�showed�multiple�insufficiency�fractures�involving�the�head�of�femur�on�both�sides.�Following�
this, her tenofovir-based regimen was changed to abacavir, efavirenz and lamivudine with addition of neutral phosphate 
supplements�and�calcitriol.�On�follow-up�after�6�months,�she�had�significant�improvement�in�her�symptoms�as�well�as�in�
the bone mineral density at the lumbar spine (33.2%), femoral neck (27.6%), trabecular bone score (13.2%) and reduction 
in the buckling ratio at the narrow neck (6.3%), inter-trochanteric region (34%) and femoral shaft (28.8%). Tenofovir-
induced osteomalacia is encountered in individuals on prolonged treatment with tenofovir. Treatment consists of 
changing to a non-tenofovir-based regimen, as well as supplementation of phosphate and calcitriol. Treatment results in 
remarkable improvement in symptoms and most densitometric indices.
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vitamin D receptors. This causes greater binding between 
vitamin D and its receptors, resulting in a decrease in 
the biologically active form of the vitamin D, leading 
to secondary hyperparathyroidism (2, 4). From a meta-
analysis published in 2020, it was found that, after the 
initiation of TDF, there was an initial decline in bone 
mineral density which was followed by a stabilization 
phase. Progressive bone loss and osteomalacia with 
increased bone turn over markers and fragility fractures 
are documented among patients with renal tubular 
dysfunction. Bone biopsy is reported to show increased 
osteoid formation characteristic of osteomalacia (2, 5).

The risk factors for tenofovir-induced osteomalacia 
include duration of therapy, advanced HIV disease 
with low CD4 counts, genetic polymorphism in 
ABCC4 transporter protein-coding gene, advanced age, 
diabetes mellitus, co-existing hepatitis C infection, 
renal dysfunction with decreased creatinine clearance, 
concomitant use of non-steroidal anti-inflammatory 
drugs, decreased BMI and concomitant use of protease 
booster therapy such as lopinavir and ritonavir (6). 
Ritonavir compete with tenofovir for proximal tubular 

excretory protein for tubular secretion and hence results 
in raised plasma concentration of TDF (6). From a review 
conducted in 2006 among patients with tenofovir-
induced osteomalacia, 83% had concomitant use of 
protease inhibitor (7). TDF drug level of more than 160 
ng/mL was associated with higher occurrence of proximal 
tubulopathy (8). Clinical presentation of tenofovir-
induced osteomalacia includes, bone pain predominantly 
involves the lower limbs, proximal myopathy and 
insufficiency fractures (9).

Tenofovir-induced osteomalacia may be prevented 
by active monitoring of bone mineral density, fasting 
phosphate levels, avoidance of nephrotoxic drugs such 
as non-steroidal anti-inflammatory drugs (NSAIDs) and 
by the supplementation of vitamin D. Renal-adjusted 
dose is recommended when creatinine clearance is less 
than 50 mL/L/min and drug should be avoided when the 
creatinine clearance is less than 10 mL/L/min. Switching 
to tenofovir alafenamide or non-TDF regime may help in 
the prevention of progressive tubular damage and reverse 
the osteomalacia (10). Frequent monitoring and active 
surveillance for the occurrence of this complication 

Figure 3
Lumbar spine BMD at presentation and on follow-up.

Figure 4
Hip BMD at presentation and follow-up.
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vitamin D receptors. This causes greater binding between 
vitamin D and its receptors, resulting in a decrease in 
the biologically active form of the vitamin D, leading 
to secondary hyperparathyroidism (2, 4). From a meta-
analysis published in 2020, it was found that, after the 
initiation of TDF, there was an initial decline in bone 
mineral density which was followed by a stabilization 
phase. Progressive bone loss and osteomalacia with 
increased bone turn over markers and fragility fractures 
are documented among patients with renal tubular 
dysfunction. Bone biopsy is reported to show increased 
osteoid formation characteristic of osteomalacia (2, 5).

The risk factors for tenofovir-induced osteomalacia 
include duration of therapy, advanced HIV disease 
with low CD4 counts, genetic polymorphism in 
ABCC4 transporter protein-coding gene, advanced age, 
diabetes mellitus, co-existing hepatitis C infection, 
renal dysfunction with decreased creatinine clearance, 
concomitant use of non-steroidal anti-inflammatory 
drugs, decreased BMI and concomitant use of protease 
booster therapy such as lopinavir and ritonavir (6). 
Ritonavir compete with tenofovir for proximal tubular 

excretory protein for tubular secretion and hence results 
in raised plasma concentration of TDF (6). From a review 
conducted in 2006 among patients with tenofovir-
induced osteomalacia, 83% had concomitant use of 
protease inhibitor (7). TDF drug level of more than 160 
ng/mL was associated with higher occurrence of proximal 
tubulopathy (8). Clinical presentation of tenofovir-
induced osteomalacia includes, bone pain predominantly 
involves the lower limbs, proximal myopathy and 
insufficiency fractures (9).

Tenofovir-induced osteomalacia may be prevented 
by active monitoring of bone mineral density, fasting 
phosphate levels, avoidance of nephrotoxic drugs such 
as non-steroidal anti-inflammatory drugs (NSAIDs) and 
by the supplementation of vitamin D. Renal-adjusted 
dose is recommended when creatinine clearance is less 
than 50 mL/L/min and drug should be avoided when the 
creatinine clearance is less than 10 mL/L/min. Switching 
to tenofovir alafenamide or non-TDF regime may help in 
the prevention of progressive tubular damage and reverse 
the osteomalacia (10). Frequent monitoring and active 
surveillance for the occurrence of this complication 
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Lumbar spine BMD at presentation and on follow-up.

Figure 4
Hip BMD at presentation and follow-up.
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Abstract: Tenofovir disoproxil fumarate (TDF) is a widely used pharmacological agent for the
treatment of human immunodeficiency virus infection. While prolonged exposure to TDF has
been associated with a decrease in bone mineral density (BMD) and increased fracture risk, limited
discussion exists on its effects on various aspects of bone quality. This scoping review aims to provide
a comprehensive overview of the impact of TDF on bone quality beyond BMD. A literature search was
conducted using the PubMed and Scopus databases to identify studies investigating the effects of TDF
on bone quality. Original research articles written in English, irrespective of study type or publication
year, were included in the review. Seven articles met the inclusion criteria. Findings indicate that
prolonged exposure to TDF adversely affects bone microarchitecture and strength, impeding fracture
healing and skeletal microdamage repair. The observed effects suggest a complex interplay involving
bone cell signalling, cytokines and bone remodelling processes as potential mechanisms underlying
TDF’s impact on bone quality. As a conclusion, TDF impairs bone remodelling and microarchitecture
by influencing dynamic bone cell behaviour and signalling pathways. Future studies should delve
deeper into understanding the intricate negative effects of TDF on bone and explore strategies for
reversing these effects.

Keywords: antiretroviral therapy; bone biomechanical strength; bone microstructure; osteoporosis;
osteopenia; skeleton

1. Introduction

The human immunodeficiency virus (HIV), belonging to the Lentivirus genus within
the Retroviridae family, is primarily recognised for its consequential immunologic effects
in humans due to its replication in CD4+ T lymphocytes and monocytes/macrophages,
ultimately resulting in severe lymphopenia and immunodeficiency if left untreated. The
fatal effects of this virus, if left untreated, are not merely restricted to the cellular level
but are widespread throughout various bodily organs and systems such as the heart,
kidney, lungs, liver and musculoskeletal and central nervous system [1]. The Global
Burden of Disease report indicated that there were 36.85 million cases of HIV/AIDS in
2019, which shows an increment of 307.26/100,000 cases compared with 1990. Similarly,
there were 863.84 thousand deaths in 2019 due to HIV/AIDS, which showed an increase of
10.72 deaths/100,000 cases compared with 1990 [2].

Given the devastating effects of HIV, a therapy regimen known as combination an-
tiretroviral therapy was introduced in the mid-1990s. It currently boasts more than thirty
drugs that have been approved for the treatment of HIV-positive individuals [3]. The
current combination of antiretroviral drugs can be further divided into five main classes
that target distinct steps in the HIV cycle. These classes include HIV entry inhibitors
such as enfuviritide/ENF (Fuzeon), nucleoside reverse transcriptase inhibitors (NRTIs)
such as tenofovir disoproxil fumarate/TDF (Viread), non-nucleoside reverse transcription
inhibitors (NNRTIs) such as efavirenz/EFV (Sustiva), integrase strand transfer inhibitors
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resorption will result in abnormal bone remodelling, which may result in the development of
an osteoporotic phenotype which is characterised by low bone mass, structural deterioration
of bone, increased bone fragility and increased vulnerability to fractures [45].

TDF treatment results in a dysregulation of physiological bone remodelling by promot-
ing osteoclast function while simultaneously depressing osteoblast activity, which results
in a net increase in bone resorption and bone loss. This was made further evident by
a study by Conradie et al. which showed that TDF treatment significantly lowered the
percentage of mineralising surfaces and resulted in a slight tendency towards a lower bone
formation rate in the femurs of rats [26]. Moreover, bone loss was also observed in another
study utilising Wistar rats where all the rats receiving TDF treatment showed significantly
lower total body BMD, femoral indices, femoral weights, mid femoral and tibial diameters,
bone surface/tissue volume and number of trabeculae when compared with the control
group [27]. When compared with the control, the femurs of the rats treated with TDF in this
study also exhibited significantly increased trabecular separation, which is indicative of an
osteoporotic phenotype and consequently a lower biomechanical strength and increased
risk of fracture, as demonstrated by a significantly lower Young’s modulus [46]. The
scales of old zebrafish were not spared from an osteoporotic phenotype during TDF treat-
ment wherein TDF completely blocked the physiological scale formation of 6-month and
12-month-old zebrafish [24]. The effects of TDF treatment on individuals with developing
bones are also dire; a study by Castillo et al. showed that growing rhesus monkeys treated
with TDF showed a significantly increased osteoid seam width as compared with the con-
trol group [28]. Osteoid is unmineralised and softer than bone which has been mineralised.
An increased amount of osteoid may result in microdamage to the bone and ultimately
bone fragility [47]. This evidence suggests that TDF treatment may result in the alteration
of the mineralisation of bone, termed osteomalacia [48]. This puts younger patients on TDF
treatment at risk of orthopaedic complications such as kyphoscoliosis and insufficiency
fractures known as looser zones in the femoral neck, pubic and ischial rami [49,50]. It is
also important to note that TDF treatment delays the process of bone healing due to its
mechanism of inhibiting osteoblast-mediated bone formation and promoting osteoclast-
mediated bone resorption, as evidenced by a study by Graham et.al, where the fractured
tibias of Wistar rats treated with TDF, lamivudine and efavirenz for four weeks showed
a significantly lower union rate as compared with the rats in the control group. These
ununited fracture sites also revealed a clear gap at the fracture ends filled with fibrous tissue
where no woven bone nor cartilaginous callus was found in the inter-fragmentary area,
which further highlights TDF’s ability to suppress osteoblast-mediated bone formation [29].

The effects of TDF on the bone remodelling process and various aspects of bone quality
are summarised in Figure 2.
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Given the global problems leading to and caused 
by osteoporosis, fracture liaison services came 
about to help diagnose and begin long-term man-

agement in these patients who sustain a fragility 
fracture as their initial presentation of osteoporo-
sis. The World Health Organization (WHO) has 
identified fragility fracture as one which occurs 
due to forces equivalent to a fall from a standing 
height or less and are not attributed to high- 
energy traumas like motor vehicle accidents or 
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were higher for the incident osteoporosis ONLY cohort than for
the CD ONLY cohorts for CVD (32%, P o 0.001), depression (31%,
P o 0.001), and DM (66%, P o 0.001) but 5% lower than the two or
more CDs ONLY cohort (P o 0.001). There was no difference in
costs between CD ONLY and incident osteoporosis ONLY for the
COPD cohort (P ¼ 0.80). In the prevalent osteoporosis stratum,
cohorts with CD plus osteoporosis had 13% to 23% higher costs
than the CD ONLY cohorts (P o 0.001). The opposite pattern was
evident for the prevalent osteoporosis ONLY cohort: costs were
lower than for each CD ONLY cohort by 11% (DM ONLY) to 43%
(two or more CDs ONLY) (P o 0.001).

Discussion

The results of this study reveal the substantial burden of
osteoporosis in patients with four common CDs that are of
significant interest to payers. For patients with one or more of
these comorbidities, concomitant osteoporosis increased
adjusted costs by 66% to 91% in the incident stratum and by
13% to 23% in the prevalent stratum compared with costs of the
CD(s) alone. The burden of osteoporosis was highest in patients
with two or more CDs. These findings highlight the need to
aggressively manage osteoporosis to minimize additional burden
for patients who already incur high health care costs. Disease
management programs based on enhanced education, screening,
and treatment of patients with osteoporosis, or at risk of devel-
oping osteoporosis, have been demonstrated to reduce fracture
rates, and the costs of these programs were more than offset by
predicted cost savings associated with the reduction in fractures
[26,27]. Because fracture risk may be elevated in some CDs
[11,12,15], proactive management of osteoporosis under these
conditions will be particularly important to contain costs.

The higher costs of incident osteoporosis compared with
those of prevalent osteoporosis are noteworthy. Our primary
comparisons were for the effect of osteoporosis alone or in
combination with a CD within each osteoporosis stratum and
we did not make formal comparisons between the incident and

prevalent strata. Nevertheless, these results suggest that the
burden of osteoporosis is larger in newly diagnosed patients with
existing CD. This may be attributable to a combination of factors.
Clinical management of osteoporosis in the context of comorbid
conditions may be more complex. The initial diagnosis of osteo-
porosis is likely to require additional resource utilization for bone
density screening and ambulatory visits that would not likely
occur or occur as frequently for patients who have already been
diagnosed with osteoporosis. Furthermore, the diagnosis of
osteoporosis may occur in conjunction with or as a result of a
fragility fracture. Excess costs attributable to nonvertebral frac-
ture in the first year have been estimated at $5,267, ranging from
$2,607 to $13,334 depending on fracture location [28]. One of the
qualifying criteria for inclusion in an osteoporosis cohort in this
study was a fracture on or after the index date. For patients with
osteoporosis only, a fracture on the index date was the qualifying
event for 34% of the incident group and 7% of the prevalent
group. Excess costs attributable to fragility fracture are poten-
tially avoidable because effective treatments are available [29].

For patients with a chronic condition and no evidence of
osteoporosis, actual total annual health care costs ranged from
$8,377 to $12,801. As expected, patients with multiple CDs incurred
the highest costs ($12,801), followed by patients with COPD ($11,048),
depression ($9,467), DM ($8,570), and CVD ($8,377), respectively.
These values are lower than recent estimates from other research:
COPD, $17,765 to $23,492 [4,30,31]; depression, $10,024 to $17,990
[4,32]; DM, $11,744 [33]. For CVD, we included several conditions with
chronic components and our costs cannot be readily compared with
studies focused on a single condition. Our results for COPD,
depression, and DM may be lower because we included only
patients with prevalent, stable chronic disease, thus excluding
recently diagnosed patients who may incur higher costs around
the time of diagnosis. Furthermore, lower mean costs for our single
CD cohorts would be expected because each cohort is mutually
exclusive and the conditions we examined may cluster [34,35].

This study provides a fuller understanding of the real-world
health care costs associated with osteoporosis in the context of
preexisting comorbidity and addresses a significant gap in the

Fig. 2 – Actual all-cause total health care costs by CD cohort and OP incident and prevalent strata during 1-year follow-up. All
comparisons of each CD þ OP cohort vs. each CD ONLY cohort (Po 0.001). All comparisons of each CD þ OP cohort vs. OP ONLY
cohort (P o 0.001). CD, chronic disease; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; DEP,
depression; DM, diabetes mellitus; OP, osteoporosis.
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