Bone Mineral Status and Renal
Tubular Dysfunction in HIVPositive Men

Amanda Samarawickrama

A thesis submitted in partial fulfilment of the requirements
of the University of Brighton and the University of Sussex
for a programme of study undertaken at the Brighton and
Sussex Medical School for the degree of Doctor of
Philosophy

February 2018

Abstract
Background: As HIV-positive patients live longer, they are experiencing age-related comorbidities, including bone and renal disease. The aetiology is multifactorial, comprising
traditional and HIV-related factors, including antiretroviral therapy (ART). However, whether
reduced bone mineral density (BMD) translates into a higher fracture risk remains unclear.
Aims: My main aim in my thesis was to conduct a cross-sectional study with changes over
time to investigate BMD and renal tubular dysfunction (RTD) in a relatively homogenous
group of white, ART-experienced HIV-positive men in the UK, who were mostly men who
have sex with men (MSM) and mainly on tenofovir disoproxil fumarate (TDF). The aims I
investigated were:
1. The prevalence and risk factors associated with reduced BMD at baseline and the
change in BMD over 12 months and the factors associated with loss of BMD.
2. The utility of the FRAX

®

score and peripheral dual-energy x-ray absorptiometry

(pDXA) as screening tools.
3. The utility of albumin/protein ratio (APR) in differentiating RTD from other proteinuria
and the relationship between RTD and bone.
Methods: I designed a prospective cohort study of HIV-positive men attending an HIV
outpatient clinic. Participants underwent central DXA (cDXA) and pDXA, fasting blood and
urine tests (including bone turnover markers [BTMs] and retinol binding protein creatinine
ratio [RBPCR]) and completed a questionnaire at baseline and at 12 months.
Results: I found a low prevalence of reduced BMD. Mainly ‘traditional’ risk factors were
associated with reduced BMD. The change seen in absolute BMD at 12 months was small,
reflecting the short follow-up period. The only factor associated with a greater than smallest
®

detectable difference (SDD) reduction in BMD was a detectable HIV viral load. FRAX was
not sensitive enough as a screening tool, and pDXA was slightly more sensitive, although
®

®

combining FRAX and pDXA was not much better than FRAX alone. RTD prevalence was
too low to conduct meaningful analyses. Overall, 20.7% had RBPCR-defined RTD and there
was a borderline association between severe RTD and BMD at the lumbar spine, but not
with BTMs.
Conclusions: In my cohort of mainly white, ART-experienced (mainly exposed to TDF) HIVpositive MSM in the UK, the prevalences of reduced BMD and RTD were low. The factors
associated with reduced BMD were mainly ‘traditional’ factors and probably reflects a ‘return
to health’ with ART in these men. There was not much change in BMD over 12 months,
®

which is probably reflective of the short follow-up period. Using FRAX and pDXA may be
useful as screening tools, but further work is needed before any firm conclusions can be
made in this cohort. Although one-fifth had RBPCR-defined RTD, the clinical significance of
these findings and the impact on bone health is yet to be fully elucidated.
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Chapter 1: Introduction

1.1 Background
In the course of this study, which has extended over eight years, knowledge of
human immunodeficiency virus (HIV) infection, long-term complications of the
disease and HIV treatment have changed considerably as new data have emerged.
This Introductory chapter describes the understanding of HIV infection, bone mineral
density (BMD) and kidney disease as it was at the commencement of my study.
Subsequent developments will be described and discussed in the relevant Results
chapters and in my final Discussion chapter (Chapter 8).

1.2 HIV infection
1.2.1 Introduction
HIV was first recognised as causing a disease of unknown aetiology in the USA in
1981 [1]. This infection was associated with fatal disease in young, previously well
men who have sex with men (MSM). It was characterised by emaciation,
overwhelming opportunistic infection, in particular, Pneumocystis jirovecii (carinii)
pneumonia (PCP), and rare aggressive tumours, such as Kaposi’s sarcoma. The
USA Center for Disease Control named this clinical phenomenon acquired
immunodeficiency syndrome (AIDS). In 1983, the ribonucleic acid (RNA) virus
responsible for AIDS was identified as a lentivirus belonging to the retrovirus family,
and was demonstrated to cause AIDS by selective destruction of immune cells
expressing the CD4 cell trans-membrane receptor [2,3]. The term HIV infection
began to be used in 1986 [3]. There are two types of HIV infection: HIV-1 and HIV-2.
HIV-1 is present worldwide, whilst HIV-2 is primarily found in West Africa [4]. HIV-1
is more likely to cause disease and a more rapid course than HIV-2 [4]. HIV-1 is
responsible for the global epidemic and will be the focus of this thesis, and will
henceforth be referred to as ‘HIV’.
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1.2.2 HIV pathogenesis
HIV is a retrovirus which uses the enzyme reverse transcriptase to produce proviral
deoxyribonucleic acid (DNA) from single-stranded RNA. HIV primarily infects
mononuclear cells in the immune system, particularly T-helper lymphocytes
containing the CD4 cell receptor. It also infects other cells expressing CD4 cell
receptors, including macrophages, Langerhans cells, monocytes and microglial cells
[5]. HIV infection leads to low levels of CD4 T-lymphocytes via three main
mechanisms which involve the direct viral killing of infected cells, increased rates of
apoptosis in infected cells and killing of infected CD4 T-lymphocytes by CD8
cytotoxic lymphocytes that recognise infected cells [6,7]. As a result of this selective
destruction of the immune system, individuals infected with HIV infection are more
susceptible to illnesses and opportunistic infections [8].
The HIV virion contains three components comprising the core, the matrix and the
outer lipid envelope (Figure 1.2.2.1) [7]. The glycoprotein envelope consists of a lipid
bilayer membrane and is made up of two glycoproteins, gp120 and gp41 [7]. These
two glycoproteins are essential for the binding of HIV to CD4 T-lymphocytes and
fusing with target host cells [5]. The matrix is made up of viral protein p17 and is
surrounded by the envelope. The viral core contains two single strands of viral RNA
and is encapsulated by the capsid comprised of viral protein p24 and viral enzymes
(reverse transcriptase, integrase and protease), which are essential for viral
replication [7]. The structure of HIV is determined by three major genes called gag,
pol and env, which replicate essential HIV components. The RNA genome also
contains other genes (e.g. tat, rev, nef, vif, vpr, vpu) and polyproteins (e.g. p55-gag).
Figure 1.2.2.1 Structure of the HIV virion [7]
Structure of the HIV virion showing all the major components.
ssRNA: single-stranded RNA
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HIV can only replicate inside human cells. Its lifecycle is divided into two phases,
comprising HIV entry and establishment of infection, followed by active viral
assembly and budding (Figure 1.2.2.2) [7]. The HIV particle binds to a host cell by
attaching its gp120 to the host’s CD4 cell receptor site. After attachment, gp41
facilitates fusion of the HIV envelope with the CD4 cell membrane. Fusion of these
membranes is followed by release of the viral RNA contents into the cell, leaving the
envelope behind. The HIV viral core then uncoats, releasing two single strands of
viral RNA into the host’s cytoplasm. Since HIV requires DNA for replication, the
enzyme reverse transcriptase converts the viral RNA into DNA. This DNA is
transported to the nucleus, where it is incorporated into the human genome by the
enzyme integrase. This HIV provirus can lie dormant within the cell for a long period
but once activated, it uses the host enzyme RNA polymerase to create copies of the
HIV genomic material and messenger RNA. These are transported outside the
nucleus and are translated into new HIV proteins and enzymes [5]. The enzyme
protease cleaves long protein strands into smaller ones. At the host cell surface, the
new HIV proteins and enzymes combine with viral RNA to form new HIV particles,
which when newly matured are released from the host cell by a process called
‘budding’. These new HIV particles then infect other cells, thereby restarting the
replication cycle. The entire process is very active and large numbers of HIV
particles are released daily [9].
Figure 1.2.2.2 The HIV life cycle [7]
This figure shows how the HIV virion replicates. It binds to the host cell and then enters the host cell via
fusion (1). The viral core uncoats (2), releasing viral RNA into the host’s cytoplasm. The HIV RNA is
converted to DNA using reverse transcription (3). This proviral DNA is integrated into the host cell
chromosome (4). Using RNA polymerase, the provirus creates copies of the HIV genomic material and
messenger RNA, which leads to protein synthesis and the assembly of new HIV virions (5). The new
HIV virions are released from the host cell via budding (6).
DNA: deoxyribonucleic acid; dsDNA: double-stranded deoxyribonucleic acid; RNA: ribonucleic acid;
ssRNA: single-stranded ribonucleic acid
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HIV infection is transmitted by exposure to body fluids, including serum, seminal
fluid, vaginal secretions, amniotic fluid and breast milk, and occurs via unprotected
sexual intercourse, sharing of intravenous needles or transfusion of contaminated
blood products [6]. Additionally, pregnant women infected with HIV can transmit the
infection to their foetus or infant during the perinatal period.

1.2.3 Natural history of HIV infection
Figure 1.2.3.1 shows the course of HIV infection, which can be separated into five
stages as below:
1. Primary HIV infection (PHI)
2. Early stage
3. Middle stage
4. Advanced stage
5. Late stage.
During the seroconversion phase of PHI, there is widespread dissemination of HIV
infection [10]. This leads to a very high HIV viral load and a rapid decrease in CD4
cell count, which eventually reverses, although pre-infection levels are rarely
reached. The early stage of infection (CD4 cell count >500 cells/µL) which follows is
usually asymptomatic, except for the appearance of, or deterioration of, certain skin
disorders (e.g. seborrhoeic dermatitis, aphthous ulcers, psoriasis). In the middle
stage of infection, the CD4 cell count decreases to between 200 and 500 cells/µL.
This phase becomes mildly symptomatic, with the worsening of skin disorders from
the previous stage, as well as the emergence of certain conditions, such as
recurrent herpes simplex and varicella zoster infections, diarrhoea, weight loss,
intermittent fever, and respiratory infections caused by community-acquired
pathogens, including tuberculosis. During the advanced phase, the HIV viral load
increases and the CD4 cell count further drops to between 50 and 200 cells/µL. At
this point, patients become susceptible to opportunistic infections (e.g. PCP,
Kaposi’s sarcoma) and AIDS. In the late stage (CD4 cell count <50 cells/µL), very
high levels of viraemia are seen in conjunction with conditions associated with
severe

immunodeficiency

(e.g.

cytomegalovirus

retinitis,

disseminated

Mycobacterium avium complex infection). Although these clinical stages have been
arbitrarily chosen, evidence indicates that inflammation associated with chronic HIV
infection is what is important and that this is highly predictive of outcome [11].
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Figure 1.2.3.1 Natural history of HIV infection [10]
Following the primary infection, in the early stage there is widespread dissemination of HIV and a sharp
reduction in the CD4 cell count. There is then a reduction in the HIV viral load as the body mounts an
immune response to the infection. This is followed by a long latent period. As the infection progresses,
the HIV viral load continues to increase and the CD4 cell count continues to decrease until a critical
level is reached, when there is a risk of developing opportunistic infections and/or AIDS-related
conditions.

1.2.4 HIV epidemiology
Since the start of the HIV epidemic, 60 million people have been infected, with the
majority living in sub-Saharan Africa, and 25 million people have died worldwide [3].
In 2009, there was a global pandemic, with 33.4 million individuals estimated to be
infected with HIV [12].
By 2009, an estimated 86,500 individuals had been infected in the UK, which is
equivalent to a crude rate of 1.4 people per 1,000 population (1.9 per 1,000 men
and 0.91 per 1,000 women) [13]. Approximately a quarter of HIV-positive people
were estimated to be unaware of their diagnosis [13]. While the rates of new
diagnoses in people infected heterosexually had declined, the incidence in MSM
remained high. However, the proportion diagnosed late was lower among MSM
(39%) compared with heterosexual women (59%) and heterosexual men (66%) [13].
Despite the yearly increase in rates of HIV-positive individuals in the UK,
hospitalisation and mortality rates have fallen over the last decade, and the number
of deaths from AIDS has fallen from 1715 in 1995 to 525 in 2008 [13,14]. These
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reductions in morbidity and mortality were attributable to the introduction of
antiretroviral therapy (ART), as shown in Figure 1.2.4.1 [14].
Figure 1.2.4.1 Change in the rate of death from AIDS with the introduction of ART
[14]
This figure shows that the death rate dramatically reduced with the introduction of PIs in the 1990s.
PI: protease inhibitor

In the ART era, mortality in HIV-positive patients has dramatically declined [15]. A
young person diagnosed with HIV infection in a resource-rich country can expect a
longer life expectancy than in the pre-ART era, and median survival is predicted to
be more than 35 years after diagnosis [16]. An analysis of 14 cohort studies in
Europe and North America has estimated the life expectancy of young HIV-positive
patients to be at least two-thirds that of the general population [15]. Interestingly, a
study from the Netherlands has suggested that asymptomatic HIV-positive patients
who are ART-naïve 24 weeks after diagnosis have an expected life expectancy that
is similar to that in the general population [17].
Improved survival has seen a shift in disease progression. Mortality associated with
opportunistic infections and AIDS has declined, and HIV-positive patients are more
likely to die from non-AIDS-defining conditions, of which some may be related to HIV
infection or ART [13,18,19]. The life expectancy of asymptomatic HIV-positive ARTnaïve patients is similar to that of HIV-negative individuals after 24 weeks of
diagnosis [17]. As HIV-positive patients continue to age, they are at increased risk of
developing chronic conditions, such as cardiovascular disease, renal disease and
osteoporosis [20]. Additionally, ART has been associated with numerous metabolic
complications, including hyperlipidaemia, lipodystrophy, insulin resistance and
altered bone metabolism [21,22]. Reduced BMD and osteoporosis are complications
that are of concern in an ageing population [23]. The consequence of reduced BMD
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is that it can cause an increased incidence of fragility fractures, which could worsen
morbidity and mortality in an ageing HIV population. There continues to be improved
survival and the risk from long-term complications may increase as HIV-positive
patients continue to age [24].

1.2.5 ART
The mainstay of management of HIV infection is with ART. There are a number of
different classes, with nucleoside reverse inhibitors (NRTIs), non-nucleoside reverse
inhibitors (NNRTIs) and boosted protease inhibitors (PIs) being the most commonly
used (Table 1.2.5.1). There are also a number of newer classes of drugs which act
via different mechanisms to prevent viral replication. Over the years, treatment has
evolved from the use of single agents to using combination treatment. In 2009, the
British HIV Association (BHIVA) guidelines recommended prescribing a combination
of two NRTIs with either an NNRTI (preferred regimen) or a PI boosted with ritonavir
(alternative regimen) [25]. There are also specific reasons for prescribing different
regimens or classes, such as viral resistance, side effects, pill burden and patient
preference.
Table 1.2.5.1 Classes of ART and individual drugs available in 2009
These were the individual ART drugs which were available in 2009, although there are newer drugs
available now in some classes.
NRTIs

NNRTIs

Abacavir
Didanosine
Emtricitabine
Lamivudine
Stavudine
Tenofovir (TDF)*
Zalcitabine
Zidovudine

Delavirdine
Efavirenz (EFV)
Etravirine
Nevirapine
Rilpivirine

PIs

Fusion/entry
inhibitors
Enfuvirtide
Maraviroc

Integrase
inhibitors
Raltegravir

Amprenavir
Atazanavir
Darunavir
Fosamprenavir
Indinavir
Lopinavir/ritonavir
Nelfinavir
Ritonavir
Saquinavir
Tipranavir
EFV: efavirenz; NRTI: nucleoside reverse transcriptase inhibitors; NNRTI: non-nucleoside reverse
transcriptase inhibitors; PI: protease inhibitor
*NB: TDF refers to tenofovir disoproxil fumarate

Although Table 1.2.5.1 shows antiretroviral drugs which were available in 2009, the
treatment options have since evolved. Some drugs (e.g. stavudine, zalcitabine,
delavirdine, fosamprenavir, enfuvirtide) are rarely or no longer used. Newer drugs
(e.g dolutegravir, tenofovir alafenamide [TAF]) have become available, and some of
these will be discussed in Chapter 8. The current BHIVA guidelines recommend
starting ART with tenofovir disoproxil fumarate (TDF)/emtricitabine or TAF/
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emtricitabine as the backbone with the third drug being either an NNRTI (rilpivirine),
a boosted PI (atazanavir/ritonavir or darunavir/ritonavir) or an integrase inhibitor
(raltegravir, dolutegravir or elvitegravir/cobicistat) [26].
1.2.5.1 Tenofovir disoproxil fumarate (TDF)
Although TDF is in the NRTI class, it is technically a nucleotide reverse transcriptase
inhibitor

as

it

is

an

acyclic

nucleotide

analogue

of

2’-deoxyadenosine

monophosphate (dAMP) [27]. The active moiety is tenofovir-diphosphate. However,
as this has poor permeability of the lipid membrane and hence low bioavailability, it
is orally administered as the fumarate salt of its disoproxil prodrug, TDF. After
phosphorylation,

tenofovir-diphosphate

competes

with

endogenous

2’-

deoxyadenosine triphosphate (dATP) to be incorporated by virally encoded reverse
transcriptase enzymes where it acts as a chain terminator of viral DNA [27].
TDF is transported from the blood into the proximal tubule by the organic anion
transporters organic anion transporter-1 (OAT1) and organic anion transporter-3
(OAT3) on the basolateral membrane, and secreted out in the urine via the
multidrug resistance protein-4 (MRP4), which is an apical membrane transporter
(Figure 1.2.5.1) [28]. TDF can also be transported via multidrug resistance protein-2
(MRP2), but this pathway is blocked by ritonavir, which is used to boost PIs [28].
Figure 1.2.5.1 Mechanism of active renal tubular secretion of TDF [28]
TDF is transported from the blood into the proximal tubule by OAT1 and OAT3, where it is effluxed into
the urine by the efflux pump MRP4 on the apical membrane.
MRP2: multidrug resistance protein-2; MRP4 : multidrug resistance protein-4; OAT1: organic anion
transporter-1; OAT3: organic anion transporter-3; OCT1: organic cation transporter-1; OCT2: organic
cation transporter-2; Pgp: P glycoprotein
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Data from randomised controlled trials (RCTs) have not shown any serious adverse
events [29-32]. However, TDF has been reported to cause renal tubular dysfunction
(RTD) [33]. Several case reports and studies emerged which described the
association of TDF with Fanconi syndrome, a severe form of RTD characterised by
glycosuria, renal phosphate wasting and increased urinary excretion of low
molecular weight protein (LMWPs) [33-38]. These studies have shown that the risk
of Fanconi syndrome is increased by the concomitant prescription of boosted PIs.
TDF can also affect BMD. This can occur directly via its actions on osteoclasts and
osteoblasts due to altered gene metabolism, which have been demonstrated in vitro
[39,40]. TDF also has an indirect effect on BMD via RTD and Fanconi syndrome,
and renal phosphate wasting leading to osteomalacia [33]. Finally, TDF can have an
effect on the vitamin D/PTH pathway. TDF has been shown to cause secondary
hyperparathyroidism and increased bone turnover, which is worse in patients with
vitamin D deficiency (VDD) [41].
There is now a newer drug called TAF that is a prodrug of TDF [42]. It has better
bone and renal profiles and will be discussed in Chapter 8.

1.3 Bone biology
1.3.1 Structure and function of normal bone
Bone consists of bone cells and a mineralised bone matrix comprised of organic
protein and inorganic material [43]. There are two main types of bone: cortical
(compact) bone and trabecular (cancellous) bone [43]. Cortical bone, found in the
shaft of long bones and in the outer shell of flat bones, is formed of concentric rings
of bone and is able to sustain the strain of bending and is responsible for the
support function of bone. Trabecular bone, located at the ends of long bones and
inside flat bones (e.g. vertebral bodies), is the main site of bone remodelling [44]. It
is made up of an interconnecting network of bone, which is able to withstand
compressive loads. Different bones are made up of different compositions of cortical
and trabecular bone. For example, the femoral neck is comprised of 70% cortical
bone, with its proportion increasing nearer the greater trochanter [45].
There are three main types of bone cells: osteoclasts, osteoblasts and osteocytes
[46]. Osteoclasts are derived from haematopoietic stem cells [47]. They fix to bone
and actively secrete hydrogen ions. This lowers the pH and in turn increases the
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solubility of the inorganic matrix. Osteoclasts then produce a variety of proteolytic
enzymes (e.g. cathepsin K, tartrate-resistant acid phosphatase [TRACP]) which
degrade the organic matrix [48,49]. Osteoblasts originate from undifferentiated
mesenchymal stem cells and are responsible for the synthesis and mineralisation of
the osteoid matrix, which makes it rigid and hard [50]. Osteocytes are derived from
osteoblasts and are found embedded in the bone matrix [43]. They play a key role in
bone turnover. In response to mechanical injury, they either undergo apoptosis or
alter cell signalling, which then activates bone formation.
The bone matrix is mainly made up of type I collagen [43]. This protein forms
parallel lamellae, which impairs cracks from spreading. The matrix also contains a
number of non-collagen proteins (e.g. osteopontin, osteocalcin, fibronectin). Bone
mineral is mainly comprised of calcium hydroxyapatite.

1.3.2 Bone remodelling and homeostasis
Normally, the strength and integrity of adult bone is maintained by continuous bone
remodelling by the basic multicellular unit (BMU) [51]. Bone remodelling is said to be
coupled, which ensures that the synthesis of new bone (bone formation) matches
the removal of old bone (bone resorption) to keep bone mass constant (Figure
1.3.2.1) [46]. Osteoblasts are responsible for bone formation and osteoclasts for
bone resorption [51]. This cross-talk between osteoclasts and osteoblasts is key to
bone remodelling [52]. Most bone remodelling occurs during growth in puberty and
early adulthood [51]. After longitudinal growth ceases in early adulthood, a small
percentage of the adult skeleton undergoes remodelling annually, which is
necessary to maintain structural integrity, calcium homeostasis, acid-base balance
and enable repair of micro-architectural damage [46,51].
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Figure 1.3.2.1 The bone remodelling cycle on a trabecula [46]
A microcrack in the bone causes apoptosis of osteocytes. Osteocytes, together with lining cells,
release local factors into the BMU to enable osteoclastogenesis to occur. Osteoclasts resorb the bone
matrix at the microcrack. This is followed by osteoblasts laying down new bone. Osteoblasts trapped in
the matrix become osteocytes, whilst others die or form new, flattened osteoblast lining cells.
BMU: basic multicellular unit

Regulation of bone remodelling is complex, and involves the interaction of numerous
systemic hormones, including oestrogen, testosterone, parathyroid hormone (PTH),
1,25-dihydroxyvitamin D (1,25[OH]2D) and calcitonin, as well as local factors, such
as interleukin-1 (IL-1), interleukin-6 (IL-6), tumour necrosis factor (TNF),
prostaglandins and gamma-interferon (Figure 1.3.2.2) [46,51,53]. Osteoblasts
contain alkaline phosphatase (ALP) and express receptors for PTH, oestrogen,
glucocorticoids, vitamin D, inflammatory cytokines and transforming growth factor-β
(TGF-β) [54]. Osteoblasts also synthesise a number of molecules that regulate
osteoclast activity, namely receptor activator for nuclear factor κB ligand (RANKL)
and its antagonist, osteoprotegerin [55]. By binding to its receptor, RANK, on the
osteoclast surface, RANKL stimulates osteoclast differentiation and activation and
bone resorption. In opposition, osteoprotegerin competes with and inhibits RANKL,
thus preventing osteoclastogenesis and bone resorption, thereby acting as a
regulator of osteoclast activation. As well as needing RANKL, osteoclast
differentiation also requires macrophage colony stimulating factor (M-CSF), which is
a cytokine that acts through its transmembrane tyrosine kinase receptor on the
osteoclast [55]. RANKL is a member of the TNF family and is produced in response
to PTH, vitamin D, oestrogen, glucocorticoid, prostaglandin E2 (PGE2), IL-1 and
interleukin-2 (IL-2) [55].
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Figure 1.3.2.2 Regulation of bone homeostasis (adapted from [53])
Bone homeostasis is regulated by a number of hormones and local factors that enable bone
remodelling to occur.
1,25(OH)2D: 1,25-dihydroxyvitamin D; IL-1: interleukin-1; IL-6: interleukin-6; PTH: parathyroid
hormone; TNF: tumour necrosis factor

Newer osteoblast differentiation pathways have also been discovered. The
canonical wnt/β-catenin pathway is a signal transduction pathway which is made of
proteins [51,55]. When it is activated by wnt ligands (lipid modified glycoproteins), it
is involved in osteoblast differentiation. Additionally, runt-related transcription factor2 (RUNX-2) is a transcription factor that has an important role in the differentiation of
mesenchymal cells into osteoblasts [55]. Although this cross-talk between the
cellular components in bone is essential for determining bone mass, the precise
mechanism of regulation of bone remodelling is yet to be fully determined.

1.4 Reduced bone mineral density (BMD)
1.4.1 Definition of reduced bone mineral density (BMD)
Osteoporosis is a systemic skeletal disorder associated with reduced BMD and
microarchitectural deterioration of bone tissue, resulting in an increased risk of
fracture [56-58]. In 1994, the World Health Organization (WHO) defined low BMD
according to the T-score, which is based on the number of standard deviations
(SDs) from the mean peak bone mass to which BMD is reduced on dual-energy x-
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ray absorptiometry (DXA) in comparison to a young, healthy sex-matched
population (Table 1.4.1.1) [57]. The T-score can be used to diagnose reduced BMD
at the lumbar spine, femoral neck and total hip. A T-score between <–1.0 and >–2·5
is defined as osteopenia and ≤–2·5 as osteoporosis.
Table 1.4.1.1 WHO defined diagnostic categories of bone density assessed by DXA
[57]
Diagnostic T-score categories for assessing BMD using DXA.
Bone disorder
T-score
Clinical relevance
Normal
≥-1
Baseline fracture risk
Osteopenia
<–1.0 and >–2·5 Up to 2-fold risk of fracture compared with normal BMD
Osteoporosis
≤–2·5
More than 4-fold risk of fracture compared with normal BMD
Severe
≤-2.5 and ≥1
Very high risk of fracture
osteoporosis
fragility fracture
BMD: bone mineral density; DXA: dual-energy x-ray absorptiometry

The T-score is accurate when used in post-menopausal women and older men [59].
For pre-menopausal women and men <50 years, the T-score is not as useful, and
the Z-score is preferred. This is an age-, ethnicity- and sex-matched score
comparing BMD to adults of the same age and defines reduced BMD as ≤-2 [60].

1.4.2 Pathogenesis of reduced BMD
The underlying mechanism of reduced BMD results from an imbalance in the activity
of osteoclasts and osteoblasts, leading to increased bone resorption and/or
decreased bone deposition [53]. This imbalance can result from either increased
activity or differentiation of osteoclasts, or increased apoptosis and/or decreased
activity and differentiation of osteoblasts [51]. The process of bone remodelling is
influenced by both systemic and local regulation, involving hormones, growth factors
and cytokines. For example, PTH enhances osteoblast differentiation and reduces
osteoblast apoptosis [53]. It is through influencing these tightly regulated local
and/or systemic regulators that an imbalance in bone remodelling occurs.

1.4.3 Risk factors for reduced BMD
The aetiology of reduced BMD is multifactorial, with a number of modifiable, nonmodifiable, disease and medication-related risk factors contributing to an individual’s
risk of developing low BMD (Table 1.4.3.1) [61]. A prime determinant of skeletal
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health is peak bone mass which is achieved in early adulthood, and therefore,
nutrition and exercise in childhood and adolescence is also important [61].
Table 1.4.3.1 Risk factors for reduced BMD (adapted from [61])
Risk factors for low BMD are multifactorial, and include non-modifiable and modifiable causes, as well
as secondary causes (e.g. diseases, drugs).
Risk factor category
Non-modifiable

Type of risk factor
Ageing (especially post-menopausal women)
Gender (female > male)
Ethnicity
Family history (especially maternal history of hip fracture)
Heritable factors
Previous fractures (especially spine or wrist)
Modifiable
Alcoholism (>3 units/day)
Smoking
VDD
Diet/malnutrition
Lack of exercise/immobilisation
2
Low BMI (<20 kg/m )
Diseases
CKD (including RTD)
Malignancies (especially those that result in bone loss e.g. leukaemia,
lymphoma, multiple myeloma)
Endocrine disorders
(e.g. diabetes mellitus, hypogonadism,
hyperthyroidism,
hyperparathyroidism,
prolonged
secondary
amenorrhea, hyperprolactinaemia, Cushing syndrome)
Gastrointestinal disorders (e.g. malabsorption, coeliac disease)
Chronic liver disease
Rheumatologic disorders (e.g. rheumatoid arthritis)
Haematologic disorders (e.g sickle cell anaemia)
Genetic disorders (e.g. haemochromotosis, haemophilia, idiopathic
scoliosis, osteogenesis imperfecta, thalassaemia)
Connective tissue diseases
Eating disorders (e.g. anorexia nervosa)
HIV infection
Drugs
Corticosteroid therapy (e.g. prolonged high-dose prednisolone)
Chemotherapy
Antiepileptics (e.g. phenytoin, carbamazepine)
Aromatase inhibitors
Anticoagulants
Proton pump inhibitors
BMI: body mass index; CKD: chronic kidney disease; RTD: renal tubular dysfunction; VDD: vitamin D
deficiency

1.4.4 Reduced BMD and fracture epidemiology
Reduced BMD typically affects elderly, white, post-menopausal women, with lower
rates seen in black populations [58]. Most studies have used BMD as a surrogate
marker of fracture risk because reduced BMD has been shown to be associated with
fragility fractures. In older patients, there is a strong relationship between low BMD
and fractures, especially as these patients are at increased risk of falls [58]. The
sites most commonly affected by fragility fractures are the lumbar spine, the distal
forearm and the hip [58]. Figures show that 75% of all hip fractures occur in white,
post-menopausal women and 90% of all hip fractures occur in those aged >50 years

31

[56,58]. Of all fragility fractures, hip fractures are the most serious, resulting in
hospitalisation and fatality in 20% of cases and leaving 50% permanently disabled.
Worldwide, fragility fractures are a significant cause of morbidity and mortality in the
elderly, and with an ageing population, forecasts suggest that there will be an
estimated 8.2 million hip fractures worldwide by 2050 [58]. The economic burden of
fragility fractures is huge, not to mention the physical, financial and psychosocial
implications for the individual and their family.
Assessment of fracture risk is important. Although several assessment tools have
been created, the WHO has approved the international use of the Fracture Risk
Assessment Tool® (FRAX®) score (www.shef.ac.uk/frax) [62]. The FRAX® tool
calculates the 10-year absolute risk of both a major osteoporotic fracture and a hip
fracture [63,64]. It is discussed in more detail in Chapter 5.

1.5 Reduced BMD in men in the general population
1.5.1 Introduction
Reduced BMD in men is an important public health problem. Using the National
Health and Nutrition Examination Survey (NHANES) 2005-2006 database, the
prevalence rates of femoral osteopenia and osteoporosis in American men aged
≥50 years were 30% and 2%, respectively [65]. Although it has been underrecognised compared to osteoporosis in women, osteoporosis research in men has
started receiving more attention in recent years [66]. This has led to the
development of guidelines aimed specifically at diagnosis, treatment and prevention
of reduced BMD in men, and has also led to the better understanding of differences
in men and women.

1.5.2 Skeletal development in men
Bone mass accumulation varies between males and females (Figure 1.5.2.1) [67].
Although in both sexes there is a gradual accumulation of bone mass from
childhood, pubertal changes at adolescence lead to a rapid increase in bone mass,
which occurs slightly later in boys at an average age of 18 years, as opposed to an
average age of 16 years in girls [68]. Peak bone mass in men is higher than in
women, and even after adjustment for body size, boys have thicker cortices and
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larger bones than girls. The reasons for these differences are not fully understood,
but may be due to differences in sex steroids, growth hormones and mechanical
forces on bone. These differences may explain why men have a lower fracture risk
in later life than women.
Figure 1.5.2.1 Changes in bone mass in men and women with age (adapted from
[67])
This graph shows the change in bone mass (y-axis) with age (x-axis) in men (dark blue) and women
(red). Both men and women attain peak bone mass from childhood to early adulthood, although men
have a higher peak bone mass than women. There is a period of stable bone mass (consolidation)
before bone mass reduces from mid-adulthood. There is a faster rate of bone loss in women
associated with the menopause (pale blue), but both men and women reach similar rates of bone mass
in later life, which are associated with increased risk of fracture (green).

1.5.3 Effects of ageing in men
In both men and women, ageing is associated with a loss of bone mass and a
change in bone architecture [69]. However, men have a gradual reduction in bone
volume of 0.5% to 1.0% per year, and do not have an equivalent phase to the
accelerated bone loss experienced by women after the menopause [70,71]. The
mechanism for loss of trabecular bone is different between men and women: women
lose trabecular bone with age, whilst men experience a reduction in bone formation,
which leads to thinning of trabecular bone [72]. During bone loss, there is also better
preservation of trabecular architecture in men compared to women [73]. Additionally,
there is a greater increase in periosteal bone expansion in men compared to
women, which preserves bone strength, and may help to explain why men
experience lower fracture rates than women [71]. In the elderly (aged >70 years),
there is a similar rate of accelerated bone loss in both men and women [74].
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1.5.4 Causes of reduced BMD in men
Although studies have reported rates of reduced BMD in men of unknown aetiology
of up to 40% (termed primary or idiopathic osteoporosis), an underlying cause is
frequently found [70,75]. Although the causes are similar to those described in Table
1.4.3.1, the commonest secondary causes are hypogonadism, excessive alcohol
use and corticosteroid therapy [75]. Primary osteoporosis can affect men of all ages,
including younger men who would be otherwise unaffected [76]. The aetiology is
unknown, but genetic factors are thought to be the most likely.

1.5.5 Assessment of low BMD in men
As in women, measuring BMD remains the cornerstone of evaluating osteoporosis
in men [70,75]. At the time my study commenced, guidelines from the International
Society for Clinical Densitometry (ISCD) recommended measuring BMD in men
aged >70 years or in younger men with fragility fractures and risk factors [59].
Although screening for reduced BMD in older men was not recommended, a costeffectiveness study has suggested that screening in elderly men may be beneficial
[77]. In this study, DXA scanning was recommended for men aged ≥65 years with a
previous history of a fracture and for men aged 80 to 85 years with no prior fracture.
Assessment of potential risk factors and diagnosis of secondary causes of reduced
BMD is also important. Recommended laboratory tests include a bone profile
(calcium, phosphate and ALP), vitamin D, PTH, testosterone and sex hormone
binding globulin, renal function, full blood count and urinary calcium and creatinine.

1.5.6 Fracture epidemiology in men
In men, the incidence of fracture is bimodal, with a peak in fractures in adolescence
and mid-adulthood, followed by a second peak after the age of 70 years [78]. There
is a difference in the types of fractures sustained, with young men experiencing
mainly long bone fractures, whilst elderly men suffer from hip and vertebral
fractures. This difference suggests that the aetiology may be different, with fractures
at a younger age being related to trauma, whilst those in the elderly may be due to
increased skeletal fragility and falls.
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The lifetime risk of an osteoporotic fracture in the British general population is similar
to that in the USA [79]. Estimates suggest 1 in 5 men aged >50 years old will
experience an osteoporotic fracture in their lifetime [58] and one-third of all hip
fractures occur among men [80]. The exponential increase in the incidence of
fractures in older men is similar to that seen in women, but occurs 5 to 10 years later
in age (Figure 1.5.6.1) [58,78]. Although the age-adjusted incidence of hip fracture is
lower in men than in women, morbidity and mortality in the first year following a hip
fracture are much greater among men [81].
Figure 1.5.6.1 Age- and sex-specific incidence of radiographic vertebral, hip and
distal forearm fractures [58]
The incidence of osteoporotic fractures increases with age at the hip, the spine and the distal forearm
in both men and women, with hip and distal forearm fractures increasing exponentially. In all three
types of fracture, the rates are higher in women.
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The aetiology of fractures in men is multifactorial. Race and geography have been
implicated, with black men having a lower risk of fractures compared to white men,
and Asian men having a lower risk of hip fractures than white men [67,82]. The
majority of fractures occur in men whose BMD is not osteoporotic [83,84], implying
that factors other than skeletal fragility and reduced BMD are also involved. Other
factors associated with the probability of future fractures are ageing, a previous
history of fracture, lower body mass index (BMI) and falls [85,86].

1.5.7 Treatment and prevention of low BMD in men
The principles of treating and preventing reduced BMD are the same in men and
women. These include lifestyle measures and preventative strategies, such as fall
prevention [75,87]. Studies have shown that exercise (weight-bearing exercise,
resistance training, or both) increases BMD in older men compared to controls [88].
Good nutrition (adequate calcium and vitamin D intake) is a factor. A systematic
review of 64,000 participants showed that the daily ingestion of calcium (1200 mg or
more) or calcium with vitamin D (800 IU or more) led to a 12% reduction in
osteoporotic fractures in both men and women aged ≥50 years old [89]. Finally, the
avoidance of factors associated with bone loss (Table 1.4.3.1) is also important in
preventing the development of low BMD and fractures in later life [70,75].

1.6 Diagnosis of reduced BMD
1.6.1 Measurement of BMD with DXA
Although there are different bone densitometry techniques, the most widely used is
DXA [90]. This uses dual-energy x-ray beams to correct for overlying soft tissue
when calculating BMD [91]. Different manufacturers use different methods to
optimise separation of mineralised bone and soft tissue during the scanning
process. Areal BMD, expressed in g/cm2, is calculated by measuring bone mineral
content (BMC, g), which is divided by the bone area (cm2) under examination
[91,92]. Additionally, whole body DXA scanning can be used to measure body
composition (lean mass and fat mass), as well as whole body and regional BMC (g).
DXA can be used to measure different sites of the skeleton which are affected by
osteoporotic fractures [90]. These include the lumbar spine (L1-L4) and the proximal
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femur (total hip, femoral neck, trochanter and Ward’s area) in the central skeleton
and the forearm and calcaneus in the peripheral skeleton. Although BMD at the
lumbar spine, femoral neck and total hip are assessed for diagnosing osteoporosis,
measurement of BMD at the femoral neck is considered the gold standard site as it
has the highest predictive value for hip fracture [61].
DXA measures areal BMD of cortical and trabecular bone. As the ratios of cortical
and trabecular bone differ between skeletal sites, coupled with variable rates of
change, measurements at different sites in one individual will not produce the same
BMD measurements [93]. With correlations between BMD measurements in an
individual patient varying between r=0.4 and r=0.9, it is not possible to use DXA to
predict BMD at a different site even in a single patient [93].
It is important to assess the precision, accuracy and sensitivity of bone
densitometry. The reproducibility of DXA is measured by precision and varies
depending on the site scanned (Table 1.6.1.1) [94,95]. Precision can be optimised
by reducing inter-operator variability by using a small number of trained
radiographers.
Table 1.6.1.1 Precision of DXA at different skeletal sites [94,95]
The precision of DXA measurements varies depending on the site scanned.
Skeletal site
Precision of DXA
Lumbar spine
1 – 2%
Total hip
1 – 2%
Femoral neck
2.5%
Trochanter
2.5%
Ward’s area
2.5 – 5%
Distal forearm
1%
Ultra-distal forearm
2.5%
Calcaneus
1.4%
DXA: dual-energy x-ray absorptiometry

Accuracy determines how close the BMD measured by DXA is to the actual calcium
content of the bone [96]. The accuracy of DXA is between 3% and 7% [96]. It is
reduced by the presence of marrow fat and DXA taking into account soft tissue as a
reference [96,97]. As DXA makes some assumptions about soft tissues and body
composition, accuracy is affected by patients who are under- or overweight, and in
those who have experienced large changes in weight between scans [96-98]. In
particular, HIV-positive patients are at risk of developing peripheral lipodystrophy
which leads to redistribution of fat [99]. However, as DXA is less able to assess
central fat changes, which may include an increase in visceral fat, as well as a
decrease in subcutaneous fat, the ISCD do not currently recommend using DXA for
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monitoring trunk fat changes in HIV-positive patients [100]. Instead, they recognise
that computed tomography (CT) or magnetic resonance imaging (MRI) is the gold
standard in this scenario. MRI has been shown to be precise in quantifying
lipodystrophy in HIV-positive patients [101]. Additionally, patients could self-report
body changes which may help identify those at risk of fat redistribution.
Sensitivity is the ability of the DXA measurement to distinguish between patients
with and without fractures and the ability to measure small changes over time and/or
with treatment [102]. As changes in BMD over time are relatively small, sensitivity is
improved by leaving an adequate time interval (e.g. 18 to 24 months) between
measurements [102].
Once BMD is measured, the bone densitometer interprets the result using normal
reference databases. These databases are mainly derived from a white, female,
post-menopausal American population [56]. In an effort to standardise results, the
NHANES reference database was selected as the reference database for
interpreting hip data [103].

1.6.2 Clinical application of DXA
As DXA has high specificity but low sensitivity, there has been much debate
concerning its use for population screening, for example, in post-menopausal
women [90,104]. Currently, patients are selected for DXA screening using a casefinding strategy based on the presence of osteoporotic risk factors and the presence
of fragility fractures [61]. Areal DXA is considered the gold standard measurement
for diagnosing reduced BMD and osteoporosis and assessing the risk of fracture
[90,95,104].
Absolute BMD is converted into T-score values, which enable stratification of
absolute BMD into clinically relevant estimates of fracture risk (Table 1.4.1.1 and
Figure 1.6.2.1) [57,61]. As there are factors additional to BMD that are involved in
developing a fracture (e.g. age, falls, nature of the fall, etc.), BMD alone cannot
completely determine fracture risk [61]. However, patients with lower BMD on DXA
are more at risk of sustaining a fracture [105]. BMD measurements at any skeletal
site are predictive of fracture, with the relative risk per 1 SD decrease in BMD below
the age-adjusted mean being between 1.4 and 2.6 [105].
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Figure 1.6.2.1 Lifetime risk of fracture in women aged 50 years according to BMD
and T-scores of the femoral neck [61]
The lifetime risk of fracture in women >50 years old with the femoral neck BMD and T-score cut-offs for
normal, osteopenia and osteoporosis.
BMD: bone mineral density; SD: standard deviation

Another application of DXA is using it to measure changes in BMD over time and
treatment [102]. Again, there is currently no consensus on this and policies vary
between countries [106]. In assessing change in BMD, it is best to use absolute
BMD. In longitudinal studies, it is recommended that patients are scanned at
adequate time intervals (e.g. 18 to 24 months) to enable changes in BMD to be
accurately diagnosed [102].

1.6.3 Limitations of DXA
Bone densitometry has its limitations. DXA uses radiation, although the radiation
doses patients are exposed to are very small (Table 1.6.3.1), and comparable to
natural background radiation (2400 µSv/year; ~7 µSv/day) [107,108]. Although BMD
accounts for 70% of bone strength, DXA is a two-dimensional measurement. It
ignores qualitative three-dimensional qualities of bone, such as macroscopic
structure, microscopic structure (including micro-fractures and abnormalities in
trabecular architecture), the degree of bone remodelling, composition of bone
proteins and cortical bone width [105,107]. Therefore, one of the main limitations of
DXA is that it is size-dependent. BMD serves as a proxy measure of bone strength
but it cannot by definition measure or assess the quality of bone. Additionally, BMD
cannot distinguish between low calcium content in bone secondary to osteoporosis
with that due to osteomalacia [61].
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Table 1.6.3.1 Radiation doses of DXA [107,108]
Although the radiation doses patients are exposed to at different anatomical sites vary, the levels are
very small and equivalent to background radiation from the sun.
Skeletal site
Lumbar spine
Femur
Forearm
Calcaneus
Whole body

Radiation dose (µSv)
2–4
2–5
0.5
0.03
1-3

The normal reference databases used by bone densitometers to interpret BMD
results are mainly based on data from white, post-menopausal American women
[56]. This means that BMD results in men, ethnic minorities (e.g. black, Asian) and
pre-menopausal women need to be interpreted with caution, with some patients with
reduced BMD not being correctly identified [95]. In addition, as different
manufacturers use varying algorithms and measure different regions of interest
(ROIs), the results from different DXA scanners are not directly comparable. This
means that it is not always possible to detect changes in BMD over time even in the
same patient. This problem can be overcome by ensuring the same bone
densitometer is used in longitudinal studies and cross-calibrating between machines
[109,110].

1.6.4 Peripheral dual-energy x-ray absorptiometry (pDXA)
Although the gold standard investigation for measuring BMD is areal DXA measured
using central dual-energy x-ray absorptiometry (cDXA) [90,95,104], studies have
indicated that pDXA of the non-dominant distal forearm may be useful as a
screening investigation in high-risk populations [111] and that BMD of the distal
forearm is a good predictor of the risk of a future hip fracture [112,113]. As pDXA
uses very low levels of radiation, it can be performed by non-radiographers and can
be used in an outpatient setting. This may be a useful tool, especially when access
to cDXA is limited. The National Osteoporosis Society (NOS) guidelines recommend
using pDXA as an adjunct to cDXA [114]. A combination of pDXA and the
assessment of risk factors have been shown to reduce the need for cDXA [115]. As
it is cheaper than cDXA [115,116], pDXA may be useful as a screening tool, with
cDXA being reserved for patients who have reduced BMD on pDXA. However, as
most studies evaluating pDXA have been performed in post-menopausal women
and older institutionalised adults [117,118], its utility in HIV-positive men is not
known.
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The distal forearm is a trabecular-rich site whilst the proximal forearm is a corticalrich site [119]. As HIV infection has been shown to be associated with a loss of
trabecular BMD [120], and DXA measurements represent the sum of both cortical
and trabecular compartments, pDXA of the distal forearm may be a good screening
tool in HIV-positive patients.

1.7 Bone turnover markers (BTMs)
1.7.1 Introduction
As mentioned in Section 1.3, bone metabolism occurs at the BMU and involves two
opposing mechanisms. During bone resorption, osteoclasts dissolve the bone
matrix, which produces a resorptive cavity and releases a number of bone matrix
components. This process is followed by bone formation, in which osteoblasts
synthesise new bone. This bone matrix undergoes mineralisation and fills in the
resorptive cavity. BTMs either measure bone resorption or bone formation (Table
1.7.1.1) [121]. Depending on the BTM, they can be measured in serum and/or in
urine.
Table 1.7.1.1 BTMs (adapted from [121])
There are numerous bone markers, with some measuring resorption and others measuring formation.
Serum CTX and serum P1NP have been recommended to be used as reference markers (highlighted).
Bone resorption markers
Bone formation markers
Degradation products of bone collagen
Products of active osteoblasts
Hydroxyproline
Osteocalcin
Pyridinoline
Bone-specific ALP
Deoxypyridinoline
Total ALP
N-terminal propeptide of type I
N-terminal cross-linking telopeptides of type I
procollagen (P1NP)
collagen (NTX)
C-terminal cross-linking telopeptides of
C-terminal propeptide of type I
type I collagen (CTX)
procollagen (P1CP)
C-terminal cross-linking telopeptides of type I
collagen generated by metalloproteinase
(CTX-MMP)
Non-collagenous proteins of bone matrix
Bone sialoprotein
Osteopontin
Osteocalcin fragments (urine)
Osteoclast enzymes
TRACP 5b
Cathepsin K
ALP: alkaline phosphatase; CTX: C-terminal cross-linking telopeptides of type I collagen; CTX-MMP:
C-terminal cross-linking telopeptides of type I collagen generated by metalloproteinase; NTX: Nterminal cross-linking telopeptides of type I collagen; P1CP: C-terminal propeptide of type I
procollagen; P1NP: N-terminal propeptide of type I procollagen; TRACP 5b: tartrate-resistant acid
phosphatase
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In order to standardise the use of BTMs, The International Osteoporosis Foundation
(IOF) and the International Federation of Clinical Chemistry and Laboratory
Medicine (IFCCLM) have recommended using serum CTX and serum P1NP as
reference markers [122].

1.7.2 Utility of BTMs
Although their main benefit has been in assessing response to treatment, some
studies have shown that BTMs may be useful as surrogate markers to assess
fracture risk involving all types of fracture, including vertebral and hip fractures [123125]. Increased BTM levels have been shown to predict fragility fractures in
prospective cohort and case-control studies involving post-menopausal and elderly
women [126,127]. The BTMs that are best at predicting fracture risk are the bone
resorptive markers and the more specific bone formation markers (e.g. bone-specific
ALP) [128].
However, when comparing the association between BTM levels and BMD, the
relationship is less clear. Some studies have shown that BTM levels at baseline
correlate with subsequent bone loss [129]. This suggests that it is the rate of bone
turnover that determines the rate of bone loss. However, at an individual level, there
is a large scatter of values [130] so it is not yet clear whether BTMs are good
predictors of bone loss in individual patients.

1.7.3 Limitations of BTMs
BTMs have several limitations which make it difficult to interpret their results
accurately and to routinely use them in clinical practice [123,125]. They can produce
variable results, with large inter-laboratory variations reported, making comparison
of results from different laboratories difficult. BTMs are affected by modifiable and
non-modifiable risk factors, such as season, time of day, smoking, exercise, alcohol
consumption and fasting status [123,131,132]. To overcome some of these
problems, standardising collection procedures (e.g. collecting fasted samples at a
set time in the morning) is advisable.
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1.7.4 BTMs in men
BTM levels in men are different to those in women. Between the ages of 20 and 25
years, men have more bone turnover than women, which is reflected in higher levels
of BTMs [133,134]. From then on, BTM levels decrease, with the lowest levels
occurring between the ages of 50 and 60 years. After 60 years of age, bone
formation remains stable or increases only slightly, whilst there is an increase in
bone resorption with time. However, the data on BTMs in elderly men are
discordant, which is probably due to the majority of the studies being conducted with
small numbers of subjects of limited age range. Additionally, although reference
ranges for BTMs exist for healthy pre-menopausal women, there are none for men,
making their use unclear [124]. In addition, because of the differences in BTM levels
in men and women, it is not possible to extrapolate results from women to men. A
prospective cohort study has shown that BTMs are not good predictors of fragility
fractures in elderly men [135], whilst a case-control study showed that C-terminal
cross-linking telopeptides of type I collagen generated by metalloproteinase (CTXMMP) was associated with an increased risk of fractures [121].

1.8 Reduced BMD and HIV infection
1.8.1 Introduction
Since 2000, HIV infection has been emerging as a possible cause of reduced BMD
in both HIV-positive men and women. As HIV-positive patients continue to live
longer, they are at increased risk of developing long-term complications meaning
HIV infection may become an important cause of secondary osteoporosis in this
group of individuals. Cross-sectional studies indicate that the prevalence of reduced
BMD in HIV-positive patients is greater than in HIV-negative individuals [136]. The
aetiology is multifactorial, with HIV-positive patients being at risk of the traditional
risk factors associated with reduced BMD. However, they are also at risk from HIVrelated factors, including the virus itself and exposure to ART. Although studies
indicate that HIV-positive patients are more likely to have reduced BMD, whether
this translates into a higher risk of fracture is unclear.
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1.8.2 Pathogenesis of reduced BMD in HIV-positive patients
The exact mechanisms involved in bone loss in HIV-positive patients have not been
fully elucidated, but a number of mechanisms have been postulated. These include
the failure to reach peak bone mass in people who acquire HIV infection before 30
years of age, the age by which peak bone mass is usually achieved. Several crosssectional studies have demonstrated that BMD and BMC are lower in patients with
perinatally-acquired HIV infection compared to HIV-negative children [137-140].
Another mechanism that has been suggested is the effect of HIV infection, either
directly affecting bone cells or indirectly causing a pro-inflammatory state, both of
which can lead to increased loss of BMD (Figure 1.8.2.1a) [141]. The stabilisation of
BMD loss on commencing ART may help to explain this phenomenon. Finally, an
increased preponderance of traditional risk factors, as well as those relating to ART
exposure, is also thought to contribute to the pathogenesis of reduced BMD in HIVpositive patients (Figure 1.8.2.1b). These mechanisms are discussed in detail in
Chapter 3.
Figure 1.8.2.1 Proposed mechanisms of the pathogenesis of reduced BMD in HIVpositive patients [141]
Various mechanisms for loss of BMD in HIV-positive patients have been postulated. This included the
direct and indirect effects of HIV infection (a) and an increased prevalence of traditional risk factors, as
well as those caused by exposure to ART (b).
ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass index
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Despite more recent research, the exact mechanisms are still not known [24], but it
is likely that more than one mechanism is at work in reducing BMD in an HIVpositive patient.

1.8.3 Prevalence of low BMD in HIV-positive patients
Several cross-sectional studies have indicated that HIV-positive patients are at a
higher risk of developing reduced BMD (both osteopenia and osteoporosis) than
HIV-negative individuals (Table 1.8.3.1). Although the prevalence of reduced BMD
varied considerably from study to study, they all reported higher prevalence of
reduced BMD, osteopenia and osteoporosis in HIV-positive patients compared to
HIV-negative controls.
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Table 1.8.3.1 Prevalence of reduced BMD in HIV-positive patients compared to HIV-negative controls
Author

Year

Location
N

%
male

HIV-positive patients
% on
%
%
ART
reduced
osteopenia
BMD
40
a
b
a
b
75
54 /48
50 /48
68
89
68
87
68
60

Tebas [142]
Huang [143]
Knobel [144]
LoiseauPeres [145]
Bruera [146]

2000
2001
2001
2002

USA
USA
Spain
France

95
28
80
47

100
0
73
66

Mean
age
(years)
39
37
41
41

2003

Argentina

111

80

34

70

73

Teichmann
[147]
Amiel [148]
Brown [149]
Dolan [150]
Madeddu*
[151]
Yin [152]
Arnsten*
[153]
(Menopause)
Bolland [154]

2003

Germany

50

0

37

0

76

2004
2004
2004
2004

France
USA
USA
Italy

148
51
84
172

100
86
0
65

40
40
41
38

68
100
80
88

82
63
63
a
d
51 /47

66
55
54
a
d
37 /37

2005
2006

USA
USA

31
263

0
0

56
44

84
78

27

36 /36
-

42 /10
-

186
232

0
0

2006

New
Zealand
USA

59

100

50

100

-

29

3

118

100

c

58

a

62

N

%
male

a b
4 /0
21
9

17
21
100
47

100
0
-

c

31

77

31

15

a

50

0

35

4

81
22
63
64

100
82
0
61

40
39
41
-

c

15

a

14

a

b

HIV-negative controls
Mean
%
%
age
reduced
osteopenia
(years)
BMD
33
29
a
b
a
b
36
19 /10
14 /10
30
25
34
32

%
osteoporosis

16
8
10
a
d
15 /10
a

b

e

c

a

15

c

%
osteoporosis
a b
5 /0
5
2
0

c

a

0

36
32
35
8

32
32
30
8

4
0
5
0

57
45

19

33 /29
-

23 /1
-

50

-

21

1

4

a

b

Anastos*
2007
274
0
42-44
72
5
152
0
36
[155]
Arnsten*
2007
USA
328
100
55
87
55
231
100
56
51
[156]
(CHAMPS)
a
b
a
b
a b
a
b
a
b
Jones [157]
2008
USA
57
60
61
82
60 /60
39 /54
28 /5
47
30
62
47 /25
26 /26
a
b
c
a
b
c
Yin* [158]
2010
USA
92
0
56
79
78 /45 /64
95
0
60
64 /29 /46
a
b
a b
a b
a b
a b
Yin* [159]
2010
USA
100
0
40
59
23 /18
14 /9
9 /9
68
0
36
6 /9
6 /7
(WIHS)
ART: antiretroviral therapy; BMD: bone mineral density; CHAMPS: Cohort of HIV at-risk Aging Men’s Prospective Study; WIHS: Women’s Interagency HIV Study
*Longitudinal studies reporting cross-sectional baseline data
a
b
c
d
e
Lumbar spine; total hip; femoral neck; femoral head; osteoporosis only

a

a

1

b

e

a

b

13 /0
b
0a/9
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It is important to note that the studies varied considerably in their study populations,
and the definitions of reduced BMD used. A meta-analysis, which included several of
the studies comparing HIV-positive to HIV-negative patients, found marked
heterogeneity amongst these studies, including grouping of osteopenia with
osteoporosis, variations in classification of reduced BMD, men and women analysed
together and BMD measured at different sites [136]. Despite these limitations, this
review evaluated 11 studies comparing 884 HIV-positive patients to 654 HIV-negative
controls. HIV-positive patients had a 3.7-fold increased risk of osteoporosis (95%
confidence interval [95% CI] 2.3-5.9) and a 6.4-fold increased risk of reduced BMD
(95% CI 3.7-11.3) compared to HIV-negative controls [136]. Among HIV-positive
patients, the overall prevalence of osteoporosis and reduced BMD were 15% and 67%,
respectively [136]. These figures are similar to those obtained from a pilot study of 168
HIV-positive men from my cohort, which compared ART-naïve patients to those on
ART for <3 years to those on long-term ART (>3 years) [160]. Short et al reported that
the prevalence of osteoporosis and osteopenia was 12% (all at the lumbar spine, none
at the hip) and 58% (again mostly at the lumbar spine), respectively [160]. The latest
prevalence data are discussed in Chapter 8.

1.8.4 Risk factors for reduced BMD in HIV-positive patients
As the aetiology of reduced BMD is multifactorial, several hypotheses have been
postulated to explain why HIV-positive patients are at increased risk. These included a
higher prevalence of traditional risk factors, as well as HIV-related factors, such as the
host response to the virus, immunologic effects of HIV and the effect of ART [161].
These factors are discussed in detail in Chapter 3.

1.8.5 Fracture rates in HIV-positive patients
When I commenced this study, despite increasing evidence showing that HIV-positive
patients have a higher prevalence of reduced BMD, there was a paucity of data relating
to fragility fractures. Most studies used BMD as a surrogate marker of fracture risk, but
it was not known whether this increased prevalence of low BMD resulted in an
increased risk of fragility fractures. There is now more evidence suggesting that HIVpositive patients are at increased risk of incident fragility fractures [162], and these data
are discussed further in Chapter 5.
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1.9 RTD and bone in HIV infection
1.9.1 Renal disease in HIV-positive patients
Although survival rates have improved, HIV-positive patients are increasingly
developing long-term chronic conditions such as renal disease [163] and are at
increased risk of a number of renal diseases, including glomerular, tubulo-interstitial
and vascular diseases [164-166]. The prevalence of chronic kidney disease (CKD)
varies greatly depending on a number of factors, including the study population, the
definitions used (including whether proteinuria is included in the definition) and whether
the population is ART-naive or not [163]. With the introduction of ART, the spectrum of
renal diseases has changed [165]. In the pre-ART era, HIV-associated nephropathy
(HIVAN), HIV-associated immune complex kidney disease (HIVICK) and focal
segmental glomerulosclerosis (FSGS) predominated [164,167,168]. In the post-ART
era, traditional causes of CKD seen in the general population (e.g. diabetes,
hypertension), as well as those relating to ART exposure, have become more common
[31]. The definition of CKD, its prevalence and risk factors are discussed in Chapter 6.

1.9.2 RTD
Proximal tubular dysfunction (commonly known as RTD or tubular proteinuria [TP]) is
associated with an inability to reabsorb phosphate and LMWPs from the proximal
tubule [169]. Several antiretroviral drugs have been implicated in causing RTD [163].
Although the exact mechanism is not known, TDF, one of the most commonly used
drugs, has been associated with RTD [33]. In its severest form, RTD can lead to
Fanconi syndrome, which is characterised by glycosuria, renal phosphate wasting and
increased urinary concentrations of LMWPs [33]. Fanconi syndrome is usually
associated with concomitant use of TDF and a boosted PI [33]. Chapters 6 and 7
discuss RTD in more detail.

1.9.3 Diagnosis of RTD
As TDF is a commonly used first-line drug, RTD is an important cause of renal disease
in HIV-positive patients. It is therefore important to be able to diagnose RTD accurately
and easily. In RTD, there is increased excretion of LMWPs (e.g. β2-microglobulin,
retinol binding protein [RBP], neutrophil gelatinase-associated lipocalin [NGAL],
cystatin C) in the urine [170,171]. Although higher levels of LMWPs have been reported
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in HIV-positive patients with RTD [163], they can be expensive and are not always
routinely available. In contrast, protein/creatinine ratio (PCR) and albumin/creatinine
ratio (ACR) are relatively cheap and easily accessible. Work from our group has shown
that the albumin/protein ratio (APR) can be calculated using PCR and ACR and that it
is useful in distinguishing RTD from glomerular proteinuria (GP) in the general
population [172]. Chapter 6 describes the utility of APR in diagnosing RTD and its utility
in differentiating RTD from GP.

1.9.4 Relationship between bone and renal disease
The relationship between the bones and the kidneys is complex, and is linked to
calcium and phosphate homeostasis [173]. RTD can affect bone mineralisation, which
can lead to bone pain, osteomalacia, reduced BMD and an increased risk of fragility
fractures [33,35,37].
Additionally, TDF can also have an adverse effect on bone. It can have a direct effect
on osteoclasts and osteoblasts [39,40]. TDF can also have an indirect effect on bone
by causing RTD or Fanconi syndrome, which can cause renal phosphate wasting and
osteomalacia [33]. Excess loss of phosphate can stimulate increased bone resorption,
which can lead to reduced BMD [141]. Finally, TDF can alter the vitamin D/PTH axis,
causing secondary hyperparathyroidism and increased bone turnover, which has been
shown to be worse in patients with VDD [41].
RBP is a LMWP that is increased in RTD [174]. The effects of RTD (measured using
both RBP and renal phosphate wasting) on bone are discussed in detail in Chapter 7.

1.10 Context of the study
1.10.1 Key themes of the study
1.10.1.1 HIV infection
With the introduction of ART, the natural course of HIV infection has dramatically
changed. Mortality relating to AIDS-defining conditions and opportunistic infections has
declined, with HIV-positive patients more likely to die from non-AIDS-defining
conditions. As HIV-positive patients live longer, they are at increased risk of developing
long-term chronic conditions associated with ageing including cardiovascular disease,
renal disease, cognitive impairment and bone disease.
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At the time my study started, there was interest in a range of long-term complications of
HIV infection. ART had been found to be associated with several metabolic
complications, including insulin resistance, diabetes mellitus, hyperlipidaemia,
lipodystrophy and altered bone metabolism. As reduced BMD can lead to fragility
fractures, and HIV-positive patients were beginning to age, this was seen to be a
complication that was of concern.
1.10.1.2 Reduced BMD and fracture risk
Since 2000, there have been numerous studies suggesting that HIV infection is
associated with an increased prevalence of reduced BMD. The reported prevalence
has varied considerably from study to study, mainly due to the marked heterogeneity
amongst these studies. However, a meta-analysis of 11 studies had reported that the
prevalence of reduced BMD and osteoporosis was 67% and 15%, respectively (Brown
AIDS 2006). Additionally, the authors found that HIV-positive patients had an increased
risk of osteoporosis and reduced BMD compared to HIV-negative controls.
The aetiology of reduced BMD is likely to be multifactorial and is discussed in detail in
Chapters 3 and 4. A number of studies have shown that the prevalence of ‘traditional’
risk factors for low BMD is higher in HIV-positive patients, including low BMI,
hypogonadism and VDD. HIV-positive patients are also at increased risk of factors
associated with the inflammatory nature of HIV infection, its effects on the immunologic
system and the long-term effects of ART. Although the exact mechanisms involved are
still not fully known, HIV infection appears to have an effect on uncoupling bone
homeostasis. This leads to an increase in bone resorption, which results in bone loss.
Additionally, studies of seroconverters have shown that BMD is reduced during
seroconversion, when the viral load is very high, and that this stabilises as the viral
load reduces to the set point level. This too suggests that HIV itself may have an effect
on BMD, possibly by inducing an inflammatory state which accelerates bone
resorption.
There are many studies investigating the effect of ART on BMD, with some of these in
ART-naïve patients and some in ART-experienced patients. Although the results vary
from study to study, many of these suggest that ART has an effect on reducing BMD,
and that certain drugs, such as TDF, seem to have more of an effect than others.
However, there are fewer studies investigating fracture rates in HIV-positive
populations. In the late 2000s, it was not known whether the higher prevalence of
reduced BMD seen in HIV-positive patients translated into an increased risk of fragility
fractures, which is the main outcome of interest with regards to reduced BMD. The use
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of the FRAX® tool, which calculates the 10-year absolute risk of both a major
osteoporotic fracture and a hip fracture, was emerging, although it had not been
validated in HIV-positive populations.
At the start of my study, although there were data relating to BMD in HIV-positive
patients, many were from cross-sectional studies, and data from longitudinal studies
were lacking. There were no published data on BMD from HIV-positive cohorts in the
UK. My study investigates reduced BMD in a homogeneous UK cohort of mainly white
HIV-positive MSM with longstanding HIV infection, but who were ART-experienced and
therefore had good virologic control and immune function.
1.10.1.3 RTD
RTD is common in HIV-positive patients and has been found to be a complication of
ART. It has been particularly associated with TDF and boosted PIs, with the greatest
risk occurring when TDF and boosted PIs are co-prescribed. In its severest form, RTD
can lead to Fanconi syndrome, which can cause hypophosphataemia and
osteomalacia.
There are different LMWPs that can specifically detect RTD and differentiate it from
GP. In the late 2000s, data relating to LMWPs in HIV-positive cohorts were lacking.
The few studies that had examined LMWPs used various different biomarkers, making
comparison between studies difficult. RBP is a LMWP that had been shown to be
effective in identifying patients with RTD. At the time my study started, there were very
few studies that investigated the use of RBP in HIV-positive patients, and those that
had been published had small patient numbers or did not look at the association
between RTD and bone.
Although LMWPs are not routinely used in clinical practice, PCR and ACR are
relatively cheap and effective tests used to screen for renal disease. PCR measures
total proteinuria and ACR measures albuminuria. A combination of these tests would
enable APR to be calculated and would specifically identify RTD. Although there were
no published data relating to APR when my study commenced, work from within our
group was investigating the utility of APR in differentiating RTD from GP in the general
population. As HIV-positive patients were at risk of RTD, it made sense to investigate
the utility of APR in this cohort.
There is a complex relationship between the bones and the kidneys. Studies showed
that TDF can cause RTD, which can lead to renal phosphate wasting. As phosphate
loss can stimulate compensatory bone resorption, it can lead to a reduction in BMD
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over time. With RTD effecting bone mineralisation, it could contribute to reduced BMD
and an increased risk of fragility fractures. However, at the time my study commenced,
it was unclear whether sub-clinical RTD was associated with altered bone homeostasis
and reduced BMD.

1.10.2 Rationale for the study
1.10.2.1 Aims
My principal aim in my thesis was to conduct a cross-sectional study with changes over
time to investigate BMD and renal tubular dysfunction (RTD) in a relatively
homogenous group of white, ART-experienced HIV-positive men in the UK, who were
mostly men who have sex with men (MSM) and mainly on tenofovir disoproxil fumarate
(TDF). My aims included calculating the prevalence and risk factors associated with
reduced BMD at baseline, the change in BMD over 12 months and the factors
associated with loss of BMD, calculating FRAX® scores in these patients, assessing
FRAX® and pDXA as screening tools, and evaluating RTD, including the utility of APR
in differentiating RTD from other proteinuria and the relationship between RTD and
bone.
1.10.2.2 Objectives
The main objectives were to:
1.

Identify the prevalence of, and the factors associated with, reduced BMD in this
population (Chapter 3), as well as changes in BMD and the factors associated
with loss of BMD at 12 months (Chapter 4).

2.

Calculate FRAX® scores in this cohort and to assess the utility of both FRAX®
and pDXA as screening tools for identifying HIV-positive men at risk of reduced
BMD (Chapter 5).

3.

Investigate the utility of APR in diagnosing RTD (Chapter 6) and to assess the
association between RTD and bone (Chapter 7).
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Chapter 2: Methods

2.1 Study design
2.1.1 Study design rationale
Following a pilot study conducted in 2008 [160], a prospective cohort study was
designed to investigate BMD in HIV-positive men. Study participants were assessed
annually, and the original plan was to conduct assessments at baseline, 12 months and
24 months. The results of this thesis relate to the study participants’ visits at baseline
(Chapters 3, 5, 6 and 7) and at 12 months (Chapter 4). The 24-month follow-up was
not done and the rationale for this is discussed in Section 2.6.
In order to ensure that the men selected for the study were truly representative of the
diverse clinic population, study participants were chosen in two ways. First, men who
had participated in the pilot study were invited to participate in this study. Second, the
remaining men who were current attendees of the HIV outpatient clinic were chosen
randomly to minimise selection bias and to ensure that a range of men were selected,
including those that were relatively new diagnoses, those with longstanding HIV
infection, those that were ART-naïve as well as those that were ART-experienced.

2.1.2 Study population
Brighton is a city on the south-east coast of England, situated 55 miles south of
London. In 2001, the locality of Brighton and Hove had a population of 247,817 [175].
Over 10 years, the population had increased by 10.3% to 273,369 [176]. Due to a large
community of lesbian, gay, bisexual and transgender people, Brighton is known as the
‘gay capital’ of the UK. In 2011, Brighton and Hove had the highest percentage of
same-sex households in England and Wales at 0.9%, corresponding to 2346
individuals [176].
In 2013, Brighton had the highest prevalence of HIV infection outside London, with a
prevalence rate of 7.96 per 1,000 people aged 15 to 59 years [177]. The Department of
Sexual Health in Brighton is situated at the Royal Sussex County Hospital, part of
Brighton and Sussex University Hospitals (BSUH) NHS Trust, which is an acute tertiary
referral teaching hospital. The Trust treats more than 750,000 patients each year [178].
The HIV outpatient clinic within the Department of Sexual Health is one of the largest in
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the UK. It is a research active unit which is recognised both nationally and
internationally. Over 2,200 HIV-positive patients (both new and follow-up patients)
attend the HIV outpatient clinic between 1 and 3 times per year, with the number of
patients increasing by 5% annually and patients >50 years accounting for over 25% of
the clinic population [179].

2.1.3 Inclusion and exclusion criteria
2.1.3.1 Inclusion criteria
All HIV-positive men aged 18 years or over who attended the HIV outpatient clinic in
2010 were eligible for recruitment into the study. To minimise selection bias, it was
decided that patients involved in other research projects within the HIV outpatient clinic
and the sexual health clinic were also eligible for recruitment into this study.
2.1.3.2 Exclusion criteria
All HIV-positive women and all HIV-positive men <18 years old, unable to give written,
informed consent or considered unsuitable to participate in a clinical study (e.g. living
abroad, having multiple medical co-morbidities making them unsuitable to take part in a
clinical study as determined by their clinic doctor or having medical conditions deemed
unsuitable to participate in a clinical study, such as aggressive behaviour) were
excluded.

2.1.4 Selection of participants
HIV-positive men were recruited from the HIV outpatient clinic in two ways.
2.1.4.1 Pilot study HIV-positive men
All 168 HIV-positive men who participated in the pilot study conducted between 1st May
2008 and 31st October 2008 were eligible to join my study to gain further long-term
data. These participants had been consecutively chosen from the HIV outpatient clinic
between May and August 2008. Eligible patients were male, aged ≥18 years and with
known chronic HIV infection. In the pilot study, patients were excluded if they were
unable to give written informed consent or had undergone a DXA scan for diagnostic
purposes within the preceding 12 months. Patients were purposively selected to
represent a range of ART exposures, and were stratified into three groups:
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1. ART-naïve
2. New and recent ART exposure (<3 years)
3. Long-term ART exposure (>3 years).

As part of the pilot study, each patient completed a questionnaire which assessed risk
factors for low BMD, including details of previous fractures, family history of fracture,
smoking, alcohol use, history of hypogonadism, renal or liver disease, and exposure to
oral glucocorticoids. Details relating to demographics, HIV and ART regimens were
extracted from the HIV clinic database and from clinic notes. Height and weight were
measured to calculate their BMI. Each patient had BMD measured at the lumbar spine
and femoral neck using a Hologic QDR 4500C DXA scanner (Hologic Incorporated,
Bedford, USA) and at the non-dominant forearm using the Lunar PIXI pDXA scanner
(GE Healthcare, Madison, USA).
By the start of my study in January 2010, four participants had transferred their care
elsewhere, and were therefore no longer available to participate. The remaining 164
participants were all invited to join the study.
2.1.4.2 Randomly selected HIV-positive men
HIV-positive men were randomly selected to minimise selection bias from the list of
patients who were listed as currently attending the HIV outpatient clinic in January
2010. These study participants inherently represented a spectrum of risk levels for low
BMD.
In January 2010, there were 1,493 HIV-positive men (including 164 pilot study
participants) listed as currently attending the HIV outpatient clinic in the clinic database.
Therefore, there were 1,329 HIV-positive men eligible to join this study. Using the
estimates from the power calculation (Section 2.5.1), it was decided to randomly select
600 patients to join the study. As a patient’s HIV outpatient clinic number was assigned
by date of first attendance at the clinic, to minimise selecting patients more recently
diagnosed (who had more frequent attendance in clinic compared to patients with
stable HIV infection), all patients were listed using their surname and first name.
Random numbers were generated using a random number table, where consecutive
three digits were recorded. As this gave values between 000 and 999, the patient list
was divided into two. Using the randomly selected numbers, 300 patients were chosen
from the first list and a further 300 patients from the second list. These 600 HIV-positive
men were all invited to participate in the study.
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2.1.5 Recruitment
2.1.5.1 Pilot study HIV-positive men
Before participation in my study, each patient was sent a letter (Appendix 10.3.2) or
contacted by telephone if they did not wish to receive letters from the HIV outpatient
clinic. During the telephone call, the details of the study were discussed with the patient
and a pre-piloted participant information sheet (PIS) detailing the study (Appendix
10.3.3) was either sent in the post or emailed for the patient to read. Patients were
given a minimum of 48 hours (if contacted by telephone) or one week (if contacted
directly by post) to consider taking part in the study and were then contacted by
telephone to discuss whether they wanted to participate in the study. During the
telephone call, if they agreed to be recruited, patients were given an appointment to
attend for a research appointment. They were also given instructions regarding the
correct fasting procedure before blood and urine samples were to be taken.
2.1.5.2 Randomly selected HIV-positive men
For eligible patients, their next routine HIV outpatient clinic visit was identified. The
initial approach regarding recruitment into the study was made by a member of the
patient’s clinical team, usually a doctor or nurse, during their routine clinic. At this time,
a pre-piloted PIS detailing the study (Appendix 10.3.3) was given to each patient. All
patients were asked if they were willing to be contacted by telephone by the research
team in the following 48 hours to discuss whether they wanted to participate in the
study. During the telephone call, if they agreed to be recruited, patients were given an
appointment to attend for a research appointment and instructions regarding the
correct fasting procedure to which to adhere to prior to their appointment.
The only exception to this approach was patients receiving their HIV care via the email
clinic at the HIV outpatient clinic. This relatively well group of patients had stable HIV
infection with a reported HIV viral load <40 copies/ml for >6 months on ART, and only
attended the HIV outpatient clinic once a year for a doctor’s appointment. Eligible
patients who attended this clinic were sent an email (Appendix 10.3.4) and a copy of
the PIS in advance of their appointments to ensure they were not missed, and
therefore be subjected to negative selection bias. Patients were given one week to
consider taking part in the study. They were then contacted by telephone to discuss
whether they were willing to participate in the study, and during this telephone call, if
they agreed to be recruited, were given an appointment to attend for a research
appointment. They were also given instructions regarding the correct fasting procedure
for blood and urine samples that would be taken during their study visit.
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2.1.6 Consent
Voluntary informed written consent (Appendix 10.3.5) was obtained during the baseline
visit (Year 1). Each participant was given a copy of the signed consent form. At the
start of the first year follow-up visit (Year 2), willingness to continue participating in the
study was checked with each patient.
Participation in the study was entirely voluntary. All patients were assured that if they
decided not to take part, their care at the HIV outpatient clinic or the sexual health clinic
would not be affected. Participants were free to withdraw from the study at any time,
but their data to the point of withdrawal was used for analysis, unless the participant
specifically expressed their wish for the data to not be used.

2.1.7 Schedule of visits
Participants with HIV infection recruited into the study were assessed at two time
points:
1. Baseline visit (Year 1)
2. Follow-up visit at 12 months (Year 2).
The two visits were 12 months apart. Although the majority of participants’ visits were
one calendar year apart, not all strictly adhered to this timeline. Some participants did
not keep their scheduled follow-up visit, and attended only when reminded, which
occurred after they had missed their appointment. Rather than exclude participants
whose visits were more than one year apart, it was decided to include patients in the
analyses who returned within one month of their scheduled follow-up visit.

2.1.8 Study visits and procedures
Table 2.1.8.1 shows the study visits and the procedures performed at each visit.
Further details regarding the different procedures are discussed in Section 2.2.
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Table 2.1.8.1 Study visits and procedures
Apart from formal consent, participants underwent all the same tests at both visits.
Study
visit

Consent

Questionnaire

Clinical
measurements




Verbally checked


but not formally retaken
BMD: bone mineral density; cDXA: central DXA; pDXA: peripheral DXA
Baseline
12-month
follow-up

BMD
measurements
cDXA pDXA






Fasted
samples
Blood Urine






2.1.9 Date of closure of analysis
HIV-positive men were recruited into the study between 1st March 2010 and 28th
February 2011. This constituted their baseline visit (Year 1). These participants reattended 12 months later between 1st March 2011 and 29th February 2012 for their 1st
year follow-up visit (Year 2).

2.2 Study procedures at each visit
2.2.1 Demographic details
Demographic details were obtained from the HIV clinic or sexual health clinic database
as well as from the study’s case report form (CRF). These included date of birth (to
calculate age at each visit) and ethnicity.

2.2.2 HIV-related details
A full HIV-related history was obtained from the HIV clinic database. Route of infection
was determined to assess HIV risk exposure. Date of HIV diagnosis was used to
calculate duration of HIV infection at each study visit. Clinical HIV stage using the WHO
classification was assessed using baseline CD4 count, nadir CD4 count and diagnosis
of an AIDS-defining illness. Baseline HIV viral load was recorded. A detailed history of
ART exposure was taken, including date of starting ART, the names of antiretroviral
drugs taken, the duration of exposure to each antiretroviral drug and whether the
participant was on ART at each study visit. Each participant’s hepatitis B (HBV) and
hepatitis C (HCV) statuses were determined using their latest HBV (surface antigen,
core antibody, surface antibody and DNA levels) and HCV (antibody and RNA levels)
serology, respectively. At recruitment, HBV positivity was determined as HBV surface
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antigen positive and HCV positivity as HCV antibody positive, respectively. Although
HCV RNA data were collected, these were incomplete and were not used to determine
HCV status.

2.2.3 Questionnaire
Study participants completed a detailed questionnaire designed to obtain accurate
information regarding risk factors for low BMD (Appendix 10.4). As there were no ‘gold
standard’ questionnaires validated for obtaining information regarding low BMD risk
factors in HIV-positive men available for use, the questionnaire used in the study was
constructed from previously used questionnaires [117,180]. The questionnaire was
peer-reviewed and its content was validated by my supervisors. Most sections of the
questionnaire were validated in the pilot study [160]. Additionally, detailed sections
pertaining to exercise and dietary intake of calcium and vitamin D were added, which
were not included in the questionnaire used in the pilot study.
2.2.3.1 Traditional risk factors for reduced BMD
The following questions relating to traditional risk factors for low BMD were included:
1. Smoking history
2. Alcohol intake
3. Family history of low BMD and osteoporotic-related fractures.

There was a detailed section relating to past fractures, including dates of fractures and
details of which bones were fractured. As the mode of injury to ascertain whether these
fractures were fragility fractures related to low BMD (i.e. low impact) or were high
impact fractures was poorly recorded, it was decided to categorise fractures using site.
Therefore, fractures of the distal forearm, femoral head and/or neck and lumbar spine
were categorised as fragility fractures, in keeping with the sites most commonly
associated with osteoporotic fractures, and is discussed in more detail in Chapter 5.
2.2.3.2 Secondary risk factors for reduced BMD
There were questions related to secondary causes of low BMD. These included a
history

of

certain

medical

conditions,

such

as

diabetes,

low

testosterone,

hyperthyroidism, hypothyroidism, hyperparathyroidism, hypoparathyroidism, kidney
disease, liver disease, inflammatory bowel disease, coeliac disease, depression,
anorexia nervosa, rheumatoid arthritis and hypercholestrolaemia. Although this was not
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an exhaustive list, it included the majority of medical conditions associated with
reduced BMD and seen in HIV-positive patients. There was a detailed section relating
to drugs associated with reduced BMD, including steroids (inhalers, tablets and
anabolic steroids), growth hormones, ketoconazole, chemotherapy, antidepressants,
anticonvulsants, bendrofluazide, testosterone, calcium tablets, vitamin D supplements,
bisphosphonates, antacids containing aluminium and any other medication. Questions
relating to recreational drug use, in particular the use of intravenous drugs (e.g.
opiates) and methadone, were also included. A further detailed section relating to
recreational drug use was submitted to the National Health Service (NHS) Research
Ethics Committee, but was rejected as the questions were deemed too intrusive.
2.2.3.3 Mobility and exercise
The questions on mobility and exercise were used to assess the amount of exercise
each participant undertook, including the minimum amount of exercise recommended
by the NOS, as well as questions relating to weight-bearing and muscle-toning
exercise. There was also a question about walking-related problems and falls.
2.2.3.4 Dietary intake of calcium and vitamin D
The detailed dietary section was compiled with the assistance of a nutritionist. As there
was a lack of suitable questionnaires that existed to determine the dietary intake of
calcium and vitamin D, a set of dietary questions was specifically devised.
In the UK, there were reference nutrient intakes for calcium, but not for vitamin D.
Portion sizes were calculated using UK food portion sizes [181] and the dietary
software program Microdiet (Downlee Systems Limited, High Peak, UK). Standard food
tables for the UK, including those devised by McCance and Woodison [182], and data
from the Food Standards Agency [183] were used. The questions used were based on
major food groups that contain calcium and vitamin D for this study population [184], as
well as information from food-frequency questionnaires from other population studies in
the UK [185-187].
The frequency of intake was divided into the following categories for most questions:
1. Never or rarely
2. Once in 2 weeks
3. 1 to 3 times a week
4. 4 to 7 times a week
5. Once a day
6. More than once a day.
60

More detailed questions were used to determine daily intake of milk, bread and fat
intake.
The results from the dietary intake questions have not been analysed for this thesis as
laboratory data on calcium and vitamin D were available. Although calcium and vitamin
D intake may have an effect on the body’s calcium and vitamin D levels, it is the actual
levels in the blood that are of importance when relating to reduced BMD.
2.2.3.5 Validity and reliability
Whilst designing the questionnaire, I was aware that some sections (e.g. past fracture
history, medication history and recreational drug use history) would be subjected to
recall bias. Drug histories are notoriously subjected to recall bias. I expected that the
participants’ recall regarding medication would be higher than that seen in the general
population due to the high level of commitment required to take ART, as well as the
motivated nature of these participants with regards to their health care. To reduce
recall bias, I rechecked their answers against their medications and repeat
prescriptions, and used the clinic database to validate the information relating to ART.

2.2.4 Clinical measurements
2.2.4.1 Biometric measurements
The clothed weight (kg) and height (m) of each subject were determined using
standard scales. BMI was calculated using the formula:
BMI =

weight (kg)
height2 (m)

2.2.4.2 Blood pressure measurements
Resting blood pressure was measured using a standard automated blood pressure
machine with an appropriately sized cuff. The patient was seated and had two
measurements taken with a resting period in-between as per the recommendations by
the European Society of Hypertension [188]. The higher value was recorded.

2.2.5 BMD measurements
BMD measurements were made using two DXA machines.
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2.2.5.1 Central DXA (cDXA)
cDXA measurements of absolute BMD (g/cm2) at the hips, lumbar spine and nondominant forearm were made. Ethnicity, age, height and weight were entered to
calculate BMI, T- and Z-scores. For lumbar BMD, the BMD, T- and Z-scores of the
composite of L1 to L4 were used. If a vertebra was incompletely scanned, or there was
an artefact (e.g. metal body piercing, metalwork from operations) overlying a vertebra,
this vertebra was excluded and the composite of the remaining vertebrae was used.
Femoral neck BMD, total hip BMD, T- and Z-scores were used to define femoral BMD.
Where the femoral shaft was inadequately scanned in the ROI, the total hip BMD could
not be calculated and is missing for these patients. In patients with an artefact (e.g.
metalwork from operations) on either or both sides, their femoral BMD (neck, total or
both) was excluded from the analyses. Total body BMD (g/cm2) was measured to
assess body composition, including total mass (kg) fat mass (g), lean mass (g), BMC
(g) and fat free mass (g). Fat distribution, including percentage of total body fat, and fat
mass ratios, including trunk/total, legs/total and (arms and legs)/trunk were calculated.
A sample of the complete cDXA results printout per study subject is shown in Appendix
10.5.1.
2.2.5.2 Peripheral DXA (pDXA)
Absolute BMD (g/cm2) measurements at the non-dominant forearm were made using
pDXA. Ethnicity, age, height and weight were entered to calculate T- and Z-scores. If a
patient had an artefact (e.g. metal work from operations) on the non-dominant forearm,
the dominant forearm was measured and this was noted for purposes of analysis.
A sample of the DXA results printout per study subject is shown in Appendix 10.5.2.

2.2.6 Blood and urine tests
Study participants were asked to provide fasting blood and urine samples. These were
taken between 8.30am and 10am on the day of the study visit to ensure consistency,
especially as some tests were affected by diurnal variations. Before blood and urine
samples were taken, each participant was asked if they had fasted from midnight of the
day of the study visit and had ensured that they had not eaten or drunk anything except
water. If this was not the case, study participants were invited to return at a later date to
have their blood and urine samples collected when they had correctly fasted.
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At each study visit, a number of blood and urine tests were taken, including those that
were done as part of routine clinical care, as well as more specialised tests (Table
2.2.6.1). Samples were also taken for storage purposes for use in the future, subject to
ethical approval.
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Table 2.2.6.1 Blood and urine tests
Details of the standard and specialised tests performed, as well as details of samples stored for future use.

Type of test
Standard

Type of
sample
EDTA blood

Volume of
sample
1 x 4 mL

Standard

EDTA blood

1 x 4 mL

Total vitamin D (nmol/L), PTH (ng/L)

Standard

EDTA blood

1 x 4 mL

CD4 count: absolute (cells/µL), percentage (%)

Standard

Lithium
heparin blood

2 x 6 mL

Standard

1 x 2 mL

Standard
Standard

Fluoride
oxalate blood
Clotted blood
Urine

Urea and electrolytes: sodium (mmol/L), potassium (mmol/L), urea (mmol/L),
creatinine (µmol/L)
Bone profile: ALP (IU/L), calcium (mmol/L), phosphate (mmol/L)
Lipids: total cholesterol (mmol/L), triglyceride (mmol/L), high density lipoprotein
cholesterol (mmol/L), low density lipoprotein cholesterol (mmol/L)
Thyroid function tests: TSH (mµ/L), T4 (pmol/L), T3 (pmol/L)
Sex hormone profile: sex hormone binding globulin (nmol/L), testosterone (pmol/L)
Urate (mmol/L)
Glucose, mmol/L

1 x 5 mL
1 x 5 mL

HIV viral load, copies/mL.
PCR, mg/mmol; ACR, mg/mmol; phosphate, mmol/L

Specialised

Clotted blood

1 x 5 mL

CTX (ng/mL), P1NP (ng/mL)

Specialised

Urine

1 x 2 mL

RBP (µg/L)

Specialised
Storage
Storage

Urine
Clotted blood
Lithium
heparin blood
Urine

1 x 10 mL
1 x 5 mL
1 x 5 mL

Metabolomics, proteomics
Serum (for storage)
Plasma (for storage)

2 x 5 mL

Urine (for storage)

Storage

Tests done and units of measurement
Full blood count: haemoglobin (g/dL), white blood count (x 109/L), platelets (x 109/L)

Company
Sysmex UK Limited, Milton
Keynes, UK
Roche Group Limited, Basel,
Switzerland
Becton, Dickinson and Company,
New Jersey, USA
Roche Limited, Basel, Switzerland

Roche Group Limited, Basel,
Switzerland
Abbott Laboratories, Illinois, USA
Roche Group Limited, Basel,
Switzerland
USCN Life Science Incorporated,
Wuhan, China
Cambridge University,
Cambridge, UK
University of Sussex, Falmer, UK

ACR: albumin/creatinine ratio; ALP: alkaline phosphatase; CTX: C-terminal cross-linking telopeptides of type I collagen; EDTA: ethylenediaminetetraacetic acid; P1NP: N-terminal
propeptide of type I procollagen; PCR: protein/creatinine ratio; PTH: parathyroid hormone; RBP: retinol binding protein; T3: free triiodothyronine; T4: free thyroxine; TSH: thyroid
stimulating hormone
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2.2.6.1 Standard tests
Blood and urine tests that were normally performed as part of routine clinical care
within the HIV outpatient clinic were performed during this study, with an emphasis on
markers that were useful for identifying low BMD or risk factors for low BMD. These
samples were tested using automated analysers in the Pathology Department at
BSUH.
CD4 and HIV viral load were only performed on study participants who did not have a
result from within the preceding 3 months. Both the Modification of Diet in Renal
Disease (MDRD) and Chronic Kidney Disease Epidemiology Collaboration (CKD-Epi)
formulae were used to calculate estimated glomerular filtration rate (eGFR), expressed
in ml/min/1.73m2. Free triiodothyronine (T3) was only measured if free thyroxine (T4)
was abnormal. ACR was only performed if uPCR was >30 mg/mmol as per laboratory
protocol. Urine phosphate was used to calculate the fractional excretion of phosphate
(FePO4) using the following equation:
FePO4 =

urine phosphate x serum creatinine x 100
serum phosphate x urine creatinine

2.2.6.2 Specialised tests
Specialised blood and urine tests were performed to gain further information regarding
low BMD and RTD. These were conducted in two different laboratories. Serum
samples stored at -80°C were analysed for CTX and P1NP. Testing was performed at
the laboratory of the Research Unit. Prior to testing study samples, optimisation checks
were conducted on the assays to determine the optimal sample concentrations and to
ensure that the values were within the standard dilution curve (Appendix 10.6). Urine
samples stored at -80°C were analysed for RBP at the end of the study using the dual
monoclonal antibody DELFIA© assay. RBP was expressed as a ratio relative to urinary
creatinine concentration (/L) to determine retinol binding protein creatinine ratio
(RBPCR, µg/mmol).
2.2.6.3 Stored samples
Serum, plasma and urine samples were stored at -80°C for use in the future. These
may provide useful comparator samples for long-term follow-up.

65

2.3 Study preparation
2.3.1 Ethical approval
The study was scientifically peer reviewed by the Protocol Review Panel at the
Department of HIV and Genitourinary Medicine’s Research Management Meeting on
29th July 2009 prior to submission for ethical approval. The meeting was attended by
the multidisciplinary team within the Department who were involved in research,
including doctors, nurses and pharmacists.
Ethical approval was sought in line with guidelines from the NHS Research Ethics
Committee (REC). Ethical approval was granted on 7th October 2009 by the Brighton
East Research Ethics Committee (REC Reference Number 09/H1107/101). A
substantial amendment (Am01) was submitted on 28th January 2010, which was
approved on 22nd February 2010. The study was conducted in accordance with the
principles of Good Clinical Practice (GCP) as set out by the International Conference
on Harmonisation (ICH) in 1996 [189] and the Declaration of Helsinki by the World
Medical Association (WMA) [190].

2.3.2 Ionising radiation exposure
2.3.2.1 Bone densitometers
BMD measurements were made using two DXA machines.
2.3.2.1.1 Lunar iDXA bone densitometer
The GE Healthcare Lunar iDXA bone densitometer (GE Healthcare, Madison,
Wisconsin, USA) was used to make cDXA measurements of absolute BMD (g/cm2) at
the hips, lumbar spine and non-dominant forearm, as well as total body composition to
measure lean mass and fat mass. The reference range was set to the UK reference
range.
In order to ensure methodological consistency, all DXA scans were conducted by five
appropriately trained radiographers using the iDXA bone densitometer, with full
adherence to Ionising Radiation (Medical Exposure) Regulations (IR[ME]R) and
manufacturer’s operating instructions.
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2.3.2.1.2 Lunar PIXI bone densitometer
The GE Healthcare Lunar PIXI bone densitometer (GE Healthcare, Madison,
Wisconsin, USA), with version 2.2 software, was used to make pDXA measurements of
absolute BMD (g/cm2) at the non-dominant forearm.
In order to ensure good precision, all pDXA scans were conducted by five healthcare
professionals (four research nurses and me) who had received appropriate training in
using the PIXI bone densitometer. All scanning was conducted with full adherence to
IR(ME)R regulations and manufacturer’s operating instructions.
2.3.2.2 Ionising radiation doses for DXA scans
Table 2.3.2.1 shows the radiation doses received by each study participant for each
scan during the study. The doses estimated were evaluated by a medical physics
expert for standard size patients and were based on the manufacturer’s data for
entrance skin doses for the GE Lunar PIXI and the GE Lunar iDXA bone
densitometers, with conversions to effective doses. The total research protocol dose for
a study participant in the study did not exceed 60 SV. The risks from this level of dose
were classed as trivial, and were approximately equivalent to nine days natural
background radiation (4.5 days natural background radiation every 12 months).
Table 2.3.2.1 Radiation doses for DXA scans
The radiation dose received by each participant for each scan during the study.

Type of
scan
cDXA

cDXA

pDXA

Area to be scanned
lumbar spine, femoral
neck and nondominant wrist
whole body (fat
composition and
muscle mass)
non-dominant wrist (2
views)

Estimated procedure
dose (SV)
10

Total dose during
study (SV)
20

Maximum dose
approved (SV)
40

3

6

12

1 x 2 views = 2

4

6

cDXA: central dual energy x-ray absorptiometry; pDXA: peripheral dual energy x-ray absorptiometry

2.3.2.3 Procedure for operating bone densitometers
2.3.2.3.1 Lunar iDXA bone densitometer
The Lunar iDXA bone densitometer was set up in a designated room in the Research
Unit, and all measurements were approved to be taken only in this room to ensure
consistency of results. To reduce the risk of exposure to ionising radiation to the
operators of the bone densitometer, the furniture in the room was arranged as shown in
Figure 2.3.2.1. The computer was placed on the desk near to the sink so that the
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operator could use it while remaining at least two metres from the bone densitometer.
Prior to connecting the bone densitometer to the mains supply, a radiation warning sign
was displayed outside the door. When the bone densitometer was connected to the
mains supply, the whole room was designated a supervised area, and access to the
room was controlled. Only appropriately trained staff designated as approved operators
were able to operate the bone densitometer and perform the scans. Only those
persons whose presence was judged to be essential were present in the room during
an exposure. Normally this was the operator and the study participant. Whilst a
radiation exposure was being made (including exposure for quality control), staff had to
stay at least two metres from the bone densitometer, which condition was ensured if
the operator remained by the computer during the exposure.
Figure 2.3.2.1 Arrangement of room for housing Lunar iDXA bone densitometer
The configuration of the room in which the Lunar iDXA bone densitometer was situated.
QA: quality assurance

Sink
Warning sign

Computer desk
Operator position
during scanning

QA cupboard

iDXA
densitometer

At the start of each study session, before a participant was scanned, an eight minute
quality assurance scan using a phantom block and an internal calibration system was
performed to conduct a calibration check of the Lunar iDXA bone densitometer. The
radiographer ascertained whether the participant had undergone a nuclear medicine
isotope scan or a barium examination in the preceding one week, both of which would
have interfered with the bone densitometer and produced an inaccurate scan. The
scanning procedure was explained to the participant and their details were obtained
relating to name, date of birth, previous fracture, presence of surgery requiring the
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insertion of metalwork and hand dominance. The participant was asked to change into
an examination gown and to remove any metalwork that could be removed (e.g.
piercings). If an item of metalwork could not be removed, the participant was informed
that they would need to have the same metalwork for their subsequent scans, to
enable comparisons to be made.
Participants were correctly positioned in the middle of the examination couch using
gridlines. In total, four scans were performed in the following order:
1. Whole body scan (8–10 minutes)
2. Lumbar spine scan (3–5 minutes)
3. Hip scan (3–5 minutes each side)
4. Non-dominant forearm scan (3–5 minutes).

The whole body scan was conducted with the study participant lying flat and supine on
the examination couch (Figure 2.3.2.2). The lumbar spine scan was performed with a
padded block placed under the lower legs to straighten the spine (Figure 2.3.2.3). If a
participant was unable to lift their legs, the lumbar spine scan was conducted with their
legs straight. Before the hips were scanned a metal block was securely placed by the
participant’s feet and the participant was asked to place their hands on their chests
(Figure 2.3.2.4). Each hip was scanned separately, but formed into a dual hip scan
using the program software. For the forearm scan, a plastic block was securely placed
under the lower forearm and the participant was asked to make a fist with their hand to
ensure the forearm was correctly aligned (Figure 2.3.2.5). Whilst the participant was
being scanned, the scans were checked to ensure they were correct.
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Figure 2.3.2.2 cDXA whole body scan
For the whole body scan, the participant had to lie flat and supine.

Figure 2.3.2.3 cDXA lumbar spine scan
A padded block was placed under the lower legs to straighten the spine prior to the lumbar spine scan
being performed.
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Figure 2.3.2.4 cDXA dual hips scan
A metal block was securely placed by the participant’s feet and the participant was asked to place their
hands on their chests before the hips were scanned.

Figure 2.3.2.5 cDXA forearm scan
A plastic block was securely placed under the lower forearm and the participant made a fist with their hand
to ensure the forearm was correctly aligned prior to the forearm scan being performed.

2.3.2.3.2 Lunar PIXI bone densitometer
The Lunar PIXI bone densitometer was set up in a designated room in the Research
Unit, and all measurements were approved to be taken only in this room to ensure
results were consistent. To reduce the risk of exposure to ionising radiation to the
operators of the bone densitometer, the furniture in the room was arranged as shown in
Figure 2.3.2.6. The computer was placed on the desk so that the operator could use it
while remaining at least 2 metres from the bone densitometer. The bone densitometer
was placed securely on a table, and not on a wheeled trolley. Prior to connecting the

71

bone densitometer to the mains supply, a radiation warning sign was displayed outside
the door. When the bone densitometer was connected to the mains supply, the whole
room was designated a supervised area, and access to the room was controlled. Only
appropriately trained staff designated as approved operators were able to operate the
bone densitometer and perform the scans. Only those persons whose presence was
judged to be essential were present in the room during an exposure. Normally this was
the operator and the study participant. While a radiation exposure was made (including
an exposure for quality control), staff had to stay at least two metres from the bone
densitometer, which condition was ensured if the operator remained by the computer
during the exposure. A risk assessment showed that operators whose only exposure to
ionising radiation was using this bone densitometer were not required to wear personal
dosemeters, since doses were low and were unlikely be measurable.
Figure 2.3.2.6 Arrangement of room for housing Lunar PIXI bone densitometer
Configuration of the room in which the Lunar PIXI bone densitometer was situated.

Sink

Desk with computer
Operator
position

At least 2
metres
Examination
couch
Desk with PIXI
densitometer

At the start of each study session, prior to scanning a study participant, a five minute
calibration check of the Lunar PIXI bone densitometer was conducted using a forearm
phantom block and an internal quality assurance calibration system. The scanning
procedure was explained to the participant and their details relating to name, date of
birth, previous fracture, presence of surgery requiring the insertion of metalwork and
hand dominance were ascertained.
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Depending on whether the patient was right- or left-handed, the hand block was put
into the appropriate position on the machine. Each patient was shown how to hold the
hand block tightly to ensure that as much of their distal forearm was in the scanning
field (Figure 2.3.2.7).
Figure 2.3.2.7 pDXA forearm scan
The positioning for the forearm scan performed using the pDXA densitometer.

2.3.2.4 IR(ME)R approval
Before the study was approved, a medical physics expert and a clinical radiation expert
assessed the exposure to ionising radiation for each study participant, as well as for
those conducting the scans. They assessed that all operators of the bone
densitometers were appropriately trained according to IR(ME)R 2000 and Ionising
Radiations Regulations 1999. Approval for the study was granted by the BSUH NHS
Trust’s Radiation Safety Committee on 23rd November 2009.

2.3.3 Training of staff in conducting the study
All members of the research team conducting the study were trained according to
GCP.
2.3.3.1 Training of research staff
All research nurses, healthcare assistants and medical students were trained by me.
Research nurses were trained in obtaining consent, venepuncture, measuring clinical
parameters (height, weight and blood pressure) and perfoming pDXA scans using the
Lunar PIXI bone densitometer. Healthcare assistants and medical students were

73

trained in venepuncture and measuring clinical parameters (height, weight and blood
pressure). Training involved observing me carrying out the appropriate tasks a
minimum of three times, followed by me observing each member conducting the
various tasks three times, before each researcher was deemed competent in
conducting the appropriate tasks. Once the training was complete, the researcher’s
details were logged in the delegation log, which included details of the tasks they were
trained and competent in.
2.3.3.2 Training of operators in using the bone densitometers
2.3.3.2.1 Lunar iDXA bone densitometer
Each operator trained in performing cDXA scans using the Lunar iDXA densitometer
were already fully trained according to IR(ME)R 2000 and Ionising Radiations
Regulations 1999. In-house training in using the iDXA bone densitometer was
conducted. Each radiographer observed the trainer perform a scan on three occasions,
and the trainer then observed them scanning three participants, before each
radiographer was trained to conduct scans by themselves. Additional training of all
radiographers was performed by an applications specialist from GE Healthcare.
2.3.3.2.2 Lunar PIXI bone densitometer
Each operator trained in performing pDXA scans using the Lunar PIXI densitometer
underwent training according to IR(ME)R 2000 and Ionising Radiations Regulations
1999. Once this was completed, all operators were trained in using the bone
densitometer by an applications specialist from GE Healthcare. Each nurse observed
me conduct a scan on three occasions, and I then observed them scanning three
participants, before each nurse was trained to perform them independently.

2.3.4 Safety assessment
2.3.4.1 Ionising radiation exposure
Scans on both bone densitometers were deemed safe by the medical physics expert
and the clinical radiation expert. They were conducted in accordance to the
manufacturer’s operating instructions and IR(ME)R 2000. Both bone densitometers
were under a service and maintenance contract with GE Healthcare and underwent an
in situ operation check prior to their initial use.
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Patients were made aware of the levels of ionising radiation they would be exposed to
during the study in the PIS. This exposure was categorised and verified as trivial by the
medical physics expert and the clinical radiation expert respectively. Informed consent
was obtained from study participants during recruitment and participants had the
opportunity to withdraw from the study at any time.
2.3.4.2 Venepuncture
Venepuncture, including the potential risk of associated pain and bruising, was
conducted according to appropriate BSUH NHS Trust safety policies, and researchers
abided by BSUH NHS Trust infection control policies.
2.3.4.3 Psychological distress
There was a theoretical risk of associated psychological distress created by increased
awareness of susceptibility to low BMD. If such morbidity was identified, reassurance
was provided by the research team, as adequate information and the opportunity for
discussion would help alleviate such anxieties. Participants were informed that their
clinic doctor would be informed of any abnormal results, including abnormal BMD,
blood and urine results.

2.3.5 Handling of abnormal results
It was decided that abnormal results relating to cDXA or standard blood and urine tests
would be acted upon. Abnormal results from pDXA and specialised blood and urine
tests were not acted upon as these were done purely for research purposes and there
were no clinical guidelines indicating that abnormal results from these tests had any
clinical impact.
All results from standard blood and urine samples were checked by me and sent to the
participant’s doctor in the HIV outpatient clinic. All cDXA results were checked by me
and verified by Dr Karen Walker-Bone, and the results sent to the participant’s doctor in
the HIV outpatient clinic.
Any study participants identified as having low BMD were referred for further
investigation, which provided a direct benefit at an individual level. As there were no
guidelines for the screening or management of low BMD in HIV-positive men, these
results may confer additional benefits in the future regarding the management of low
BMD in HIV-positive men.
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2.4 Data handling
The different study procedures produced different datasets.

2.4.1 Databases
A separate Excel database was used for each data source. The databases were:
1. Data from the clinic database
2. Data from the CRF
3. cDXA data
4. pDXA data
5. Questionnaire data
6. Laboratory data.

All datasets were cleaned and merged using Excel and converted to STATA version
12.1 (StataCorp LP, Texas, USA) or SAS version 9.3 (SAS Institute Incorporated, Cary,
USA) format for analysis.

2.4.2 Confidentiality
Data were treated confidentially in accordance with Caldicott principles [191]. In order
to maintain confidentiality, each participant was assigned a unique study number.
During the study, three unique identifiers were used to identify each participant:
1. Study number
2. Date of birth
3. HIV clinic or sexual health clinic number.

The HIV clinic or sexual health clinic number for each patient was available as data
from the clinic database was used. No other person identifiable data were recorded.
Each participant’s study visit was recorded in a CRF, which was entirely separate from
the participant’s hospital or clinic notes. The CRF was securely kept in a locked room
within the Research Unit where the study was conducted. Although each participant’s
name and address was recorded in the CRF and on DXA request forms and reports,
these details were not used on blood or urine samples or on laboratory test request
forms. Databases were password protected and stored on BSUH NHS Trust approved
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computers, which were password protected and located in secure areas. All data entry
was validated before analysis according to GCP. Names and addresses were not
recorded in databases with results from blood tests, urine tests or questionnaire
answers. Names were removed from the DXA databases after completion of merging
and consistency checks. HIV clinic or sexual health clinic numbers were removed from
all databases after merging of data and consistency checks were completed. This
meant that the study number and the date of birth of each participant remained the only
unique identifiers during analysis.

2.4.3 Data cleaning
Data were cleaned at several stages using Excel and STATA. For all databases,
random manual checks were conducted after data entry and extraction to ensure
consistency. Discrepancies were manually checked against CRFs, laboratory reports,
cDXA reports, pDXA reports and questionnaires, and errors rectified prior to statistical
analysis.
2.4.3.1 Data from the clinic database
Data were extracted from the HIV outpatient clinic database into an Excel spreadsheet.
The data were clinic number, date of birth, ethnicity, sexuality, route of infection, date of
HIV diagnosis, baseline CD4 count, nadir CD4 count, AIDS-defining illness, baseline
HIV viral load, and HBV and HCV status. In addition, details relating to ART exposure,
including date of starting ART, the names of antiretroviral drugs taken and the duration
of exposure to each antiretroviral drug, were extracted.
2.4.3.2 Data from the CRF
Data recorded in the CRF comprised height, weight, blood pressure and hand
dominance. These were manually entered on to an Excel database.
2.4.3.3 cDXA data
Each participant’s results were checked by the radiographer conducting the scanning
and by me. If there were queries, these were first assessed by another radiographer,
and any remaining queries were assessed by a consultant radiologist. The data were
then extracted from the Lunar iDXA scanner’s software as an Excel database.
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The data extracted for each participant consisted of forename, surname, date of birth
and ethnicity. Date of scan, age, height, weight, sex and ethnicity were extracted for
each study visit. For each ROI, the following data were extracted:
1. Absolute BMD
2. Area
3. BMC
4. T-score
5. Z-score.

At the lumbar spine, the ROIs were:
1. L1–L4
2. L2–L4
3. L1, L3–L4
4. L1–L2, L3
5. L1–L3
6. L1–L2
7. L1, L3
8. L1, L4
9. L2–L3
10. L2, L4
11. L3, L4.

If a participant had a composite involving all four vertebrae, then this was used in
preference over composites with three vertebrae and two vertebrae, respectively.
For femoral BMD, the ROIs were:
1. Right femur neck
2. Left femur neck
3. Right femur total
4. Left femur total.
For forearm BMD, the forearm side was extracted, as well as data relating to ‘both’,
which was the region that corresponded best with the region scanned using the PIXI
scanner.
With regards to total body composition, the following data were extracted for each ROI:
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1. Fat mass
2. Lean mass
3. Bone mass.

The ROIs were:
1. Arms
2. Legs
3. Trunk
4. Total.
2.4.3.4 pDXA data
Each participant’s data, consisting of study number, date of birth, HIV or sexual health
clinic number, ethnicity, date of scan, forearm side scanned, height, weight, total BMD,
T-score and Z-score, were manually entered on to an Excel database. Each result was
checked against the pDXA report by me.
2.4.3.5 Questionnaire data
The questionnaire was designed using Formic Fusion scanning software. This enabled
each completed questionnaire to be scanned, rather than manually entered, which
reduced the risk of errors. Any anomalies were detected by the program, checked and
verified, and corrected if necessary. The data were then extracted from the program
into an Excel database.
2.4.3.6 Laboratory data
Data for standard blood and urine tests were extracted from the BSUH pathology
database into an Excel database. Any missing values were identified and manually
checked against the pathology database, and data were entered by hand where
appropriate.
For the specialised blood and urine tests (CTX, P1NP and RBP), the data were
provided in an Excel database. Any missing values were identified and checked with
the laboratories performing the tests. Data were entered by hand where appropriate.
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2.5 Statistical analysis
2.5.1 Power calculation and estimated sample size
Based on published datasets [136,192], the rate of BMD loss was calculated to be
approximately 0.75 - 1.0% over the 24-month study period, with a standard deviation
(SD) of 6%. Based on data from the pilot study [160] and published estimates [136], a
sample size of 400 participants enabled a 1.1% reduction in BMD to be detected over
the 24-month study period (SD 6%) at the 5% level with >95% power, and a 0.75%
reduction with 80% power. With an estimated dropout rate of 20%, recruitment of 500
participants would have enabled a final sample size of 400. This final sample size (after
dropout) of 400 was consistent with other published studies [192], and would have
enabled multivariable regression analyses to be performed and reasonably small effect
sizes to be detected.

2.5.2 Inclusions and exclusions
The data from all patients with HIV infection were considered for inclusion in the
statistical analyses. In general, if participants were missing laboratory data that was
needed for analysis of the main hypothesis within a chapter, they were excluded.
Laboratory data were missing due to samples not being processed, and as this was
deemed a random process, it was not thought to affect selection bias.
Details of specific inclusion and exclusion criteria are given in each Results chapter
(Chapters 3 to 7).

2.5.3 Hypotheses and statistical tests
The hypotheses and statistical tests used in each chapter analysis are discussed in
detail in each Results chapter (Chapters 3 to 7).

2.5.4 Handling of missing data
For missing covariate data, a code for 'not known' was created, so that all participants’
data may be included in the analyses. Although this approach could introduce bias,
data were complete or near complete for the majority of cases.
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2.6 Evolution of study methodology and my contribution
I commenced my three year PhD fellowship in April 2009 and immediately started
working on the study design. This involved devising the study, writing the study
protocol, meeting with the statistician to discuss different study designs and to calculate
the power, amending the questionnaire used in the pilot study, and designing and
writing all the relevant documents needed for the study, including the PIS and the
consent form. The study protocol and the documentation were completed by 24th July
2009. I presented the details of the study for scientific peer review by the Protocol
Review Panel at the Department of HIV and Genitourinary Medicine’s Research
Management Meeting on 29th July 2009 prior to submission for ethical approval.
I also concurrently wrote the application for ethical approval. Prior to submission, I had
to ensure that the radiation exposure from DXA was considered safe, so I liaised
closely with a medical physics expert and a clinical radiation expert. Their assessments
involved ensuring that the bone densitometers were correctly installed, and that the
doses of ionising radiation each participant and operators of the bone densitometers
were exposed to were deemed safe. The iDXA machine had to be moved and a
specially fortified floor built to ensure that there was no radiation exposure to the room
directly beneath it. I also worked with a dietician to devise the diet-related questions
included in the questionnaire, and this was completed on 11th September 2009.
I submitted the ethical application on 11th September 2009. I and Dr Karen WalkerBone attended the Brighton East REC on 1st October 2009. Ethical approval was
granted on 7th October 2009 subject to minor amendments.
Once ethical approval was granted, all healthcare professionals involved in the study
had to be trained in GCP if not already trained. All operators of the bone densitometers
were trained according to IR(ME)R 2000 and Ionising Radiations Regulations 1999.
Approval for the study was granted by the BSUH NHS Trust’s Radiation Safety
Committee on 23rd November 2009.
Prior to submitting the changes requested by the REC, I further met with the dietician
and amended the questions relating to diet on the questionnaire. This was because
she suggested new questions that were more accurate in calculating calcium and
vitamin D intake than the original questions. Additionally, I decided to devise an
invitation letter for the pilot study participants and an email invitation for patients having
their HIV care via the email clinic, both of which were also submitted. I submitted a
substantial amendment (Am01) on 28th January 2010, which was approved on 22nd
February 2010.
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Recruitment into the study commenced on 1st March 2010. During the recruitment
phase, I identified all eligible patients and when they were next due to attend the HIV
outpatients clinic, and contacted all physicians with patients due to attend their clinic on
a weekly basis. Once clinicians had made the initial approach and had given the
patients the PIS, I personally contacted all those patients who had expressed an
interest in participating in the study. If they wanted to participate, I booked them into an
appointment for their first study visit. I then printed all their labels to ensure that they
were ready for their study visit.
During the study visits, I trained all research nurses, healthcare assistants and medical
students who worked alongside me. Research nurses were trained in obtaining
consent, venepuncture, measuring clinical parameters (height, weight and blood
pressure) and performing pDXA scans using the Lunar PIXI bone densitometer.
Healthcare assistants and medical students were trained in venepuncture and
measuring clinical parameters (height, weight and blood pressure). During the
recruitment phase, I contacted patients who failed to attend and re-booked them for
future appointments. I checked all blood and urine results and sent copies of the results
to the patient’s HIV physician. I checked all cDXA results which were verified by Dr
Karen Walker-Bone, and the results sent to the participant’s HIV doctor. All abnormal
results from cDXA or standard blood and urine tests were acted upon.
Although I attempted to recruit 500 men into the study within six months, this proved to
be too ambitious and recruitment occurred between 1st March 2010 and 28th February
2011. These participants re-attended a year later between 1st March 2011 and 29th
February 2012 for their first year follow-up visit. By the start of the first year follow-up
visits in 2011, it was obvious that the second year follow-up phase was no longer
feasible as my fellowship was due to end in April 2012. Therefore, although the study
was powered to calculate BMD changes at two years follow-up, as the study was
stopped after the first follow-up visit, the analyses conducted were for the baseline and
first year follow-up visits only.
However, during the follow-up visits, I fell ill and had to take a year of sick leave from
22nd October 2011. I returned to my fellowship part-time on 21st October 2012 and
continued until 1st May 2014, when I returned to my clinical commitments. On my
return, I spent my time collating the data into several Excel spreadsheets, cleaning and
merging the data, and analysing the data. Once working in my clinical job, I worked on
my thesis in my own time. I then went on maternity leave for a year on 20 th June 2016.
I completed the thesis on my return from maternity leave and submitted it on 19 th July
2017.
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Chapter 3: A cross-sectional analysis of risk factors associated
with reduced BMD

3.1 Background
3.1.1 Introduction
Since the early 2000s, HIV infection has been suggested as a cause of reduced BMD
in HIV-positive men and women. The causes of this reduction are likely to be
multifactorial, and several have been postulated. These include a higher prevalence of
traditional risk factors, as well as HIV-specific factors, such as viral effects, the
immunologic effect of HIV and the direct effect of ART on bone [161].

3.1.2 Traditional risk factors for reduced BMD in HIV-positive patients
Studies have shown that several traditional factors associated with reduced BMD in the
general population (Table 1.4.3.1) are more prevalent in HIV-positive patients. Some
are modifiable risk factors associated with the demographics of this population, such as
cigarette smoking [193,194], excess alcohol consumption [158] and opiate use [195].
Others are thought to be a result of HIV infection and ART exposure, such as viral
hepatitis [196], reduced BMI [197,198], hypogonadism [199] in men, early menopausal
state in women [192] and VDD [200]. Additionally, some factors are thought to occur
due to a combination of both HIV infection and demographic effects. These include
steroid use [192,193], HBV or HCV co-infection [196], increased use of medications
associated with reduced BMD (e.g. antidepressants, opiates) [153,156,195,201] and
reduced mobility/physical activity [157].
3.1.2.1 Non-modifiable risk factors
Gender and age are well-described, non-modifiable risk factors. Women are at greater
risk of reduced BMD, especially after the menopause, when there is a period of
accelerated bone loss lasting between 5 and 10 years, which can lead to loss of
trabecular bone (Figure 3.1.2.1) [69]. Men, however, do not have an equivalent
hormonal menopausal stage. They instead experience a gradual loss of both trabecular
and cortical bone [202]. Although cross-sectional studies have estimated BMD loss to
occur at a rate of 1% to 3% per decade, several longitudinal studies have reported a
higher rate of between 5 and 10% per decade [70].
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Figure 3.1.2.1 Age-related loss of BMD in men and women [69]
Women experience a greater loss of BMD after the menopause when compared with men of a similar age,
especially in trabecular bone. Dashed lines represent trabecular bone and solid lines represent cortical
bone.
BMD: bone mineral density

Studies have consistently shown an association between reduced BMD at the hip and
increasing age, with a linear reduction at a rate of approximately 1.5% to 2.5% per
decade in men aged >50 years [203,204]. On the other hand, results at the lumbar
spine have not been consistent, with some showing a reduction in BMD with age
[205,206], and others an increase in BMD at a rate of 1.5% to 3.5% per decade in men
>60 years old [86,204]. The increase in BMD at the lumbar spine may be due to agerelated degenerative changes (e.g. osteophytes), which can lead to falsely elevated
BMD being reported. This was the case in one study where an initial increase in BMD
disappeared when men with severe arthritis were excluded, and lumbar spine BMD
was found to actually decrease significantly with advancing age [207]. Older age has
also been associated with lower BMD in HIV-positive patients [153,156,208-211].
Another non-modifiable factor is ethnicity. Studies have shown an association between
lower BMD and white ethnicity in children [212] and in adults [213,214]. Similar results
have also been reported in HIV-positive cohorts, with non-white ethnicity associated
with a higher BMD than white ethnicity [153,156,215].
Family history of osteoporotic fracture and a past history of a fragility fracture, which
are factors more associated with fracture risk than BMD, are discussed in detail in
Chapter 5.
3.1.2.2 Modifiable risk factors
Smoking is an important modifiable risk factor, especially as it occurs at a higher
prevalence in HIV-positive patients [216-219]. A cross-sectional study in female
monozygotic twins who were discordant for smoking showed that the twin who was the
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heavier smoker had a greater reduction in BMD at the hip and the lumbar spine [220].
Studies in the general population in men >50 years have confirmed that current
smokers have the highest risk compared to non-smokers, followed by ex-smokers
[221]. Additionally, a meta-analysis has found that the fracture risk associated with
smoking is greater than that explained by a reduction in BMD [222]. This may be due to
a number of reasons, including the possibility of lower levels of exercise or the
existence of other co-morbidities that may lead to an increased risk of falls. In HIVpositive patients, smoking has also been reported as a risk factor for reduced BMD
[193,194].
Alcohol can have a direct effect on osteoblasts by suppressing their function [223]. In
the general population, studies have shown an inconsistent association between
alcohol and reduced BMD, with some showing a positive relationship and others
showing no association [221]. Interestingly, although alcohol has been shown to be
associated with an increased risk of osteoporotic fractures [61], this relationship does
not appear to be linear and is U-shaped [224]. Several studies in HIV-positive patients
have also confirmed an association between excessive alcohol consumption and
fracture risk [158,218], some of which may be associated with an increased risk of falls
secondary to alcohol consumption [225].
Increased physical activity has been associated with increased BMD in the general
population [221]. Cross-sectional studies have reported that astronauts experiencing
microgravity lose approximately 2% of hip BMD per month [226], whilst men who
walked and exercised regularly had higher BMD than those who did not [227]. A metaanalysis in men has shown that exercise interventions can improve or maintain BMD
[228] and another meta-analysis in postmenopausal women concluded that aerobic
and resistance training can slow the rate of BMD loss [229]. There are relatively few
studies investigating the effect of exercise on BMD in HIV-positive patients, with one
study showing no association between progressive resistance training and BMD at the
lumbar spine [230].
BMI is a modifiable risk factor, which has been positively associated with BMD at both
the spine and the hip in several studies in the general population [221]. In one
longitudinal study of older men and women, men who lost ≥1% of their baseline weight
per year were twice as likely to lose BMD compared to those who gained weight or
whose weight remained stable [231]. A meta-analysis found that low BMI is a risk factor
for osteoporotic fractures, which was independent of age and sex, but dependent on
BMD [232]. Numerous studies suggest low weight before initiating ART or low BMI is
the main cause of reduced BMD in HIV-positive patients [146,193,194,208,209,233]. A
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meta-analysis of 1371 HIV-positive patients and 1644 HIV-negative controls found that
HIV-positive patients have a lower BMI than HIV-negative patients, and suggested that
low BMI accounted for the high prevalence of reduced BMD [198].
VDD is another modifiable risk factor for reduced BMD [234-236]. Vitamin D plays a
major role in calcium and bone homeostasis [234] and is needed to efficiently absorb
calcium and phosphate from the diet [237]. Although the active metabolite is 1,25dihydroxyvitamin D [1,25(OH)2D], it is difficult to measure as it has a short half-life
(approximately four hours), and therefore the US Endocrine Society recommends
measuring the circulating form 25-hydroxyvitamin D [25(OH)D] (which has a half-life of
two to three weeks) to assess vitamin D status [235]. VDD is defined as 25(OH)D
levels <50 nmol/L [234]. In one study in the general population, vitamin D levels were
positively correlated with BMD [238]. But in other studies, a lower BMD was only
associated with severe VDD (<25 nmol/L) [239,240]. Additionally, via its effects on
calcium, PTH is inversely correlated with vitamin D [241]. The 1α-hydroxylation of
25(OH)D is regulated by PTH. PTH acts on the kidneys to increase tubular
reabsorption of calcium and to produce 1,25(OH)2D [237]. PTH activates osteoblasts to
convert preosteoclasts into mature osteoclasts, which are involved in bone resorption
[234]. If resorption occurs at a faster rate than bone formation, low BMD ensues, which
can then lead to an increased risk of fragility fractures.
Although many studies in HIV-positive patients have reported a high prevalence of both
VDD and reduced BMD [242-244], they have not determined whether a direct
association exists. Of those that have, a few have shown an association between VDD
and reduced BMD [159,194], with the first study showing an association at the hip only.
However, the majority have shown that there is no direct relationship between vitamin
D and BMD [211,245-248]. Interestingly, one study showed an association between
BMD and 1,25(OH)2D, but they did not measure 25(OH)D levels [151]. Higher PTH
levels have been associated with an increased loss of BMD [249], as well as higher
PTH levels in HIV-positive men on TDF with VDD [41]. Although several longitudinal
studies have shown that TDF has an effect on BMD [250-252], none have shown a
direct relationship between vitamin D and TDF.
3.1.2.3 Secondary causes of reduced BMD
There are numerous secondary causes that have an effect on lowering BMD in HIVpositive patients. However, diseases commonly associated with low BMD in the
general population, such as rheumatoid arthritis and hyperthyroidism [253,254], are not
common in HIV-positive patients.
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Low BMD is highly prevalent in patients with chronic liver disease awaiting liver
transplantation, with men and women equally affected [255]. In HIV-positive MSM, who
formed the majority of my cohort, liver dysfunction is common, caused by a
combination of HBV and/or HCV co-infection and ART-related toxicity [256,257].
Additionally, as HIV-positive patients are at risk of excess consumption of alcohol,
alcohol-related liver disease is another pathway which may lead to low BMD in these
patients.
A well-documented secondary cause of low BMD in men is hypogonadism [75]. It can
be due to primary testicular disorders or be secondary to pituitary or hypothalamic
disease. Initially, the mechanism of action was thought to be solely due to androgen
deficiency, as androgen receptors are found on osteoblasts and androgens affect
osteoblast function [70]. Androgen deficiency can also cause increased bone
remodelling and lead to rapid bone loss [258]. However, studies have shown that BMD
is more strongly correlated with oestradiol than testosterone [259]. More recently, a
study in older men has shown that testosterone or oestradiol deficiency is associated
with reduced BMD [260]. Although both are likely to play an important role, the relative
roles of androgens and oestrogens on BMD are not fully known. HIV-positive men are
at risk of early andropause, and although the exact mechanism is not completely
understood, it is likely to be a combination of primary and secondary hypogonadism
[261]. Studies have shown that higher testosterone levels are protective against loss of
BMD in HIV-positive patients [199].
Low BMD can occur in diabetes mellitus secondary to low bone turnover, with reduced
bone formation leading to loss of bone [262]. Although different mechanisms are
involved, patients with both Type 1 and Type 2 diabetes mellitus are at increased risk
[263,264]. In HIV-positive patients, there were no studies investigating the association
between diabetes mellitus and BMD. However, there are studies which have shown a
variable association between diabetes mellitus and fractures [265,266].
There is a complex relationship between the kidneys and bone, involving vitamin D and
PTH, with patients with CKD at risk of developing renal osteodystrophy. The
prevalence of low BMD in patients with CKD is higher than in the general population
[267]. Patients with CKD are at risk of developing a number of complications related to
bone loss, including osteoporosis and chronic kidney disease-mineral and bone
disorder (CKD-MBD) [268]. In fact, some argue that osteoporosis should be included in
the definition of CKD-MBD [269]. Although studies investigating an association
between CKD and lower BMD are lacking in HIV-positive patients, many have shown
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that they are at increased risk of renal disease, including RTD [270,271]. RTD is
discussed in more detail in Chapters 6 and 7.
3.1.2.4 Drugs associated with BMD
Several classes of drugs are associated with reduced BMD. In the general population,
exposure to long-term, high-dose steroids is an established risk factor [272,273].
Several studies in HIV-positive patients, who may be exposed to steroids for treating a
number of opportunistic infections [274], have shown an association with lower BMD
and an increased risk of fractures [192,193].
Other

drugs

associated

with

reduced

BMD

are

anticonvulsants,

antacids,

chemotherapeutic agents, aromatase inhibitors, anticoagulants (e.g. heparin) and
proton pump inhibitors (Table 1.4.3.1). Both clinical and recreational use of opiates
(e.g. heroin, methadone) has been implicated in reducing BMD in the general
population [275,276]. In HIV-positive patients, studies have shown a similar association
with opiate use [153,156,195,201]. Other recreational drugs (e.g. cannabis) have also
been associated with altered bone metabolism [277], but data in the HIV population are
lacking.
There are also drugs that may protect against reduced BMD. These include drugs used
in the treatment of low BMD, such as calcium and vitamin D supplementation, as well
as bisphosphonates.

3.1.3 Effect of HIV infection on BMD
As mentioned in Chapter1, bone remodelling involves a close balance between bone
resorption (via osteoclasts) and bone formation (via osteoblasts) (Figure 3.1.3.1a).
Although the exact mechanisms involved are still not fully known, the pro-inflammatory
state induced by HIV infection is thought to cause dysregulation of osteoclast and
osteoblast function, leading to uncoupling of the normal bone remodelling process
(Figure 3.1.3.1b) [22]. HIV infection is thought to induce a high bone turnover state,
where bone resorption occurs faster than bone formation, leading to bone loss. This
uncoupling may be mediated through a number of pathways causing persistent T-cell
activation and release of cytokines. IL-6, interleukin-11 (IL-11), osteoprotegerin and
RANKL stimulate osteoclasts, thereby activating bone resorption, whilst osteoblasts
and bone formation are inhibited by IL-1 and TNF [278].
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Figure 3.1.3.1 Mechanism of low BMD in HIV-positive patients [22]
Bone homeostasis is maintained by the coupled action of bone resorption and bone formation (a). In HIV
infection, this process is disrupted (uncoupled), which causes a reduction in BMD (b).

HIV viral proteins can contribute to changes in the balance of bone formation and
resorption. Osteoblasts are derived from mesenchymal cells in bone marrow and
studies have shown that HIV infection can inhibit mesenchymal stem cells leading to
reduced proliferation and survival [279,280]. An in vitro study has shown that the HIV
viral proteins tat and nef can decrease the number of mesenchymal cells available to
differentiate into osteoblasts [281]. They do this by activating and inhibiting RANKL and
osteoprotegerin respectively, which leads to senescence of mesenchymal cells,
thereby reducing the number available to differentiate into osteoblasts. Additionally, by
activating peroxisome proliferator-activated receptor gamma (PPARγ), the HIV viral
protein gp120 can also shift mesenchymal cell differentiation from osteoblasts to
adipocyte formation [280,282]. HIV gp120 can also increase apoptosis in primary
osteoblasts [283] and can affect osteoblast activity by reducing calcium deposition,
ALP activity and bone-specific RUNX-2 expression [282]. The viral proteins p55-gag
and rev have also been found to interfere with osteogenesis in vitro [282,284].
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HIV infection can also affect osteoclasts. The HIV viral proteins vpr and gp120 can
upregulate RANKL and M-CSF in T-lymphocytes and macrophages, respectively, both
of which are involved in osteoclast maturation [285-287]. This can lead to increased
osteoclast differentiation and activity either directly via M-CSF or indirectly via an
increase in the RANKL/osteoprotegerin ratio [22]. Additionally, the HIV viral proteins tat
and rev can increase the number of monocytes differentiating into osteoclasts [288].
They can also increase reactive oxygen species and the production of TNF in
osteoclast precursors, which can lead to an increase in the resorption function of
osteoclasts.
HIV infection is associated with B-cell dysfunction, and this mechanism has been
suggested as being involved in the loss of BMD in HIV-positive patients [289]. Titanji et
al have demonstrated that HIV-positive patients have a higher frequency of RANKLexpressing B cells and a lower frequency of osteoprotegerin-expressing B cells
compared to HIV-negative patients, and that this change in the RANKL/
osteoprotegerin ratio is correlated with total hip BMD in HIV-positive patients [289].
Studies have investigated an independent role of HIV infection itself by assessing the
effect of HIV viral load, CD4 count and duration of infection. A number of studies have
reported an association between low nadir CD4 count and reduced BMD [210,215] and
fractures [265]. Fausto et al showed an association between high HIV viral loads and
reduced BMD [209]. Interestingly, one study reported an association between a higher
risk of low BMD and an undetectable HIV viral load [210]. The authors suggested that
this may be due to an indirect effect of ART exposure, but when they investigated the
effect of ART, unadjusted for HIV viral load, this did not appear to be the case.
Additionally, duration of HIV infection has also been linked to low BMD [146,193,194].
An American study comparing HIV-positive ART-naïve patients to HIV-negative
controls reported that BMD at the total hip and trochanter decreased over 48 weeks in
the HIV-positive patients but not in the controls, suggesting that the chronic
inflammation of HIV infection may have an effect on BMD [290].
Primary HIV infection is associated with high levels of viraemia [291]. There appears to
be a disruption of bone homeostasis during seroconversion, which leads to reduced
BMD [292,293]. This further suggests that HIV infection itself has an effect on BMD,
possibly by inducing an inflammatory state which accelerates bone resorption.
Interestingly, a study investigating pre-exposure prophylaxis (PrEP) reported a low
BMD in HIV-negative MSM [294].
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3.1.4 ART and low BMD
There have been many studies investigating the effects of ART on BMD. The data are
conflicting, with some studies showing an association between ART and low BMD,
whilst others have shown no relationship. This may be due to the heterogeneity of the
published studies, which include cross-sectional versus longitudinal studies, ART-naïve
versus ART-experienced patients, lack of control groups for comparison, different
definitions of reduced BMD and measurement of BMD at different sites. The Strategies
for Management of Antiretroviral Therapy (SMART) sub-study provided useful insight
into the effect of ART on BMD [11]. In this study, patients on continuous ART had a
significantly greater decrease in BMD at both the hip and the spine compared to those
in the intermittent arm. However, the rate of change in the continuous ART group was
similar to what would have been expected as age-related changes in the general
population and the study was also terminated early due to increased opportunistic
infections and death in the intermittent arm.
3.1.4.1 ART-naïve versus ART-exposed patients
The majority of cross-sectional studies comparing ART-naïve to ART-exposed patients
were conducted in the early 2000s (Table 3.1.4.1). Most of these have shown no
significant difference in BMD between the two groups. However, one study did show an
association between low HIV viral load and reduced BMD, which indirectly suggests
that exposure to ART may have an effect on lowering BMD [210]. Additionally, a metaanalysis comparing 202 ART-naïve patients to 824 ART-exposed patients found that
those on ART had significantly higher odds of reduced BMD (odds ratio [OR] 2.5, 95%
CI 1.8, 3.7) and osteoporosis (OR 2.4, 95% CI 1.2, 4.8) compared to ART-naïve
patients [136]. A more recent large cross-sectional study from South Africa with 77%
women has also shown that BMD at the hip (total hip and femoral neck) was
significantly lower in those who were on ART compared to ART-naïve patients, with
VDD and EFV exposure being risk factors for lower BMD [295]. However, a crosssectional analysis from a longitudinal study did not find any association between ART
and lower BMD [193].
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Table 3.1.4.1 Cross-sectional data comparing BMD in ART-naϊve versus ART-exposed patients
Studies comparing ART-naïve to ART-exposed patients have shown no significant difference in BMD between the two groups.
Author

Year

Location

N

%
male

Number
ARTnaïve
32

Number
ARTexposed
189

% reduced
BMD in
ART- naïve
6

% reduced
BMD in ARTexposed
25

P-value

Associations with low BMD

100

Mean
age
(years)
43

Carr [208]

2001

Australia

221

NS

80
183
111
89

73
100
80
80

41
34
37

26
28
33
11

54
155
78
78

69
a
46
b
70
27

98
a
55
b
74
44

NS
NS
NS

Italy
France
Italy

70
148
172

49
100
65

41
40
38

4
48
20

66
100
152

50 , 50
c
8
a
e
30 , 30

50 , 56
c
18
a
e
54 , 49

NS
NS

Italy
Italy

59
161

75
64

41
39

15
48

44
113

40
46

34
51

NS
NS
NS

Older age, low BMI, lactic acidaemia and
stavudine duration
Low BMI
Low BMI
Duration of HIV infection
Male sex, low albumin level and PI
exposure
Male sex
Low BMI
Male sex, intravenous drug use and more
advanced HIV infection
None
Female sex, older age, low BMI and high
HIV viral load
Low testosterone level (lumbar spine)

Knobel [144]
Nolan* [233]
Bruera [146]
FernandezRivera* [296]
Vescini [297]
Amiel [148]
Madeddu* [151]

2001
2001
2003
2003

Spain
Australia
Argentina
Spain

2003
2004
2004

Landonio [298]
Fausto [209]

2004
2006

NS

Older age and low BMI

NS

Low HIV viral load

a

c

a

d

Garcia Aparicio
2006
Spain
30
100
38
13
17
69
65
[243]
Bongiovanni*
2006
Italy
89
63
38
47
42
49
55
[299]
f
Cazanave [210]
2008
France
492
73
43
34
458
ART: antiretroviral therapy; BMI: body mass index; BMD: bone mineral density; NS: not significant; PI: protease inhibitor
*Longitudinal studies reporting cross-sectional baseline data
a
b
c
d
e
f
Lumbar spine; femoral neck; osteoporosis only; total hip; femoral head; median age
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In summary, ART-naïve patients may be at risk of low BMD just as much as those
exposed to ART, but as the aetiology of low BMD is multifactorial, the risk factors are
likely to differ for each group. As HIV infection is an inflammatory condition, the cause
of reduced BMD in ART-naïve patients may be related to this inflammatory state. In
contrast, patients exposed to ART may be at risk of reduced BMD relating to the drugs
they are exposed to. The difference in BMD between ART-naïve and ART-exposed
patients has been extensively studied in longitudinal studies and is discussed in
Chapter 4.
3.1.4.2 Effect of ART on BMD
Most of the data assessing the effect of ART on BMD come from longitudinal studies
and these are discussed in detail in Chapter 4.
3.1.4.3 Individual classes of ART
When assessing individual classes of ART, again the data are conflicting, with some
studies showing an association, but others not. Most early studies concentrated on
exposure to boosted PIs. However, only half of these studies showed that there was a
significant difference in BMD when boosted PIs were compared to an ART regimen not
containing a boosted PI [142,144,151,199,233,296,300]. In a meta-analysis of 14
studies (n=410; 8 which showed an independent association between boosted PIs and
BMD, and 6 studies that did not), the overall pooled data showed that exposure to
boosted PIs was associated with reduced BMD (OR 1.5, 95% CI 1.1, 2.0) compared to
patients who had never been exposed to boosted PIs [136]. Additionally, in the 12
studies with available data (n=666), the odds of osteoporosis was higher (OR 1.6, 95%
CI 1.1, 2.3) in those on a boosted PI compared to those who were not [136]. However,
the findings from this meta-analysis suggest that looking at the number of studies with
an association in one direction or another may not be reliable. In ART-naïve patients
followed prospectively, some studies have shown an association between loss of BMD
and PIs [252,301,302], whilst others have not [215].
With regards to exposure to NRTIs, one study showed that duration of exposure to
NRTIs was associated with a reduced BMD [194], whilst another has shown an
association with zidovudine/lamivudine [249]. In a cross-sectional study, which
investigated the effect of exposure to TDF, there was no association with either current
exposure or duration of exposure and BMD [199]. However, most prospective studies
in ART-naïve cohorts have shown an association between BMD loss and TDF use
[29,251,252]. The Assessment of Safety and Efficacy of Abacavir/Lamivudine and
Tenofovir/Emtricitabine (ASSERT) study is a longitudinal study investigating the effects
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of TDF/emtricitabine against abacavir/lamivudine in ART-naïve patients. This study
showed that there were reductions in BMD in both groups, but that there was a greater
decrease

in

BMD

patients

on

TDF/emtricitabine

compared

to

those

on

abacavir/lamivudine [251]. In the metabolic sub-study of AIDS Clinical Trials Group
(ACTG) 5202, which also compared TDF/emtricitabine against abacavir/lamivudine,
there was a greater loss of BMD at both the lumbar spine and the hip with
TDF/emtricitabine compared to abacavir/lamivudine [252]. Longitudinal studies in ARTexperienced patients have also investigated the effect of antiretroviral classes. In the
Simplification of Antiretroviral Therapy with Tenofovir-Emtricitabine or AbacavirLamivudine

(STEAL)

study,

ART-experienced

patients

who

switched

to

TDF/emtricitabine had a loss of BMD, whilst those randomised to abacavir/lamivudine
had an increase in BMD [250]. Similar results were reported by Bonjoch et al, who
noted that loss of BMD was associated with the length of time on TDF or a boosted PI,
and the current use of a boosted PI [303], whilst another reported that the greatest loss
was associated with concomitant use of TDF and a boosted PI [304].
There are fewer studies investigating the effect of NNRTIs, and the results have been
variable. One study showed no difference in BMD compared to ART-naïve patients
[299], whilst another showed that exposure to NNRTIs was actually protective [300].
Although the above results suggest that different classes of ART may have different
effects on BMD, further work is needed to clarify the role of ART on BMD, as well as
the effects of individual drugs.

3.1.5 Summary
With the high prevalence of a number of ‘traditional’ factors, plus the additional risk
conferred by HIV infection itself and the exposure to ART, it is not surprising that HIVpositive patients are at a higher risk of developing reduced BMD. Numerous studies
have identified potential risk factors for reduced BMD in HIV-positive patients. This
chapter explores the baseline characteristics of the 422 HIV-positive men recruited into
the study and investigates the factors associated with reduced BMD in this cohort.

3.2 Aims and objectives
Below are the aims for this chapter:
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1. To investigate ascertainment bias by comparing the baseline characteristics of
patients who participated in the pilot study with those who were randomly
selected.
2. To describe the distribution of the following variables at baseline:
a. Demographic characteristics
b. Lifestyle factors
c. Traditional osteoporosis-related factors
d. HIV parameters.
3. To calculate the prevalence of reduced BMD at the following sites:
a. Lumbar spine
b. Non-dominant total hip
c. Non-dominant femoral neck.
4. To identify factors associated with BMD at the following sites:
a. Lumbar spine
b. Non-dominant total hip
c. Non-dominant femoral neck.

Many cross-sectional and longitudinal studies in HIV-positive patients have identified
factors associated with reduced BMD. I identified the risk factors of interest in this
cohort a priori in order to assess for them in each participant. This chapter describes
the distributions of these factors and identifies which factors were associated with
reduced BMD in this cohort.

3.3 Methods
3.3.1 Study design
The detailed methods of the study are given in Chapter 2. In this chapter, the data from
the study participants’ baseline visit (Year 1) were analysed.
Variables were grouped into the following categories:
1. Demographic characteristics: age, ethnicity and HIV transmission risk
2. Lifestyle factors: smoking, alcohol, recreational drug use, walking and exercise
3. Traditional osteoporosis-related factors: BMI, co-morbidities and drugs
associated with osteoporosis
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4. HIV-related factors: duration and clinical stage of HIV infection, CD4 cell count
(nadir and at recruitment), HIV viral load, HBV and HCV co-infection, and ART
status.

Demographic and HIV-related details, including ART history, were obtained from the
HIV clinic database. Risk factors for reduced BMD were obtained from self-reported
questionnaires. Additional information relating to HIV, bone and renal parameters were
obtained from fasted blood and urine samples.
The GE Healthcare Lunar iDXA bone densitometer (GE Healthcare, Madison,
Wisconsin, USA) was used to measure absolute BMD (g/cm2) at the lumbar spine, the
total hip (left total hip and right total hip) and the femoral neck (left femoral neck and
right femoral neck). Using hand dominance, BMD data were reported for the nondominant total hip and non-dominant femoral neck.

3.3.2 Definitions
The WHO T-score definitions were used to define BMD as normal (T-score ≥-1),
osteopenia (T-score <–1.0 to >–2·5) and osteoporosis (T-score ≤–2·5) in those ≥50
years old. In participants <50 years old, the Z-score was used to define BMD as normal
(Z-score >-2) or reduced (Z-score ≤-2). A composite definition of low BMD was derived
using men ≥50 years old with osteoporosis (T-score ≤–2·5) and men <50 years old with
reduced BMD (Z-score ≤-2).
In linear regression, steroid use combined both oral and inhaled steroids.

3.3.3 Statistical analysis
Patients recruited from the pilot study and those randomly selected from the clinic were
compared to ascertain selection bias. The factors compared were demographic factors
(age, ethnicity and BMI), co-infection with HBV or HCV, and HIV factors (duration and
clinical stage of HIV infection, CD4, HIV viral load, ART status and duration of ART
use).
The distribution frequency of each variable was calculated. Mean and SD were
measured in those that were normally distributed and median and interquartile range
(IQR) in those that had skewed distributions. For continuous data, comparisons
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between the two groups were made using paired t-tests for normally distributed
variables and Wilcoxon rank sum for non-parametric variables. For categorical
variables, chi-squared tests were used to compare the two groups. Statistical
significance was denoted as p-value ≤0.05.
The frequency distribution of absolute BMD in g/cm2 was checked at each site.
Absolute BMD at the left and right total hip and left and right femoral neck were
compared using paired t-tests and the mean within-individual difference reported.
Statistical significance was denoted as p-value ≤0.05.
Prevalence of reduced BMD was calculated for the whole cohort using a composite
definition of T-score and Z-score, as well as by age (<50 years old and ≥50 years old).
However, this chapter concentrates on absolute BMD measured as a continuous
variable.
To investigate the factors associated with absolute BMD at each site, linear regression
was performed. Patients on bisphosphonates were excluded from these analyses. All
variables that had a frequency of ≥5% were included, as well as those considered of
importance (e.g. renal disease, rheumatoid arthritis). Factors that were significant at
the 10% level in univariable analysis were tested in a multivariable model. The mean
difference in absolute BMD (β) was reported with 95% confidence intervals. Statistical
significance was denoted by p-value ≤0.05.
Data were complete or near complete for the majority of cases.

3.4 Results
3.4.1 Subject disposition
There were 422 HIV-positive men recruited into the study: 122 from the pilot study and
300 who were randomly selected (Figure 3.4.1.1). When analysing the factors
associated with BMD at each site, 22 men on bisphosphonates were excluded because
bisphosphonate use can have an effect on BMD.
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Figure 3.4.1.1 Summary of subject disposition
This figure shows the number of patients recruited and analysed, including those on bisphosphonates that
were excluded from the analysis of factors associated with low BMD.
BMD: bone mineral density

3.4.2 Comparison of pilot study patients with randomly selected patients
In order to assess selection bias, patients from the pilot study were compared to those
randomly selected to see if the two populations were different. There were no
significant differences with regard to any demographic factors, including age, ethnicity,
BMI, HIV transmission risk, duration and clinical stage of HIV infection, immune and
virologic status, as well as ART use (Table 3.4.2.1). This indicates that the two
populations were similar and that there was no significant ascertainment bias.
Therefore, from henceforth, there will be no distinction between the two groups and all
HIV-positive patients will be analysed as one group.
Table 3.4.2.1 Comparison of the baseline demographic and HIV-related characteristics
between pilot study patients and randomly selected patients
There were no statistical differences in patients recruited from the pilot study and those that were randomly
recruited, suggesting that there was no selection bias.
N

Age, years, mean (SD)
Ethnicity, n (%)
White
Other
2
BMI, kg/m , mean (SD)
HIV transmission risk, n (%)
MSM
Other
Duration of HIV infection, years, median (IQR)

422
422

422
422

422

Pilot study
patients
(N=122)
46 (9.1)

Randomly
selected patients
(N=300)
46 (10.0)

119 (97.5)
3 (2.5)
25 (4.0)

279 (93.0)
21 (7.0)
25 (4.1)

115 (94.3)
7 (5.7)
8.1 (5.1, 13.6)

277 (92.3)
23 (7.7)
10.2 (4.9, 16.1)

P-value

0.86
0.07

0.76
0.48

0.39
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N

Pilot study
patients
(N=122)

Randomly
selected patients
(N=300)

P-value

HIV clinical stage, n (%)
422
0.78
Asymptomatic
59 (48.4)
134 (44.7)
Symptomatic non-AIDS
32 (26.2)
83 (27.7)
Symptomatic AIDS
31 (25.4)
83 (27.7)
CD4, cells/µL, median (IQR)
Nadir
422 205 (109, 277)
184 (92, 270)
0.21
At recruitment
422 547 (413, 719)
547 (411, 692)
0.92
HIV viral load <40, copies/mL, n (%)
422
0.88
Yes
106 (86.9)
259 (86.3)
No
16 (13.1)
41 (13.7)
HBV co-infection, n (%)
422
0.24
Yes
3 (2.5)
15 (5.0)
No
119 (97.5)
285 (95.0)
HCV co-infection, n (%)
422
0.74
Yes
16 (13.1)
43 (14.3)
No
106 (86.9)
257 (85.7)
ART status, n (%)
422
0.22
Never
11 (9.0)
23 (7.7)
Previous
0 (0.0)
7 (2.3)
Current
111 (91.0)
270 (90.0)
Duration on ART, years, median (IQR)
422
5.8 (2.1, 11.3)
6.5 (2.3, 11.8)
0.23
ART: antiretroviral therapy; BMI: body mass index; HBV: hepatitis B; HCV: hepatitis C; IQR: interquartile
range; MSM: men who have sex with men; SD: standard deviation

3.4.3 Baseline demographics
The baseline demographics are shown in Table 3.4.3.1. The majority were of white
ethnicity (94.3%) with a mean age of 47 (SD 9.8) years. In total, 155 (36.7%) men were
≥50 years old. Most had acquired HIV through sex with men (92.9%).
Table 3.4.3.1 Baseline demographics
The majority of men recruited into the study were young, white MSM.
Total
(N=422)
47 (9.8)

Age, years, mean (SD)
Ethnicity, n (%)
White
398 (94.3)
Black
15 (3.6)
Other
9 (2.1)
HIV transmission risk, n (%)
MSM
392 (92.9)
Heterosexual sex
26 (6.2)
IVDU/blood products
4 (0.9)
IVDU: intravenous drug use; MSM: men who have sex with men; SD: standard deviation

3.4.4 Lifestyle factors at baseline
Table 3.4.4.1 gives details relating to lifestyle factors, including smoking, alcohol and
recreational drug use, walking and exercise.
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Table 3.4.4.1 Lifestyle factors, including smoking, alcohol and recreational drug use,
walking and exercise
One-third of the cohort comprised of current smokers, but only a few drank excessively (≥3 units/day).
Many reported recreational drug use, but not intravenous use (see text). Surprisingly, for a young cohort of
men, the majority did no weight-bearing or muscle-toning exercise, although 63% walked regularly.
Total
(N=422)
Smoking, n (%)
Never smoked
Ex-smoker
Current smoker
Alcohol, n (%)
Never
<3 units/day
≥3 units/day
Recreational drug use, n (%)
Yes
No
Walk 30 minutes 3 times per week
Never
Some weeks
Most weeks
Every week
Weight-bearing exercise
Never
Some weeks
Most weeks
Every week
Muscle-toning exercise
Never
Some weeks
Most weeks
Every week

132 (31.3)
137 (32.5)
153 (36.3)
62 (14.7)
298 (70.8)
62 (14.7)
244 (57.8)
178 (42.2)
31 (7.3)
63 (14.9)
62 (14.7)
266 (63.0)
230 (54.5)
76 (18.0)
25 (5.9)
91 (21.6)
215 (51.0)
73 (17.3)
35 (8.3)
99 (23.5)

3.4.4.1 Smoking, alcohol and recreational drug use
There were similar numbers of non-smokers (31.3%), ex-smokers (32.5%) and current
smokers (36.3%). Of those who smoked at recruitment, 51 (33.3%) smoked <10
cigarettes per day, 72 (47.1%) smoked between 10 and 20 cigarettes per day and 30
(19.6%) smoked >20 cigarettes per day.
The majority (360, 85.3%) reported that they drank alcohol. Of these, most (70.8%)
drank within the recommended allowance in the UK of <3 units per day, but 14.7%
drank excessively i.e. ≥3 units per day.
Of those that stated they had ever used recreational drugs, some provided details of
the drugs they had taken. These varied widely and included Class A, B and C drugs, as
well as legalised forms of recreational drugs (e.g. meow meow). However, only 7
(2.9%) of these men reported that they had ever regularly injected drugs, with 2 (0.8%)
having ever been on a methadone programme, although neither reported that they
were taking methadone at recruitment.
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3.4.4.2 Walking and exercise
The majority (63%) of men walked for 30 minutes three times per week, which was the
minimum amount of exercise recommended by the NOS when the study was recruiting
(note that this has now increased to 30 minutes five times per week) [305].
The majority stated that they did no weight-bearing (54.5%) or muscle-toning (51.0%)
exercise, with 24 (5.7%) men reporting that they did no type of exercise at all. This was
surprising considering the young age of the cohort.

3.4.5 Traditional factors associated with reduced BMD at baseline
A number of factors associated with reduced BMD were assessed, including BMI, selfreported co-morbidities and drugs (Table 3.4.5.1).
Table 3.4.5.1 Traditional factors associated with reduced BMD, including BMI,
secondary causes and drugs
Nearly half had a healthy BMI. Men reported a range of co-morbidities, as well as being exposed to
medications relating to low BMD. Although 16.6% and 14.0% were on calcium and vitamin D
supplementation, respectively, only 5.2% were exposed to bisphosphonates.

Height, cm, mean (SD)
Weight, kg, mean (SD)
2
BMI, kg/m , mean (SD)
2
BMI status, kg/m , n (%)
Underweight (BMD <18.5)
Healthy (BMI 18.5–25)
Overweight (BMI 25–30)
Obese (BMI >30)
Secondary co-morbidities, n (%)
Liver dysfunction
Hypogonadism
Diabetes
Renal disease
Rheumatoid arthritis
Hypothyroidism
Inflammatory bowel disease
Anorexia nervosa
Coeliac disease/malabsorption
Hyperthyroidism
Hyperparathyroidism/hypoparathyroidism

Total
(N=422)
177.1 (7.3)
79.2 (14.2)
25.2 (4.1)
11 (2.6)
206 (48.8)
154 (36.5)
51 (12.1)
48 (11.4)
45 (10.7)
23 (5.5)
17 (4.0)
16 (3.8)
12 (2.8)
12 (2.8)
8 (1.9)
3 (0.7)
3 (0.7)
0 (0.0)
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Total
(N=422)
Exposure ever to drugs associated with low BMD, n (%)
a) Drugs associated with reduced BMD
Antidepressants
144 (34.1)
Antacids
59 (14.0)
Steroid inhalers
56 (13.3)
Oral steroids
38 (9.0)
Chemotherapy
17 (4.0)
Anticonvulsants
16 (3.8)
b) Drugs associated with increased BMD
Calcium tablets
70 (16.6)
Vitamin D tablets
59 (14.0)
Testosterone
38 (9.0)
Bisphosphonates
22 (5.2)
Thiazide diuretics
10 (2.4)
BMD: bone mineral density; BMI: body mass index; SD: standard deviation

3.4.5.1 Height, weight and BMI
Using the international classification for BMI, 2.6% were underweight (BMI <18.5
kg/m2), 48.8% had a normal BMI (BMI 18.5-25 kg/m2), 36.5% were overweight (BMI
25-30 kg/m2) and 12.1% were moderately obese (BMI >30 kg/m2). The mean BMI of
25.2 (SD 4.1) kg/m2 was within the healthy range.
3.4.5.2 Secondary causes of reduced BMD
Of self-reported diagnoses relevant to secondary causes of reduced BMD, the
commonest condition was liver dysfunction (11.4%), followed by hypogonadism
(10.7%), diabetes (5.5%) and renal disease (4.0%). Other reported co-morbidities were
rheumatoid arthritis (3.8%), hypothyroidism (2.8%), inflammatory bowel disease (2.8%)
anorexia nervosa (1.9%), coeliac disease/malabsorption (0.7%) and hyperthyroidism
(0.7%).
3.4.5.3 Drugs associated with reduced BMD
Participants provided a detailed history of ever being exposed to medications known to
be associated with reduced BMD. Many were on antidepressants (34.1%). Other
commonly used medications were antacids (13.7%), steroid inhalers (13.3%) oral
steroids (9.0%), chemotherapy (4.0%) and anticonvulsants (3.8%). However, the
collection of detailed information on dosage and duration of exposure were beyond the
scope of this study.
Participants also provided details about medication used in the treatment of reduced
BMD. There were 16.6% and 14.0% who reported taking calcium and vitamin D
supplements, respectively. However, there were very few (5.2%) men taking
bisphosphonates.

All

patients

on

bisphosphonates

were

also

on

calcium
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supplementation and 16 were on vitamin D. There were also 9.0% on testosterone
replacement (oral, topical or as a depot injection).

3.4.6 HIV parameters at baseline
Table 3.4.6.1 shows HIV-related factors.
Table 3.4.6.1 HIV-related factors
The duration of HIV infection was long and 27.0% had been diagnosed with AIDS. However, as the
majority were on ART and had an undetectable HIV viral load, the median CD4 count at recruitment was
high.
Total
(N=422)
Duration of HIV infection, years, median (IQR)
9.6 (5.0, 15.5)
HIV clinical stage, n (%)
Asymptomatic
193 (45.7)
Symptomatic non-AIDS
115 (27.3)
Symptomatic AIDS
114 (27.0)
CD4, cells/µL, median (IQR)
Nadir
191 (100, 277)
At recruitment
547 (411, 696)
HIV viral load <40, copies/mL, n (%)
Yes
365 (86.5)
No
57 (13.5)
HBV co-infection, n (%)
Yes
18 (4.3)
No
404 (95.7)
HCV co-infection, n (%)
Yes
59 (14.0)
No
363 (86.0)
ART status, n (%)
Naïve
34 (8.1)
Previous
7 (1.7)
Current
381 (90.3)
ART: antiretroviral therapy; HBV: hepatitis B; HCV: hepatitis C; IQR: interquartile range

3.4.6.1 Duration and clinical stage of HIV infection
The median duration of HIV infection was 9.6 (IQR 5.0, 15.5) years. Using the WHO
staging classification, 27.0% had an AIDS-defining condition. Although the median
nadir CD4 count was low at 191 (IQR 100, 277) cells/µl, the median CD4 count at
recruitment was 547 (IQR 411, 696) cells/µl. This reflects the high number of
participants on ART (90.3%) with an undetectable HIV viral load (86.5%).
3.4.6.2 HBV and HCV co-infection
HBV and HCV co-infection rates were 4.3% and 14.0%, respectively.
3.4.6.3 ART use
At recruitment, 381 (90.3%) participants were on ART. Of the seven men who were
previous, but not current users of ART, five had stopped ART of their own choice,
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including one who had developed gastrointestinal side effects from one of the drugs,
which led to him stopping his entire regimen. The other two men had taken part in
clinical trials where they had taken a short course of ART.
The ART regimens taken by participants are shown in Table 3.4.6.2. The majority were
on a standard triple regimen with 2 NRTIs and either an NNRTI (48.3%) or a boosted
PI (27.6%). The commonest drug in the NRTI backbone was TDF, which is 1st line
therapy (usually in combination with emtricitabine and EFV), with 73.8% on a TDFcontaining regimen. Patients not on TDF were on a variety of NRTIs, including 28
(7.3%) on a regimen containing abacavir and 2 (0.5%) on a regimen containing
zidovudine.
Table 3.4.6.2 ART regimens of participants on ART
The majority of participants were on an ART regimen containing 2 NRTIs and an NNRTI and that 73.8%
were on a TDF-containing regimen. Participants were exposed to a range of NNRTIs and boosted PIs,
with very small numbers on an integrase or entry inhibitor.
Total
(N=381)
6.1 (2.2, 11.7)

Duration on ART, years, median (IQR)
Current Regimen, n (%)
2 x NRTI + NNRTI
184 (48.3)
2 x NRTI + PI/ritonavir
105 (27.6)
PI/ritonavir only
37 (9.7)
Other
55 (14.4)
Regimen components, n (%)
NRTI Backbone
None
51 (13.4)
1 x NRTI
22 (5.8)
2 x NRTI (including TDF)
281 (73.8)
2 x NRTI (no TDF)
25 (8.9)
3 or 4 NRTI
2 (0.5)
NNRTI
Any
218 (57.2)
EFV
135 (35.4)
Nevirapine
55 (14.4)
Other
28 (7.3)
PI/ritonavir
Any
185 (48.6)
Darunavir/ritonavir
110 (28.9)
Atazanavir or atazanavir/ritonavir
44 (11.5)
Lopinavir/ritonavir
31 (8.1)
Other
1 (0.3)
Other
Any
29 (7.6)
Raltegravir
28 (7.3)
Maraviroc
2 (0.5)
Cumulative exposure to antiretroviral drugs, years, median (IQR)*
TDF
1.7 (0.5, 3.8)
EFV
0.5 (0.0, 3.4)
PI/ritonavir
0.7 (0.0, 4.4)
ART: antiretroviral therapy; EFV: efavirenz; IQR: interquartile range; NNRTI: non-nucleoside reverse
inhibitor; NRTI: nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*Includes all patients who have ever been exposed

With regards to the third drug, 57.2% had been exposed to an NNRTI, with the
commonest drug being EFV (35.4%), followed by nevirapine (14.4%). There were
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48.6% men on a boosted PI, with the majority being on darunavir/ritonavir (28.9%),
atazanavir or atazanavir/ritonavir (11.5%) or lopinavir/ritonavir (8.1%). There were
9.7% men on boosted PI monotherapy. There were 7.6% on other classes of ART,
including raltegravir (7.3%) and maraviroc (0.5%).

3.4.7 Baseline BMD data
Table 3.4.7.1 shows absolute BMD at the lumbar spine, left, right and non-dominant
total hip and left, right and non-dominant femoral neck.
Table 3.4.7.1 Absolute BMD by site
Absolute BMD was normally distributed at all sites. Although all 422 men had their lumbar spine scanned,
only 405 men had L1–L4 composite measured (see text). Not all men had their total hip or femoral neck
measured, mainly because they had metalwork in situ or the region of interest was not correctly scanned
(see text).
2

N
Absolute BMD, g/cm , mean (SD)
Lumbar spine
422
1.137 (0.155)
Left total hip
416
0.996 (0.139)
Right total hip
415
1.002 (0.138)
Non-dominant total hip
415
0.997 (0.139)
Left femoral neck
419
0.949 (0.142)
Right femoral neck
418
0.957 (0.133)
Non-dominant femoral neck
418
0.950 (0.143)
BMD: bone mineral density; SD: standard deviation

3.4.7.1 Lumbar spine
All men had their lumbar spine scanned, but 17 did not have an L1–L4 composite
measurement. In the majority of cases, this was because there was a problem with L4,
including incomplete scanning (n=7), completely missing (n=4) or an artefact overlying
it (n=1). In all these cases, a composite measurement of L1–L3 was used. In two men,
L1 was incompletely scanned, therefore a composite of L2–L4 was used. One man had
a body piercing overlying the L2 vertebra, so a composite of L1, L3–L4 was used in this
case. In the remaining two cases, a composite of only two vertebrae (L3–L4) were
used because one man had a metal rod affecting L1–L2 and the other had severe
scoliosis, so his L1 and L2 vertebrae were excluded as their anatomical landmarks
were difficult to discern.
3.4.7.2 Left total hip, right total hip and non-dominant total hip
There were 416 and 415 patients with left and right total hip data, respectively. The
reason for a patient not having a total hip result was because they had undergone
surgery (e.g. a total hip replacement, a metal screw was in the ROI), because
inadequate amounts of the femoral shaft were scanned within the ROI to enable the
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DXA machine to calculate absolute BMD for the total hip or because the data were
missing and could not be retrieved from the DXA scanner. In total, 12 patients had data
missing for left (n=6) and right (n=7) total hips, with only one missing data for both
sides as he had undergone a bilateral total hip replacement. Of the remaining five
patients missing left total hip data, two had undergone a total hip replacement, one had
a hip screw within the ROI, and two had insufficient amounts of the femoral shaft
scanned. Of those with missing right total hip data, two patients had a hip screw within
the ROI, three did not have an adequate amount of the femoral shaft scanned, and one
had no data stored on the DXA machine, which was irretrievable.
There were 365 (86.5%) men who were right-handed and 57 (13.5%) who were lefthanded. Of the 365 right-handed men, 360 had their left total hip (i.e. their nondominant total hip) scanned, whilst 55 of the 57 left-handed men had their right total hip
scanned. In total, there were 415 patients with data for the non-dominant total hip.
3.4.7.3 Left femoral neck, right femoral neck and non-dominant femoral neck
There were 419 and 418 patients with left and right total hip data, respectively. Femoral
neck data were missing in six patients, with three and four patients missing data on the
left and right sides, respectively. All three patients missing left femoral neck data had
undergone a total hip replacement. Reasons for missing right femoral neck data were a
total hip replacement (n=1), a hip screw within the ROI (n=2) and no data (n=1).
Of the 365 right-handed men, 363 had their left femoral neck (i.e. their non-dominant
femoral neck) scanned, whilst 55 of the 57 left-handed men had their right femoral neck
scanned. In total, 418 men had data for the non-dominant femoral neck.
3.4.7.4 Absolute BMD at baseline
Absolute BMD was normally distributed at all sites (Table 3.4.7.1). Absolute BMD at the
lumbar spine was higher than at any of the hip sites. There was a significant difference
between absolute BMD at the left and right total hip (left minus right: -0.006 [SD 0.040]
g/cm2, p=0.004), but not at the left and right femoral neck (left minus right: -0.006 [SD
0.074] g/cm2, p=0.08).
3.4.7.5 T- and Z-scores at baseline
At all sites, the T- and Z-scores were also normally distributed and the mean T- and Zscores were within the normal range (Table 3.4.7.2). There was a significant difference
between T-scores at the left and right total hip (-0.73 [SD 1.06] vs. -0.69 [SD 1.06],
p=0.01), but not between the right and left femoral neck (-0.93 [SD 1.09] vs. -0.88 [SD
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1.02], p=0.09). This was also similar for the Z-score, where there was a difference
between the left and right total hip (-0.40 [SD 0.96] vs. -0.35 [SD 0.96], p=0.01), but not
between the left and right femoral neck (-0.44 [SD 1.00] vs. -0.39 [SD 0.91], p=0.09).
Table 3.4.7.2 Baseline T- and Z-scores
The mean T- and Z-scores were normally distributed and within the normal range at all sites.

Lumbar spine
Left total hip
Right total hip
Non-dominant total hip
Left femoral neck
Right femoral neck
Non-dominant femoral neck
SD: standard deviation

N
422
416
415
415
419
418
418

T-score, mean (SD)
-0.69 (1.29)
-0.73 (1.06)
-0.69 (1.06)
-0.72 (1.07)
-0.93 (1.09)
-0.88 (1.02)
-0.92 (1.10)

Z-score, mean (SD)
-0.58 (1.22)
-0.40 (0.96)
-0.35 (0.96)
-0.38 (0.96)
-0.44 (1.00)
-0.39 (0.91)
-0.43 (1.00)

3.4.8 Prevalence of reduced BMD
Table 3.4.8.1 shows the prevalence of low BMD using a combination of T- and Zscores, as well as the prevalence using T-score in all patients. The overall prevalence
of reduced BMD at each site was small. In total, there were 64 (15.2%) men with low
BMD at any site using the composite definition. The site with the highest percentage of
reduced BMD was the lumbar spine (10.7%), followed by the non-dominant total hip
(4.8%) and the non-dominant femoral neck (3.3%). When using the T-score in all
patients, the majority had normal BMD at each site, but 192 (45.5%) had osteopenia
and 36 (8.5%) had osteoporosis at any site. Again, the lumbar spine had the highest
prevalence of osteoporosis (5.5%). Interestingly, a high proportion of men had
osteopenia at all sites, although this group of men was not included in the composite
definition of reduced BMD as there is ongoing debate as to the clinical significance of
osteopenia.
Table 3.4.8.1 Prevalence of reduced BMD
The percentage of participants with low BMD (using composite of Z-score ≤-2.0 in men <50 years old and
T-score ≤-2.5 in men ≥50 years old) was small at all sites. When using the T-score in all patients, the
majority had normal BMD at all sites.

Lumbar spine
Non-dominant total hip
Non-dominant femoral neck
At any site
BMD: bone mineral density

N

Reduced BMD,
n (%)

422
415
418
422

45 (10.7)
20 (4.8)
14 (3.3)
64 (15.2)

T-score in all patients, n (%)
Normal
241 (57.1)
249 (60.0)
203 (48.6)
194 (46.0)

Osteopenia
158 (37.4)
156 (37.6)
199 (47.6)
192 (45.5)

Osteoporosis
23 (5.5)
10 (2.4)
16 (3.8)
36 (8.5)

Prevalence of low BMD at the left and right total hips and at the left and right femoral
necks were also assessed (Table 3.6.1.1).
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The prevalence of low BMD was also calculated according to age, using the Z-score in
those <50 years old and the T-score in those ≥50 years old (Table 3.4.8.2). In those
<50 years, the majority had normal BMD at all sites as would be expected in relatively
young men. In those ≥50 years, the majority had normal BMD at the lumbar spine and
the non-dominant total hip, but not at the non-dominant femoral neck. Interestingly, a
high proportion of men ≥50 years old had osteopenia at all sites, although this group of
men were not included in the composite definition of low BMD as there is ongoing
debate as to the clinical significance of osteopenia.
Table 3.4.8.2 Prevalence of reduced BMD according to age
Most men <50 years old had normal BMD. The majority of men ≥50 years old had normal BMD at the
lumbar spine and the non-dominant total hip, but at the non-dominant femoral neck, most had osteopenia.
N

Z-score in <50 year olds,
n (%)
Normal
Reduced BMD
235 (88.0)
32 (12.0)
251 (95.4)
12 (4.6)

Lumbar spine
422
Non-dominant
415
total hip
Non-dominant
418
258 (98.1)
femoral neck
BMD: bone mineral density

5 (1.9)

T-score in ≥50 year olds,
n (%)
Normal
Osteopenia
Osteoporosis
86 (55.5)
56 (36.1)
13 (8.4)
85 (55.9)
59 (38.8)
8 (5.3)
63 (40.6)

83 (53.5)

9 (5.8)

3.4.9 Factors associated with BMD at baseline
Factors associated with absolute BMD at the lumbar spine (Table 3.4.9.1), the nondominant total hip (Table 3.4.9.2) and the non-dominant femoral neck (Table 3.4.9.3)
were compared. Absolute BMD at the left total hip (Table 3.6.2.1), the right total hip
(Table 3.6.3.1), the left femoral neck (Table 3.6.4.1) and the right femoral neck (Table
3.6.5.1) were also compared and the data are presented in Section 3.6. For these
analyses, 22 men on bisphosphonates were excluded.
3.4.9.1 Factors associated with BMD at the lumbar spine
Table 3.4.9.1 shows factors associated with BMD at the lumbar spine. In univariable
analyses, factors associated with a lower BMD were current smoking, a history of
rheumatoid arthritis, use of steroids and being on calcium and/or vitamin D
supplementation, which are all traditional factors known to be associated with low
BMD. The only HIV factors associated with a lower BMD were longer duration of TDF
exposure and longer duration of exposure to a boosted PI. Factors associated with a
higher BMD were non-white ethnicity, having a higher BMI and doing some exercise.
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Table 3.4.9.1 Factors associated with BMD at the lumbar spine
In multivariable analyses, current smoking, exposure to calcium and/or vitamin D supplements and longer
duration of exposure to a boosted PI remained associated with a lower BMD, whilst doing some exercise
and having a higher BMI remained associated with a higher BMD.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Alcohol use
Never
<3 units/day
>3 units/day
Recreational drug use
No
Yes
Exercise
Never
Some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Liver dysfunction
No
Yes
Hypogonadism
No
Yes
Diabetes
No
Yes
Renal disease
No
Yes
Rheumatoid arthritis
No
Yes
Antidepressants
No
Yes
Antacids
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D
supplements
No
Yes
Duration of HIV infection, per
year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS

Univariable
β* (95% CI)
0.003 (-0.01, 0.02)

P-value
0.70

Multivariable
Adjusted β* (95% CI)

P-value

0.00
0.05 (-0.01, 0.12)

0.096

0.00
0.04 (-0.02, 0.10)

0.16

0.00
-0.01 (-0.05, 0.03)
-0.06 (-0.10, -0.02)

0.53
0.002

0.00
-0.01 (-0.04, 0.03)
-0.04 (-0.08, -0.01)

0.68
0.02

-0.02 (-0.07, 0.02)
0.00
-0.002 (-0.05, 0.04)

0.32
0.94

0.00
-0.004 (-0.04, 0.03)

0.81

0.00
0.10 (0.02, 0.18)
0.07 (-0.02, 0.14)
0.04 (-0.03, 0.10)

0.01
0.11
0.28

0.00
0.08 (0.01, 0.15)
0.03 (-0.05, 0.10)
0.01 (-0.06, 0.07)

0.03
0.46
0.85

0.00
0.09 (0.06, 0.12)
0.17 (0.07, 0.16)

<0.0001
<0.0001

0.00
0.07 (0.04, 0.10)
0.10 (0.05, 0.14)

<0.0001
<0.0001

0.00
-0.01 (-0.05, 0.04)

0.83

0.00
-0.02 (-0.07, 0.03)

0.44

0.00
-0.002 (-0.07, 0.07)

0.95

0.00
0.01 (-0.07, 0.09)

0.80

0.00
-0.09 (-0.17, -0.01)

0.03

0.00
-0.08 (-0.16, 0.00)

0.05

0.00
-0.01 (-0.04, 0.02)

0.48

0.00
0.02 (-0.03, 0.06)

0.41

0.00
-0.04 (-0.08, 0.001)

0.06

0.00
-0.03 (-0.07, 0.01)

0.16

0.00
-0.06 (-0.10, -0.02)
-0.001 (-0.004, 0.001)

0.01
0.21

0.00
-0.07 (-0.11, -0.02)

0.002

0.00
-0.02 (-0.06, 0.02)
-0.03 (-0.07, 0.01)

0.28
0.13
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Univariable
β* (95% CI)
CD4 count, per 50 cells/µL
Nadir
Current
HIV viral load <40,
copies/mL
Yes
No
Current ART regimen
None
ART including TDF
ART including PI/ritonavir
ART including TDF +
PI/ritonavir
Other ART
Cumulative ART exposure,
per year**

P-value

0.002 (-0.004, 0.01)
0.002 (-0.001, 0.01)

0.50
0.29

0.00
0.01 (-0.04, 0.05)

0.71

0.00
-0.02 (-0.07, 0.04)
-0.02 (-0.08, 0.04)
-0.039 (-0.095, 0.02)

0.57
0.52
0.18

0.04 (-0.05, 0.12)
-0.002 (-0.01, 0.001)

0.36
0.14

Multivariable
Adjusted β* (95% CI)

P-value

Cumulative TDF exposure,
-0.01 (-0.02, -0.002)
0.01
-0.004 (-0.01, 0.003)
0.22
per year**
Cumulative PI/ritonavir
-0.01 (-0.01, -0.002)
0.004
-0.01 (-0.01, -0.001)
0.02
exposure, per year**
Cumulative NNRTI
0.001 (-0.003, 0.01)
0.69
exposure, per year**
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass
index; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed

In multivariable analyses, factors that remained associated with a lower BMD were
current smoking, exposure to calcium and/or vitamin D supplements and longer
duration of exposure to a boosted PI. Doing some exercise and having a higher BMI
remained associated with a higher BMD.
3.4.9.2 Factors associated with BMD at the non-dominant total hip
Factors associated with BMD at the non-dominant total hip are shown in Table 3.4.9.2.
In univariable analyses, current smoking, a history of hypogonadism, rheumatoid
arthritis, steroid use and supplementation with calcium and/or vitamin D were
associated with a lower BMD. HIV factors associated with a lower BMD were an
undetectable HIV viral load, an ART regimen containing a boosted PI or a combination
of TDF and a boosted PI, longer exposure to ART and longer exposure to a boosted
PI. Non-white ethnicity, doing some regular exercise and a higher BMI were associated
with a higher BMD.
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Table 3.4.9.2 Factors associated with BMD at the non-dominant total hip
In multivariable analyses, only current smoking and calcium and/or vitamin D supplementation remained
associated with a lower BMD, whilst non-white ethnicity and a higher BMI remained associated with a
higher BMD.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Alcohol use
Never
<3 units/day
>3 units/day
Recreational drug use
No
Yes
Exercise
Never
Some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Liver dysfunction
No
Yes
Hypogonadism
No
Yes
Diabetes
No
Yes
Renal disease
No
Yes
Rheumatoid arthritis
No
Yes
Antidepressants
No
Yes
Antacids
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D
supplements
No
Yes
Duration of HIV infection, per
year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS

Univariable
β* (95% CI)
-0.01 (-0.02, 0.01)

P-value
0.19

Multivariable
Adjusted β* (95% CI)

P-value

0.00
0.08 (0.02, 0.14)

0.01

0.00
0.06 (0.01, 0.11)

0.02

0.00
-0.001 (-0.03, 0.03)
-0.06 (-0.09, -0.02)

0.97
0.001

0.00
-0.002 (-0.03, 0.03)
-0.04 (-0.07, -0.01)

0.91
0.01

-0.004 (-0.04, 0.04)
0.00
0.00 (-0.04, 0.04)

0.85
0.98

0.00
-0.004 (-0.03, 0.02)

0.77

0.00
0.06 (-0.01, 0.13)
0.05 (-0.02, 0.13)
0.04 (-0.02, 0.10)

0.07
0.14
0.21

0.00
0.05 (-0.02, 0.11)
0.03 (-0.04, 0.09)
0.02 (-0.04, 0.07)

0.14
0.46
0.57

0.00
0.09 (0.06, 0.12)
0.14 (0.10, 0.18)

<0.0001
<0.0001

0.00
0.08 (0.05, 0.11)
0.12 (0.08, 0.17)

<0.0001
<0.0001

0.00
-0.003 (-0.05, 0.04)

0.91

0.00
-0.04 (-0.09, 0.004)

0.07

0.00
-0.03 (-0.08, 0.01)

0.17

0.00
-0.002 (-0.06, 0.06)

0.95

0.00
-0.03 (-0.10, 0.04)

0.41

0.00
-0.07 (-0.14, 0.001)

0.05

0.00
-0.04 (-0.11, 0.03)

0.22

0.00
-0.001 (-0.03, 0.03)

0.94

0.00
0.01 (-0.03, 0.05)

0.68

0.00
-0.04 (-0.08, -0.01)

0.02

0.00
-0.03 (-0.07, 0.001)

0.06

0.00
-0.04 (-0.08, 0.000)

0.05

0.00
-0.04 (-0.08, -0.004)

0.03

-0.002 (-0.004, 0.000)

0.11

0.00
-0.02 (-0.05, 0.01)
-0.02 (-0.05, 0.01)

0.23
0.26
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Univariable
β* (95% CI)

P-value

Multivariable
Adjusted β* (95% CI)

P-value
CD4 count, per 50 cells/µL
Nadir
0.003 (-0.002, 0.01)
0.28
Current
0.000 (-0.002, 0.003)
0.72
HIV viral load <40,
copies/mL
0.00
0.00
Yes
0.04 (0.000, 0.08)
0.05
0.02 (-0.04, 0.08)
0.56
No
Current ART regimen
None
0.00
0.00
ART including TDF
-0.03 (-0.08, 0.01)
0.15
-0.03 (-0.10, 0.04)
0.44
ART including PI/ritonavir
-0.06 (-0.11, -0.002)
0.04
-0.03 (-0.11, 0.05)
0.51
ART including TDF +
-0.04 (-0.09, 0.01)
0.09
-0.02 (-0.09, 0.05)
0.59
PI/ritonavir
Other ART
-0.03 (-0.10, 0.05)
0.51
-0.03 (-0.12, 0.06)
0.51
Cumulative ART exposure,
-0.002 (-0.01, 0.000)
0.06
0.001 (-0.002, 0.01)
0.45
per year**
Cumulative TDF exposure,
-0.003 (-0.01, 0.004)
0.41
per year**
Cumulative PI/ritonavir
-0.004 (-0.01, 0.000)
0.05
-0.003 (-0.01, 0.002)
0.27
exposure, per year**
Cumulative NNRTI
0.000 (-0.003, 0.003)
0.94
exposure, per year**
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass
index; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed

In multivariable analyses, only current smoking and calcium and/or vitamin D
supplementation remained associated with a lower BMD, although supplementation
with calcium and/or vitamin D was not associated with BMD at either the left (Table
3.6.2.1) or right (Table 3.6.3.1) total hips. Non-white ethnicity and a higher BMI
remained associated with a higher BMD. Interestingly, steroid exposure, which had
been associated with lower BMD at both the left and right total hips, was not
significantly associated with BMD at the non-dominant total hip.
3.4.9.3 Factors associated with BMD at the non-dominant femoral neck
Table 3.4.9.3 shows risk factors associated with BMD at the non-dominant femoral
neck. In univariable analyses, factors associated with a lower BMD were older age,
current smoking, hypogonadism, rheumatoid arthritis and steroid use. HIV factors
associated with a lower BMD were longer duration of HIV infection, more advanced
HIV infection, a detectable HIV viral load, an ART regimen containing TDF, a boosted
PI or a combination of TDF and a boosted PI, longer duration of exposure to ART and
longer duration of exposure to a boosted PI. Non-white ethnicity, doing some regular
exercise, a higher BMI and a higher nadir CD4 count were associated with a higher
BMD.
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Table 3.4.9.3 Factors associated with BMD at the non-dominant femoral neck
In multivariable analysis, only older age was associated with a lower BMD, whilst non-white ethnicity and a
higher BMI remained associated with a higher BMD.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Alcohol use
Never
<3 units/day
>3 units/day
Recreational drug use
No
Yes
Exercise
Never
Some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Liver dysfunction
No
Yes
Hypogonadism
No
Yes
Diabetes
No
Yes
Renal disease
No
Yes
Rheumatoid arthritis
No
Yes
Antidepressants
No
Yes
Antacids
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D
supplements
No
Yes
Duration of HIV infection, per
year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS

Univariable
β* (95% CI)
-0.02 (-0.03, -0.01)

P-value
0.002

Multivariable
Adjusted β* (95% CI)
-0.02 (-0.03, -0.001)

P-value
0.03

0.00
0.09 (0.04, 0.14)

0.001

0.00
0.07 (0.01, 0.12)

0.01

0.00
0.000 (-0.03, 0.03)
-0.04 (-0.07, -0.01)

0.99
0.01

0.00
0.000 (-0.03, 0.03)
-0.03 (-0.06, 0.003)

1.00
0.07

-0.01 (-0.04, 0.03)
0.00
-0.01 (-0.05, 0.03)

0.74
0.61

0.00
0.01 (-0.02, 0.03)

0.62

0.00
0.06 (-0.004, 0.13)
0.07 (0.002, 0.14)
0.04 (-0.01, 0.10)

0.07
0.05
0.13

0.00
0.05 (-0.02, 0.11)
0.04 (-0.03, 0.10)
0.02 (-0.04, 0.08)

0.15
0.23
0.48

0.00
0.08 (0.05, 0.10)
0.11 (0.07, 0.15)

<0.0001
<0.0001

0.00
0.07 (0.04, 0.10)
0.10 (0.06, 0.14)

<0.0001
<0.0001

0.00
-0.003 (-0.05, 0.04)

0.87

0.00
-0.05 (-0.09, -0.001)

0.04

0.00
-0.03 (-0.07, 0.02)

0.27

0.00
-0.03 (-0.09, 0.02)

0.25

0.00
-0.02 (-0.09, 0.04)

0.49

0.00
-0.08 (-0.15, -0.01)

0.03

0.00
-0.04 (-0.11, 0.03)

0.23

0.00
-0.001 (-0.03, 0.03)

0.95

0.00
0.01 (-0.03, 0.05)

0.56

0.00
-0.04 (-0.07, -0.01)

0.02

0.00
-0.03 (-0.07, 0.001)

0.06

0.00
-0.03 (-0.07, 0.01)

0.14

-0.002 (-0.004, 0.000)

0.01

0.002 (-0.002, 0.005)

0.32

0.00
-0.04 (-0.07, -0.004)
-0.03 (-0.06, 0.001)

0.03
0.06

0.00
-0.03 (-0.06, 0.003)
-0.01 (-0.04, 0.02)

0.08
0.53
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Univariable
β* (95% CI)

P-value

Multivariable
Adjusted β* (95% CI)

P-value
CD4 count, per 50 cells/µL
Nadir
0.004 (0.000, 0.01)
0.08
Current
-0.001 (-0.003, 0.002)
0.64
0.000 (-0.01, 0.01)
0.94
HIV viral load <40,
copies/mL
Yes
0.00
0.00
No
0.06 (0.02, 0.10)
0.003
0.02 (-0.05, 0.08)
0.62
Current ART regimen
None
0.00
0.00
ART including TDF
-0.06 (-0.10, -0.01)
0.01
-0.03 (-0.10, 0.04)
0.45
ART including PI/ritonavir
-0.08 (-0.14, -0.03)
0.002
-0.01 (-0.09, 0.07)
0.72
ART including TDF +
-0.06 (-0.11, -0.01)
0.02
-0.01 (-0.08, 0.06)
0.80
PI/ritonavir
Other ART
-0.05 (-0.12, 0.02)
0.18
-0.03 (-0.12, 0.06)
0.57
Cumulative ART exposure,
-0.004 (-0.01, -0.002)
0.001
-0.001 (-0.01, 0.004)
0.79
per year**
Cumulative TDF exposure,
-0.004 (-0.01, 0.002)
0.20
per year**
Cumulative PI/ritonavir
-0.01 (-0.01, -0.001)
0.01
-0.004 (-0.01, 0.002)
0.18
exposure, per year**
Cumulative NNRTI
-0.003 (-0.01, 0.001)
0.12
exposure, per year**
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass
index; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed

In multivariable analysis, only older age was associated with a lower BMD, whilst nonwhite ethnicity and a higher BMI remained associated with a higher BMD. These same
factors were associated with BMD at the left femoral neck (Table 3.6.4.1), which most
likely reflects the right handedness of the cohort.
3.4.9.4 Summary of factors associated with BMD at different sites
Factors that were associated with BMD in multivariable analyses at the different sites
are summarised in Table 3.4.9.4. Current smoking (versus being a non-smoker) was
associated with a lower BMD at the lumbar spine and the total hip, but not at the
femoral neck. Older age was associated with a lower femoral neck BMD but not with
lumbar spine BMD. Supplementation with calcium and/or vitamin D was associated
with a lower BMD at the lumbar spine and the non-dominant total hip only.
Interestingly, steroid use was associated with lower BMD at the left and right total hips
(Table 3.6.2.1 and Table 3.6.3.1), but not at the non-dominant total hip. Non-white
ethnicity (compared to white ethnicity) was associated with a higher hip BMD (both
non-dominant total hip and femoral neck). Doing some exercise as opposed to no
exercise was associated with a higher BMD at the lumbar spine, but not at the hip.
However, the effect was not dose-dependent. A higher BMI (both 25 – 30 kg/m2 and
>30 kg/m2) was associated with a higher BMD at all sites, and was the only factor
found to be significantly associated at all sites. The only HIV-related factor that was
associated with BMD was longer duration of a boosted PI, which was associated with
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lower BMD at the lumbar spine but not at the total hip or the femoral neck. Although the
above factors were all significantly associated with lower or higher BMD, the β
coefficient, which measured the mean difference in absolute BMD, was small in all
cases, suggesting that the changes that occurred were relatively small.
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Table 3.4.9.4 Summary of factors associated with BMD in multivariable analyses by site
This table shows the significant factors associated at each site (lumbar spine, non-dominant total hip and non-dominant femoral neck) with BMD in multivariable linear regression.
Factor

Lumbar spine
Adjusted β* (95% CI)
P-value
-0.04 (-0.08, -0.01)
0.02
0.08 (0.01, 0.15)
0.03
0.07 (0.04, 0.10)
<0.0001
0.10 (0.05, 0.14)
<0.0001
-0.06 (-0.10, -0.02)
0.01

Non-dominant total hip
Adjusted β* (95% CI)
P-value
0.06 (0.01, 0.11)
0.02
-0.04 (-0.07, -0.01)
0.01
0.08 (0.05, 0.11)
<0.0001
0.12 (0.08, 0.17)
<0.0001
-0.04 (-0.08, -0.004)
0.03

Non-dominant femoral neck
Adjusted β* (95% CI)
P-value
-0.02 (-0.03, -0.001)
0.03
0.07 (0.01, 0.12)
0.01
0.07 (0.04, 0.10)
<0.0001
0.10 (0.06, 0.14)
<0.0001
-

Older age vs. younger age
Non-white vs. white ethnicity
Current vs. never smoking
Exercise in some weeks vs. no exercise
2
BMI 25-30 vs. <25 kg/m
2
BMI >30 vs. <25 kg/m
Calcium and/or vitamin D supplementation vs. no
supplementation
Longer vs. shorter duration of PI/ritonavir exposure**
-0.01 (-0.01, -0.001)
0.02
95% CI: 95% confidence interval; BMD: bone mineral density; BMI: body mass index; PI: protease inhibitor
Factors inserted into model: age, ethnicity, smoking, alcohol, recreational drug use, exercise, BMI, liver disease, hypogonadism, diabetes, renal disease, rheumatoid arthritis,
antidepressants, antacids, steroids, calcium supplementation, vitamin D supplementation, duration of HIV infection, HIV clinical stage, CD4 count (nadir and current), HIV viral load,
current ART (none, ART including TDF, ART including boosted PI, ART including TDF and boosted PI, other), cumulative ART exposure (including exposure to TDF, boosted PI or
NNRTI).
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed
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3.5 Discussion
3.5.1 Summary
In total, 422 HIV-positive men were enrolled into my study. The cohort was
homogeneous, with the majority of men being relatively young, white MSM, with good
immune function and well-controlled HIV infection on ART, which reflected the
demographics of the men attending the HIV outpatient clinic in Brighton. They had well
established HIV infection, with a long duration of infection, as well as a significant
percentage having had an AIDS-defining condition and a low nadir CD4 count. This
suggests that many of the participants were diagnosed a number of years ago, when
patients were more likely to present with opportunistic infections and AIDS-related
conditions. However, most were on ART at the time of recruitment, and had well
controlled HIV infection, reflecting the advances made in HIV treatment with the
introduction of ART, including commencing ART at higher CD4 counts and the use of
newer drug regimens [26]. Most patients in my cohort were on a regimen containing
TDF. The different antiretroviral drugs used reflected the changes in practice over the
years. Additionally, the prevalence of HCV co-infection was high, in keeping with rates
reported in MSM populations [256], but the prevalence of HBV was lower than that
reported in the UK CHIC (UK Collaborative HIV Cohort) study [257].
Although participants were recruited into the study in two different ways, there were no
statistically significant differences in demographic and HIV-related factors between
those who had taken part in the pilot study and those who were randomly recruited.
This suggests that the two different methods did not lead to ascertainment bias and
that the study cohort comprised a good representation of the entire cohort of patients
attending the HIV outpatient clinic.
3.5.1.1 Prevalence of reduced BMD
In my cohort, the overall prevalence of reduced BMD at each site was relatively small.
This probably reflects the relatively young mean age of the cohort, as well as good
immune function and well-controlled HIV infection. Additionally, as many had a long
duration of exposure to TDF, and most of the BMD loss associated with TDF has been
reported to occur in the first 24 to 48 months after initiation [29,251], there may have
been stabilisation of BMD in men in this cohort.
In total, the prevalence of reduced BMD using the composite definition of low BMD (Tscore ≤–2·5 in men ≥50 years old in men <50 years old) was 15.2% at any site, with
45.5% having osteopenia and 8.5% having osteoporosis when using the T-score in all
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participants. Even in men ≥50 years old, the prevalence of osteoporosis was low, with
the lumbar spine having the highest prevalence (8.4%). This prevalence is lower than
that reported in the pilot study of 58% and 12% for osteopenia and osteoporosis,
respectively [160], of whom 72.6% were included in my cohort. My figures are also
lower than that reported in a meta-analysis of 11 studies, which included 884 HIVpositive patients, and reported an overall prevalence of osteopenia and osteoporosis
as 67% and 15%, respectively [136]. However, the pooled data were from studies in
the early 2000s, and may reflect different risk factors for reduced BMD than in this
cohort, which may partly explain the differences. The only other UK cohort investigating
BMD in HIV-positive men is the Probono-1 study [306]. Compared to my study, the
men in this study were of a similar age and a similar number of patients were on TDF.
In the Probono-1 study, the prevalence of osteopenia and osteoporosis in HIV-positive
men was 50% (66/133) and 14% (19/133), respectively, whilst the prevalence in HIVnegative male controls was 39% (17/44) and 14% (6/44), respectively, for osteopenia
and osteoporosis [306]. They reported no difference in the rates between HIV-positive
and HIV-negative men. The prevalence of osteopenia and osteoporosis in the
Probono-1 study were slightly higher but similar to the rates in my cohort when
calculated using the T-score in everyone.
Absolute BMD was normally distributed at all five sites, as well as at the non-dominant
total hip and the non-dominant femoral neck. Absolute BMD at the lumbar spine was
higher than that at any of the hip sites, which may reflect age-associated degenerative
spondylotic changes [307]. There was a significant difference in absolute BMD at either
side in relation to the total hips but not at and the femoral necks. As expected, the right
side was the dominant side in most men. This meant that in the majority of cases, the
non-dominant total hip or non-dominant femoral neck related to the left total hip or left
femoral neck, respectively.
3.5.1.2 Bisphosphonate use
There were 22 patients on bisphosphonate treatment. This small number probably
reflects the relatively young age of the cohort and the issues relating to long-term
bisphosphonate use in younger patients, in whom there is debate as to whether
bisphosphonate treatment leads to a reduction in micro-fractures, which are needed to
improve bone strength [308]. As bisphosphonates are known to increase BMD and
lead to fewer vertebral fractures [309], these 22 men were excluded from the analyses
investigating factors associated with BMD. However, excluding these men may have
had an impact on the results as these men clearly had osteoporosis prior to
participating in the study.
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3.5.1.3 Factors associated with reduced BMD
The questionnaire provided a detailed history of factors relating to reduced BMD. The
secondary causes most commonly seen were liver dysfunction, hypogonadism and
diabetes. Liver dysfunction can be a common finding in HIV-positive MSM, secondary
to high rates of co-infection with HBV and HCV, as well as ART toxicity [256,257,310]
and alcohol consumption. Additionally, HIV-positive patients are at increased risk of
renal disease, in particular, RTD associated with certain antiretroviral drugs, such as
TDF and boosted PIs [270,271,310]. However, other diseases that are commonly
associated with reduced BMD in the general population, such as rheumatoid arthritis
and thyroid disorders [253,254], were not common in my cohort.
Another risk factor for reduced BMD was smoking, which is highly prevalent in HIVpositive patients [216-219]. In one large American study, HIV-positive adults were more
likely to smoke and less likely to quit smoking compared to the general population
[219]. A high alcohol intake is a further risk factor occurring in high rates in MSM [311],
who were the majority group in this cohort. Both smoking and alcohol are risk factors
for osteoporotic fractures in the general population [61] and in HIV-positive patients
[193,194,218]. Interestingly, the fracture risk with alcohol use is not linear, with the
relationship being a U-shaped curve [224]. This suggests that abstinence, as well as
excess alcohol consumption may lead to reduced BMD. However, with regards to
moderate alcohol intake, the relationship with BMD appears to be linear [312,313],
suggesting that some alcohol may actually be beneficial.
Study participants also reported a high rate of recreational drug use, but not injecting
drug use. In the general population, most studies have reported an association
between low BMD and opiate use [275,276]. This has also been the case in HIVpositive cohorts in both the pre-ART [195] and ART [153,156,201] eras. However, both
heroin and methadone were not commonly used in my cohort, with only seven patients
reporting that they had ever injected recreational drugs. Low BMD has also been
associated with amphetamine and inhalant use in HIV-negative MSM using TDF for
PrEP [294], as well as in the general population [314]. These recreational drugs may
prove to be important risk factors for reduced BMD in HIV-positive MSM who engage in
recreational drug use and/or chemsex, and require further investigation, although this
study was planned and completed before the current epidemic of chemsex [315].
The results showed that the study participants had been exposed to a large number of
prescribed

medications

associated

with

reduced

BMD.

Many

were

taking

antidepressants, which reflected the high number of patients who reported a history of
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depression. Patients with depression may have not been able to recall all the relevant
details in their medical histories, which may have had an effect on the results from the
questionnaires. However, I did not have information on whether participants were
depressed at the time of their study visit. Other medications commonly used were
antacids, steroid inhalers and oral steroids, with the latter frequently prescribed for the
treatment of opportunistic infections in HIV-positive patients [26].
Although my cohort comprised a relatively young group of men with a mean age of 47
years, many led a sedentary lifestyle with 7.3% stating that they did not walk for at least
30 minutes three times a week, which was the minimum amount of exercise
recommended by the NOS when I started this study. Interestingly, NOS has more
recently increased their recommendations to suggest that 30 minutes of moderateintensity weight-bearing exercise at least five days a week plus muscle strength
training on at least two days a week should be performed by adults to maximise their
bone health [305]. Additionally, the majority of patients never did any weight-bearing or
muscle-toning exercise, further exacerbating their risks for developing reduced BMD. A
meta-analysis in postmenopausal women has shown that prescribed exercise
programmes including aerobic and resistance training are effective at slowing the loss
of BMD at one year, although the duration, intensity and frequency of exercise have not
been determined [229]. Another meta-analysis of published exercise intervention
studies has also shown that exercise can improve or maintain BMD in men [228]. Data
in HIV-positive patients are sparse. One study showed that progressive resistance
training had no effect on BMD, although only BMD at the lumbar spine was assessed
[230]. A study in HIV-positive patients with lipodystrophy has shown that strength
training can increase BMD at the lumbar spine, the femoral neck and the radius [316].
However, it is likely that all HIV-positive patients, and not only those with lipodystrophy,
would gain a benefit because weight-bearing exercise increases bone strength
[317,318], whilst resistance training increases muscle strength, both of which are
needed to prevent a reduction in BMD [319].
3.5.1.4 Factors associated with BMD in this cohort
I evaluated a number of risk factors found in the general population to see if they were
of concern in my cohort. I found that lower BMD was associated with current smoking
at the lumbar spine and the total hip (left, right and non-dominant). This is a traditional
risk factor for osteoporotic fractures [222], and known to be prevalent in HIV-positive
patients [193,194]. Steroid use (both oral and inhaled) showed a borderline association
with lower BMD at the hip (both left and right), but not at the non-dominant total hip,
probably due to small numbers and mostly due to past exposure. Steroid exposure is a
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risk factor associated with reduced BMD and osteoporotic fractures in both the general
[272,273] and HIV-positive populations [192,193]. Older age was also associated with
a lower BMD at the femoral neck (left femoral neck and the non-dominant femoral
neck). This is another well-documented risk factor for reduced BMD in the general
population [69], but has also been described in numerous HIV cohorts [153,156,208211].
Interestingly, in my cohort, calcium and/or vitamin D supplementation was associated
with a lower BMD at the lumbar spine and the non-dominant total hip only, which was
an unexpected finding, but probably reflected the fact that those at risk of or with lower
BMD were already on preventative treatment. This is contrary to studies which have
shown that calcium supplementation has a positive effect on BMD and reduces bone
loss after two or more years of treatment [320]. However, my data may reflect the fact
that men taking calcium and/or vitamin D were started on supplementation due to
concerns about reduced BMD.
Although I investigated a number of HIV-related factors, including duration and clinical
stage of HIV infection, immune suppression and the use of specific antiretroviral drugs,
only longer cumulative exposure to a boosted PI remained significantly associated with
a lower BMD, and this association was only seen at the lumbar spine. This finding has
been previously reported in other studies, including several longitudinal ones
[252,296,301,302,304]. A study from the UK has also shown a higher prevalence of
reduced BMD in those on a PI-containing regimen compared to those not on a PI [306].
Interestingly, there did not appear to be an association between TDF and lower BMD,
which has previously been implicated in reduced BMD [192,250-252,321,322]. Most
data relating to ART use have been conducted in longitudinal studies and are
discussed in detail in Chapter 4.
HIV infection has been shown to be independently associated with lower BMD [323],
and has been postulated to cause a high bone turnover state, causing a ‘catabolic
window’ [324]. However, lack of an association with HIV-related factors may be
because this was a relatively healthy cohort of patients with good immune function and
good virological control of their HIV infection. Additionally, lack of an HIV-negative
control group meant that the effects of the virus alone could not be accounted for.
Higher BMI was strongly associated with a higher BMD at all sites. These findings are
in keeping with results from studies in the general population [232], as well as in the
HIV literature, which have reported that HIV-positive patients have low weight or a low
BMI prior to initiating ART [146,193,194,208,209,233]. A study where 85% of patients
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were on ART has also shown an association with low BMD and low BMI [306]. My
findings are also similar to those reported by Arnsten et al, which found no association
with BMD and HIV infection in overweight or obese HIV-positive men, suggesting that
higher BMI may lessen the effect of HIV infection on BMD [156]. Additionally, a metaanalysis suggested that the high prevalence of low BMD was a result of low body
weight [198]. The majority of patients in this cohort were on ART and had good
virological control, and therefore, a normal or higher BMI was not unexpected.
Another factor associated with a higher BMD was non-white ethnicity at all sites except
at the lumbar spine. This is in keeping with studies indicating that white ethnicity is
associated with lower BMD compared to black ethnicity in children [212] and in adults
[213,214]. Similar findings have also been reported in HIV-positive patients
[153,156,215].
Finally, doing some regular exercise was associated with a higher BMD at the lumbar
spine, but not at any of the hip sites. Weight-bearing and muscle-toning exercise has
been shown to reduce loss of BMD in the general population [229], as well as
maintaining or improving BMD in men [228,325]. In HIV-positive patients, physical
inactivity has been associated with a number of parameters relating to fatigue, weight,
BMI, subcutaneous fat and abdominal girth, all of which reduced with supervised
aerobic exercise [326]. However, it is not clear why there was an effect at the spine but
not at the hip, a finding that warrants further investigation.
3.5.1.5 Conclusions
In summary, there was a low prevalence of reduced BMD in this cohort. This may be
due to the fact that the majority of participants were stable with well-controlled HIV
infection having been on ART long-term. The factors associated with BMD in this
cohort were the ‘traditional’ risk factors, such as older age, white ethnicity, smoking and
exposure to steroids, suggesting that traditional factors may be of more importance
than HIV-related factors in reducing BMD in men with well-controlled HIV infection.
These findings are similar to many others that have reported a high prevalence of
traditional risk factors in HIV-positive patients, including the Strategic Timing of
AntiRetroviral Treatment (START) study, which assessed a large number of racially
diverse ART-naïve HIV-positive patients with normal CD4 cell counts [327]. In this
study, lower BMD was associated with traditional risk factors, but not with HIV-related
factors, such as CD4 cell count or HIV viral load.
Although there was an association between longer duration of exposure to an ART
regimen containing a boosted PI at the lumbar spine, there were no other associations
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between lower BMD and HIV- or ART-related factors. There did not appear to be an
association between ART use and a lower BMD with TDF, which has previously been
implicated in the loss of BMD. This may be due to the fact that this cohort comprised of
men with well-controlled HIV infection, a good immune function and long duration of
exposure to TDF, and it may reflect stabilisation of BMD over time with TDF use.

3.5.2 Strengths and limitations
The main strengths of this study are the large sample size, the homogeneity within the
subjects and a detailed study of numerous factors associated with low BMD, including
traditional risk factors, as well as those relating to HIV infection and ART exposure.
However, this study has some limitations. I had planned to investigate the role of HIV
infection in reducing BMD by comparing men with chronic HIV infection to those with
recently acquired HIV infection (seroconverters) to those who were HIV-negative.
However, both seroconverters and HIV-negative patients were difficult to recruit, and
therefore, I was unable to conduct this analysis. I attempted to recruit HIV-negative
men from the sexual health clinic. Another more successful way may have been to
approach the HIV-negative MSM partner in a serodiscordant couple, especially if the
HIV-positive partner was already recruited into my study. A longer period for
recruitment may also have increased the number of HIV-negative controls and
seroconverters recruited into my study.
Another limitation was that although the study participants provided a detailed history of
factors associated with low BMD, this was mainly in the form of a self-reported
questionnaire. This method of data gathering has limitations, the main one being recall
bias, especially with regard to details which had occurred many years previously.
Additionally, some of the questions were not detailed enough (e.g. those questions
relating to steroid use did not ask for details of the dose and length of time exposed to
steroids), and so this may have led to an over-estimation of risk. I was also unable to
independently verify the details provided in the questionnaire against their medical
records, so I had to rely solely on the participants’ provision of the details. As general
practitioners tend to have a patient’s complete health records, obtaining consent from
study participants to contact their general practitioner for further information may have
been useful in verifying some of the results from the questionnaire.
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3.5.3 Future work
Further recruitment of seroconverters and HIV-negative controls would enable a more
in-depth investigation of the role of HIV infection in reducing BMD.

The findings from this Chapter, together with the results from Chapter 4, have been
presented at the 21st Conference on Retroviruses and Opportunistic Infections,
Boston, USA in March 2014 (poster) and at the 3rd Joint Conference of BHIVA with
BASHH in Liverpool in April 2014 (poster):
Samarawickrama A, Jose S, Sabin C, Walker-Bone K, Fisher M, Gilleece Y. Minimal
change in bone density and no association with HIV factors over 12 months in HIVinfected men (Poster 777).
Samarawickrama A, Jose S, Sabin C, Walker-Bone K, Fisher M, Gilleece Y. Minimal
change in bone density over 12 months in cART-experienced HIV-infected men (Poster
163), HIV Med 2014;15(3):1–16.

3.6 Supplementary data
3.6.1 Prevalence of reduced BMD at the left and right total hips and at the left and
right femoral necks
Table 3.6.1.1 Prevalence of low BMD at the left and right total hips and the left and
right femoral necks
The percentage of participants with low BMD (using composite of Z-score ≤-2.0 in men <50 years old and
T-score ≤-2.5 in men ≥50 years old) was small at all sites. When using the T-score in all patients, the
majority had normal BMD at all 3 sites.
N
Left total hip
416
Right total hip
415
Left femoral neck
419
Right femoral neck
418
BMD: bone mineral density

Low BMD, n (%)
22 (5.3)
16 (3.9)
15 (3.6)
14 (3.4)

T-score in all patients, n (%)
Normal
Osteopenia
Osteoporosis
251 (60.3)
154 (37.0)
11 (2.6)
248 (59.8)
155 (37.3)
12 (2.9)
201 (48.0)
202 (48.2)
16 (3.8)
217 (51.9)
190 (45.5)
11 (2.6)
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3.6.2 Factors associated with BMD at the left total hip
Table 3.6.2.1 Factors associated with BMD at the left total hip
In multivariable analyses, current smoking and steroid use remained associated with a lower BMD. Higher
BMD continued to be associated with non-white ethnicity and having a higher BMI.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Alcohol use
Never
<3 units/day
>3 units/day
Recreational drug use
No
Yes
Exercise
Never
Some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Liver dysfunction
No
Yes
Hypogonadism
No
Yes
Diabetes
No
Yes
Renal disease
No
Yes
Rheumatoid arthritis
No
Yes
Antidepressants
No
Yes
Antacids
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D
supplements
No
Yes
Duration of HIV infection,
per year

Univariable
β* (95% CI)
-0.01 (-0.02, 0.01)

P-value
0.21

Multivariable
Adjusted β* (95% CI)

P-value

0.00
0.08 (0.02, 0.13)

0.02

0.00
0.06 (0.01, 0.11)

0.02

0.00
-0.001 (-0.03, 0.03)
-0.05 (-0.08, -0.02)

0.97
0.002

0.00
-0.003 (-0.03, 0.03)
-0.04 (-0.07, -0.01)

0.87
0.02

-0.01 (-0.05, 0.03)
0.00
0.002 (-0.04, 0.04)

0.72
0.93

0.00
-0.01 (-0.04, 0.02)

0.58

0.00
0.07 (-0.01, 0.14)
0.05 (-0.02, 0.12)
0.04 (-0.02, 0.10)

0.07
0.15
0.20

0.00
0.05 (-0.02, 0.12)
0.03 (-0.04, 0.09)
0.02 (-0.04, 0.08)

0.13
0.44
0.50

0.00
0.09 (0.07, 0.12)
0.14 (0.10, 0.18)

<0.0001
<0.0001

0.00
0.08 (0.05, 0.11)
0.13 (0.09, 0.17)

<0.0001
<0.0001

0.00
-0.01 (-0.05, 0.04)

0.83

0.00
-0.05 (-0.09, 0.001)

0.05

0.00
-0.04 (-0.08, 0.01)

0.11

0.00
-0.003 (-0.06, 0.06)

0.93

0.00
-0.03 (-0.10, 0.04)

0.42

0.00
-0.07 (-0.14, 0.001)

0.05

0.00
-0.04 (-0.11, 0.03)

0.24

0.00
-0.004 (-0.03, 0.02)

0.76

0.00
0.01 (-0.03, 0.05)

0.76

0.00
-0.04 (-0.08, -0.01)

0.02

0.00
-0.04 (-0.07, -0.001)

0.04

0.00
-0.03 (-0.07, 0.01)
-0.001 (-0.003, 0.001)

0.09
0.18

0.00
-0.04 (-0.07, 0.001)

0.06
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Univariable
β* (95% CI)

P-value

Multivariable
Adjusted β* (95% CI)

P-value
HIV clinical stage
Asymptomatic
0.00
Symptomatic non-AIDS
-0.02 (-0.05, 0.01)
0.23
Symptomatic AIDS
-0.02 (-0.05, 0.01)
0.21
CD4 count, per 50 cells/µL
Nadir
0.002 (-0.003, 0.01)
0.37
Current
0.001 (-0.002, 0.003)
0.70
HIV viral load <40,
copies/mL
Yes
0.00
0.00
No
0.03 (-0.01, 0.07)
0.08
0.02 (-0.04, 0.08)
0.56
Current ART regimen
None
0.00
0.00
ART including TDF
-0.03 (-0.07, 0.02)
0.26
-0.02 (-0.09, 0.05)
0.55
ART including
-0.05 (-0.11, 0.003)
0.06
-0.02 (-0.10, 0.06)
0.55
PI/ritonavir
ART including TDF +
-0.04 (-0.09, 0.01)
0.14
-0.02 (-0.09, 0.06)
0.64
PI/ritonavir
Other ART
-0.02 (-0.09, 0.06)
0.62
-0.02 (-0.12, 0.07)
0.60
Cumulative ART exposure,
-0.002 (-0.01, 0.000)
0.08
0.001 (-0.002, 0.01)
0.41
per year**
Cumulative TDF exposure,
-0.002 (-0.01, 0.01)
0.58
per year**
Cumulative PI/ritonavir
-0.004 (-0.01, 0.000)
0.05
-0.003 (-0.01, 0.002)
0.27
exposure, per year**
Cumulative NNRTI
0.000 (-0.003, 0.003)
0.95
exposure, per year**
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass
index; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed

3.6.3 Factors associated with BMD at the right total hip
Table 3.6.3.1 Factors associated with BMD at the right total hip
As with the left total hip, in multivariable analysis, only current smoking and exposure to steroids continued
to be associated with a lower BMD, whilst non-white ethnicity and a higher BMI remained associated with
a higher BMD.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Alcohol use
Never
<3 units/day
>3 units/day
Recreational drug use
No
Yes
Exercise
Never
Some weeks
Most weeks
Every week

Univariable
β* (95% CI)
-0.01 (-0.02, 0.01)

P-value
0.43

Multivariable
Adjusted β* (95% CI)
P-value

0.00
0.07 (0.02, 0.13)

0.01

0.00
0.06 (0.004, 0.11)

0.03

0.00
0.001 (-0.03, 0.03)
-0.06 (-0.09, -0.02)

0.96
0.001

0.00
0.001 (-0.03, 0.03)
-0.04 (-0.07, -0.01)

0.93
0.02

-0.001 (-0.04, 0.04)
0.00
-0.001 (-0.04, 0.04)

0.97
0.96

0.00
-0.01 (-0.03, 0.02)

0.64

0.00
0.05 (-0.02, 0.12)
0.02 (-0.05, 0.09)
0.02 (-0.04, 0.08)

0.13
0.51
0.42
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Univariable
β* (95% CI)

P-value

Multivariable
Adjusted β* (95% CI)

P-value
BMI
<25
0.00
0.00
25-30
0.09 (0.06, 0.12)
<0.0001
0.08 (0.05, 0.11)
<0.0001
>30
0.14 (0.10, 0.18)
<0.0001
0.13 (0.09, 0.17)
<0.0001
Liver dysfunction
No
0.00
Yes
0.01 (-0.04, 0.05)
0.72
Hypogonadism
No
0.00
0.00
Yes
-0.04 (-0.09, 0.01)
0.08
-0.03 (-0.07, 0.02)
0.19
Diabetes
No
0.00
Yes
-0.01 (-0.07, 0.05)
0.78
Renal disease
No
0.00
Yes
-0.03 (-0.10, 0.04)
0.47
Rheumatoid arthritis
No
0.00
0.00
Yes
-0.06 (-0.13, 0.01)
0.10
-0.03 (-0.10, 0.04)
0.41
Antidepressants
No
0.00
Yes
-0.003 (-0.03, 0.03)
0.84
Antacids
No
0.00
Yes
0.02 (-0.02, 0.06)
0.40
Steroids
No
0.00
0.00
Yes
-0.04 (-0.08, -0.01)
0.02
-0.03 (-0.07, -0.001)
0.04
Calcium and/or vitamin D
supplements
No
0.00
Yes
-0.03 (-0.07, 0.01)
0.17
Duration of HIV infection, per -0.002 (-0.004, 0.000)
0.10
year
HIV clinical stage
Asymptomatic
0.00
0.00
Symptomatic non-AIDS
-0.03 (-0.06, 0.01)
0.23
-0.02 (-0.05, 0.01)
0.14
Symptomatic AIDS
-0.03 (-0.06, 0.004)
0.08
-0.02 (-0.05, 0.02)
0.35
CD4 count, per 50 cells/µL
Nadir
0.003 (-0.001, 0.01)
0.15
Current
0.000 (-0.003, 0.003)
0.96
HIV viral load <40,
copies/mL
Yes
0.00
0.00
No
0.04 (0.001, 0.08)
0.05
0.01 (-0.05, 0.08)
0.66
Current ART regimen
None
0.00
0.00
ART including TDF
-0.03 (-0.08, 0.01)
0.17
-0.03 (-0.10, 0.05)
0.48
ART including PI/ritonavir
-0.07 (-0.12, -0.01)
0.02
-0.03 (-0.11, 0.05)
0.43
ART including TDF +
-0.04 (-0.09, 0.01)
0.10
-0.02 (-0.09, 0.06)
0.65
PI/ritonavir
Other ART
-0.02 (-0.09, 0.05)
0.59
-0.03 (-0.12, 0.07)
0.59
Cumulative ART exposure,
-0.003 (-0.01, 0.000)
0.04
0.001 (-0.002, 0.01)
0.43
per year**
Cumulative TDF exposure,
-0.002 (-0.01, 0.004)
0.46
per year**
Cumulative PI/ritonavir
-0.004 (-0.01, -0.001)
0.02
-0.003 (-0.01, 0.003)
0.29
exposure, per year**
Cumulative NNRTI
-0.001 (-0.004, 0.003)
0.75
exposure, per year**
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass
index; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed
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3.6.4 Factors associated with BMD at the left femoral neck
Table 3.6.4.1 Factors associated with BMD at the left femoral neck
In multivariable analyses, only older age remained associated with a lower BMD, whilst non-white ethnicity
and a higher BMI were associated with a higher BMD.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Alcohol use
Never
<3 units/day
>3 units/day
Recreational drug use
No
Yes
Exercise
Never
Some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Liver dysfunction
No
Yes
Hypogonadism
No
Yes
Diabetes
No
Yes
Renal disease
No
Yes
Rheumatoid arthritis
No
Yes
Antidepressants
No
Yes
Antacids
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D
supplements
No
Yes
Duration of HIV infection,
per year

Univariable
β* (95% CI)
-0.02 (-0.03, -0.01)

P-value
0.002

Multivariable
Adjusted β* (95% CI)
-0.02 (-0.03, -0.002)

P-value
0.03

0.00
0.08 (0.03, 0.14)

0.002

0.00
0.06 (0.01, 0.11)

0.02

0.00
-0.001 (-0.03, 0.03)
-0.04 (-0.07, -0.01)

0.94
0.01

0.00
-0.002 (-0.03, 0.03)
-0.03 (-0.06, 0.002)

0.88
0.07

-0.01 (-0.05, 0.03)
0.00
0.002 (-0.04, 0.03)

0.71
0.71

0.00
0.004 (-0.02, 0.03)

0.79

0.00
0.06 (-0.01, 0.13)
0.06 (-0.01, 0.13)
0.04 (-0.02, 0.10)

0.09
0.08
0.17

0.00
0.04 (-0.02, 0.11)
0.03 (-0.03, 0.09)
0.02 (-0.04, 0.07)

0.18
0.35
0.57

0.00
0.08 (0.05, 0.10)
0.11 (0.07, 0.15)

<0.0001
<0.0001

0.00
0.07 (0.04, 0.10)
0.10 (0.06, 0.14)

<0.0001
<0.0001

0.00
-0.01 (-0.05, 0.04)

0.75

0.00
-0.05 (-0.10, -0.01)

0.03

0.00
-0.03 (-0.08, 0.02)

0.19

0.00
-0.04 (-0.09, 0.02)

0.20

0.00
-0.03 (-0.10, 0.04)

0.39

0.00
-0.08 (-0.15, -0.01)

0.03

0.00
-0.04 (-0.11, 0.03)

0.22

0.00
-0.002 (-0.03, 0.03)

0.90

0.00
0.01 (-0.03, 0.05)

0.61

0.00
-0.04 (-0.07, -0.01)

0.02

0.00
-0.03 (-0.07, 0.000)

0.05

0.00
-0.02 (-0.06, 0.02)
-0.002 (-0.004, 0.000)

0.25
0.02

0.002 (-0.001, 0.01)

0.27
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Univariable
β* (95% CI)

P-value

Multivariable
Adjusted β* (95% CI)

P-value
HIV clinical stage
Asymptomatic
0.00
0.00
Symptomatic non-AIDS
-0.04 (-0.07, -0.01)
0.02
-0.03 (-0.06, 0.000)
0.05
Symptomatic AIDS
-0.03 (-0.07, -0.002)
0.04
-0.02 (-0.05, 0.02)
0.37
CD4 count, per 50 cells/µL
Nadir
0.004 (-0.001, 0.01)
0.11
Current
-0.001 (-0.003, 0.002)
0.64
HIV viral load <40,
copies/mL
Yes
0.00
0.00
No
0.06 (0.02, 0.09)
0.004
0.02 (-0.04, 0.08)
0.58
Current ART regimen
None
0.00
0.00
ART including TDF
-0.05 (-0.10, -0.01)
0.02
-0.02 (-0.09, 0.05)
0.58
ART including
-0.08 (-0.13, -0.03)
0.003
-0.01 (-0.09, 0.07)
0.78
PI/ritonavir
ART including TDF +
-0.06 (-0.10, -0.01)
0.02
-0.01 (-0.08, 0.07)
0.86
PI/ritonavir
Other ART
-0.04 (-0.11, 0.03)
0.23
-0.02 (-0.11, 0.07)
0.68
Cumulative ART exposure,
-0.004 (-0.01, -0.002)
0.001
-0.001 (-0.01, 0.004)
0.80
per year**
Cumulative TDF exposure,
-0.003 (-0.01, 0.003)
0.32
per year**
Cumulative PI/ritonavir
-0.01 (-0.01, -0.001)
0.008
-0.004 (-0.01, 0.002)
0.21
exposure, per year**
Cumulative NNRTI
-0.002 (-0.01, 0.001)
0.16
exposure, per year**
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass
index; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed

3.6.5 Factors associated with BMD at the right femoral neck
Table 3.6.5.1 Factors associated with BMD at the right femoral neck
In multivariable analysis, only steroid use remained associated with a lower BMD. As at the left femoral
neck, non-white ethnicity and a higher BMI remained associated with a higher BMD.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Alcohol use
Never
<3 units/day
>3 units/day
Recreational drug use
No
Yes
Exercise
Never
Some weeks
Most weeks
Every week

Univariable
β* (95% CI)
-0.02 (-0.03, -0.004)

P-value
0.01

Multivariable
Adjusted β* (95% CI)
-0.01 (-0.03, 0.003)

P-value
0.13

0.00
0.09 (0.03, 0.14)

0.002

0.00
0.07 (0.01, 0.12)

0.01

0.00
0.01 (-0.02, 0.04)
-0.04 (-0.07, -0.01)

0.51
0.02

0.00
0.01 (-0.02, 0.04)
-0.02 (-0.06, 0.01)

0.55
0.22

0.000 (-0.04, 0.04)
0.000
-0.001 (-0.04, 0.04)

1.00
0.96

0.00
0.003 (-0.02, 0.03)

0.84

0.00
0.06 (-0.01, 0.13)
0.05 (-0.02, 0.12)
0.04 (-0.01, 0.10)

0.07
0.16
0.13

0.00
0.05 (-0.01, 0.11)
0.03 (-0.04, 0.09)
0.03 (-0.03, 0.08)

0.12
0.42
0.29
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Univariable
β* (95% CI)

P-value

Multivariable
Adjusted β* (95% CI)

P-value
BMI
<25
0.00
0.00
25-30
0.07 (0.05, 0.10)
<0.0001
0.07 (0.04, 0.09)
<0.0001
>30
0.11 (0.07, 0.15)
<0.0001
0.11 (0.07, 0.15)
<0.0001
Liver dysfunction
No
0.00
Yes
0.01 (-0.036, 0.047)
0.79
Hypogonadism
No
0.00
0.00
Yes
-0.04 (-0.09, 0.003)
0.07
-0.02 (-0.06, 0.03)
0.42
Diabetes
No
0.00
Yes
-0.04 (-0.09, 0.02)
0.22
Renal disease
No
0.00
Yes
-0.02 (-0.09, 0.05)
0.53
Rheumatoid arthritis
No
0.00
Yes
-0.05 (-0.12, 0.02)
0.14
Antidepressants
No
0.00
Yes
-0.003 (-0.03, 0.02)
0.82
Antacids
No
0.00
Yes
0.03 (-0.01, 0.06)
0.16
Steroids
No
0.00
0.00
Yes
-0.04 (-0.07, -0.002)
0.04
-0.03 (-0.07, 0.000)
0.05
Calcium and/or vitamin D
supplements
No
0.00
Yes
-0.02 (-0.05, 0.02)
0.37
Duration of HIV infection, per -0.002 (-0.004, 0.000)
0.01
0.002 (-0.001, 0.01)
0.25
year
HIV clinical stage
Asymptomatic
0.00
0.00
Symptomatic non-AIDS
-0.03 (-0.06, 0.000)
0.05
-0.02 (-0.05, 0.01)
0.15
Symptomatic AIDS
-0.03 (-0.06, 0.002)
0.07
-0.01 (-0.04, 0.03)
0.69
CD4 count, per 50 cells/µL
Nadir
0.004 (0.000, 0.01)
0.07
Current
-0.001 (-0.003, 0.002)
0.70
0.001 (-0.004, 0.01)
0.75
HIV viral load <40,
copies/mL
Yes
0.00
0.00
No
0.05 (-0.02, 0.09)
0.01
0.02 (-0.04, 0.08)
0.50
Current ART regimen
None
0.00
0.00
ART including TDF
-0.05 (-0.09, -0.002)
0.04
-0.01 (-0.08, 0.06)
0.73
ART including PI/ritonavir
-0.08 (-0.13, -0.03)
0.003
-0.004 (-0.08, 0.08)
0.92
ART including TDF +
-0.05 (-0.10, 0.000)
0.05
0.01 (-0.07, 0.08)
0.87
PI/ritonavir
Other ART
-0.03 (-0.10, 0.05)
0.48
0.01 (-0.08, 0.10)
0.88
Cumulative ART exposure,
-0.004 (-0.01, -0.002)
0.0004
-0.002 (-0.01, 0.003)
0.46
per year**
Cumulative TDF exposure,
-0.004 (-0.01, 0.003)
0.25
per year**
Cumulative PI/ritonavir
-0.01 (-0.01, -0.002)
0.004
-0.004 (-0.01, 0.002)
0.21
exposure, per year**
Cumulative NNRTI
-0.003 (-0.01, 0.001)
0.11
exposure, per year**
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMD: bone mineral density; BMI: body mass
index; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*β is the mean difference in absolute BMD
**Includes all patients who have ever been exposed
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Chapter 4: A longitudinal analysis of risk factors associated
with reduction in BMD at 12 months

4.1 Background
4.1.1 Introduction
As well as assessing the prevalence of reduced BMD in HIV-positive patients, others
have investigated BMD prospectively. However, in many studies this was not the
primary objective, they were looking for changes in BMD over time to identify risk
factors associated with a reduction in BMD. These factors are the same as those
mentioned in Chapter 3, and include traditional factors and HIV-related factors, in
particular, those relating to ART exposure.

4.1.2 BMD data from longitudinal studies in HIV-positive cohorts
Most longitudinal studies that have investigated change in BMD over time have
grouped cohorts according to ART use. Investigators have either assessed the effect of
ART initiation on BMD in ART-naïve patients or investigated the effect of switching
ART in patients who are ART-experienced. Some researchers have also investigated
whether ART per se has an effect on BMD. In the SMART sub-study, the effects of
continuous ART were compared with intermittent ART, although this study had to be
terminated early due to an increase in opportunistic infections and mortality in patients
in the intermittent arm [11]. This study showed that there was a significantly greater
decrease in BMD in patients on continuous ART compared to those on intermittent
ART, suggesting that ART may have an effect on BMD.
4.1.2.1 Effect of ART initiation on BMD
Several longitudinal studies in ART-naïve patients have provided a useful insight into
the relationship between HIV and ART exposure on BMD (Table 4.1.2.1). Although the
follow-up periods and ART regimens varied considerably, the results from different
studies have been consistent. The majority have shown an initial reduction in BMD of
between

2%

and

6%

in

the

first

two

years

of

initiating

ART

[29,215,249,251,252,301,302,328-332]. Some studies reported a rapid lowering of
BMD on commencing ART (i.e. within the first two years), with rates varying depending
on the ART combination and the site measured [249,252,330].
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Table 4.1.2.1 Longitudinal studies investigating BMD in ART-naïve patients
Longitudinal studies in ART-naïve patients have shown an initial loss of BMD on initiating ART, which stabilises after 24–48 months, although usually lower than at baseline.
Author
(name of study)

Year

Location

N

% male

Mean age
(years)

Followup period
(weeks)
144

ART regimens

Comment

Mallon [328]

2003

Australia

40

100

40

Variety

36

144

62

33

288

TDF/lamivudine/EFV vs.
stavudine/lamivudine/
EFV
TDF/lamivudine/EFV

32

100

-

48

BMD decreased with ART initiation (24–48 weeks)
and then stabilised, but was lower at week 144 than
at baseline.
BMD decreased with ART initiation (24–48 weeks)
and then stabilised (48–144 weeks); greater decrease
in lumbar spine BMD in TDF arm.
Small BMD changes at lumbar spine and hip seen in
the first 48 weeks were non-progressive, but BMD
was lower at week 288 than at baseline.
BMD decreased with ART initiation, with greater loss
associated with lopinavir/ritonavir at the lumbar spine.

Gallant [29]
(903)

2004

South America,
Europe and USA

600

74

Cassetti [329]
(903 open label
extension)
Rivas [301]

2007

86

2008

Brazil, Argentina
and the Dominican
Republic
Spain

Brown [215]
(613)

2009

USA

106

78

38

96

Duvivier [302]
(HippocampeANRS 121)

2009

France

71

77

40

a

48

van Vonderen
[249]
(MEDICLAS)

2009

Netherlands, Spain,
Finland and UK

50

100

41

a

48

Stellbrink [251]
(ASSERT)

2010

13 European
countries

385

81

37

a

48

a

Zidovudine/lamivudine/
abacavir vs. zidovudine/
lamivudine/lopinavir/
ritonavir
Zidovudine/lamivudine/
EFV vs. zidovudine/
lamivudine/lopinavir/
ritonavir (24–48 weeks,
followed by lopinavir/
ritonavir only)
NNRTI/ PI/ritonavir vs.
NRTIs/ PI/ritonavir vs.
NRTIs/NNRTI
Zidovudine/lamivudine/
lopinavir/ritonavir vs.
nevirapine/lopinavir/
ritonavir
TDF/emtricitabine/EFV
vs. abacavir/lamivudine/
EFV

BMD decreased with ART initiation, with similar rates
of loss in both arms.

BMD decreased with ART initiation in both arms;
decrease in lumbar spine BMD was greater in NNRTI/
boosted PI and NRTIs/boosted PI arms than in
NRTIs/NNRTI arm at week 48.
BMD decreased rapidly with ART initiation in both
arms, but was greater in zidovudine/lamivudine/
lopinavir/ritonavir arm.
BMD decreased with ART initiation in both arms, with
greater decrease in TDF/emtricitabine/EFV arm at
week 48.

132

Author
(name of study)

Year

Location

N

% male

Mean age
(years)

McComsey
[252]
[ACTG A5224s
(ACTG A5202
sub-study)]

2011

USA

269

85

38

a

Huang [330]
(ACTG A5142)

2013

USA

687

81

38

a

96

Reynes [333]
(PROGRESS)

2013

206

85

40

96

Bedimo [334]
(RADAR)

2014

Canada, USA,
Puerto Rico, Italy,
Spain, Poland and
France
USA

85

93

39/44 *

48

Bernardino [331]
(NEAT001/ANR
S143 sub-study)

2015

15 European
countries

146

88/89*

37/39*

48

Brown [332]
[ACTG A5260s
(ACTG A5257
sub-study)]

2015

USA

328

82

37/35/36 *

Taiwo [335]
(ACTG A5303)

2015

USA

259

91

33

a

a

a

Followup period
(weeks)
96

96

48

ART regimens

TDF/emtricitabine/EFV
vs. abacavir/lamivudine/
EFV vs. TDF/
emtricitabine/atazanavir/
ritonavir vs. abacavir/
lamivudine/atazanavir/
ritonavir
NRTIs (lamivudine plus
zidovudine, stavudine or
TDF)/EFV vs. NRTIs/
lopinavir/ritonavir vs.
EFV/lopinavir/ritonavir
TDF/emtricitabine/
lopinavir/ritonavir vs.
raltegravir/lopinavir/
ritonavir
TDF/emtricitabine/
darunavir/ritonavir vs.
raltegravir/darunavir/
ritonavir
TDF/emtricitabine/
darunavir/ritonavir vs.
raltegravir/darunavir/
ritonavir
TDF/emtricitabine/
atazanavir/ritonavir vs.
TDF/emtricitabine/
darunavir/ritonavir vs.
TDF/emtricitabine/
raltegravir
TDF/emtricitabine/
darunavir/ritonavir vs.
maraviroc/emtricitabine/
darunavir/ritonavir

Comment

BMD decreased rapidly with ART initiation in both
arms (0–24 weeks) and then stabilised; greater BMD
loss in spine and hip BMD with TDF/emtricitabine
compared with abacavir/lamivudine and in spine (but
not hip) BMD with atazanavir/ritonavir compared to
EFV.
Total BMD decreased in all arms, but greatest decline
with TDF-containing regimens (0–48 weeks) followed
by similar losses in all arms (48–96 weeks).

Significant decrease in mean percent BMD in
TDF/emtricitabine/lopinavir/ritonavir arm at 96 weeks
from baseline compared to TDF-sparing arm.
Although raltegravir/ darunavir/ritonavir arm did not
achieve similar virologic efficacy, there was an
increase in BMD compared to TDF/emtricitabine/
darunavir/ritonavir.
BMD decreased with ART initiation in both arms, with
greater decrease in TDF/emtricitabine/darunavir/
ritonavir arm than raltegravir/darunavir/ritonavir arm at
week 48.
BMD decreased in all arms, with similar losses with
either PI regimen but lowest loss with raltegravir.

Maraviroc associated with less bone loss at lumbar
spine and hip compared with TDF at 48 weeks.
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Author
(name of study)

Year

Location

N

% male

Mean age
(years)

Young [336]

2015

USA

30

85

38

a

Followup period
(weeks)
104

ART regimens

Comment

TDF/emtricitabine/
Small (1.5%) but statistically significant decrease in
raltegravir
BMD from baseline to week 104.
ACTG: AIDS Clinical Trials Group; ANRS: Agence Nationale de Recherche sur le Sida; ART: antiretroviral therapy; ASSERT: Assessment of Safety and Efficacy of
Abacavir/Lamivudine and Tenofovir/Emtricitabine; BMD: bone mineral density; EFV: efavirenz; MEDICLAS: Metabolic Effects of DIfferent Classes of AntiretroviralS; NRTI:
nucleoside reverse transcriptase inhibitor; NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; RADAR: Efficacy of RAltegravir combined with boosted
DARunavir compared to tenofovir/emtricitabine combined with boosted darunavir in antiretroviral-naïve patients; TDF: tenofovir
a
median
*Age for each arm
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Most of these studies were RCTs. In one of these studies, patients were randomised to
receive either zidovudine/lamivudine/EFV or zidovudine/lamivudine/lopinavir/ritonavir
[215]. Although there was a decrease in total BMD in both arms after 48 weeks, there
was no significant difference between the EFV and lopinavir/ritonavir groups. The
ACTG 5202 metabolic sub-study was another study in ART-naïve patients which
compared TDF/emtricitabine against abacavir/lamivudine in the backbone, as well as
the effect of EFV against atazanavir/ritonavir as the third drug [252]. In this study, there
was an initial loss of BMD in both arms, which stabilised after 48 weeks. Additionally,
there was no significant difference in fracture rates between the different arms.
In the remaining studies, significant differences were noted between the different arms,
and these differences related to both the type of ART regimens and the sites affected
[29,249,301,302,330-332]. In a French study, patients were randomised into three
groups (NNRTI/ PI/ritonavir vs. NRTIs/ PI/ritonavir vs. NRTIs/NNRTI) and changes
were observed over 48 weeks [302]. Although there was a decrease in BMD in all three
arms at the lumbar spine and the hip, there was a significantly greater loss of BMD at
the lumbar spine in patients on a boosted PI. Similar results were observed in a
Spanish study comparing abacavir with lopinavir/ritonavir and a backbone of
zidovudine/lamivudine [301]. In another, where HIV-positive men were randomised to
receive either zidovudine/lamivudine/lopinavir/ritonavir or nevirapine/lopinavir/ritonavir,
there was a decrease in BMD in both arms, but a significantly greater loss of BMD at
the femoral neck in the zidovudine/lamivudine arm [249].
In studies followed-up beyond two years, BMD tended to stabilise after the first two
years, but was lower than at baseline [29,328]. In the study following patients for the
longest period of six years, the small reduction in BMD at the lumbar spine and the hip
was non-progressive after 48 weeks [329]. Similar results have been reported in a
meta-analysis, which showed that there was an initial accelerated loss of BMD on
commencing ART, which stabilised over time [337]. However, it is still unclear whether
this reduction in BMD is due to ART or to the pro-inflammatory nature of HIV infection.
When investigating individual antiretroviral drugs, several studies have shown greater
losses in BMD with regimens containing TDF [29,251,252,330,331,334,335]. In the
Gilead 903 study, TDF was compared to stavudine in combination with lamivudine and
EFV [29]. Although there was a reduction in lumbar spine BMD at 24 weeks and in hip
BMD at 48 weeks, there was a significantly greater loss of BMD at the lumbar spine in
patients on TDF. This study also showed that the increase in BMD was only partial,
and that it did not reach baseline levels. The ASSERT study is a 96-week study, which
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investigated the effects of TDF/emtricitabine against abacavir/lamivudine in ART-naïve
patients [251]. It showed that there were reductions in BMD in both groups at 48
weeks, but a greater decrease occurred in patients on TDF/emtricitabine compared to
those on abacavir/lamivudine. A study measuring total BMD also reported greater
reductions in BMD with TDF in the first 48 weeks, while patients on EFV without TDF
had lesser reductions even compared to the NRTI-sparing arm [330]. In this study, all
arms showed similar losses from 48 to 96 weeks, suggesting that the effect of TDF is
greatest in the first two years after initiating ART.
Interestingly, in the Initiativa Profilaxis Pre-Exposición (iPrEx) study, a RCT of PrEP in
MSM and transgender women, those randomised to TDF/emtricitabine had a small but
significant reduction in BMD at week 24 compared to those on placebo [338]. This loss
of BMD by 24 weeks was inversely correlated to intracellular TDF concentrations. On
discontinuation of TDF/emtricitabine, BMD at the lumbar spine improved, with BMD
being more stable after the first 24 weeks. This study demonstrated that MSM at risk of
acquiring HIV have a reduction in BMD on initiating PrEP with TDF and suggests that
TDF rather than HIV infection has an effect on loss of BMD. However, there was no
difference in fracture rates between the two arms.
In contrast to TDF, raltegravir appears to have the least effect on reducing BMD
[331,332,334]. In one study conducted across 15 European countries, there was less
reduction in BMD with a raltegravir-based ART regimen compared to a standard
regimen containing TDF [331]. In an American study using TDF/emtricitabine as the
backbone and comparing two PIs (atazanavir/ritonavir vs. darunavir/ritonavir) against
raltegravir, there were similar reductions in BMD with either PI arm, with those on
raltegravir having the least loss of BMD [332]. In another small American study where
ART-naïve patients were started on TDF/emtricitabine/raltegravir, there was a
reduction in BMD from baseline to week 104 [336]. However, the loss of BMD was
small (1.5%) and lower than the 2% to 6% quoted in many other studies. Interestingly,
in the Efficacy of RAltegravir combined with boosted DARunavir compared to
tenofovir/emtricitabine combined with boosted darunavir in antiretroviral-naïve patients
(RADAR) study, there was an increase in BMD in the NRTI-sparing arm
(raltegravir/darunavir/ritonavir), but patients in this arm failed to achieve virologic
suppression that was similar to those on TDF/emtricitabine/darunavir/ritonavir [334]. In
the PROGRESS study, there was a mean percent reduction in BMD in the
TDF/emtricitabine/lopinavir/ritonavir arm at 96 weeks compared to the TDF-sparing
arm that contained raltegravir [333].
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4.1.2.2 Effect of ART switching on BMD
Prospective studies in ART-exposed patients are shown in Table 4.1.2.2. In many of
these studies, BMD remained stable over time [151,159,194,233,296,303,339,340].
Two studies have shown that although the baseline BMD was lower in ARTexperienced HIV-positive women compared to HIV-negative women, the rate of loss of
BMD in the HIV-positive group was not significant and was no different to that seen in
the HIV-negative group [159,194]. In the first study, loss of BMD was associated with
NRTI use [194], whilst in the second study, VDD and opiate use were significantly
associated [159]. Additionally, a Spanish study in mainly HIV-positive men has shown
that although there was no significant change in BMD over time, loss of BMD was
associated with exposure to boosted PIs [296]. One study in osteopenic HIV-positive
men showed that BMD changed modestly over two years, although a loss of BMD was
associated with exposure to TDF [322].
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Table 4.1.2.2 Longitudinal studies investigating BMD in ART-exposed patients
The majority of longitudinal studies in ART-exposed patients have shown that BMD remained stable over time with ART exposure.
Author
(name of study)

Year

Location

N

%
male
100

Mean
age
(years)
43

Followup period
(weeks)
377 days

Nolan [233]
(Western Australian
HIV Cohort)

2001

Australia

54

Dube [341]

2002

USA

Fernandez-Rivera
[296]
Mondy [193]
Madeddu [151]

2003

ART regimens

14

86

38

48

Spain

70

-

-

48

Variety of regimens containing 2
NRTIs (zidovudine/stavudine/
lamivudine/didanosine) and PI
(nelfinavir or indinavir)
2 NRTIs (abacavir or didanosine/
lamivudine or stavudine) and PI
(amprenavir)
Variety of regimens

2003
2004

USA
Italy

90
27

-

-

72
56

Variety of regimens
NRTI/PI vs. NRTI/NNRTI

Dolan [194]

2006

USA

25

0

-

96

Variety of regimens; compared to
HIV-negative controls

Bolland [339]

2007

New Zealand

23

100

47

96

Variety of regimens

McComsey [342]

2008

USA

24

79

45

a

48

Continue stavudine or reduce to
half-dose

Martin [250]
(STEAL)

2009

Australia

357

98

45

96

Yin [159]

2010

USA

168

0

38

120

Bonjoch [303]
(Osteoporosis)

2010

Spain

391

-

-

120

TDF/emtricitabine vs. abacavir/
lamivudine and NNRTI or PI/
ritonavir
Variety of regimens; compared to
HIV-negative controls
Variety of regimens

Bolland [340]
(Follow-up study of
Bolland 2007)

2012

New Zealand

44

100

49

288

Variety of regimens; compared to
HIV-negative controls

Comment

BMD remained stable with ART over
time, with an increase in BMD with
indinavir.
BMC increased from baseline.

Low BMD associated with PIs, but
remained stable with ART.
BMD increased over time.
BMD remained stable with ART over
time.
Although BMD remained stable with ART
over time, loss of BMD was associated
with NRTIs.
BMD remained stable with ART over
time.
Significant loss of BMD in patients
continuing on standard-dose stavudine
but not in those on low-dose.
TDF/emtricitabine associated with lower
BMD than abacavir/lamivudine.
BMD remained stable with ART over
time.
Although BMD remained stable with ART
over time, loss of BMD was associated
with time on a boosted PI, time on TDF
and current use of a boosted PI.
BMD remained stable with ART over
time.
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Author
(name of study)

Year

Location

N

%
male
73

Mean
age
(years)
a
42

Followup period
(weeks)
96

Curran [343]
(BICOMBO)

2012

Spain

45

Yin [304]

2012

USA

Assoumou [322]
(ANRS 120 Fosivir)

2013

73

0

56

48

France

94

100

46

Cotter [344]
(PREPARE)

2013

Europe

53

85

46

48

zidovudine/lamivudine vs. TDF/
emtricitabine

Martin [345]
(Second Line)

2013

97

48

39

48

NRTIs/lopinavir/ritonavir vs.
raltegravir/lopinavir/ritonavir

Bianco [346]
(GUSTO)

2014

South Africa, India,
Thailand, Malaysia
and Argentina
Italy

27

74

47

a

48

Bloch [347]
(TROP)

2014

Australia

37

97

49

48

Negredo [348]
(OsteoTDF)

2014

Spain

54

83

49

48

Switch from triple ART (NRTI/
NNRTI or NRTI/ PI/ritonavir) to
maraviroc/darunavir/ritonavir
Switch from TDF/ PI/ritonavir +
lamivudine/emtricitabine to
raltegravir/ PI/ritonavir +
lamivudine/emtricitabine
Switch from TDF to abacavir or
continue on TDF

Calza [349]

2016

Italy

46

78

45

48

Hamzah [350]
(MIDAS)

2016

UK

64

86

43

48

a

96 - 144

ART regimens

TDF/emtricitabine vs. abacavir/
lamivudine
Variety of regimens containing 2
NRTIs and NNRTI or PI/ritonavir;
compared to HIV-negative women
Variety of regimens including TDF
and PI/ritonavir

Switch from TDF/emtricitabine/
PI/ritonavir to nevirapine/
raltegravir
TDF/emtricitabine/EFV vs.
darunavir/ritonavir

Comment

Total BMD significantly increased at 96
weeks from baseline in both arms, with
no difference between arms.
BMD loss was associated with TDF use
and greatest in women on TDF/PI vs.
other NRTI/PI.
Osteopenia only changed modestly over
2 years, but a quarter of patients
experienced a >SDD loss with TDF.
Switching to TDF/emtricitabine was
associated with BMD loss that was not
statistically significant.
Less BMD loss with NRTI-sparing
regimen.
Significant improvement in femoral BMD
after switching to maraviroc/darunavir/
ritonavir.
Switching from TDF to raltegravir
significantly improved hip and spine BMD
at 48 weeks.
Slight improvement in femoral BMD when
switching from TDF to abacavir, but no
difference between arms.
Significant increase in lumbar spine and
total hip BMD at 48 weeks.

Darunavir/ritonavir monotherapy
associated with increase in BMD of 2-3%
at lumbar spine and femoral neck at 48
weeks compared to triple ART.
ANRS: Agence Nationale de Recherche sur le Sida; ART: antiretroviral therapy; BMC: bone mineral content; BMD: bone mineral density; GUSTA: GUided Simplification with
Tropism Assay; MIDAS: Metabolic Impact of DArunavir/ritonavir maintenance monotherapy; NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: non-nucleoside reverse
transcriptase inhibitor; PI: protease inhibitor; SDD: smallest detectable difference; TDF: tenofovir; TROP: Switch from Tenofovir to Raltegravir for Low Bone Density
a
Median
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Some studies, however, have shown that BMD or BMC increases over time in HIVpositive patients established on ART [193,233,339-341,343,347-349]. Often the
increases occur mainly at the lumbar spine but not at the hip [193,233,339,340].
Although an increase in BMD at the lumbar spine could be attributed to age-related
spondylotic degenerative changes [307], in all but one study [193], which did not
mention the mean age of the participants, the mean ages of the subjects were in the
mid- to late forties.
The STEAL study investigated the effect of ART on BMD in ART-experienced patients
switched to either TDF/emtricitabine or abacavir/lamivudine [250]. This showed that at
week 96, patients switched to TDF/emtricitabine had a lowering of their T-score,
compared to an increase in T-score in those on abacavir/lamivudine (change of -0.04
vs. +0.07 at the lumbar spine and -0.07 vs. +0.09 at the right hip), suggesting that
TDF/emtricitabine was associated with a reduction in BMD, whilst abacavir/lamivudine
was associated with an increase in BMD. Further analysis of this cohort revealed that
treatment with TDF/emtricitabine, lower bone formation and lower fat mass were
predictors of BMD loss, although there was no association between TDF/emtricitabine
and increased risk of fracture [321]. Several other studies have demonstrated a
reduction in BMD on switching to a regimen containing TDF [303,304,322,333,344].
Conversely, studies have also shown that switching from TDF to other regimens can
improve BMD [345-350]. BMD was found to increase when switching to raltegravir
[345,347,349], maraviroc [346] and with darunavir/ritonavir monotherapy [350]. One
study showed a reduction in BMD with standard-dose stavudine, but this side effect
was prevented by halving the dose [342].
Overall, these results suggest that long-term ART may have a beneficial effect on
general health, and this includes bone health. A meta-analysis of longitudinal studies
suggested that patients established on ART had stable BMD [337].

4.1.3 Methods for measuring change in BMD over time
DXA can be used to measure changes in BMD over time [102]. However, the precision
of DXA measurements varies with skeletal site, varying between 1.0% to 1.2% at the
lumbar spine, 0.9% to 1.3% at the total hip and 1.5% to 1.9% at the femoral neck [351].
This means that small changes in BMD on an individual level could be due to errors in
precision rather than actual changes in BMD, even if the same densitometer is used.
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There are also other factors that can cause variability in measurements, including interoperator variations, device errors and patient movements during scanning [96,352].
Change in BMD can also be assessed by measuring changes in SD. The T-score is
based on the number of SDs from the mean peak bone mass by which BMD is reduced
when compared to a young, healthy population matched for sex and ethnicity [57]. The
Z-score is similar to the T-score, but is calculated by comparing BMD to adults of a
similar age. The Z-score has greater clinical utility in younger individuals. The Z-score
is more useful in men <50 years old, and reduced BMD is defined as -2.0 SDs from
peak bone mass.
To overcome precision error, a French group calculated a decrease in BMD greater
than the smallest detectable difference (SDD) [352]. This group defined SDD as the
smallest change that exceeded the variability that occurred when BMD was measured
at two different time points. They further evaluated changes in SDD when different
densitometers were used, and found that the SDD was greater for scans carried out
employing two different devices compared to two scans obtained with the same device
[353]. They calculated that SDDs were 0.034, 0.027 and 0.036 g/cm2 for the lumbar
spine, total hip and femoral neck, respectively, when measured using a single device,
and 0.048, 0.047 and 0.046 g/cm2 at the lumbar spine, total hip and femoral neck,
respectively, when BMD was measured using two different densitometers [353].
Although differences less than SDD may be due to precision errors in individuals, when
assessed at a group level, a difference less than SDD may actually represent a true
difference.

4.1.4 Summary
Although studies have shown that there is a reduction in BMD over time in HIV-positive
patients, results have mainly been from RCTs. In ART-naïve patients, studies have
consistently shown an initial lowering of BMD between 2% and 6% on commencing
ART, which is greater than that observed in the general population [69] and certainly
higher than the 0.5% to 1% reduction reported in HIV-negative men [70]. However, the
rate of loss of BMD stabilised over time. In ART-experienced cohorts, most studies
have shown that BMD remained stable. Studies have also investigated the effect of
different classes of ART on BMD, with TDF shown to have a significant effect. This
chapter explores the longitudinal results of the men that returned for a follow-up visit at
12 months, investigates the changes in BMD that occurred and assesses the factors
associated with a loss of BMD.
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4.2 Aims and objectives
Below are the aims for this chapter:
1. To compare the characteristics of subjects who returned for a second visit at 12
months with those who did not, to assess attrition bias.
2. To describe the distribution of the following variables at 12 months:
a. Demographic characteristics
b. Lifestyle factors
c. Traditional osteoporosis-related factors
d. HIV parameters.
3. To quantify changes in BMD from baseline to follow-up at 12 months at the
following sites:
a. Lumbar spine
b. Non-dominant total hip
c. Non-dominant femoral neck.
4. To determine the best method to measure change in BMD over time to
overcome precision error.
5. To identify factors associated with loss of BMD over 12 months at the following
sites:
a. Lumbar spine
b. Non-dominant total hip
c. Non-dominant femoral neck.

I hypothesised that there would be a reduction in BMD in this cohort over 12 months. In
this chapter, I describe the change in BMD that occurred and the factors associated
with this loss in a homogeneous group of HIV-positive men with longstanding HIV
infection and well exposed to ART.

4.3 Methods
4.3.1 Study design
The detailed methods of the study are given in Chapter 2. In this chapter, the data from
the study participants’ baseline visit (Year 1) were compared with the data from their
follow-up visit (Year 2).
The variables were grouped into the same categories mentioned in Chapter 3. Baseline
and 12-month follow-up data of men with HIV infection were used in this longitudinal
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analysis. Demographic and HIV-related details, including ART history, were obtained
from the HIV clinic database. Risk factors for low BMD were evaluated using data from
self-reported questionnaires. Additional information relating to HIV, bone and renal
parameters were obtained from fasted blood and urine samples.
The GE Healthcare Lunar iDXA bone densitometer (GE Healthcare, Madison,
Wisconsin, USA) was used to measure absolute BMD (g/cm2) at the lumbar spine, the
total hip (left total hip, right total hip and non-dominant total hip) and the femoral neck
(left femoral neck, right femoral neck and non-dominant femoral neck). Using hand
dominance, BMD data were also reported for the non-dominant total hip and nondominant femoral neck.

4.3.2 Definitions
The SDD was defined as the smallest change that exceeded the variability that
inherently occurred when measuring BMD [352]. I used the cut-offs for SDD derived by
Kolta et al [353]. As a single densitometer was used to measure BMD in patients at
baseline and at 12 months, the SDD was defined as a decrease in BMD of ≥0.034,
0.027 and 0.036 g/cm2 at the lumbar spine, total hip and femoral neck, respectively.

4.3.3 Statistical analysis
Patients who attended for their follow-up visit were compared to those that did not, to
ascertain attrition bias. The factors compared were demographic factors (age, ethnicity
and BMI), co-infection with HBV or HCV, and HIV factors (duration and clinical stage of
HIV infection, nadir and current CD4 count, HIV viral load, ART status and duration of
ART use).
The distribution frequency of each variable was calculated. Mean and standard
deviation were measured in those that were normally distributed and median and
interquartile range in those that had skewed distributions. For continuous data,
comparisons between the two groups were made using paired t-tests for normally
distributed variables and Wilcoxon rank sum for non-normally distributed variables. For
categorical variables, chi-squared tests were used to compare the two groups.
Statistical significance was denoted as p ≤0.05.
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The frequency distribution of absolute BMD in g/cm2 was checked at each site.
Absolute BMD at the left and right total hip and left and right femoral neck were
compared using paired t-tests and the mean within-individual difference reported.
Statistical significance was denoted as p-value ≤0.05.
Change in absolute BMD and percentage BMD was assessed using paired t-tests at
each site. Patients on bisphosphonates were excluded prior to analysis. Change in
absolute BMD was investigated by analysing 1% change in BMD, as well as a greater
than SDD decrease in BMD at 12 months.
Logistic regression, which was only adjusted for baseline BMD due to small numbers,
was performed to investigate the relationships between risk factors in patients with a
greater than SDD decrease in BMD. All variables that had been significant in
multivariable analysis at baseline (Chapter 3) were included, and statistical significance
was denoted by p-value ≤0.05.
Data were complete or near complete for the majority of cases.

4.4 Results
4.4.1 Subject disposition
All patients who enrolled into the study were invited for a follow-up visit at 12 months.
In total, 338 patients (comprising 101 patients who had participated in the pilot study
and 237 patients who had been randomly selected) returned for a follow-up visit at 12
months (Figure 4.4.1.1), constituting a 19.9% dropout rate. As established in Chapter
3, there was no significant difference at baseline related to how the patients were
recruited into the study, indicating that there was no significant selection bias, and that
the two populations were similar. Therefore, as in Chapter 3, from henceforth, this
chapter will not distinguish between the two groups, with all HIV-positive men being
analysed as one group. As bisphosphonates are known to have an effect on BMD,
when analysing change in BMD and the factors associated with BMD at each site at 12
months, the same 22 men on bisphosphonates as in Chapter 3 were excluded.
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Figure 4.4.1.1 Summary of subject disposition
This figure shows the number of patients who returned for a second visit at 12 months, including those on
bisphosphonates who were excluded from the analysis of change in BMD and factors associated with low
BMD.
BMD: bone mineral density

4.4.2 Participants who dropped out of the study
4.4.2.1 Reasons for dropping out of the study
Of the 84 men who did not re-attend for a second visit, 71 missed their appointment
(some on more than one occasion having re-booked appointments), but in most cases,
a specific reason could not be elicited, although some did state difficulty in booking
appointments due to work commitments. One man died before his second visit due to a
condition unrelated to his HIV infection. The remaining 12 men declined for a number
of reasons, including too much going on (e.g. other medical diagnoses, family
commitments; n=4), dislike of morning appointments due to tiredness or the stress of
waking up early (n=2), mental health issues causing stress due to additional hospital
appointments (n=2) and the baseline appointment (visit 1) had been too timeconsuming (n=1). There were three men who declined to re-attend but did not give a
reason.
4.4.2.2 Comparison of patients who returned at 12 months with those who
dropped out of the study
In order to assess attrition bias, the baseline demographic and HIV-related
characteristics of men who returned for a second visit at 12 months and those that did
not were compared (Table 4.4.2.1). The only significant difference between the men
who returned for a second visit and those that did not was that those who returned
were older on average by four years.
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Table 4.4.2.1 Comparison of the baseline and HIV-related characteristics between
patients that returned for a second visit at 12 months and those that dropped out of the
study
The only statistical difference between patients who returned for a second visit and those that did not is
that those that returned were older. However, there was a weak association with duration of infection, with
those returning for a second visit having a longer duration of infection than those that did not.
N

Return visit
Yes
No
(N=338)
(N=84)
47 (9.6)
43 (9.7)

Age, years, mean (SD)
422
Ethnicity, n (%)
422
White
319 (94.4)
Other
19 (5.6)
2
BMI, kg/m , mean (SD)
422
25 (4.1)
HIV transmission risk, n (%)
422
MSM
316 (93.5)
Other
22 (6.5)
Duration of HIV infection, years, median (IQR)
422
10.1 (5.2, 16.3)
HIV clinical stage, n (%)
422
Asymptomatic
158 (46.8)
Symptomatic non-AIDS
91 (26.9)
Symptomatic AIDS
89 (26.3)
CD4, cells/µL, median (IQR)
Nadir
422
184 (92, 267)
At follow-up visit
422
547 (410, 689)
HIV viral load <40, copies/mL, n (%)
422
Yes
295 (87.3)
No
43 (12.7)
HBV co-infection, n (%)
422
Yes
15 (4.4)
No
323 (95.6)
HCV co-infection, n (%)
422
Yes
44 (13.0)
No
294 (87.0)
ART status, n (%)
422
Never
24 (7.1)
Previous
308 (91.1)
Current
6 (1.8)
Duration on ART, years, median (IQR)
422
6.3 (2.3, 11.7)
ART: antiretroviral therapy; BMI: body mass index; HBV: hepatitis B; HCV:
range; MSM: men who have sex with men; SD: standard deviation

79 (94.0)
5 (6.0)
25 (4.0)
76 (90.5)
8 (9.5)
7.9 (4.4, 14.0)

P-value

0.002
1.00

0.79
0.34

0.09
0.69

35 (41.7)
24 (28.6)
25 (29.8)
205 (113, 295)
539 (427, 747)

0.21
0.53
0.34

70 (83.3)
14 (16.7)
1.00
3 (3.6)
81 (96.4)
0.29
15 (17.9)
69 (82.1)
0.33
10 (11.9)
73 (86.9)
1 (1.2)
5.5 (1.7, 11.5)
0.26
hepatitis C; IQR: interquartile

4.4.3 Demographic characteristics at 12 months
The demographics of the patients who returned are shown in Table 4.4.3.1 and are
similar to the baseline characteristics.
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Table 4.4.3.1 Demographic characteristics at baseline and at 12 months
As expected, the demographics are similar to those at baseline, with the majority of men being young,
white, MSM.
Baseline visit
(N=422)
47 (9.8)

12 month visit
(N=338)
49 (9.6)

Age, years, mean (SD)
Ethnicity, n (%)
White
398 (94.3)
319 (94.4)
Black
15 (3.6)
11 (3.3)
Other
9 (2.1)
8 (2.4)
HIV transmission risk, n (%)
MSM
392 (92.9)
317 (93.8)
Heterosexual sex
26 (6.2)
21 (6.2)
IVDU/blood products
4 (0.9)
0 (0.0)
IVDU: intravenous drug use; MSM: men who have sex with men; SD: standard deviation

4.4.4 Lifestyle factors at 12 months
Details of lifestyle factors, such as smoking, alcohol and recreational drug use, walking
and exercise are shown in Table 4.4.4.1.
Table 4.4.4.1 Lifestyle factors, including smoking, alcohol and recreational drug use,
walking and exercise at baseline and at 12 months
The results were similar to baseline, with one-third of the cohort being current smokers and only a few
drinking excessively (≥3 units/day). Many reported recreational drug use, but not intravenous use (see
text). Although most walked regularly, for a young cohort of men, the majority did no exercise at all.

Smoking, n (%)
Never smoked
Ex-smoker
Current smoker
Alcohol, n (%)
Never
<3 units/day
≥3 units/day
Recreational drug use, n (%)
Yes
No
Walk 30 minutes 3 times per week
Never
Some weeks
Most weeks
Every week
Weight-bearing exercise
Never
Some weeks
Most weeks
Every week
Muscle-toning exercise
Never
Some weeks
Most weeks
Every week

Baseline visit
(N=422)

12 month visit
(N=338)

132 (31.3)
137 (32.5)
153 (36.3)

106 (31.4)
120 (35.5)
112 (33.1)

62 (14.7)
298 (70.8)
62 (14.7)

56 (16.6)
235 (69.5)
47 (13.9)

244 (57.8)
178 (42.2)

201 (59.5)
137 (40.5)

31 (7.3)
63 (14.9)
62 (14.7)
266 (63.0)

20 (5.9)
56 (16.6)
56 (16.6)
206 (60.9)

230 (54.5)
76 (18.0)
25 (5.9)
91 (21.6)

205 (60.7)
55 (16.3)
19 (5.6)
59 (17.5)

215 (51.0)
73 (17.3)
35 (8.3)
99 (23.5)

184 (54.4)
68 (20.1)
22 (6.5)
64 (18.9)
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4.4.4.1 Smoking, alcohol and recreational drug use
Smoking, alcohol and recreational drug use were similar to those at baseline. Of the
men who reported using recreational drugs, 4 (1.2%) gave a history of injecting drug
use.
4.4.4.2 Walking and exercise
Compared to baseline, the number of men reporting walking 30 minutes three times a
week had decreased (63.0% vs. 60.9%), although the number reporting walking some
weeks (14.9% vs. 16.6%) and most weeks had increased (14.7% vs. 16.6%). The
number of men reporting never doing any weight-bearing exercise (54.5% vs. 60.7%)
or muscle-toning exercise (51.0% vs. 54.4%) had also increased.

4.4.5 Traditional factors associated with BMD at 12 months
Table 4.4.5.1 shows the traditional factors associated with BMD that were assessed,
including BMI, self-reported co-morbidities and drugs.
Table 4.4.5.1 Traditional factors associated with reduced BMD, including BMI,
secondary causes and drugs at baseline and at 12 months
A healthy BMI was reported in 45.3%. Men reported a range of co-morbidities, as well as being exposed to
medications relating to low BMD. Although 22.8% and 21.6% were on calcium and vitamin D
supplementation, respectively, only 6.5% were exposed to bisphosphonates.

Height, cm, mean (SD)
Weight, kg, mean (SD)
2
BMI, kg/m , mean (SD)
2
BMI status, kg/m , n (%)
Underweight (BMD <18.5)
Healthy (BMI 18.5–25)
Overweight (BMI 25–30)
Obese (BMI >30)
Secondary co-morbidities, n (%)
Liver dysfunction
Hypogonadism
Diabetes
Renal disease
Rheumatoid arthritis
Hypothyroidism
Inflammatory bowel disease
Anorexia nervosa
Coeliac disease/malabsorption
Hyperthyroidism
Hyperparathyroidism/hypoparathyroidism

Baseline visit
(N=422)
177.1 (7.3)
79.2 (14.2)
25.2 (4.1)

12 month visit
(N=338)
176.8 (7.4)
78.9 (14.4)
25.2 (4.1)

11 (2.6)
206 (48.8)
154 (36.5)
51 (12.1)

4 (1.2)
153 (45.3)
139 (41.1)
42 (12.4)

48 (11.4)
45 (10.7)
23 (5.5)
17 (4.0)
16 (3.8)
12 (2.8)
12 (2.8)
8 (1.9)
3 (0.7)
3 (0.7)
0 (0.0)

44 (13.0)
42 (12.4)
18 (5.3)
14 (4.1)
24 (7.1)
13 (3.8)
12 (3.6)
7 (2.1)
3 (0.9)
2 (0.6)
1 (0.3)
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Baseline visit
(N=422)

12 month visit
(N=338)

Exposure ever to drugs associated with low BMD, n (%)
a) Drugs associated with reduced BMD
Antidepressants
144 (34.1)
Antacids
59 (14.0)
Steroid inhalers
56 (13.3)
Oral steroids
38 (9.0)
Chemotherapy
17 (4.0)
Anticonvulsants
16 (3.8)
b) Drugs associated with increased BMD
Calcium tablets
70 (16.6)
Vitamin D tablets
59 (14.0)
Testosterone
38 (9.0)
Bisphosphonates
22 (5.2)
Thiazide diuretics
10 (2.4)
BMD: bone mineral density; BMI: body mass index; SD: standard deviation

134 (39.6)
69 (20.4)
61 (18.0)
43 (12.7)
12 (3.6)
18 (5.3)
77 (22.8)
73 (21.6)
36 (10.7)
22 (6.5)
11 (3.3)

4.4.5.1 Height, weight and BMI
Height and weight were unchanged from baseline, and 45.3% had a normal BMI.
4.4.5.2 Secondary causes of reduced BMD
The commonest conditions remained liver dysfunction (13.0%) and hypogonadism
(12.4%). The numbers reporting rheumatoid arthritis had increased from baseline
(3.8% vs. 7.1%). There was also one man (0.3%) who had developed
hyperparathyroidism since his baseline visit.
4.4.5.3 Drugs associated with reduced BMD
Compared to the results at baseline, the numbers of men reporting using
antidepressants (34.1% vs. 39.6%), antacids (14.0% vs. 20.4%), steroid inhalers
(13.3% vs. 18.0%), oral steroids (9.0% vs. 12.7%) and anticonvulsants (3.8% vs. 5.3%)
had increased.
With regards to medications used in the treatment of reduced BMD and conditions that
cause

secondary

osteoporosis,

the

numbers

of

men

reporting

being

on

supplementation for calcium (16.6% vs. 22.8%) and vitamin D (14.0% vs. 21.6%) had
increased from baseline. The same 22 (6.5%) patients were on bisphosphonates.

4.4.6 HIV parameters at 12 months
Table 4.4.6.1 shows HIV-related factors at 12 months.
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Table 4.4.6.1 HIV-related factors at baseline and at baseline and at 12 months
The duration of HIV infection was long and 26.6% had been diagnosed with AIDS. However, as the
majority were on ART and had an undetectable HIV viral load, the median CD4 count at recruitment was
high.
Baseline visit
(N=422)*
9.6 (5.0, 15.5)

12 month visit
(N=338)*
11.2 (6.2, 17.3)

Duration of HIV infection, years, median (IQR)
HIV clinical stage, n (%)
Asymptomatic
193 (45.7)
158 (46.8)
Symptomatic non-AIDS
115 (27.3)
90 (26.6)
Symptomatic AIDS
114 (27.0)
90 (26.6)
CD4, cells/µL, median (IQR)
Nadir
191 (100, 277)
184 (91, 261)
At follow-up visit
547 (411, 696)
576 (444, 772)
HIV viral load <40, copies/mL, n (%)
Yes
365 (86.5)
304 (89.9)
No
57 (13.5)
34 (10.1)
HBV co-infection, n (%)
Yes
18 (4.3)
15 (4.4)
No
404 (95.7)
323 (95.6)
HCV co-infection, n (%)
Yes
59 (14.0)
44 (13.0)
No
363 (86.0)
294 (87.0)
ART status, n (%)
Naïve
34 (8.1)
16 (4.7)
Previous
7 (1.7)
2 (0.6)
Current
381 (90.3)
320 (94.7)
a
a
b
Duration on ART, years, median (IQR)
7.2 (3.2, 12.7)
8.0 (3.9, 13.0)
ART: antiretroviral therapy; HBV: hepatitis B; HCV: hepatitis C; IQR: interquartile range
*Unless otherwise stated
a
b
Total number of patients = 381; total number of patients = 320

4.4.6.1 Duration and clinical stage of HIV infection
As would be expected, the median duration of HIV infection had increased. The clinical
stage of HIV infection was similar to baseline for all categories. At their second visit,
patients had a higher median CD4 count (547 [IQR 411, 696] vs. 576 [IQR 444, 772]
cells/µL) than at baseline, and a greater proportion had an undetectable HIV viral load
(86.5% vs. 89.9%).
4.4.6.2 HBV and HCV co-infection
There were 15 and 44 men with HBV and HCV co-infection, respectively. Although the
number of patients with co-infection was lower than at baseline, the rates were similar
for both HBV (4.3% vs. 4.4%) and HCV (14.0% vs. 13.0%).
4.4.6.3 ART use
At 12 months, there were more men on ART (90.3% vs. 94.7%). Amongst those
receiving ART, there was a longer median duration of ART exposure at 12 months.
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4.4.7 BMD at 12 months
The absolute BMD at the lumbar spine, left, right and non-dominant total hip and left,
right and non-dominant femoral neck are shown in Table 4.4.7.1. There were four
patients who did not have a DXA scan, so data were available for 334 patients.
Table 4.4.7.1 Absolute BMD by site at 12 months
Absolute BMD was normally distributed at all sites in the 334 patients that had a DXA scan. There were
328 patients that had L1–L4 composite measured (see text). Not all men had their total hip or femoral neck
measured because they had metal work in situ.
2

N
Absolute BMD, g/cm , mean (SD)
Lumbar spine
334
1.143 (0.162)
Left total hip
331
0.998 (0.140)
Right total hip
328
1.003 (0.137)
Non-dominant total hip
330
0.998 (0.140)
Left femoral neck
331
0.942 (0.134)
Right femoral neck
328
0.953 (0.130)
Non-dominant femoral neck
330
0.943 (0.134)
BMD: bone mineral density; DXA: dual-energy x-ray absorptiometry; SD: standard deviation

4.4.7.1 Lumbar spine
Although all 334 patients underwent a scan of their lumbar spine, six patients did not
have an L1–L4 composite measurement. This was because L1 was missing (n=2) or
incompletely scanned (n=1); in these patients, a composite of L2–L4 was used. In one
patient, L4 was missing, and therefore, a composite of L1–L3 was used. There were
two patients in whom a composite of only two vertebrae were used because one
patient had a metal rod involving L1 and L2 and the other had a severe scoliosis, which
led to his L1 and L2 vertebrae being excluded as the anatomical landmarks were
unclear.
4.4.7.2 Left total hip, right total hip and non-dominant total hip
For the left and right total hip, there were data for 331 and 328 patients, respectively.
All three patients with missing data for the left total hip had undergone a left total hip
replacement. For the right total hip, there were six patients with missing data because
they had either a right total hip replacement (n=4) or a screw in their right hip (n=2). In
total, there were two patients who had no hip data as they had undergone bilateral total
hip replacements, one of whom had undergone his operation since his baseline visit. In
total, there were 330 patients with data for the non-dominant total hip.
4.4.7.3 Left femoral neck, right femoral neck and non-dominant femoral neck
There were 331 and 328 patients with data for the left and right femoral neck,
respectively. The same patients as mentioned in Chapter 3 were missing data, and
there were 330 patients in total with data for the non-dominant femoral neck.
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4.4.7.4 Absolute BMD at 12 months
Absolute BMD was normally distributed at all sites (Table 4.4.7.1). Absolute BMD at the
lumbar spine was higher than at any of the hip sites. There was a significant difference
between mean absolute BMD at the left and right total hip (left minus right: -0.005 [SD
0.040] g/cm2, p=0.032). There was a similar difference in mean absolute BMD at the
left and right femoral neck (left minus right: -0.010 [SD 0.045] g/cm2, p<0.0001).
4.4.7.5 T- and Z-scores at 12 months
The mean T- and Z-scores were normally distributed at all sites (Table 4.4.7.2). At the
left and right total hip, there were significant differences in T-score (-0.71 [SD 1.07] vs.
-0.67 [SD 1.06], p=0.032) and Z-score (-0.34 [SD 0.98] vs. -0.30 [SD 0.97], p=0.033).
There were also significant differences in T-score (-0.98 [SD 1.02] vs. -0.90 [SD 1.00],
p<0.0001) and Z-score (-0.44 [SD 0.92] vs. -0.36 [SD 0.90], p<0.0001) at the left and
right femoral necks, respectively.
Table 4.4.7.2 T- and Z-scores at 12 months
The mean T- and Z-scores were normally distributed and within the normal range at all sites.

Lumbar spine
Left total hip
Right total hip
Non-dominant total hip
Left femoral neck
Right femoral neck
Non-dominant femoral neck
SD: standard deviation

N
334
331
328
330
331
328
330

T score, mean (SD)
-0.64 (1.35)
-0.71 (1.08)
-0.67 (1.06)
-0.71 (1.08)
-0.98 (1.03)
-0.90 (1.00)
-0.98 (1.03)

Z score, mean (SD)
-0.52 (1.27)
-0.34 (0.98)
-0.30 (0.97)
-0.44 (0.98)
-0.44 (0.92)
-0.36 (0.90)
-0.34 (0.93)

4.4.8 Change in BMD over 12 months
From these analyses onwards, 22 men on bisphosphonates were excluded.
4.4.8.1 Change in absolute and percentage BMD
The change in absolute BMD over 12 months at each site is shown in Table 4.4.8.1.
There was a significant increase in mean absolute BMD at the lumbar spine (1.144 [SD
0.16] vs. 1.149 [SD 0.16] g/cm2, p=0.01). At the non-dominant femoral neck, there was
a significant decrease in mean absolute BMD (0.951 [SD 0.13] vs. 0.946 [SD 0.13]
g/cm2, p=0.015). However, there was no difference in mean absolute BMD at the nondominant total hip. Change in absolute and percentage BMD for the left and right total
hips and the left and right femoral necks are shown in Table 4.6.1.1.
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Table 4.4.8.1 Absolute BMD at baseline and at 12 months, including the change in
absolute BMD and percentage change, at the lumbar spine, the non-dominant total hip
and the non-dominant femoral neck
There was a significant increase in absolute BMD at the lumbar spine and a significant decrease at the
non-dominant femoral neck. However, the percentage change was small at each site.
Site

N

Absolute BMD
at baseline,
2
g/cm , mean
(SD)
1.144 (0.159)
1.003 (0.137)

Absolute BMD
at 12 months,
2
g/cm , mean
(SD)
1.149 (0.163)
1.003 (0.138)

Lumbar spine
312
Non-dominant
306
total hip
Non-dominant
308
0.951 (0.134)
0.946 (0.133)
femoral neck
BMD: bone mineral density; SD: standard deviation
*P-value is for change in absolute BMD

Change in
absolute BMD,
2
g/cm , mean
(SD)
0.005 (0.034)
0.000 (0.024)

Percentage
change in
BMD, %,
mean (SD)
0.46 (2.974)
0.06 (2.568)

P-value*

-0.005 (0.032)

-0.42 (3.761)

0.01

0.01
0.79

Figure 4.4.8.1 shows the change in absolute BMD at 12 months at each site. This
shows that although at some sites there was a significant change, the change in
absolute BMD at each site was very small, which is also reflected by the small
percentage change in BMD in Table 4.4.8.1.
Figure 4.4.8.1 Change in absolute BMD at 12 months by site
Although there was a significant change in BMD at the lumbar spine and the non-dominant femoral neck,
the change in absolute BMD at each site was very small.
BMD: bone mineral density

4.4.8.2 Change in BMD by 1%
A change in BMD of 1% is shown in Table 4.4.8.2. A greater than 1% decrease in BMD
at the lumbar spine, the non-dominant total hip and the non-dominant femoral neck
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were seen in 31.7%, 29.4% and 40.3%, respectively. Change in BMD by 1% at the left
and right total hips and the left and right femoral necks are shown in Table 4.6.2.1.
Table 4.4.8.2 Change in BMD by 1%
There was a >1% decrease in BMD in 31.7%, 29.4% and 40.3% at the lumbar spine, the non-dominant
total hip and the non-dominant femoral neck, respectively.
Site
Lumbar spine
Non-dominant total hip
Non-dominant femoral neck
BMD: bone mineral density

N
312
306
308

>1% decrease
in BMD
99 (31.7)
90 (29.4)
124 (40.3)

No change in BMD
(-1% to 1%)
77 (24.7)
132 (43.1)
111 (36.0)

>1% increase
in BMD
136 (43.6)
84 (27.5)
73 (23.7)

4.4.8.3 Smallest detectable difference (SDD)
The number of patients with a greater than SDD decrease in BMD at 12 months is
shown in Table 4.4.8.3. The greatest number of patients were affected at the lumbar
spine, with 42 (13.5%) men having a greater than SDD reduction in BMD at 12 months.
A greater than SDD decrease in BMD at the left and right total hips and the left and
right femoral necks are shown in Table 4.6.3.1.
Table 4.4.8.3 A greater than SDD decrease in BMD at 12 months
The site with the greatest number demonstrating a greater than SDD reduction in BMD at 12 months was
the lumbar spine.
N
>SDD decrease in BMD, n (%)
Lumbar spine
312
42 (13.5)
Non-dominant total hip
306
25 (8.2)
Non-dominant femoral neck
308
31 (10.1)
BMD: bone mineral density; SDD: smallest detectable difference

4.4.8.4 Best measure of change in BMD at 12 months
Although the changes in BMD at 12 months at the lumbar spine and the non-dominant
femoral neck were significant, the best measure of change needed to be ascertained.
The precision of DXA can vary [94]. Different machines produce different precision
errors, with a 1.0% to 1.2% variation at the L1 to L4 lumbar spine, 0.9% to 1.3% at the
total hip and 1.5% to 1.9% at the femoral neck [351]. A change in BMD of 1% could
have been due to precision error, and therefore, was not used to analyse factors
associated with change in BMD at 12 months. As the number of men with a greater
than 2 SD decrease in BMD was very small at each site, no further analyses could be
done with this measure. The options remaining were a greater than 3% change in BMD
or a greater than SDD reduction in BMD. Apart from at the lumbar spine, there were
more men with a greater than SDD decrease in BMD at 12 months compared to a 3%
change, and also because this measure had already been published in other studies
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[352,353], it was decided that the greater than SDD decrease in BMD was the best
measure.

4.4.9 Factors associated with a greater than SDD decrease in BMD at 12 months
Factors associated with a greater than SDD decrease in BMD at 12 months at the
lumbar spine (Table 4.4.9.1), the non-dominant total hip (Table 4.4.9.2) and the nondominant femoral neck (Table 4.4.9.3) were compared. The factors associated at left
total hip (Table 4.6.4.1), the right total hip (Table 4.6.5.1), the left femoral neck (Table
4.6.6.1) and the right femoral neck (Table 4.6.7.1) were also compared and the data
are shown in Section 4.6
4.4.9.1 Factors associated with a greater than SDD decrease in BMD at the
lumbar spine at 12 months
In univariable analyses, there were no factors associated with a greater than SDD
decrease at the lumbar spine (Table 4.4.9.1).
Table 4.4.9.1 Factors associated with a greater than SDD decrease in BMD at the
lumbar spine
There were no factors associated with a greater than SDD reduction in BMD at the lumbar spine at 12
months.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Exercise
Never/some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Hypogonadism
No
Yes
Rheumatoid arthritis
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D supplements
No
Yes

OR* (95% CI)
1.00 (0.72, 1.40)

P-value
0.98

1.00
0.79 (0.17, 3.56)

0.75

1.00
0.88 (0.40, 1.90)
0.70 (0.31, 1.58)

0.74
0.39

1.00
0.75 (0.21, 2.73)
0.79 (0.34, 1.85)

0.66
0.59

1.00
0.54 (0.25, 1.18)
0.52 (0.16, 1.63)

0.12
0.26

1.00
1.26 (0.41, 3.89)

0.69

1.00
0.53 (0.07, 4.20)

0.55

1.00
1.13 (0.51, 2.51)

0.77

1.00
1.82 (0.79, 4.18)

0.16
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OR* (95% CI)
P-value
Duration of HIV infection, per year
1.00 (0.95, 1.05)
0.90
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.65 (0.27, 1.54)
0.32
Symptomatic AIDS
1.40 (0.66, 2.96)
0.38
CD4 count, per 50 cells/µL
Nadir
0.94 (0.80, 1.04)
0.18
HIV viral load <40, copies/mL
Yes
1.00
No
0.94 (0.35, 2.56)
0.90
Current ART regimen
None
1.00
ART including TDF
1.05 (0.28, 3.91)
0.94
ART including PI/ritonavir
0.53 (0.10, 2.85)
0.46
ART including TDF + PI/ritonavir
1.95 (0.52, 7.31)
0.32
Other ART
4.15 (0.83, 20.75)
0.08
Cumulative ART exposure, per year**
1.00 (0.94, 1.06)
0.98
Cumulative TDF exposure, per year**
1.00 (0.85, 1.16)
0.95
Cumulative PI/ritonavir exposure, per year**
0.99 (0.91, 1.09)
0.89
Cumulative NNRTI exposure, per year**
1.01 (0.93, 1.09)
0.89
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; NNRTI: nonnucleoside reverse transcriptase inhibitor; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for baseline BMD
**Includes all patients who have ever been exposed

4.4.9.2 Factors associated with a greater than SDD decrease in BMD at the nondominant total hip at 12 months
Factors associated with a greater than SDD decrease in BMD at the non-dominant total
hip are shown in Table 4.4.9.2. The only factor associated with a greater than SDD
reduction in BMD was a detectable HIV viral load, which was also associated with the
left and right total hips (Table 4.6.4.1 and Table 4.6.5.1). Surprisingly, in univariable
analyses, older age, BMI 25-30 kg/m2, symptomatic non-AIDS disease and longer
duration of exposure to TDF were associated with reduced likelihood of a greater than
SDD decrease in BMD at 12 months. Current exposure to a boosted PI was also
associated with reduced odds of a greater than SDD decrease in BMD at 12 months at
both the left and right total hips (Table 4.6.4.1 and Table 4.6.5.1), but not at the nondominant total hip. At the right total hip, there was also reduced risk of a greater than
SDD decrease in BMD with respect to an AIDS diagnosis, and longer exposure to total
ART, as well as to an NNRTI (Table 4.6.5.1).
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Table 4.4.9.2 Factors associated with a greater than SDD decrease in BMD at the nondominant total hip
The only factor positively associated with a greater than SDD reduction in BMD at 12 months was a
2
detectable HIV viral load. Older age, BMI 25-30 kg/m , symptomatic non-AIDS disease and longer duration
of exposure to TDF were associated with reduced odds of a greater than SDD decrease in BMD at 12
months in univariable analyses.
OR* (95% CI)
P-value
Age, per 10 years
0.50 (0.32, 0.79)
0.003
Ethnicity
White
1.00
Other
0.68 (0.09, 5.41)
0.72
Smoking
Never
1.00
Ex-smoker
0.35 (0.11, 1.13)
0.08
Current smoker
0.88 (0.35, 2.19)
0.78
Exercise
Never/some weeks
1.00
Most weeks
6.92 (0.73, 65.11)
0.09
Every week
4.44 (0.58, 33.96)
0.15
BMI
<25
1.00
25-30
0.14 (0.03, 0.65)
0.01
>30
0.85 (0.25, 2.92)
0.80
Hypogonadism**
No
Yes
Rheumatoid arthritis
No
1.00
Yes
0.88 (0.11, 7.14)
0.91
Steroids
No
1.00
Yes
1.01 (0.36, 2.84)
0.98
Calcium and/or vitamin D supplements
No
1.00
Yes
1.16 (0.37, 3.62)
0.80
Duration of HIV infection, per year
0.98 (0.93, 1.05)
0.59
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.27 (0.08, 0.94)
0.04
Symptomatic AIDS
0.53 (0.19, 1.49)
0.23
CD4 count, per 50 cells/µL
Nadir
1.12 (0.98, 1.28)
0.09
HIV viral load <40, copies/mL
Yes
1.00
No
4.86 (1.96, 12.03)
0.001
Current ART regimen
None
1.00
ART including TDF
0.44 (0.14, 1.38)
ART including PI/ritonavir
0.09 (0.01, 0.80)
ART including TDF + PI/ritonavir
0.27 (0.07, 1.02)
Other ART
0.78 (0.13, 4.73)
Cumulative ART exposure, per year***
0.93 (0.85, 1.01)
0.10
Cumulative TDF exposure, per year***
0.73 (0.55, 0.96)
0.02
Cumulative PI/ritonavir exposure, per year***
0.89 (0.76, 1.04)
0.13
Cumulative NNRTI exposure, per year***
0.92 (0.82, 1.03)
0.15
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; NNRTI: nonnucleoside reverse transcriptase inhibitor; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for baseline BMD
**This could not be calculated as there were too few subjects in the control group
***Includes all patients who have ever been exposed
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4.4.9.3 Factors associated with a greater than SDD decrease in BMD at the nondominant femoral neck at 12 months
Table 4.4.9.3 shows the factors associated with a greater than SDD decrease in BMD
at the non-dominant femoral neck at 12 months. As at the non-dominant total hip, the
only factor associated with a greater than SDD reduction in BMD was a detectable HIV
viral load, although the association was of borderline significance. The factors
associated with a reduced risk of a greater than SDD reduction in BMD in univariable
analyses were older age, longer duration of exposure to ART and longer duration of
exposure to a boosted PI. At the left femoral neck, there was also reduced odds of a
greater than SDD reduction in BMD with current simultaneous exposure to TDF and a
boosted PI (Table 4.6.6.1), whilst at the right femoral neck, there was reduced risk of a
greater than SDD reduction in BMD with BMI 25–30 kg/m2 (Table 4.6.7.1).
Table 4.4.9.3 Factors associated with a greater than SDD decrease in BMD at the nondominant femoral neck
There was a borderline association between a detectable HIV viral load and a greater than SDD reduction
in BMD at 12 months. Older age, longer duration of exposure to ART and longer duration of exposure to a
boosted PI were associated with reduced odds of a greater than SDD decrease in BMD at 12 months in
univariable analyses.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Exercise
Never/some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Hypogonadism
No
Yes
Rheumatoid arthritis
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D supplements
No
Yes
Duration of HIV infection, per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS

OR* (95% CI)
0.62 (0.41, 0.94)

P-value
0.03

1.00
0.37 (0.05, 3.07)

0.36

1.00
0.59 (0.23, 1.50)
0.85 (0.35, 2.07)

0.27
0.72

1.00
1.68 (0.31, 8.98)
1.97 (0.57, 6.87)

0.54
0.29

1.00
0.51 (0.20, 1.27)
0.82 (0.26, 2.54)

0.15
0.73

1.00
0.97 (0.21, 4.40)

0.96

1.00
0.88 (0.11, 7.15)

0.91

1.00
2.06 (0.88, 4.82)

0.10

1.00
1.43 (0.51, 4.01)
0.94 (0.89, 1.01)

0.50
0.07

1.00
0.68 (0.27, 1.73)
0.66 (0.25, 1.75)

0.42
0.40
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OR* (95% CI)
P-value
CD4 count, per 50 cells/µL
Nadir
1.06 (0.93, 1.20)
0.36
HIV viral load <40, copies/mL
Yes
1.00
No
2.47 (1.00, 6.11)
0.05
Current ART regimen
None
1.00
ART including TDF
0.80 (0.26, 2.45)
0.69
ART including PI/ritonavir
0.11 (0.01, 1.06)
0.06
ART including TDF + PI/ritonavir
0.35 (0.09, 1.37)
0.13
Other ART
1.54 (0.30, 7.92)
0.61
Cumulative ART exposure, per year**
0.89 (0.81, 0.97)
0.01
Cumulative TDF exposure, per year**
0.84 (0.68, 1.03)
0.10
Cumulative PI/ritonavir exposure, per year**
0.82 (0.69, 0.98)
0.03
Cumulative NNRTI exposure, per year**
0.94 (0.85, 1.04)
0.26
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; NNRTI: nonnucleoside reverse transcriptase inhibitor; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for baseline BMD
**Includes all patients who have ever been exposed

4.4.9.4 Summary of factors associated with a greater than SDD decrease in BMD
at the different sites at 12 months
In summary, there were no associated factors at the lumbar spine. The only factor
associated with a greater than SDD reduction in BMD was a detectable HIV viral load
(vs. an undetectable HIV viral load) at both the non-dominant total hip and the nondominant femoral neck. Surprisingly, all other factors showing a significant association
also showed reduced odds of a greater than SDD decrease, including traditional
factors, such as older age (vs. younger age) and a higher BMI (vs. BMI <25 kg/m 2). A
number of HIV-related factors, most of which related to ART exposure, were
associated with reduced risk of a greater than SDD decrease, suggesting that control
of HIV infection may be beneficial in reducing BMD loss. These included more
advanced HIV clinical stage, as well as longer duration of exposure (vs. shorter
duration) to ART, TDF and a boosted PI.
However, it is important to note that a greater than SDD decrease in BMD occurred in
only a small number of participants, which may have affected the results. For example,
an effect was seen with BMI at the lumbar spine and the non-dominant femoral neck,
with BMI <25 kg/m2 halving the risk of a greater than SDD decrease in BMD.
Conversely, the presence of rheumatoid arthritis also halved the risk of a greater than
SDD reduction in BMD, but the confidence intervals were wide due to the small
numbers.
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4.5 Discussion
4.5.1 Summary
In total, 338 of the 422 HIV-positive men enrolled into the study returned for a second
visit at 12 months. Compared to baseline, as would be expected, participants were
older, had a longer duration of HIV infection and a longer duration of exposure to ART.
When comparing lifestyle factors, more men had stopped smoking but alcohol
consumption was similar to baseline. There was also a decrease in those who never
walked, with an increase in both the some weeks and most weeks categories. There
was also a reduction in weight-bearing exercise (all categories) and in muscle-toning
exercise (all categories except some weeks). However, BMI was the same as at
baseline, and the majority had a normal BMI. There was an increase in those with liver
dysfunction, hypogonadism and rheumatoid arthritis, but rates of diabetes and renal
disease were similar to baseline. Participants also reported an increase in the use of
drugs associated with reduced BMD, including antidepressants, antacids, steroid
inhalers, oral steroids and anticonvulsants. There was an increase in the use of drugs
associated with increased BMD, including calcium and vitamin D supplements,
testosterone

replacement

and

thiazide

diuretics.

The

same

22

men

on

bisphosphonates were still taking them at 12 months. With regards to HIV-related
factors, CD4 count was higher than at baseline, which reflected the increased number
of men on ART and an undetectable HIV viral load. Similar to baseline, this cohort
remained a group of men with well-controlled HIV infection and good immune function.
There were 84 men who were lost to follow-up, representing a dropout rate of 19.9%.
The only significant difference between the men who returned for a second visit and
those that did not was that those who returned were older. This suggests that, apart
from age, there was no attrition bias between those that returned and those that did
not.
4.5.1.1 Change in BMD over time
Absolute BMD at the lumbar spine was higher than that at any of the hip sites, which
was the case at baseline. Lumbar spine BMD also increased over the 12 months.
These findings may reflect development of age-associated osteoarthritis in the lumbar
spine [307], although intra-individual variability may also be a factor. In a study in the
general population, an initial increase in BMD at the lumbar spine disappeared once
participants with severe arthritis were excluded [207]. However, age-related
degenerative changes are more problematic in patients >65 years old [307].
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In HIV-positive patients, some longitudinal studies have shown an increase in BMD at
the lumbar spine in comparison to HIV-negative controls [340]. Some have also
demonstrated an increase in BMD [193,233,339] and in BMC [341] in patients on ART.
In one of these studies, the increase in BMD was related to a rise in CD4 count and a
decrease in HIV viral load [193]. These are both indicators of successful viral
suppression, suggesting that BMD may be improved by good virologic control.
Therefore, although age-related degenerative changes could be present, the rise in
lumbar spine BMD seen in this cohort may be a reflection of good viral suppression,
especially as the mean age was 49 years at the follow-up visit.
Conversely, there was a decrease in BMD over the 12 months at the non-dominant
femoral neck, with no significant change at the non-dominant total hip. Unlike at
baseline, there was a significant difference in BMD between the left and right total hip,
and the left and right femoral neck, with the left-side having a lower BMD at both the
total hip and the femoral neck. Although studies have not found a difference in hip BMD
related to hand dominance [354,355], further investigation is needed to ascertain why
such a difference occurred in this cohort.
As men and women age, they experience a loss in BMD [69]. In women, there is a
rapid loss of bone mass, especially trabecular bone, in the 5 to 10 years after the
menopause [69]. As men do not have an equivalent hormonal stage to the menopause,
they undergo a more gradual loss of both trabecular and cortical bone [202]. In the
general population, several early cross-sectional studies estimated bone loss to occur
at a fairly slow rate, between 1% and 3% per decade [356-358]. However, longitudinal
studies have reported a higher rate of BMD loss, between 5% and 10% per decade
[359-361]. These differences may be due to longitudinal studies being able to estimate
changes in BMD better than cross-sectional studies, but also suggest that men may
have a higher rate of BMD loss than originally thought.
Longitudinal studies in HIV-positive patients have also investigated loss of BMD over
time. These have been divided into ART-naïve studies and ART-exposed studies.
Although the follow-up period is considerably variable, studies in ART-naïve patients
have consistently shown a 2% to 6% reduction in BMD in the first 24 months of
commencing ART [29,249,215,251,252,301,302,328]. In some cases, this initial loss of
BMD was rapid, varying between 2% and 6% per year [249,252]. BMD then stabilised
over time, although it did not reach pre-ART levels [29,328]. In a study with six years of
follow-up, an initial small reduction in BMD at both the lumbar spine and the hip did not
progress after 12 months [329]. A meta-analysis also showed similar results [337].
Another study which pooled data from three ACTG trials in ART-naïve patients has
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reported a mean lowering in BMD of 2% over 96 weeks [362]. In this meta-analysis,
low baseline CD4 count (but not a greater increase in CD4 count) was associated with
greater BMD loss after initiating ART.
In ART-exposed patients, most studies have shown that BMD remained stable over
time [151,159,194,233,296,303,339,340]. Some have also shown either no change in
BMD [159,194,303,340] or an increase in lumbar spine BMD [193,233,339]. Stable
BMD was also confirmed in a meta-analysis of prospective studies in ART-exposed
subjects [337]. As my cohort was comprised mainly of ART-experienced men, it is
unsurprising then that the change in BMD over 12 months was small. This is because
most had been on ART for many years, and any initial reduction in BMD should have
stabilised by the time they were recruited into this study.
With increasing use of TDF/emtricitabine for PrEP, investigators have been able to
report on the effect of TDF on BMD in HIV-negative men and women who are at risk of
acquiring HIV. In a large study in HIV-uninfected young adults in Botswana comparing
daily TDF/emtricitabine with placebo, there was a small but significant reduction in
BMD at the lumbar spine, hip and forearm in those on PrEP with TDF/emtricitabine
[363]. However, it was noted in this study that a high percentage of healthy young
adults in Botswana had abnormal BMD at baseline. In another study assessing PrEP in
MSM and transgender women, there was an initial loss of BMD on starting PrEP which
was inversely correlated to intracellular TDF levels [338].
4.5.1.2 Methods for measuring change in BMD
Although DXA is the gold-standard investigation for measuring BMD and for measuring
change in BMD over time, it does have limitations. Its main limitation in calculating
BMD change is precision, although this can be improved by using the same DXA
machine for baseline and subsequent visits [94]. However, different machines can
produce precision errors that vary between 1.0% to 1.2% at the lumbar spine, 0.9% to
1.3% at the total hip and 1.5% to 1.9% at the femoral neck [351]. Therefore, it is
important to consider that a small change in BMD may not reflect an actual change.
With this in mind, I investigated different methods of assessing change in BMD to
ascertain the best method in this cohort.
Another way of investigating change is to calculate the percentage change in BMD
over 12 months. I categorised patients by 1% change in BMD at the different sites.
Reflecting the changes in absolute BMD, most men had an increase in lumbar spine
BMD of greater than 1%, a decrease in non-dominant femoral neck BMD of greater
than 1% and no change at the non-dominant total hip. A 1% decrease is at the upper
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limit of normal for what has been reported in the general population [359-361].
However, as there are no reference ranges in HIV-positive patients (either men or
women), what is normal for this group of patients is not known. A reference range
based on HIV-positive patients would be helpful in determining the clinical significance
of a 1% change in BMD in HIV-positive men.
Measuring changes in SD is an alternative method for assessing change in BMD [57].
As BMD was normally distributed in this cohort, I was able to calculate a greater than 2
SD reduction in BMD, which equated to a Z-score of -2 and a definition of reduced
BMD. However, the number of participants who experienced a greater than 2 SD
decrease in BMD was very small at each site, and no further analyses could be done.
The final method I investigated was a greater than SDD decrease in BMD at 12 months
which was devised by Ravaud et al to help overcome precision error [352]. The group
then investigated changes to SDD obtained from different densitometers, and
concluded that the SDD was greater when scans were performed on different
machines as opposed to the same densitometer being used for first and second scans
[353]. This group have recently applied their principles of SDD to investigate change in
BMD over two years in HIV-positive men on ART diagnosed with osteopenia [322].
Although the mean change in absolute BMD was modest at both the lumbar spine (-0.5
± 1.7% per year) and the total hip (-0.4 ± 1.8% per year), there was a reduction in BMD
by greater than the SDD in 25.5% and 27.7% at the lumbar spine and the total hip,
respectively [322]. Additionally, they found that TDF use for <2.5 years was
significantly associated with a greater reduction in BMD at both the lumbar spine (OR
2.4 [95% CI 1.2 – 4.9], p=0.016) and the total hip (OR 2.8 [95% CI 1.3 – 5.9], p=0.010),
compared to patients not exposed to TDF, and that this reduction was greater than in
patients on TDF for >2.5 years [322].
In summary, the changes in absolute BMD and percentage change seen in this cohort
were small, and may reflect precision error rather than true change in BMD [94,351].
Although the number of men with a greater than SDD reduction in BMD in this cohort
was not high, and was not as high as those that experienced a greater than 1% change
in absolute BMD, I felt that this was a more robust measure of actual changes as it
attempted to overcome variability that could happen due to precision error. Therefore,
this measure was used to assess factors associated with a change in BMD at 12
months.
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4.5.1.3 Factors associated with change in BMD over 12 months in this cohort
All factors associated with BMD that were significant in multivariable analyses at
baseline at any site were assessed at 12 months. At the lumbar spine, there were no
factors associated with a greater than SDD decrease in BMD. This was unexpected as
the lumbar spine was the site which had the highest number of men affected by a
greater than SDD reduction in BMD, plus a number of factors were associated with
BMD at baseline (Chapter 3). However, as there was a significant increase in BMD at
the lumbar spine, and BMD was not measured as a continuous variable like at
baseline, these may account for there being no significant factors associated with a
greater than SDD reduction on BMD.
Interestingly, the only factor associated with a greater than SDD decrease in BMD was
a detectable HIV viral load (vs. an undetectable HIV viral load) at both the nondominant total hip and the non-dominant femoral neck. This was the case at all hip
sites except for the right femoral neck. A study has shown an association between a
high viral load and lower BMD [209], which suggests that HIV infection may have an
effect on BMD. My results also suggest that detectable viraemia has an effect on
reducing BMD, although it would be interesting to see if this association remained in
multivariable analysis.
All the other factors that had a significant association showed reduced odds of a
greater than SDD decrease in BMD at 12 months at either the non-dominant total hip,
the non-dominant femoral neck or both. These included the only two traditional factors
found to have an association, including older age and higher BMI. A higher BMI being
associated with a higher BMD has been reported in the general population [232].
These results are in keeping with studies in HIV-positive patients that have shown no
association between BMD and a higher BMI, suggesting that a higher BMI may reduce
the impact of HIV infection on BMD [156]. Conversely, most associations seen between
BMD and BMI have occurred at low BMIs, usually seen prior to ART initiation
[146,193,194,208,209,233]. Lower BMI has also been reported as an independent risk
factor for bone loss in ART-experienced patients [364]. A higher BMD was associated
with a higher BMI at baseline in this cohort (Chapter 3), reflecting the well nature of this
group of men with good viraemic control.
Surprisingly, older age was associated with a reduced risk of a greater than SDD
decrease in BMD. This is contrary to what was found at baseline, and also to what has
been reported in both the general population [69] and in HIV-positive patients
[153,156,208-211]. However, this association needs further investigation before any
conclusions can be drawn.
164

There were several HIV-related factors that were also associated with reduced odds of
a greater than SDD reduction in BMD. Most of these were ART-related, including
longer duration of exposure to ART (at the non-dominant femoral neck, right total hip
and the left femoral neck), TDF (at the non-dominant total hip, and the left and right
total hips), a boosted PI (at the non-dominant femoral neck and the left femoral neck),
TDF and a boosted PI concurrently (at the left femoral neck) and an NNRTI (at the right
total hip). Several longitudinal studies have shown stable BMD in ART-experienced
patients [151,159,194,233,296,303,339,340]. My cohort comprised of mainly ARTexperienced patients, and lack of an association may be due to well-controlled HIV
infection, suggesting that ART may be helpful in reducing loss of BMD. It would be
interesting to see if this association remained with a longer follow-up period.
Surprisingly, in this cohort, more advanced HIV infection was also associated with
reduced risk of a greater than SDD reduction in BMD. Most studies have investigated
the effect of HIV infection by studying CD4 count and/or HIV viral load. Details relating
to HIV viral load are mentioned above. Several studies have shown an association
between low nadir CD4 count and lower BMD [210,215,362], as well as fractures [265].
One study has reported a negative correlation between more advanced HIV infection
and BMD [151]. In this study, patients with CDC HIV clinical stages B (symptomatic
non-AIDS) and C (symptomatic AIDS) had lower BMD than those with stage A
(asymptomatic). It is difficult to find a logical explanation for more advanced HIV
infection having an association with reduced odds of a greater than SDD decrease in
this cohort. One suggestion is that although these patients may have had an AIDSdefining condition in the past, they were currently well with good viraemic control, and a
greater than SDD decrease was an indirect marker of HIV viral load. One study
previously reported an association between lower BMD and an undetectable HIV viral
load [210]. In this study, the authors suggested the association may have been an
indirect effect of ART, but were unable to qualify this when further investigations were
conducted.
4.5.1.4 Conclusions
In summary, 338 men returned for a second visit at 12 months, which led to a 19.9%
loss to follow-up rate. Although the change in absolute BMD over the 12 months was
small, there was an increase in BMD at the lumbar spine, a decrease at the nondominant femoral neck and no change at the non-dominant total hip. I investigated a
number of methods to assess change in BMD. In order to take into account precision
error caused by DXA, I decided the best method was to use a greater than SDD
decrease in BMD.
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Interestingly, unlike at baseline, no traditional factors were associated with a greater
than SDD reduction in BMD. The only factor that was associated with a greater than
SDD reduction in BMD was a detectable HIV viral load, which suggests that
uncontrolled HIV infection may have an effect on loss of BMD. This concurs with
published data, and it has been postulated that the inflammatory nature of HIV infection
leads to a catabolic state where the rate of bone resorption is greater than that of bone
formation. Surprisingly, older age was associated with a reduced risk of a greater than
SDD decrease in BMD and needs to be further investigated. A number of HIV-related
factors were also found to be associated with lower odds of a greater than SDD
reduction in BMD, including several related to ART exposure. These suggest that
patients on ART have returned to health. By maintaining good immunologic and
virologic control, ART may actually be important in reducing BMD loss, especially in
ART-experienced patients, where the initial loss of BMD has stabilised. Although more
work is needed, these results suggest that there is no need to alter ART regimens in
patients with reduced BMD, but to primarily concentrate on ensuring HIV-positive
patients are started on ART.

4.5.2 Strengths and limitations
As 338 men returned for a second visit at 12 months, there was a good sample size for
conducting analyses. Although the dropout rate was 19.9%, the power calculation done
prior to the study took into account a dropout rate of 20% (Chapter 2). However, the
power calculation was done for follow-up at 24 months, so this dropout rate at 12
months may have been too high, and a larger sample size might have enabled more
meaningful conclusions to be made.
The main limitation of this study was the relatively short period of follow-up. In general,
men experience a reduction in BMD of 0.5% to 1% per year [70]. Therefore, the followup period of one year was most likely too short to reveal significant changes in BMD. I
tried to overcome this problem by categorising patients into those with a greater than
SDD loss in BMD over the 12 months as changes in absolute BMD were too small to
show any differences. However, as only a small number of participants were affected,
most likely due to the short follow-up period, I was only able to conduct univariable
logistic regression with adjustment for BMD only.
Additionally, the SDD cut-offs I used had been derived by Kolta et al using the QDR
4500 densitometer (Hologic, Bedford, Massachusetts, USA) [353], which was different
to the Lunar iDXA densitometer that was used in my study. Hence, the cut-offs may not
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have been as accurate as if I had used the same make of densitometer. However,
another study used the same SDD cut-offs, and although they did not specify the exact
model of the densitometers they used, they scanned patients using either a GE
Healthcare Lunar or a Hologic densitometer [322].

4.5.3 Future work
Although beyond the scope of this thesis, following these study participants over a
longer period of time (e.g. 5 years, 10 years) would be useful to further investigate
BMD, in particular, the rate of loss of BMD over time and the factors associated with a
reduction in BMD, in a relatively young, homogeneous group of HIV-positive men in
whom the prevalence of reduced BMD would be expected to be low. A follow-up period
of 10 years would allow FRAX® scores to be compared with the actual rate of fragility
fractures. However, a change in BMD over 5 to 10 years may be difficult to interpret as
newer ART is introduced and there are changes in other factors, including cohort
composition and potential increase in the lost to follow-up rate.
Another option is to calculate SDD cut-off values for the Lunar iDXA densitometer that
was used in this study. If the values are different to those published by Kolta et al [353],
then the analyses could be repeated to see if the results varied from those obtained
thus far.
Finally, a validated reference range based on data from HIV-positive patients (ideally
HIV-positive men similar in characteristics to this cohort) would be extremely useful in
interpreting reduced BMD results in HIV-positive men, and further analysing the clinical
significance of a loss of BMD.

The findings from this Chapter, together with the results from Chapter 3, have been
presented at the 21st Conference on Retroviruses and Opportunistic Infections,
Boston, USA in March 2014 (poster) and at the 3rd Joint Conference of BHIVA with
BASHH in Liverpool in April 2014 (poster):
Samarawickrama A, Jose S, Sabin C, Walker-Bone K, Fisher M, Gilleece Y. Minimal
change in bone density and no association with HIV factors over 12 months in HIVinfected men (Poster 777).
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Samarawickrama A, Jose S, Sabin C, Walker-Bone K, Fisher M, Gilleece Y. Minimal
change in bone density over 12 months in cART-experienced HIV-infected men (Poster
163), HIV Med 2014;15(3):1–16.

4.6 Supplementary data
4.6.1 Change in absolute and percentage BMD at the left and right total hips and
the left and right femoral necks at 12 months
Table 4.6.1.1 Absolute BMD at baseline and at 12 months, including the change in
absolute BMD and percentage change, at the left and right total hips and the left and
right femoral necks
There was a significant decrease in mean absolute BMD at the left femoral neck, but not at the right
femoral neck, nor at the left or right total hips. The percentage change at each site was very small overall.
Site

N

Absolute BMD
at baseline,
2
g/cm , mean
(SD)
1.003 (0.14)
1.007 (0.14)
0.950 (0.13)

Absolute BMD
at 12 months,
2
g/cm , mean
(SD)
1.003 (0.14)
1.007 (0.14)
0.946 (0.13)

Left total hip
307
Right total hip
302
Left femoral
309
neck
Right femoral
308
0.960 (0.13)
0.957 (0.13)
neck
BMD: bone mineral density; SD: standard deviation
* P-value is for change in absolute BMD

Change in
absolute
2
BMD, g/cm ,
mean (SD)
0.001 (0.02)
0.001 (0.03)
-0.005 (0.03)

Percentage
change in
BMD, %,
mean (SD)
0.11 (2.57)
0.12 (2.91)
-0.40 (3.77)

P-value*

-0.003 (0.03)

-0.17 (3.66)

0.15

0.56
0.65
0.01

4.6.2 Change in BMD by 1%
Table 4.6.2.1 Change in BMD by 1% at the left and right total hips and the left and right
femoral necks
A >1% decrease in BMD was only seen at the left femoral neck, while there was no change at the other
sites.
Site

N

Left total hip
307
Right total hip
302
Left femoral neck
309
Right femoral neck
305
BMD: bone mineral density

>1% decrease
in BMD

No change in BMD
(-1% to 1%)

91 (29.6)
89 (29.5)
128 (41.4)
115 (37.7)

129 (42.0)
115 (38.1)
110 (35.6)
101 (33.1)

>1%
increase in
BMD
87 (28.3)
98 (32.5)
71 (23.0)
89 (29.2)
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4.6.3 Smallest detectable difference (SDD)
Table 4.6.3.1 A greater than SDD decrease in BMD at 12 months at the left and right
total hips and the left and right femoral necks12 months
There were a similar number of men affected at the left and right total hip, and at the left and right femoral
necks.
N
>SDD decrease in BMD, n (%)
Left total hip
307
25 (8.1)
Right total hip
302
29 (9.6)
Left femoral neck
309
32 (10.4)
Right femoral neck
305
25 (8.2)
BMD: bone mineral density; SDD: smallest detectable difference

4.6.4 Factors associated with a greater than SDD decrease in BMD at the left total
hip at 12 months
Table 4.6.4.1 Factors associated with a greater than SDD decrease in BMD at the left
total hip
The only factor associated with a greater than SDD reduction in BMD at 12 months was a detectable HIV
2
viral load. Older age, BMI 25-30 kg/m , symptomatic non-AIDS disease, current exposure to a boosted PI
and longer duration of exposure to TDF were associated with reduced odds of a greater than SDD
decrease in BMD at 12 months in univariable analyses.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Exercise**
Never/some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Hypogonadism**
No
Yes
Rheumatoid arthritis
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D supplements
No
Yes
Duration of HIV infection, per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS

OR* (95% CI)
0.50 (0.32, 0.79)

P-value
0.003

1.00
0.68 (0.09, 5.39)

0.72

1.00
0.35 (0.11, 1.13)
0.87 (0.35, 2.18)

0.08
0.77

-

-

1.00
0.14 (0.03, 064)
0.81 (0.24, 2.78)

0.01
0.74

-

-

1.00
0.89 (0.11, 7.21)

0.91

1.00
1.02 (0.36, 2.86)

0.97

1.00
1.14 (0.37, 3.55)
0.98 (0.93, 1.05)

0.82
0.59

1.00
0.27 (0.08, 0.95)
0.53 (0.19, 1.50)

0.04
0.23
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OR* (95% CI)
P-value
CD4 count, per 50 cells/µL
Nadir
1.12 (0.98, 1.28)
0.09
HIV viral load <40, copies/mL
Yes
1.00
No
4.84 (1.96, 11.95)
0.001
Current ART regimen
None
1.00
ART including TDF
0.44 (0.14, 1.38)
0.16
ART including PI/ritonavir
0.09 (0.01, 0.81)
0.03
ART including TDF + PI/ritonavir
0.27 (0.07, 1.03)
0.06
Other ART
0.79 (0.13, 4.78)
0.80
Cumulative ART exposure, per year***
0.93 (0.85, 1.01)
0.10
Cumulative TDF exposure, per year***
0.73 (0.56, 0.96)
0.02
Cumulative PI/ritonavir exposure, per year***
0.89 (0.77, 1.04)
0.14
Cumulative NNRTI exposure, per year***
0.92 (0.82, 1.03)
0.15
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; NNRTI: nonnucleoside reverse transcriptase inhibitor; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for baseline BMD
**This could not be calculated as there were too few subjects in the control group
***Includes all patients who have ever been exposed

4.6.5 Factors associated with a greater than SDD decrease in BMD at the right
total hip at 12 months
Table 4.6.5.1 Factors associated with a greater than SDD decrease in BMD at the right
total hip
The only factor associated with a greater than SDD reduction in BMD at 12 months was a detectable HIV
2
viral load. However, BMI 25-30 kg/m , an AIDS diagnosis, current exposure to a boosted PI, and longer
duration of exposure to ART, TDF and an NNRTI were associated with reduced odds of a greater than
SDD decrease in BMD at 12 months in univariable analyses.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Exercise
Never/some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Hypogonadism**
No
Yes
Rheumatoid arthritis
No
Yes
Steroids
No
Yes
Calcium and/or vitamin D supplements
No
Yes

OR* (95% CI)
0.66 (0.43, 1.01)

P-value
0.06

1.00
1.10 (0.24, 5.12)

0.90

1.00
0.39 (0.13, 1.16)
1.08 (0.45, 2.57)

0.09
0.86

1.00
3.61 (0.31, 41.81)
6.72 (0.89, 50.97)

0.30
0.07

1.00
0.30 (0.10, 0.86)
0.81 (0.26, 2.57)

0.03
0.72

-

-

1.00
0.90 (0.11, 7.27)

0.92

1.00
1.47 (0.59, 3.66)

0.41

1.00
0.73 (0.21, 2.54)

0.62
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OR* (95% CI)
P-value
Duration of HIV infection, per year
0.95 (0.90, 1.01)
0.12
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.37 (0.13, 1.03)
0.06
Symptomatic AIDS
0.25 (0.07, 0.87)
0.03
CD4 count, per 50 cells/µL
Nadir
1.12 (0.99, 1.26)
0.07
HIV viral load <40, copies/mL
Yes
1.00
No
5.27 (2.26, 12.30)
0.0001
Current ART regimen
None
1.00
ART including TDF
0.42 (0.14, 1.23)
0.12
ART including PI/ritonavir
0.08 (0.01, 0.71)
0.02
ART including TDF + PI/ritonavir
0.41 (0.13, 1.32)
0.14
Other ART
0.29 (0.03, 2.69)
0.28
Cumulative ART exposure, per year***
0.85 (0.77, 0.94)
0.001
Cumulative TDF exposure, per year***
0.66 (0.50, 0.88)
0.01
Cumulative PI/ritonavir exposure, per year***
0.88 (0.76, 1.02)
0.09
Cumulative NNRTI exposure, per year***
0.79 (0.68, 0.93)
0.003
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; NNRTI: nonnucleoside reverse transcriptase inhibitor; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for baseline BMD
**This could not be calculated as there were too few subjects in the control group
***Includes all patients who have ever been exposed

4.6.6 Factors associated with a greater than SDD decrease in BMD at the left
femoral neck at 12 months
Table 4.6.6.1 Factors associated with a greater than SDD decrease in BMD at the left
femoral neck
The only factor associated with a greater than SDD reduction in BMD at 12 months was a detectable HIV
viral load. Older age, current simultaneous exposure to TDF and a boosted PI, and longer duration of
exposure to ART and a boosted PI were associated with reduced odds of a greater than SDD decrease in
BMD at 12 months in univariable analyses.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Exercise
Never/some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Hypogonadism
No
Yes
Rheumatoid arthritis
No
Yes

OR* (95% CI)
0.64 (0.42, 0.97)

P-value
0.04

1.00
0.31 (0.04, 2.61)

0.28

1.00
0.76 (0.31, 1.84)
0.78 (0.31, 1.95)

0.54
0.59

1.00
1.30 (0.27, 6.32)
1.47 (0.48, 4.51)

0.75
0.50

1.00
0.52 (0.21, 1.27)
0.68 (0.22, 2.15)

0.15
0.51

1.00
1.03 (0.22, 4.73)

0.97

1.00
0.92 (0.11, 7.54)

0.94
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OR* (95% CI)
P-value
Steroids
No
1.00
Yes
2.08 (0.89, 4.90)
0.09
Calcium and/or vitamin D supplements
No
1.00
Yes
1.73 (0.65, 4.59)
0.27
Duration of HIV infection, per year
0.95 (0.89, 1.01)
0.08
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.68 (0.27, 1.73)
0.42
Symptomatic AIDS
0.66 (0.25, 1.75)
0.40
CD4 count, per 50 cells/µL
Nadir
1.09 (0.96, 1.23)
0.18
HIV viral load <40, copies/mL
Yes
1.00
No
2.77 (1.14, 6.73)
0.02
Current ART regimen
None
1.00
ART including TDF
0.66 (0.23, 1.94)
0.45
ART including PI/ritonavir
0.20 (0.04, 1.11)
0.07
ART including TDF + PI/ritonavir
0.24 (0.06, 0.96)
0.04
Other ART
1.32 (0.26, 6.66)
0.73
Cumulative ART exposure, per year**
0.88 (0.80, 0.96)
0.01
Cumulative TDF exposure, per year**
0.83 (0.68, 1.02)
0.08
Cumulative PI/ritonavir exposure, per year**
0.82 (0.69, 0.98)
0.03
Cumulative NNRTI exposure, per year**
0.93 (0.83, 1.03)
0.16
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; NNRTI: nonnucleoside reverse transcriptase inhibitor; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for baseline BMD
**Includes all patients who have ever been exposed

4.6.7 Factors associated with a greater than SDD decrease in BMD at the right
femoral neck at 12 months
Table 4.6.7.1 Factors associated with a greater than SDD decrease in BMD at the right
femoral neck
There were no factors associated with a greater than SDD reduction in BMD at the lumbar spine at 12
2
months. Only BMI 25-30 kg/m was associated with reduced odds of a greater than SDD decrease in BMD
at 12 months in univariable analyses.

Age, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
Exercise**
Never/some weeks
Most weeks
Every week
BMI
<25
25-30
>30
Hypogonadism
No
Yes

OR* (95% CI)
0.78 (0.49, 1.25)

P-value
0.30

1.00
0.42 (0.05, 3.51)

0.42

1.00
0.57 (0.19, 1.65)
1.08 (0.41, 2.85)

0.30
0.88

-

-

1.00
0.30 (0.10, 0.88)
0.54 (0.15, 1.98)

0.03
0.36

1.00
0.56 (0.07, 4.42)

0.58
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OR* (95% CI)
P-value
Rheumatoid arthritis
No
1.00
Yes
1.24 (0.15, 10.30)
0.84
Steroids
No
1.00
Yes
1.63 (0.60, 4.38)
0.33
Calcium and/or vitamin D supplements
No
1.00
Yes
1.44 (0.46, 4.53)
0.53
Duration of HIV infection, per year
1.00 (0.94, 1.06)
0.94
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.69 (0.24, 2.04)
0.51
Symptomatic AIDS
0.89 (0.32, 2.46)
0.82
CD4 count, per 50 cells/µL
Nadir
1.00 (0.87, 1.16)
0.96
HIV viral load <40, copies/mL
Yes
1.00
No
1.57 (0.54, 4.58)
0.41
Current ART regimen
None
1.00
ART including TDF
1.13 (0.29, 4.44)
0.86
ART including PI/ritonavir
0.47 (0.07, 3.11)
0.43
ART including TDF + PI/ritonavir
0.84 (0.19, 3.77)
0.82
Other ART
0.79 (0.07, 8.60)
0.84
Cumulative ART exposure, per year***
0.98 (0.90, 1.07)
0.67
Cumulative TDF exposure, per year***
0.94 (0.77, 1.16)
0.57
Cumulative PI/ritonavir exposure, per year***
1.00 (0.89, 1.13)
0.98
Cumulative NNRTI exposure, per year***
1.01 (0.92, 1.12)
0.78
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; NNRTI: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor; TDF: tenofovir
*Adjusted for baseline BMD
**This could not be calculated as there were too few subjects in the control group
***Includes all patients who have ever been exposed
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Chapter 5: Fracture assessment, fracture risk and screening
tools

5.1 Background
5.1.1 Introduction
BMD has been discussed in detail in Chapters 3 and 4. In this Chapter, I concentrate
on fracture assessment and fracture risk in the entire cohort at baseline. I investigate
factors associated with fragility fractures, including family history of osteoporosis and/or
fractures, past history of fragility fractures, and reduced mobility and falls. I also
calculate FRAX® scores in all participants and investigate how FRAX® scores vary
when BMD is or is not included, as well as with or without HIV as a secondary risk
factor. Finally, I compare pDXA to cDXA and assess the utility of both FRAX® and
pDXA as screening tools in calculating future fracture risk.

5.1.2 Risk factors for fractures in epidemiological studies
5.1.2.1 Fragility fractures
A past history of a fragility fracture is a non-modifiable risk factor for future fracture risk.
Cross-sectional studies on the general population have found a prevalent fracture is
associated with reduced BMD [204,365-367]. A longitudinal study in the general
population has also shown an association between prevalent fracture and bone loss at
the lumbar spine, but not at the hip, although a lack of association at the hip may have
been due to lack of power [368]. A meta-analysis has demonstrated that a past history
of fracture was associated with an increased risk of future osteoporotic or hip fractures
in both men and women which was greater than that explained by measurement of
BMD alone [369].
A number of studies comparing HIV-positive patients (both men and women) have
found no difference in the rates of past fracture history compared to HIV-negative
controls [157,323]. However, in these studies, the sites of fracture were not mentioned,
and ‘any’ history of a fracture has been used. Similar results have also been reported in
studies comparing HIV-positive to HIV-negative women [153,370,371]. In the study by
Arnsten et al, fractures were specifically categorised at the wrist and lumbar spine
[153], whilst in the latter two studies from the same cohort, previous fracture has been
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defined as a fracture at the hip, the wrist or the lumbar spine ever, or in the preceding
six months [370,371]. Two RCTs in HIV-positive cohorts have also compared past
history of fractures in patients on different combinations of ART and found no
difference [251,252]. In the first study, past fractures were classified as vertebral or
non-vertebral [251], whilst in the second study, the sites included were not mentioned
[252].
One of the main issues in comparing fragility fractures is that the classification of
fractures varies between studies. In my study, fragility fractures were classified
according to the sites associated with osteoporotic fractures [372] and this is discussed
in more detail in Section 5.3.2.
5.1.2.2 Family history of osteoporosis
A positive family history of fracture and/or osteoporosis is another non-modifiable risk
factor. It is thought to lead to thinner cortices and lower BMC in both men and women,
which in turn leads to a higher risk of sustaining a femoral neck fracture [373].
However, some cross-sectional studies in the general population have shown an
association with reduced BMD [204,373], whilst others have not [365,374]. A lack of an
association may be due to poor recall, or because most studies do not specifically
inquire about maternal or paternal history of fractures and/or osteoporosis. A metaanalysis found that a history of a hip fracture in a parent was associated with a higher
risk of all osteoporotic fractures, including hip fractures [375].
Very few studies of HIV-positive patients have investigated the association between
family history and risk of osteoporosis and/or fragility fractures. Two studies have
shown no difference in rates between HIV-positive and HIV-negative patients
[158,306], although in the first study there was borderline significance for a higher rate
of family history in HIV-positive women who were not on ART compared to those who
were [158]. The pilot study for my study also found no association between family
history of osteoporosis and reduced BMD [160].
5.1.2.3 Falls and reduced mobility
Fall rates increase with age. Studies in the general population have reported that 30%
of people ≥65 years and 40% to 50% of those ≥80 years have had a fall in the
preceding year [376,377]. Falls can be associated with serious injury, resulting in
fractures in 5% to 10% of white women and hip fractures in 1% [378]. Additionally, the
primary risk factor for a hip fracture is a fall, with over 90% of fractures occurring after a
fall [378,379]. The majority of fractures occur in people ≥65 years old [380]. As the
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population continues to grow older, the worldwide incidence of hip fractures is expected
to rise by 240% in women and 310% in men by 2050 [80].
BMD alone does not determine the risk of a fracture, with the mechanics of a fall also
being important [378,381]. The circumstances and the direction of a fall help to
determine fracture type, whilst the energy of the fall and factors offering protection (e.g.
soft tissues over the bone), as well as BMD, help to determine whether or not a fracture
occurs [378,381]. For example, hip fractures usually occur indoors in less active people
who fall from a standing height and tend to fall sideways or straight down on to their hip
[381]. In contrast, distal forearm fractures tend to occur outdoors in more active older
people who display a greater forward momentum when they fall [382]. Immobility can
also lead to fractures due to restriction of movement and activities, and can occur in
people who have fallen once and then develop a fear of falling, leading to a restricted
lifestyle [383].
There are numerous risk factors for falls. These include older age, increased frailty, comorbidities (e.g. arthritis, diabetes), physical impairments (e.g. visual impairment, gait
instability,

cognitive

impairment,

neuropathy,

strength),

medication

(e.g.

antihypertensives, antidepressants, anticonvulsants, benzodiazepines) especially
polypharmacy, excess alcohol use, VDD, home hazards or a combination of several
risk factors [384-386]. Further evidence for other factors involved in fracture risk is
shown in people with osteoarthritis of the weight-bearing joint, who are still at risk of
fracture, despite osteoarthritis causing an increase in BMD [387].
Although studies have shown an association between falls and fracture risk, and there
are plausible mechanisms involved, fall assessment has not been standardly assessed
in RCTs or epidemiologic datasets [388]. This has led to falls not being included in
fracture prediction tools, which is discussed further in Section 5.1.4.
HIV-positive patients are at risk of accelerated ageing, which has led to them being
susceptible to age-related co-morbidities at a younger age than in the general
population [389]. HIV-positive patients have a high prevalence of risk factors and comorbidities associated with ageing [390]. These risk factors include those associated
with falling, such as multiple co-morbidities, medications and functional impairment
[391,392]. In Erlandson et al’s study in American HIV-positive patients, co-morbidities
associated with falling were cardiovascular disease, hypertension, dementia,
neuropathy, arthritis, chronic pain, psychiatric disease, frailty or disability [391].
Additionally, certain drugs were independently associated with falling and included
beta-blockers, antidepressants, antipsychotics, sedatives, and opiates. They found that

176

female gender, diabetes, antidepressants, sedatives, opiates, didanosine, exhaustion,
weight loss and difficulty with balance were the most significant predictors of falls [391].
In another smaller American study, falls were associated with being on more than five
medications, having more than three co-morbidities and non-compliance with
medications [392].

5.1.3 pDXA
Although cDXA remains the gold standard investigation for measuring BMD [90,95],
pDXA of the distal forearm can be used to screen high-risk populations [111]. Scans
can be performed with portable equipment, are quick and use very low levels of
radiation. The UK National Osteoporosis Society recommends using pDXA as an
adjunct to cDXA [114]. The main advantage of pDXA is that it can be performed by
non-radiographers, making it suitable for screening in an outpatient setting.
The concern with reduced BMD is that it can lead to hip and vertebral fractures [58].
BMD at the distal forearm has been shown to be a good predictor of future hip fracture
risk [113,393]. A population-based American study reported that the cumulative
incidence of any fracture following a distal forearm fracture was 55% at 10 years and
80% at 20 years [394]. In this study, there was an increased risk of a future hip fracture
in both men and women when compared to expected fracture rates in the community.
Women >70 years old had a higher risk of a hip fracture following the distal forearm
fracture than those ≤70 years old. In contrast, the risk of a future vertebral fracture was
increased in all age groups, with men having the highest risk.
Most studies evaluating pDXA have been performed in post-menopausal women and
older institutionalised adults [117,118]. A pilot study for this cohort showed good
correlation between pDXA and cDXA and that pDXA was acceptable in HIV-positive
men [395]. Data suggest that a combination of pDXA and assessment of risk factors
can reduce the need for cDXA [115]. Additionally, this approach has been shown to be
cheaper than cDXA alone [116]. If pDXA is to be used as a screening tool, it needs to
correlate with BMD at the lumbar spine and hip (total hip and femoral neck) without
over- or under-predicting BMD. If this was the case, it could be used as a screening
test in the HIV outpatient clinic, with cDXA reserved for those with proven low BMD on
pDXA.
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5.1.4 Assessment of fracture risk
Fracture is a potentially fatal outcome of reduced BMD [58]. Although reduced BMD is
important, there are a number of other risk factors that contribute to fracture risk that
are independent of BMD [61,388]. Therefore, assessment tools to predict the risk of
fracture and treat it accordingly are invaluable. The WHO has approved the FRAX ®
score, a fracture assessment tool based on key risk factors, as well as femoral neck
BMD (if available), which calculates the 10-year absolute risk of a major osteoporotic
fracture, as well as that of a hip fracture (http://www.shef.ac.uk/frax, Figure 5.1.4.1). It
has primarily been validated in women >50 years old and in men. Important risk factors
used in the model include past history of fracture, family history of hip fracture, current
smoking, corticosteroid use, rheumatoid arthritis, the presence of other causes of
secondary osteoporosis and excess alcohol intake (>3 units/day) [61]. The FRAX® tool
can be used to assess fracture risk in men and women using risk factors only and/or by
combining with BMD data [396]. FRAX® scores use National Osteoporosis Guideline
Group (NOGG) guidance to recommend management options including the need for
specific pharmacologic intervention (e.g. bisphosphonates) [397].
Figure 5.1.4.1 A screen shot of the WHO FRAX® tool (http://www.shef.ac.uk/frax,
accessed 30th January 2016)
®

The FRAX tool predicts the 10-year probability of a major osteoporotic fracture, as well as that of a hip
fracture. It provides guidance on management using NOGG.
®
FRAX : Fracture Risk Assessment Tool; NOGG: National Osteoporosis Guideline Group
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Although FRAX® includes a number of important risk factors for future osteoporotic
fractures, a previous history of falls is not one of them. This is because fall assessment
has not been standardised in large studies [388]. Additionally, falls have historically
been assessed retrospectively, and are heavily subject to recall bias, with those that do
not cause significant injury and those with a longer follow-up period being forgotten
[398]. However, the Garvan normogram (https://www.garvan.org.au/promotions/bonefracture-risk/calculator/), another fracture assessment tool which has been developed
in Australia as an alternative to FRAX®, does include fall as a risk factor for future
fracture. When the two fracture prediction tools were compared, they reported similar
accuracy rates in post-menopausal women, with the Garvan normogram being better in
men [399,400]. The similar accuracy of both, although fall history was included in the
Garvan normogram, may be due to the longer length of fall assessment in the Garvan
normogram [398].
Currently, screening for reduced BMD in the UK general population is not
recommended [401]. However, strategies combining the use of a case-finding
approach with fracture assessment, and the additional testing of BMD, are likely to be
beneficial. Many guidelines on the management of reduced BMD and fracture risk
recommend the use of FRAX® scores in HIV-positive patients [402,403].
Although HIV-positive patients are at risk of many chronic co-morbidities associated
with ageing, few risk calculators have been adjusted to take into account the additional
risk conferred by HIV infection [404]. This is also true for the FRAX® tool, which has not
been validated in HIV-positive patients, which therefore may lead to under-estimation
of predicted scores [405]. Several studies have investigated whether FRAX® scores
calculated using classic risk factors only are sufficiently discriminatory to determine
which HIV-positive patients would benefit from DXA screening. In the first study that
evaluated the use of FRAX® in HIV-positive patients, Calmy et al compared the FRAX®
score with and without BMD [199]. They investigated whether classic risk factors alone
would be sufficient in identifying HIV-positive patients with low BMD. However, they
found that the FRAX® score based only on classic risk factors was not able to
distinguish between HIV-positive patients with osteopenia to those without, and that the
FRAX® score was more sensitive when calculated using femoral neck BMD [199].
Another similar study also reported that the FRAX® score using classic risk factors
alone was insensitive in HIV-positive patients, with the addition of HIV as a secondary
risk factor increasing sensitivity [406]. However, the specificity of the FRAX® score with
classic risk factors in patients with normal BMD was 83% [406]. Pepe et al also
reported similar results (sensitivity 23%, specificity 100%) in HIV-positive men for
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detecting ‘bone fragility’ (defined as T-score <-2.5 or T-score between -2.5 and -1.0
with fracture) when the FRAX® score was set at a 7% threshold [407].
Additionally, two studies have investigated the utility of DXA screening guidelines
instead of using the FRAX® tool. In the French ANRS-120 FOSIVIR study, screening all
patients >50 years old with DXA led to a sensitivity and specificity of 52% and 65%,
respectively [408]. However, they found that using a combination of age, BMI and CD4
cell count increased sensitivity and specificity to 65% and 67%, respectively. In the
second study, which followed Italian guidelines on DXA screening, using two risk
factors other than HIV infection to detect a Z-score of ≤-2 only resulted in sensitivity
and specificity of 32% and 81%, respectively [409]. The differences seen in these two
studies are most likely attributable to the use of very different criteria for screening. The
Italian study included patients with two risk factors (but HIV infection was not one of
them) [409], whilst the French study took into account immunosuppression [408]. The
results from the French study suggest that the inclusion of HIV-related criteria in
screening guidelines may increase the sensitivity of DXA in HIV-positive patients.
Finally, a study has investigated the accuracy of a modified-FRAX® tool (history of
secondary osteoporosis and parental hip fracture were not included) in predicting
fracture risk in HIV-positive individuals [410]. Yin et al included 24,451 HIV-positive and
HIV-negative men aged 50 to 70 years old from the Veterans Aging Study Virtual
Cohort (VACS-VC). They compared the modified-FRAX® score without BMD data
against the 10-year observational data for incident fragility fracture. They found that
although the accuracy improved when HIV infection was included as a risk factor for
secondary osteoporosis, the modified-FRAX® score still under-estimated fracture rates
in HIV-positive men compared to those that were HIV-negative, and that the tool was
worse in older men [410]. However, using a FRAX® score with complete risk factors
may have improved the sensitivity and specificity.
In summary, these studies suggest that a FRAX® score based on classic risk factors in
HIV-positive patients is not accurate enough to identify patients at risk of fracture and
therefore cannot replace DXA screening. This was also the case even when HIV
infection was included as a secondary cause of osteoporosis. The results suggest that
the FRAX® tool’s utility is in identifying ‘at risk’ patients who would benefit from DXA
screening to assess BMD, although more studies are needed to further evaluate this. It
is also worth noting that direct comparison between studies can be difficult due to the
differences in patient populations, the use of different screening criteria and the
inclusion of varied risk factors.

180

5.1.5 Fractures in HIV-positive patients
Most studies investigating fractures in HIV-positive patients have been conducted in
Europe, North America and Australia. There was contradictory evidence from earlier
studies, although latter ones have shown a sharp rise in fracture rates in the first few
years after diagnosis of HIV infection [411]. Some studies have compared fractures
with those in the general population, whereas others have investigated fracture rates in
HIV-positive populations only. In a meta-analysis of incident fractures in HIV-positive
individuals, Shiau et al analysed data from 13 eligible studies [162]. In seven studies,
fracture rates in HIV-positive patients were compared to those in the general
population. Nine studies reported data on fracture incidence relating to all fractures,
whilst ten presented data on fragility fractures only. The pooled incidence rate ratio was
1.58 (95% CI 1.25, 2.00) for all fractures and 1.35 (95% CI 1.10, 1.65) for fragility
fractures [162]. Factors associated with fragility fractures were older age, white
ethnicity and smoking. Additionally, cross-sectional studies have reported low rates of
new fractures following a diagnosis of HIV infection [145,147,208].
5.1.5.1 Fracture rates compared to HIV-negative patients
Despite less data relating to fractures than BMD, there is increasing evidence that HIVpositive patients may have a modest increase in fracture risk compared to the general
population for both fragility and non-fragility fractures (Table 5.1.5.1). Fracture rates are
likely to increase as HIV-positive patients become older. However, early studies
showed that there was no increased risk compared to HIV-negative populations
[156,370]. In an observational longitudinal study, comparing 328 HIV-positive men to
231 HIV-negative men, there was a higher rate of fractures in the HIV-positive group
(hazard ratio [HR] 1.38; 95% CI 0.63, 3.01), although this did not reach statistical
significance [156]. There was also no increased fracture risk seen in 1728 American
HIV-positive women compared to HIV-negative women who were followed for five
years in a multicentre study [370].
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Table 5.1.5.1 Studies investigating fracture prevalence and incidence in HIV-positive patients compared to HIV-negative patients
Despite earlier studies showing contradictory evidence, several more have consistently shown that HIV-positive patients have a moderate increase in fracture risk compared to
HIV-negative individuals.
Author
(name of
study)
Arnsten
[156]
(CHAMPS)

Year

Location

Study design

N

HIV-positive, n
(%)

%
male

% ARTexposed

Fractures, n

Fracture prevalence/incidence

100

Mean
age
(years)
a
55

2007

USA

Prospective

559

328 (59)

87

21 in HIVpositive vs. 12 in
HIV-negative

138 (26)

0

38

72

-

2,217,317

8525 (0.4)

44

-

-

-

Prospective

2391

1728 (72)

0

40

66

USA

Case-control

119,318

40115 (33)

100

-

75

148 in HIVpositive vs. 47 in
HIV-negative
1615

Fracture incidence rates/100 personyears 1.4, 3.6 and 6.5 for HIV-positive
men with normal BMD, osteopenia or
osteoporosis. No difference in rates
between HIV-positive vs. HIV-negative
men (3.1 vs. 2.6/100 person-years,
p=0.69).
OR 1.7 (95% CI 1.1, 2.6) but no
difference in BMD between HIV-positive
women and those in general population.
Overall fracture prevalence 2.87 (95% CI
2.52, 3.23)/100 persons in HIV-positive
vs. 1.77 (95% CI 1.75, 1.79)/100 persons
in HIV-negative patients.
No increase in fracture risk in HIVpositive women.

Prior [412]

2007

Canada

Case-control

540

Triant [413]

2008

USA

Populationbased

Yin [370]
(WIHS)

2010

USA

Womack
[414]
(VACS-VC)
Young [265]
(HOPS)
Hansen
[415]

2011

2011

USA

Prospective

224,485,500

5826 (0.003)

79

40

a

73

233

2012

Demark

Populationbased

31,836

5306 (17)

76

37

a

78

806 in HIVpositive vs. 3312
in HIV-negative

Torti [416]

2012

Italy

Crosssectional

323

160 (50)

100

53

a

78

43 in HIVpositive vs. 21 in
HIV-negative

HR 1.24 (95% CI 1.11, 1.39), with risk
attenuated by BMI.
Age-adjusted fracture rates higher than in
general population during 2000-2006.
IRR 1.5 (95% CI 1.4, 1.7) for all fractures
in HIV-positive patients. Increased
fracture risk associated with ‘low energy’
(vs. ‘high energy’) fractures and ART.
Prevalence of vertebral fractures higher
in HIV-positive patients vs. controls
(26.9% vs. 12.9%; p=0.002).
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Author
(name of
study)
GuerriFernandez
[417]

Year

Location

Study design

N

HIV-positive, n
(%)

%
male

% ARTexposed

Fractures, n

-

Mean
age
(years)
50

2013

Spain

Populationbased

1,118,156

2489 (0.2)

-

222 (50)

60

46

85

49 in HIVpositive vs.
24,408 in HIVnegative
45 in HIVpositive vs. 16 in
HIV-negative

Peters [306]

2013

UK

Crosssectional

444

PrietoAlhambra
[418]
Byrne [419]

2014

Denmark

Case-control

498,617

102 (0.02)

48

43

-

50

2015

USA

Retrospective
cohort

849,256

100,409 (12)

32

41

100

-

Fracture prevalence/incidence

Adjusted HR 2.7 (95% CI 2.01, 3.5) for
major fractures and 6.2 (95% CI 3.5,
10.9) for hip fractures.
Fracture prevalence higher (OR 3.27,
p=0.0001) and RLFP higher (OR 1.22
[95% CI 1.07, 1.40], p=0.003) in HIVpositive vs. HIV-negative.
Increased risk of any fracture (OR 2.89
[95% CI 1.99, 4.18])

HIV/HBV co-infected patients had higher
cumulative hip fracture incidence vs. HIVmono-infected (adjusted HR, 1.37 [95%
CI, 1.03, 1.83]) and HIV/HBV-negative
(adjusted HR, 1.35 [95% CI, 1.03, 1.84])
patients.
a
Sharma
2015
USA
Prospective
2375
1713 (72)
0
40
63
300 in HIVUnadjusted incidence rates (any fracture)
[371]
positive vs. 90 in higher in HIV-positive vs. HIV-negative
(WIHS)
HIV-negative
women (2.19/100 vs. 1.54/100 personyears, p=0.002).
95% CI: 95% confidence interval; ART: antiretroviral therapy; BMI: body mass index; BMD: bone mineral density; CHAMPS: Cohort of HIV at-risk Aging Men’s Prospective Study;
HBV: hepatitis B; HOPS: HIV Outpatient Study; HR: hazard ratio; IRR: incidence rate ratio; OR: odds ratio; RLFP: remaining lifetime fracture probability; VACS-VC: Veterans Aging
Study Virtual Cohort; WIHS: Women’s Interagency HIV Study
a
median age
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In a large population-based American study using data registry records from a
secondary care setting, an increased prevalence of fractures was seen in HIV-positive
patients compared to HIV-negative individuals [413]. Fracture rates in 8,525 HIVpositive patients were compared to 2.2 million HIV-negative patients with at least one
inpatient or outpatient episode over an 8-year period. The total fracture prevalence was
2.87 (95% CI 2.52, 3.23) per 100 persons in HIV-positive patients compared to 1.77
(95% CI 1.75, 1.79) per 100 persons in HIV-negative individuals (p<0.0001) [413].
Rates of fracture were higher in black and white HIV-positive females, and in white
HIV-positive males. HIV-positive women had a higher prevalence of vertebral and wrist
fractures compared to HIV-negative women. HIV-positive men had the highest
prevalence of fractures (3.08 per 100 persons, 95% CI 2.62, 3.53 vs. 1.83 per 100
persons, 95% CI 1.81, 1.86; p<0.0001) at all three of the commonest sites (lumbar
spine, femoral neck and wrist) [413]. However, there were no BMD data to compare
fracture prevalence against and the data did not allow adjustments to be made for
differences in risk factors between groups. A study of 138 younger HIV-positive
Canadian women found a 70% increased likelihood of fragility fracture compared to
HIV-negative controls [412]. However, there was no BMD difference between HIVpositive and HIV-negative women and the results were confounded by the high
prevalence of secondary risk factors in HIV-positive women, including intravenous drug
use (IVDU) and ART exposure.
Results from longitudinal studies have been mixed. Arnsten et al showed no difference
in American men aged ≥49 years old who either had HIV infection or high-risk
behaviour for acquiring HIV infection [156]. In contrast, two other large prospective
observational studies have shown an increased rate of fractures compared to HIVnegative individuals in male and female HIV-positive American patients [265] and in
HIV-positive American male veterans [414]. In the study by Young et al, agestandardised rates of fracture were higher in HIV-positive patients compared to the
general population for both fragility fractures and total fractures [265]. Furthermore,
nadir CD4 <200 cells/µL was associated with increased all-fracture incidence [265]. In
the other study, which compared HIV-positive to HIV-negative men, HIV infection was
associated with an increased risk of fracture (HR 1.24; 95% CI 1.11, 1.39), but the
association was weakened when adjusted for BMI (HR 1.10; 95% CI 0.97, 1.25) [414].
Studies since 2012 have consistently shown an increased risk of fracture in HIVpositive patients. Two Danish studies have shown that HIV infection and ART were
both associated with an increased risk [415,418]. HIV infection was associated with an
almost 3-fold increase in fracture risk compared with that of age- and gender-matched
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uninfected patients [418]. ART-exposed patients had a 60% higher risk of fragility (‘lowenergy’) fractures compared to the general population, even after adjusting for comorbidities, although there was no such association for non-fragility (‘high-energy’)
fractures [415]. An increased risk has also been reported in Spanish [417] and
American studies [371]. A cross-sectional study from the UK also reported a higher
fracture prevalence and a higher remaining lifetime fracture probability (RLFP) in HIVpositive patients compared to HIV-negative ones [306]. A study investigating vertebral
fractures only also reported a higher prevalence in HIV-positive patients, and a
correlation between BMI, diabetes and vertebral fractures [416]. Another study in
HIV/HBV co-infected patients has reported a higher cumulative incidence of hip
fracture compared to HIV-mono-infected and HIV/HBV-negative controls [419].
5.1.5.2 Fracture rates in HIV-positive cohorts
A number of studies in HIV-positive cohorts have investigated fracture prevalence and
incidence (Table 5.1.5.2). Several studies have reported varying rates of fracture
incidence [420-424]. Although one study reported an incidence of 3.3 (95% CI 2.0,
4.6)/1000 person-years, the authors found that this rate was similar to the general
population of the same age [420]. However, higher rates were seen in patients with
excessive alcohol consumption and HCV co-infection [420]. In the VACS-VC cohort,
fracture incidence was 2.6/1000 person-years and fragility fractures were associated
with frailty [423]. In a large study from the USA, low BMD at baseline was associated
with a significantly increased risk of incident fracture [424].
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Table 5.1.5.2 Studies investigating fracture prevalence and incidence in HIV-positive patients
Variable fracture incidence reported in studies in HIV-positive cohorts, including studies investigating vertebral fractures and the effect of ART on fractures.
Author (name
of study)
Collin [420]
(ANRS CO8
APROCOCOPILOTE)
Grund* [11]
(SMART)

Year

Location

Study design

N
1281

HIV-positive,
n (%)
1281 (100)

%
male
77

Mean age
(years)
a
36

% ARTexposed
100

Fractures, n

2009

France

Prospective

2009

Australia,
Spain, USA

Prospective

5473

5473 (100)

73

43

a

95 (ever)

a

85

10/2753 in
continuous ART
vs. 2/2720 in
intermittent ART
37

Hasse [421]
(Swiss HIV
Cohort)
Yong [422]

2011

Switzerland

Prospective

8444

8444 (100)

71

45

2011

Australia

Case-control

183

183 (100)

89

50

84

73

Bedimo [266]
(VHA CCR)

2012

USA

Retrospective

56,660

56,660 (100)

98

46
(fractures)
vs. 44 (no
fractures)

-

951

Yin [425]
(ACTG A5001
[ALLRT])

2012

USA

Retrospective

4640

4640 (100)

83

39

26

116

Womack [423]
(VACS-VC)
Borderi [426]

2013

USA

Prospective

40,115

40,115 (100)

100

46

-

588

2014

Italy

Crosssectional

202

202 (100)

65

51

a

86

47

Porcelli [427]

2014

Italy

Crosssectional

131

131 (100)

71

51

a

100

35

a

27

Fracture prevalence/incidence
Fracture incidence 3.3 (95% CI 2.0,
4.6)/1000 person-years.

HR 4.9 (95% CI 1.1, 22.5).

Fracture incidence 1.64 (95% CI 1.19,
2.26)/1000 person-years.
Fracture incidence 0.53 (95% CI 0.43,
0.65)/100 person-years.
Fracture rates significantly higher in ART
era (after 1996). Exposure to TDF or
boosted PIs associated with increased
risk, with highest risk when TDF and
boosted PIs concomitantly prescribed.
Fracture incidence 0.40 (95% CI 0.33,
0.48)/100 person-years among all
participants and 0.38 (95% CI 0.30,
0.49)/100 person-years in 3398 ARTnaive participants.
Fracture incidence 2.6/1000 personyears.
Fracture prevalence 23.3%. Prevalence
in naïve vs. ART-experienced was 18%
vs. 24%.
Vertebral fractures occurred more
frequently in patients with low BMD vs.
normal BMD (88.5% vs. 11.4%;
p <0.001).
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Author (name
of study)

Year

Location

Study design

N

HIV-positive, n
(%)

%
male

Mean age
(years)

Gazzola [428]

2015

Italy

Crosssectional
Prospective**

194

194 (100)

73

49

a

% ARTexpose
d
71

Fractures, n

24

Fracture prevalence/incidence

Vertebral fracture prevalence 12.4%.

Mazzotta
2015
Italy
163
163 (100)
70
44
80
49
Fracture prevalence of non-traumatic
[409]
bone fractures 27.0%.
a
Battalora
2016
USA
Prospective
1006
1006 (100)
83
43
96
85
Fracture incidence 85/4068 person[424]
years.
(HOPS-DIDC
and SUN)
a
Stephens
2016
USA
Retrospective
232
232 (100)
98
49
82
108
Subclinical vertebral fracture
[429]
prevalence 46.6%.
95% CI: 95% confidence interval; ACTG: AIDS Clinical Trials Group; ALLRT: ACTG Longitudinal-Linked Randomized Trial; ANRS: Agence Nationale de Recherche sur le Sida;
ART: antiretroviral therapy; BMD: bone mineral density; HOPS-DIDC: HIV Outpatient Study-Denver Infectious Diseases Consultants; HR: hazard ratio; PI: protease inhibitor;
SMART: Strategies for Management of Antiretroviral Therapy; SUN: Study to Understand the Natural History of HIV/AIDS in the Era of Effective Therapy; TDF: tenofovir; VACSVC: Veterans Aging Study Virtual Cohort; VHA CCR: Veterans Health Administration’s Clinical Case Registry
*Results for parent study
**Cross-sectional data from a prospective study are presented
a
Median age
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Several studies have investigated the effect of ART on fracture incidence [11,266,425].
In the SMART study, fractures were reported in 10 patients (out of 2753) on the
continuous ART arm and two (out of 2720) in the intermittent arm, leading to a HR of
4.9 (95% CI 1.1, 22.5) [11]. Although fracture incidence was 0.40 (95% CI 0.33,
0.48)/100 person-years in all participants and 0.38 (95% CI 0.30, 0.49)/100 personyears in 3398 ART-naive patients, one study found that fracture rates were higher
within the first two years after starting ART (0.53/100 person-years) than subsequent
years (0.30/100 person-years) [425]. However, they were unable to establish which
specific ART drugs were implicated. In a retrospective study of different ART regimens
and their association with fracture risk, cumulative exposure to TDF was independently
predictive of increased risk of osteoporotic fracture (12% higher per year of exposure)
after controlling for traditional osteoporotic risk factors and concomitant ART [266]. The
highest risk was seen when TDF and boosted PIs were co-prescribed. In another
analysis from the same cohort, fracture rates were significantly higher in HIV/HCV coinfected patients compared to those with HIV-mono-infection (2.57 vs. 2.07/1000
patient-years, p<0.0001), and the increased risk of osteoporotic fractures seen in
HIV/HCV co-infected patients was partly explained by the severity of liver disease
[430]. An Italian study also found that HIV/HCV co-infection was associated with nontraumatic bone fractures in multivariate analyses [409].
Most studies have investigated clinical fractures, with few reporting on morphometric
vertebral fractures. Those that have investigated vertebral fractures have reported
prevalences that vary greatly [426-429]. One study used lateral x-rays to identify
vertebral fractures and reported a prevalence of 23.3% overall, with the prevalence in
ART-naïve patients being 18% and that in ART-experienced patients being 24% [426].
An Italian study reported a prevalence of 12.4%, but found that 70% of fractures
occurred in patients that were not osteoporotic [428]. In a retrospective American study
in HIV-positive patients with VDD, the prevalence of subclinical vertebral fractures was
46.6% [429]. In this study, those with fractures had a similar prevalence of
osteoporosis, low BMD and FRAX® scores to patients without fractures. Another study
that also investigated BMD found that vertebral fractures occurred more frequently in
patients with low compared to normal BMD (88.5% vs. 11.4%; p<0.001) [427]. In three
of these studies, vertebral fractures were associated with older age [426-428], and in
two, steroid exposure [426,428].
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5.1.6 Summary
Most studies in HIV-positive populations have used BMD as a surrogate marker of
fracture risk, but it is its relationship with fragility fractures that makes reduced BMD
clinically important. In older patients, there is a strong relationship between low BMD
and fractures, especially as these patients are at increased risk of falls [379]. An
increase in the age of HIV-positive patients is likely to lead to an increased rate of
fracture. However, there is uncertainty as to whether reduced BMD leads to an
increased risk of fractures in younger, HIV-positive men. It is also unclear whether high
rates of reduced BMD in HIV-positive men <50 years old will lead to increased rates of
fracture at an older age.
Although there are many studies showing a link between HIV infection, ART and
reduced BMD (as well as lower BMD and loss of BMD), those showing an increased
risk of fracture and fracture incidence in HIV-positive patients are far fewer. However, it
is likely that the rates will increase as life expectancy in HIV-positive patients continues
to increase. This coupled with data suggesting that fracture rates are higher in HIVpositive patients compared to HIV-negative individuals, may mean that the
consequence of reduced BMD becomes more important in HIV-positive patients. There
is growing interest in estimating the future risk of fracture in HIV-positive patients using
the FRAX® algorithm.
In this chapter, I concentrate on describing the data relating specifically to future
fractures (e.g. past history of fragility fractures, family history of osteoporosis, falls and
reduced mobility) [369,378,379,383,396]. I also analyse the utility of FRAX®, pDXA of
the non-dominant wrist and a combination of both tests as screening tools in predicting
future fracture risk.

5.2 Aims and objectives
Below are the aims for this Chapter:
1. To describe the distribution of the following variables:
a. Previous history of fracture and fragility fracture
b. Past medical history of osteoporosis
c. Family history of osteoporotic fractures
d. Mobility and falls.
2. To assess agreement of non-dominant wrist BMD measured by pDXA against
BMD of the non-dominant wrist using cDXA.
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3. To assess correlation of non-dominant wrist BMD measured by pDXA against
BMD at the lumbar spine, the non-dominant total hip and the non-dominant
femoral neck measured by cDXA.
4. To calculate FRAX® scores, and to compare the difference with and without
BMD, as well as with and without HIV as a secondary risk factor.
5. To assess the utility of FRAX® and pDXA as screening tools for identifying
reduced BMD.

The concern with reduced BMD is that it can lead to hip and vertebral fractures [58]. I
hypothesised that BMD at the forearm (using pDXA) would correlate with BMD at the
lumbar spine and hip (total hip and femoral neck). Hence, I aimed to assess the utility
of pDXA as a screening tool for identifying patients who need further assessment of
BMD. I will examine whether wrist BMD on pDXA correlates with BMD at the lumbar
spine and hip (total hip and femoral neck). Additionally, I will investigate the usefulness
of combining pDXA and FRAX® to assess whether they work better as screening tools
when used in combination.

5.3 Methods
5.3.1 Study design
The detailed methods of the study are given in Chapter 2. In this Chapter, the data
from the study participants’ baseline visit (Year 1) were analysed.
The data relating to past medical history of osteoporosis, family history of osteoporosis,
previous fracture history, mobility and falls were obtained using self-reported
questionnaires.
The GE Healthcare Lunar iDXA bone densitometer (GE Healthcare, Madison,
Wisconsin, USA) was used to measure absolute BMD (g/cm2) at the lumbar spine, the
total hip (left total hip and right total hip), the femoral neck (left femoral neck and right
femoral neck) and the non-dominant wrist. BMD data were also reported for the nondominant total hip and non-dominant femoral neck. Additionally, the Lunar PIXI pDXA
densitometer (GE Healthcare, Madison, Wisconsin, USA) was used to measure
absolute BMD (g/cm2) at the non-dominant wrist.
FRAX® scores were calculated using the WHO FRAX® tool (http://www.shef.ac.uk/frax)
for the 10-year risk of a major osteoporotic fracture and the 10-year risk of a hip
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fracture. FRAX® scores were calculated with and without BMD data, as well as using
non-dominant femoral neck BMD and T-score data. NOGG guidance was assessed for
each FRAX® score.

5.3.2 Definitions
In this study, I defined fragility fractures as below. As I was interested in fractures
sustained as an adult, all fractures sustained prior to 20 years of age were classified as
childhood fractures and were excluded. Using Kanis et al’s definitions, sites associated
with osteoporotic fractures were defined as those involving the spine, ribs, pelvis,
humerus, hip, clavicle, scapula and sternum [372]. Fractures not thought to be
associated with osteoporosis were classified as those involving the skull and face, tibia
and fibula, hands and fingers, feet and toes, ankle and patella. All of these were
excluded. Finally, multiple fractures sustained in a single episode and which included
sites not usually associated with osteoporotic fractures were deemed to be traumarelated, and were also excluded.
FRAX® scores were calculated using secondary risk factors as reported (defined as
standard secondary risk factors), as well as with no secondary risk factors and HIV as
a secondary risk factor in all patients. Intermediate threshold was defined using the
yellow and/or red guidance under NOGG.
Reduced BMD was defined as a T-score ≤-2.5 in men ≥50 years old and a Z-score ≤-2
in men <50 years old. As the clinical significance of osteopenia was uncertain and
there was debate as to whether osteopenia signified reduced BMD in people ≥50 years
old, men ≥50 years old diagnosed with osteopenia (T-score <–1.0 to >–2·5) were
excluded.

5.3.3 Statistical analysis
The distribution frequency of each variable was calculated. Mean and SD were
measured in those that were normally distributed and median and IQR in those that
had skewed distributions.
For the three variations in secondary risk factors, FRAX® scores were calculated in
three ways for each participant: without BMD data, with non-dominant femoral neck
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BMD data and with non-dominant femoral neck T-score data. This was done for both a
major osteoporotic fracture and a hip fracture.
A Bland-Altman plot was drawn to compare agreement between BMD at the nondominant wrist using pDXA and cDXA. Student’s t-test was used to compare
differences in BMD obtained using pDXA and cDXA at the non-dominant wrist. The
relationship between BMD at the non-dominant wrist measured using pDXA and BMD
at the lumbar spine, the non-dominant total hip and the non-dominant femoral neck (all
measured using cDXA) were examined using Pearson correlation coefficients.
The effectiveness of FRAX® as a screening tool comparing patients with normal BMD
to those with reduced BMD was assessed. Men without absolute BMD or T-score data
at the non-dominant femoral neck were excluded. In total, 83 participants ≥50 years old
diagnosed with osteopenia were also excluded. This was in keeping with the analyses
conducted in patients from the pilot study to ensure the results could be directly
compared between them [395]. The results from the FRAX® scores were translated into
intervention thresholds which corresponded to a 10-year probability of a major
osteoporotic fracture of 7.5% as set by NOGG [431]. A low intervention threshold
meant lifestyle advice and reassurance, an intermediate intervention threshold meant
further assessment of BMD (cDXA scan) and a high intervention threshold meant
treatment was indicated.
In order to assess the effectiveness of the FRAX® score as a screening tool, as well as
the effectiveness of combining both pDXA and FRAX® scores, sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV) were calculated. A
FRAX® score above the intermediate threshold would indicate a positive result for
reduced BMD, whereas a FRAX® score below the threshold would signify a negative
result. Sensitivity is the proportion of HIV-positive men with reduced BMD who are
correctly identified by FRAX®, whilst specificity is the proportion of men without low
BMD who are identified as such by FRAX®. PPV relates to the proportion of HIVpositive patients who had a FRAX® score above the intermediate threshold who had
reduced BMD, whilst NPV referred to the proportion of men with a FRAX ® score below
the intermediate threshold that did not have low BMD.
The likelihood ratio for a positive and negative result was also calculated when
assessing the effectiveness of FRAX® alone, as well as the utility of combining both
FRAX® and pDXA. In this scenario, the likelihood ratio for a positive result is the ratio of
the probability of an HIV-positive man who has reduced BMD testing positive on
FRAX® (sensitivity) to the probability of a man without low BMD who tested positive (1-
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specificity). The likelihood ratio for a negative result is the probability of an HIV-positive
man who has low BMD testing negative (1-sensitivity) to the probability of a man
without low BMD testing negative (specificity). A high likelihood ratio for a positive
result is an indicator of how well a positive result from the FRAX ® tool increases the
likelihood that an individual truly has reduced BMD. Conversely, a low likelihood ratio
for a negative result indicates how the test result decreases an individual’s post-test
probability i.e. after getting a negative result, it becomes less likely that a person has
the disease than their hypothetical probability before the test (pre-test probability).
To assess the effectiveness of pDXA of the non-dominant wrist as a diagnostic tool, a
table of thresholds was constructed displaying the sensitivity and specificity of different
pDXA thresholds. A receiver-operating characteristic (ROC) curve was constructed and
the area under the receiver-operating characteristic curve (AUROC) was calculated to
assess whether pDXA was useful as a screening test in diagnosing reduced BMD in
this population. AUROC is the probability that a random patient from the group with
reduced BMD has a higher predicted probability of having reduced BMD compared to a
random person from those with normal BMD. A test which is prefect at discriminating
between normal and reduced BMD would have an AUROC of 1.0, whilst a test that is
no better than chance at discriminating between the two would have an AUROC of 0.5.

5.4 Results
5.4.1 Subject disposition
All 422 men were included in the analyses in this chapter. When assessing FRAX ®,
pDXA of the non-dominant wrist and a combination of both as screening tools, men
without non-dominant femoral neck T-score (n=4) or pDXA (n=5) data and those aged
≥50 years old with osteopenia (n=83) were excluded (Figure 5.4.1.1).
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Figure 5.4.1.1 Summary of subject disposition
®

Although all 422 men in the study were analysed, 92 were excluded when FRAX , pDXA of the nondominant wrist and a combination of both were assessed as screening tools.
®
FRAX : Fracture Risk Assessment Tool; pDXA: peripheral dual-energy x-ray absorptiometry

5.4.2 Previous fracture history
There were 179 (42.4%) men who reported ever having had a fracture (Figure 5.4.2.1).
Of these, 116 (27.5%) reported that they had sustained a fracture in adulthood (age
≥20 years old). In total, 51 (12.1%) men were categorised as ever having had a fragility
fracture in adult life. Of patients with a past history of a fracture in adulthood, 65
(15.4%) had fractures that were related to trauma (e.g. road traffic accidents, sporting
injuries).
Figure 5.4.2.1 Previous history of fracture
This figure shows the number of patients who reported a past history of fracture, and how other fractures
were excluded to identify those with fragility fractures
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5.4.3 Past medical and family history of osteoporosis and osteoporotic fractures
Study participants provided information as to whether they or a member of their family
had ever been affected by osteoporosis.
5.4.3.1 Past medical history of osteoporosis
In total, 248 (58.8%) reported that they had no past medical history of osteoporosis,
whilst 76 (18.0%) reported that they had. However, 98 (23.2%) men reported that they
were unsure as to whether they or a member of their family had ever been affected by
osteoporosis.
5.4.3.2 Family history of osteoporotic fractures
Regarding family history of osteoporotic fracture, the question specifically inquired
about hip fractures in the study participant’s mother or maternal grandmother. In
response, 303 (71.8%) stated that there was no family history of hip fractures, whilst 55
(13.0%) said that there was a positive family history. Again, 64 (15.2%) participants
were unsure of their family history.

5.4.4 Mobility and falls
The questionnaire asked participants to provide details about their mobility, including
walking and falling. The majority (285, 67.5%) reported no problems with walking. Of
the remainder, 125 (29.6%) reported having some difficulty with walking, whilst 12
(2.8%) required assistance, either with a walking aid or from someone. However, noone reported not being able to walk. There were 63 (14.9%) men who reported a
positive falls history, with the median number of falls being three (IQR 2, 5) in the year
preceding recruitment.

5.4.5 pDXA
5.4.5.1 Agreement of BMD at the non-dominant wrist measured by pDXA and
cDXA
The Bland-Altman plot of pDXA BMD against cDXA BMD at the non-dominant wrist is
shown in Figure 5.4.5.1. When adjusting for the mean difference, there was a
systematic error of -0.2. Therefore, 0.2 g/cm2 needed to be added to the pDXA results
to obtain a similar result to that from cDXA. Furthermore, a student’s t-test of the
differences in pDXA and cDXA at the non-dominant wrist showed they were
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significantly different from 0 (p<0.001), which suggests a systematic bias between the
two methods.
Figure 5.4.5.1 Bland-Altman plot of pDXA BMD against cDXA BMD at the nondominant wrist
This figure shows that there is a significant difference in BMD at the non-dominant wrist when measured
using pDXA compared to cDXA.
cDXA: central dual energy x-ray absorptiometry; pDXA: peripheral dual energy x-ray absorptiometry

5.4.5.2 Comparing BMD measured by pDXA against BMD measured by cDXA at
the lumbar spine, the non-dominant total hip and the non-dominant femoral neck
5.4.5.2.1 Lumbar spine
There was a weak correlation between BMD at the non-dominant wrist measured using
pDXA and BMD at the lumbar spine measured using cDXA. (r=0.52, p<0.0001, Figure
5.4.5.2).
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Figure 5.4.5.2 Correlation between pDXA non-dominant wrist BMD and cDXA lumbar
spine BMD
Plot of absolute BMD at the non-dominant wrist measured using pDXA against absolute BMD at the
lumbar spine measured using cDXA showing a significant positive correlation (r=0.52, p<0.0001).
BMD: bone mineral density; pDXA: peripheral dual energy x-ray absorptiometry

5.4.5.2.2 Non-dominant total hip
As with the results obtained for the lumbar spine, there was a positive but weak
correlation (r=0.59, p<0.0001, Figure 5.4.5.3) between non-dominant wrist BMD
(measured by pDXA) and BMD at the non-dominant total hip (measured by cDXA).
Figure 5.4.5.3 Correlation between pDXA non-dominant wrist BMD and cDXA nondominant total hip BMD
Plot of absolute BMD at the non-dominant wrist measured using pDXA against absolute BMD at the nondominant total hip measured using cDXA showing a significant but weak positive correlation (r=0.59,
p<0.0001).
BMD: bone mineral density; pDXA: peripheral dual energy x-ray absorptiometry

197

5.4.5.2.3 Non-dominant femoral neck
There was also a weak correlation between non-dominant wrist BMD measured using
pDXA and non-dominant femoral neck BMD measured using cDXA (r=0.48, p<0.0001,
Figure 5.4.5.4).
Figure 5.4.5.4 Correlation between pDXA non-dominant wrist BMD and cDXA nondominant femoral neck BMD
Plot of absolute BMD at the non-dominant wrist measured using pDXA against absolute BMD at the nondominant total hip measured using cDXA showing a significant positive but weak correlation (r=0.48,
p<0.0001).
BMD: bone mineral density; pDXA: peripheral dual energy x-ray absorptiometry

5.4.6 FRAX® scores and estimated fracture risk
5.4.6.1 Distribution of FRAX® scores
The distribution of FRAX® scores using risk factors as standard, without any secondary
risk factors and HIV as a secondary risk factor in all participants are shown in Table
5.4.6.1. In general, the 10-year probability of fracture was low, with median scores for
osteoporotic fractures ranging from 3.0% to 4.4%, and those for a hip fracture ranging
between 0.2% and 0.6%.
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Table 5.4.6.1 Distribution of FRAX® scores
®

This table shows that the distribution of FRAX scores were similar for both a major osteoporotic and a hip
fracture when non-dominant femoral neck BMD or T-score data were included, irrespective of whether
standard, none or HIV infection was used as a secondary risk factor. Using T-score data led to the highest
®
FRAX scores.
Risk factors as
standard,
median (IQR)
Not including BMD
Osteoporotic fracture
3.3 (2.6, 5.3)
Hip fracture
0.2 (0.2, 0.5)
Including non-dominant femoral neck BMD
Osteoporotic fracture
3.9 (2.8, 5.7)
Hip fracture
0.5 (0.2, 1.1)
Including non-dominant femoral neck Tscore
Osteoporotic fracture
4.4 (3.0, 6.6)
Hip fracture
0.6 (0.2, 1.8)
BMD: bone mineral density; IQR: interquartile range

No secondary
risk factors,
median (IQR)

HIV infection as a
secondary risk factor,
median (IQR)

3.0 (2.5, 4.9)
0.2 (0.1, 0.5)

4.0 (3.4, 6.5)
0.4 (0.2, 0.8)

3.9 (2.8, 5.7)
0.4 (0.2, 1.1)

3.9 (2.8, 5.7)
0.5 (0.2, 1.1)

4.4 (3.0, 6.5)
0.6 (0.2, 1.8)

4.4 (3.0, 6.6)
0.6 (0.2, 1.8)

When non-dominant femoral neck BMD or T-score data were included, the distribution
of FRAX® scores appeared to be the same or similar for both a major osteoporotic and
a hip fracture, irrespective of whether risk factors were recorded as standard, none or
with HIV infection included as a secondary risk factor. When BMD was not included in
the calculation, the median FRAX® scores ranged between 3.0% and 4.0% for a major
osteoporotic fracture and between 0.2% and 0.4% for a hip fracture depending on how
risk factors were classified. For both a major osteoporotic and a hip fracture, when
BMD data were not included, the highest FRAX® scores were obtained with HIV
included as a secondary risk factor, which was as expected. Additionally, including
BMD data led to higher FRAX® scores for both a major osteoporotic fracture and a hip
fracture, with T-score data providing the highest FRAX® scores.
5.4.6.2 Comparison of FRAX® scores with and without BMD and T-score data
In order to compare whether including BMD or T-score data had an effect on the
FRAX® scores, the difference in medians was calculated (Table 5.4.6.2). When BMD
data were not included, there were differences in the median FRAX® scores for both a
major osteoporotic and hip fracture when compared to inclusion of BMD or T-score
data for both standard secondary risk factors and no secondary risk factors. In these
cases, use of BMD or T-score data led to a higher FRAX® score. However, when HIV
was considered as a secondary risk factor, the results were more variable. For a major
osteoporotic fracture, the FRAX® scores were lower when BMD data were used, with
no significant difference when T-score data were used. For a hip fracture, higher
FRAX® scores were obtained when T-score data were included, but there were no
differences in FRAX® scores when BMD data were used.
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Table 5.4.6.2 Difference in median FRAX® scores with and without BMD data
according to inclusion of standard, none and HIV as a secondary risk factor
®

Use of BMD or T-score data led to a higher FRAX score when secondary risk factors were included as
standard or none. When HIV was included as a secondary risk factor, the results were more variable.
Median (IQR)
Osteoporotic fracture
®
®
Difference: FRAX without BMD - FRAX with BMD
-0.2 (-1.0, 0.3)
®
®
Difference: FRAX without BMD - FRAX with T-score -0.5 (-1.7, 0.1)
Hip fracture
®
®
Difference: FRAX without BMD - FRAX with BMD
-0.1 (-0.5, 0.1)
®
®
Difference: FRAX without BMD - FRAX with T-score -0.3 (-1.1, 0.0)
No secondary risk factors
Osteoporotic fracture
®
®
Difference: FRAX without BMD - FRAX with BMD
-0.5 (-1.3, 0.0)
®
®
Difference: FRAX without BMD - FRAX with T-score -0.9 (-2.1, -0.1)
Hip fracture
®
®
Difference: FRAX without BMD - FRAX with BMD
-0.1 (-0.6, 0.0)
®
®
Difference: FRAX without BMD - FRAX with T-score -0.3 (-1.1, 0.0)
HIV infection as a
Osteoporotic fracture
®
®
secondary risk factor
Difference: FRAX without BMD - FRAX with BMD
0.6 (-0.2, 1.2)
®
®
Difference: FRAX without BMD - FRAX with T-score
0.3 (-0.9, 1.0)
Hip fracture
®
®
Difference: FRAX without BMD - FRAX with BMD
0.0 (-0.4, 0.2)
®
®
Difference: FRAX without BMD - FRAX with T-score -0.1 (-0.8, 0.1)
®
BMD: bone mineral density: FRAX : Fracture Risk Assessment Tool; IQR: interquartile range
Standard secondary risk
factors

5.4.6.3 Comparison of FRAX® scores with standard, none and HIV as secondary
risk factors
To investigate whether FRAX® scores varied with the inclusion of secondary risk
factors as standard, none and HIV, the difference in medians was calculated. When
BMD data were not included, use of HIV as a secondary risk factor led to lower median
FRAX® scores for a major osteoporotic fracture (1.0 [IQR 0.8, 1.6] vs. 0.9 [IQR 0.0,
1.2]), but not for a hip fracture (0.1 [IQR 0.1, 0.3] vs. 0.1 [IQR 0.0, 0.2]). When BMD or
T-score data were included, there were no differences in the median FRAX® scores.

5.4.7 FRAX® and pDXA as diagnostic tools for diagnosing reduced BMD
5.4.7.1 FRAX® as a screening tool for diagnosing reduced BMD
FRAX® was used as a diagnostic tool to calculate its utility in diagnosing low BMD. The
results from the FRAX® scores were translated into intervention thresholds which
corresponded to a 10-year probability of a major osteoporotic fracture of 7.5% as set by
NOGG (Kanis Osteoporos Int 2008b), with an intermediate intervention threshold
meaning further assessment with a DXA scan.
The FRAX® tool was assessed using standard secondary risk factors, as well as with
no secondary risk factors or HIV as a secondary risk factor (Table 5.4.7.1). There were
14 men with reduced BMD and 316 with normal BMD, leading to a prevalence of low
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BMD of 4.2%. The sensitivity of the FRAX® tool increased when HIV was used as a
secondary risk factor, although specificity reduced from 55.1% (95% CI 0.50, 0.60) with
standard secondary risk factors to 18.4% (95% CI 0.14, 0.23). The PPV was low for all
risk factor categorisations, although it was lowest when no secondary risk factors were
included, which was as expected. The NPV was similar irrespective of whether
secondary risk factors were categorised as standard, none or as yes for all. Due to the
extremely low sensitivity, the likelihood ratios for a positive result were <1 and the
likelihood ratios for a negative result were >1 for all risk categorisations. These suggest
that FRAX® is not useful as a diagnostic test in this cohort.
Table 5.4.7.1 Effectiveness of FRAX® as a screening tool with standard secondary risk
factors, none and HIV as secondary risk factors
®

Although the sensitivity of FRAX increased when HIV was included as a secondary risk factor, the
®
specificity decreased. Additionally, the PPV, NPV and likelihood ratio results suggest that FRAX is not
useful as a diagnostic test in this cohort. The intermediate intervention threshold was set by NOGG.
Reduced BMD
(n=14)

Normal BMD
(n=316)

Total

6
8

142
174

148
182

Sensitivity (95% CI)
Specificity (95% CI)
PPV (95% CI)
NPV (95% CI)
Likelihood ratio for positive result
Likelihood ratio for negative result
®
FRAX score (computed using no secondary
risk factors)
Above intermediate intervention threshold
Below intermediate intervention threshold

42.9% (0.21, 0.67)
4.1% (0.02, 0.09)
0.95
-

55.1% (0.50, 0.60)
95.6% (0.91, 0.98)
1.04

3
11

108
208

Sensitivity (95% CI)
Specificity (95% CI)
PPV (95% CI)
NPV (95% CI)
Likelihood ratio for positive result
Likelihood ratio for negative result
®
FRAX score (computed using HIV as
secondary risk factors)
Above intermediate intervention threshold
Below intermediate intervention threshold

21.4% (0.07, 0.48)
2.7% (0.01, 0.08)
0.63
-

65.8% (0.60, 0.71)
95.0% (0.91, 0.97)
1.19

11
3

258
58

®

FRAX score (computed using standard
secondary risk factors)
Above intermediate intervention threshold
Below intermediate intervention threshold

111
219

269
61

Sensitivity (95% CI)
78.6% (0.52, 0.93)
Specificity (95% CI)
18.4% (0.14, 0.23)
PPV (95% CI)
4.1% (0.02, 0.07)
NPV (95% CI)
95.1% (0.86, 0.99)
Likelihood ratio for positive result
0.96
Likelihood ratio for negative result
1.17
®
95% CI: 95% confidence interval; BMD: bone mineral density; FRAX : Fracture Risk Assessment Tool;
NPV: negative predictive value; PPV: positive predictive value
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5.4.7.2 pDXA as a screening tool for diagnosing reduced BMD
In order to determine the optimal cut-off obtained by pDXA at the non-dominant wrist, a
table of thresholds was calculated (Table 5.4.7.2). In this case, the utility of pDXA as a
screening test was to help correctly to identify as many people with low BMD as
possible in order to further investigate them or to correctly identify those with normal
BMD so that they do not require further tests. Further investigation in those with a
positive result would involve cDXA scanning. As pDXA is non-invasive and exposes the
patient to very low doses of radiation, making a correct diagnosis was important.
Therefore, a cut-off with high sensitivity was considered to be optimal, although a
trade-off with specificity was needed. The pDXA threshold of -0.8 gave the highest
sensitivity, but specificity was at its lowest. When the pDXA threshold was lowered,
sensitivity remained at 85.7% between -1.0 and -1.6. However, specificity was higher,
and in turn the false positive rate was lower, when the pDXA threshold was -1.6.
Therefore, this cut-off was deemed to be optimal.
Table 5.4.7.2 A table of thresholds for pDXA of the dominant wrist
Although a pDXA threshold of -0.8 gave the highest sensitivity (92.9%), specificity (36.4%) was low.
Therefore, a threshold of -1.6 was deemed to be the optimal cut-off for pDXA in this population.
pDXA threshold
Sensitivity
Specificity
False positive rate
-2.0
71.4
76.6
23.4
-1.8
78.6
70.9
29.1
-1.6
85.7
63.9
36.1
-1.4
85.7
57.3
42.7
-1.2
85.7
49.1
50.9
-1.0
85.7
44.3
55.7
-0.8
92.9
36.4
63.6
pDXA: peripheral dual-energy x-ray absorptiometry

False negative rate
28.6
21.4
14.3
14.3
14.3
14.3
7.1

To further assess the utility of pDXA of the non-dominant wrist, a ROC curve was
constructed (Figure 5.4.7.1). The AUROC was 0.79 (95% CI 0.64, 0.93), which
suggests that pDXA is reasonably accurate at discriminating between those who have
reduced BMD and those that do not. The cut-off threshold of -1.6 is indicated on the
graph with an arrow.
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Figure 5.4.7.1 ROC curve for pDXA of the non-dominant wrist as a screening tool
The area under the ROC curve when assessing pDXA of the non-dominant wrist was 0.79, suggesting that
pDXA is a useful screening tool in this cohort. The cut-off threshold of -1.6 is indicated on the graph with
an arrow.
ROC: receiver-operating characteristic

The likelihood ratio for a positive test was 2.37, suggesting that a positive result is 2.37
times as likely to occur in an individual with low BMD than in one with normal BMD.
The likelihood ratio for a negative test was 0.22. Overall, the likelihood ratios suggest
that pDXA may be useful as a screening tool (which is similar to the results obtained
from the ROC curve) and that pDXA is better as a screening tool than the FRAX ® tool
in this cohort of HIV-positive men.
5.4.7.3 Combining FRAX® and pDXA as screening tools for diagnosing low BMD
FRAX® and pDXA were combined to investigate whether the two tests together were
better as screening tools than each on its own (Table 5.4.7.3). This shows that the
sensitivity of combining both tools was no different to using FRAX ® by itself, but that
the addition of pDXA improved specificity in all risk categorisations. PPV and NPV were
largely unchanged at each risk categorisation. However, the likelihood ratios were
different compared to using the FRAX® score alone. When risk factors were
categorised as standard or HIV was computed as a secondary risk factor, the likelihood
ratios for a positive result were >1 and the likelihood ratios for a negative result were
<1, suggesting that combining the tests may be useful in identifying those with reduced
BMD. Interestingly, the likelihood ratios indicated that when combining FRAX ® and
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pDXA, use of standard risk factors may make them better as screening tools than when
HIV was included as a secondary risk factor in this population with a low prevalence of
reduced BMD.
Table 5.4.7.3 Effectiveness of combining FRAX® and pDXA as screening tools with
standard secondary risk factors, none and HIV as secondary risk factors
®

Although combining pDXA and FRAX did not alter sensitivity, PPV or NPV, it did improve specificity. The
likelihood ratios when risk factors were included as standard or with HIV as a risk factor suggest that
®
combining pDXA and FRAX may be useful in identifying men with reduced BMD, with the use of standard
risk factors having the better result. The intermediate intervention threshold was set by NOGG.
Reduced BMD
(n=14)

Normal BMD
(n=316)

Total

6
8

95
221

101
229

Sensitivity (95% CI)
Specificity (95% CI)
PPV (95% CI)
NPV (95% CI)
Likelihood ratio for positive result
Likelihood ratio for negative result
®
FRAX score and pDXA (computed using no
secondary risk factors)
Above intermediate intervention threshold
Below intermediate intervention threshold

42.9% (0.21, 0.67)
5.9% (0.03, 0.13)
1.43
-

69.9% (0.65, 0.75)
96.5% (0.93, 0.98)
0.82

3
11

74
242

Sensitivity (95% CI)
Specificity (95% CI)
PPV (95% CI)
NPV (95% CI)
Likelihood ratio for positive result
Likelihood ratio for negative result
®
FRAX score and pDXA (computed using
HIV as secondary risk factors)
Above intermediate intervention threshold
Below intermediate intervention threshold

21.4% (0.07, 0.48)
3.9% (0.01, 0.11)
0.92
-

76.6% (0.72, 0.81)
95.7% (0.92, 0.98)
1.03

10
4

168
148

®

FRAX score and pDXA (computed using
standard secondary risk factors)
Above intermediate intervention threshold
Below intermediate intervention threshold

77
253

178
152

Sensitivity (95% CI)
71.4% (0.45, 0.89)
Specificity (95% CI)
46.8% (0.41, 0.52)
PPV (95% CI)
5.6% (0.03, 0.10)
NPV (95% CI)
97.4% (0.93, 0.99)
Likelihood ratio for positive result
1.34
Likelihood ratio for negative result
0.61
®
95% CI: 95% confidence interval; BMD: bone mineral density; FRAX : Fracture Risk Assessment Tool;
NPV: negative predictive value; pDXA: peripheral dual-energy x-ray absorptiometry; PPV: positive
predictive value

5.5 Discussion
5.5.1 Summary
In the entire cohort of 422 HIV-positive men, the prevalence of a past history of a
fragility fracture in adult life was 12.1%, which is high for a relatively young male cohort.
However, as I used Kanis et al’s definitions to identify the typical sites associated with a
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fragility fracture [372], and as some details relating to fragility fractures were missing
(e.g. mode of injury), this figure could be misrepresentative, with some traumatic
fractures misclassified as fragility fractures and some fragility fractures missed because
they did not occur at the typical sites.
The majority of men (58.8%) did not report a past history of osteoporosis, and 71.8%
reported no family history of hip fractures. However, a large number were unsure as to
whether they had a positive family history for either osteoporosis or osteoporotic
fractures, so these rates may be an underestimation and may have been subject to
recall bias. It would have been useful if these results could have been verified further
with medical records, but this was beyond the scope of this study.
In relation to mobility and falls, most men (67.5%) had no problems with walking which
was as expected as this was a relatively young cohort with a mean age of 47 (SD 9.8)
years. In contrast, a high percentage (14.9%) reported a history of falls, with the
median number of falls in the year prior to recruitment being 3 (IQR 2, 5). Although
HIV-positive patients are at increased risk of accelerated ageing [389], and there are
plausible mechanisms to explain how falls may lead to fractures (e.g. sporting injuries,
road traffic accidents, alcohol and drug-related injuries), many studies have not
assessed falls in a standard manner. In this cohort, although the rate of falling was
high, the rate of fragility fractures was low. This may be because the men were
relatively young with normal BMD, with falls not necessarily leading to fractures. The
clinical impact of falling leading to fractures in this young cohort of HIV-positive men is
not known and requires further evaluation.
As the clinical significance of osteopenia is widely debated, 83 men ≥50 years old with
osteopenia (T-score <–1.0 to >–2·5) were excluded. This was to enable the results to
be compared directly with those obtained from the pilot study [395]. However, the
inclusion of these men would not have altered the low prevalence of reduced BMD
(4.2%) defined as a T-score ≤-2.5 in men ≥50 years old and a Z-score ≤-2 in men <50
years old.
5.5.1.1 Comparison of BMD using cDXA and pDXA
In this study, I assessed the correlation between absolute BMD measured at the nondominant wrist using pDXA and absolute BMD at the lumbar spine, the non-dominant
total hip and the non-dominant femoral neck using cDXA. In all three comparisons,
absolute BMD at the non-dominant wrist measured using pDXA correlated with that
measured by cDXA. I also compared the measurement of BMD using pDXA against
the gold standard method of cDXA. When assessing the agreement of pDXA and
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cDXA at the non-dominant wrist, I found that there was a systematic bias between the
two methods and that 0.2 g/cm2 needed to be added to the results obtained using the
pDXA densitometer. This means that a direct comparison of absolute BMD using the
Lunar iDXA and PIXI densitometers cannot be made.
Studies in the general population have shown that pDXA may be useful as a screening
tool [117,118]. The pilot study of this cohort also suggested that pDXA was useful as a
screening tool [395]. My results also suggest that pDXA might be a helpful screening
tool in my cohort.
5.5.1.2 FRAX® scores in this cohort
Although not recommended in the BHIVA guidelines [402], the European AIDS Clinical
Society recommend including HIV infection as a secondary risk factor in the FRAX ®
calculator [403]. I therefore calculated FRAX® scores using risk factors as standard, as
well as without any secondary risk factors and HIV as a secondary risk factor. The 10year probability for either a major osteoporotic fracture or a hip fracture was low,
ranging from 3.0% to 4.4% for a major osteoporotic fracture and from 0.2% to 0.6% for
a hip fracture, regardless of whether risk factors were included as standard, not
included or with HIV infection as a secondary risk factor. These results were not
unexpected as this was a relatively young cohort of men. When non-dominant femoral
neck BMD or T-score data were added, FRAX® scores were similar (but higher than
when no BMD data were included) for both a major osteoporotic and a hip fracture,
irrespective of how risk factors were categorised. Inclusion of T-score data led to the
highest FRAX® scores, which was as expected as BMD data can enhance fracture risk
prediction [396]. A study in HIV-positive patients has also shown that the FRAX® score
was more sensitive when BMD data were included [199].
I investigated whether the inclusion of BMD or T-score data would have an effect on
the FRAX® scores. I found that when secondary risk factors were included as standard
or none, the use of BMD or T-score data led to higher FRAX® scores. However, when
HIV was included as a secondary risk factor, the results were more variable. I also
compared FRAX® scores using risk factors as standard, no risk factors and with HIV
infection as a secondary risk factor. When HIV infection was included as a secondary
risk factor, the FRAX® scores were lower when BMD data were not included for either a
major osteoporotic fracture or a hip fracture. However, when BMD or T-score data were
included, there were no differences in FRAX® scores, irrespective of whether HIV was
included as a secondary risk factor or not. However, these results are all predictable
based on how the FRAX® score is generated. Interestingly, Gazzola et al reported that
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including HIV as a secondary risk factor increased sensitivity of the FRAX® tool [406]. It
will therefore be useful to follow-up the men in my cohort for 10 years and see if these
fracture predictions are indeed accurate.
5.5.1.3 Utility of FRAX® and/or pDXA as screening tools
I assessed the utility of FRAX® and/or pDXA as screening tools. When assessing
FRAX® as a screening tool for identifying patients at risk of developing fragility
fractures, I found that the addition of HIV infection as a secondary risk factor improved
its sensitivity from 42.9% (95% CI 0.21, 0.67) to 78.6% (95% CI 0.52, 0.93). This is in
keeping with results from an Italian study [406]. However, this was at the expense of
specificity, which reduced from 55.1% (95% CI 0.50, 0.60) to 18.4% (95% CI 0.14,
0.23). Irrespective of whether HIV infection was included as a secondary risk factor, I
obtained a higher sensitivity than when the same analysis was conducted in the pilot
study [395]. However, the specificity I obtained was lower. The difference in results can
probably be explained by the much lower prevalence of reduced BMD in my cohort
(4.2%) compared to that in the pilot study (24.0%) [395]. Although Short et al did not
calculate the likelihood ratios, they would have obtained results of 1.92 and 0.88 for the
likelihood ratios for a positive and negative result, respectively, when the FRAX® score
was calculated using standard risk factors, and 1.19 and 0.93 for the likelihood ratios
for a positive and negative result, respectively, when the FRAX® score was calculated
using HIV as a secondary risk factor. In contrast, the likelihood ratios I obtained for a
positive result were <1 and the likelihood ratios for a negative result were >1 for all risk
categorisations, which suggests that the FRAX® tool is not useful as a diagnostic test in
my cohort. However, this is not surprising as the FRAX® tool was designed to identify
patients at risk of osteoporosis-related fractures and not BMD.
When assessing pDXA as a screening tool, a pDXA threshold of -1.6 was considered
to be the optimal cut-off because it produced a high sensitivity (85.7%), with the best
specificity (63.9%) and a low false positive rate (36.1%). The utility of pDXA as a
screening tool was further assessed using a ROC curve. The AUROC was 0.79, which
suggests that pDXA of the non-dominant wrist was reasonably accurate in
discriminating between reduced and normal BMD. The likelihood ratios of 2.37 for a
positive test and 0.22 for a negative test further confirmed that pDXA may be useful as
a screening tool in this population.
I also evaluated whether combining both FRAX® and pDXA as screening tools would
be more sensitive than using either alone. My results showed that although the addition
of pDXA led to a slight improvement in specificity at all risk categorisations, the
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combined sensitivity of the two tests was no better than that obtained using FRAX®
alone. However, when risk factors were computed as standard or as HIV, the likelihood
ratios suggested that combining FRAX® and pDXA may be useful in discriminating
those with reduced BMD compared to those without, with the use of standard risk
factors having the better result.
My results are in keeping with other studies that have found that FRAX® scores based
on classic risk factors were not sufficiently sensitive in accurately predicting fracture
risk in HIV-positive patients, even when HIV infection was included as a secondary risk
factor [199,406-410]. However, when pDXA and FRAX® were combined, the results
were interesting as they suggested that the use of both may be useful as screening
tools, with risk factors classified as standard yielding the better result. More work is
needed to further assess these findings and see if they apply to all HIV-positive cohorts
or whether certain high-risk patients could be identified using pDXA and FRAX® in
order to decide which patients would benefit from evaluation of BMD using DXA.
5.5.1.4 Conclusions
In summary, the rates of risk factors for osteoporotic fracture, including past medical
history of osteoporosis, family history of osteoporotic fractures, falls and reduced
mobility, were low in this cohort. These findings were expected as this was a relatively
young cohort of HIV-positive men with well-controlled HIV infection. The 10-year
probability of a major osteoporotic fracture or a hip fracture using FRAX® was also low.
The use of the FRAX® tool alone was not sensitive enough to detect men at risk of
osteoporotic fractures. A pDXA threshold of -1.6 was considered the optimal cut-off and
the likelihood ratios suggested that pDXA may be useful as a screening tool in this
cohort. Furthermore, combining pDXA and FRAX® (when risk factors were recorded as
standard or as HIV) may be useful as screening tools in this homogeneous cohort of
young, white HIV-positive MSM. However, as I was unable to calculate incident fracture
rates, in particular, the 10-year fracture prediction rates for a major osteoporotic or hip
fracture, further work is needed before any firm conclusions can be made in this cohort.

5.5.2 Strengths and limitations
The strengths of this analysis were the large number of patients included and the
homogeneity of the study population. However, as the incident rate of fractures in my
study was low, I was not able to assess either FRAX® or pDXA of the non-dominant
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wrist as screening tools against incident fracture rates. The incident fracture rate may
have been low due to the relatively short follow-up period.
The definition of a fragility fracture varied between studies in the literature, with some
identifying all fractures sustained in adulthood, whilst others specified certain sites that
are classically associated with osteoporosis, such as the hip, the spine and the wrist. In
the questionnaire, there was insufficient detail provided regarding the mode of injury of
some fractures, and some true fragility fractures may have been excluded, whilst other
non-fragility fractures may have been included. It was also not possible to verify the
results against participants’ medical records, and therefore the results may be subject
to recall bias.
The FRAX® tool uses a history of hip fracture in either the patient's mother or father,
whereas I enquired about a history of hip fracture in either the participant’s mother or
maternal grandmother. This was what was asked in the pilot study, and to maintain
consistency, the same was asked in my study. However, this may have led to underreporting of a significant family history. Additionally, this variable could also not be
verified against participants’ medical records, and therefore the results may be subject
to further recall bias.

5.5.3 Future work
Yin et al has shown that a modified-FRAX tool underestimated fracture rates more in
HIV-positive men >50 years old compared to HIV-negative men, with only 3% to 6% of
men with incident fractures correctly identified [410]. They demonstrated that adding
HIV as a cause of secondary osteoporosis increased its accuracy, although it did not
completely overcome the underestimation. However, their study involved a
retrospective analysis. To date, the FRAX® tool has not been validated in HIV-positive
patients and follow-up of the participants prospectively in this study over 10 years
would enable the actual fracture rate to be calculated and then compared with the
predicted fracture risk calculated using FRAX®.
As TDF has been implicated the most out of all ART with regards to loss of BMD,
comparing FRAX® scores in those who have been on TDF long-term to those on ART
but unexposed to TDF may be further useful in ascertaining its role in fracture risk. The
FRAX® scores could be compared with incident fractures over a 10 year period, which
would help assess whether TDF is associated with not only lower BMD, but increased
fracture risk as well.
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Another avenue for future studies might be to compare the prediction of FRAX ® scores
in HIV and HCV mono-infected patients to those that are HIV/HCV co-infected. HCV is
associated with significant fracture risk [432,433]. As HCV co-infection can be
prevalent in certain HIV-positive cohorts such as in Brighton, comparison of FRAX®
scores in HIV/HCV co-infected men to those with HCV mono-infection and HIV monoinfection from within my cohort would be particularly interesting.
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Chapter 6: Utility of APR to diagnose tubular proteinuria in HIVpositive patients

6.1 Background
6.1.1 Introduction
HIV-positive patients are at increased risk of developing renal disease [163]. These
include a range of glomerular, tubulo-interstitial and vascular diseases [164-166]. CKD
was first defined by the National Kidney Foundation (NKF) using the Kidney Disease
Outcomes Quality Initiative (K/DOQI) in 2002 as an eGFR <60 ml/min/1.73m2, the
presence of structural abnormalities in the kidney or abnormal urinary findings for more
than three months [434]. It was accepted worldwide by the Kidney Disease: Improving
Global Outcomes (KDIGO) in 2005 [435]. The severity of CKD can be categorised
using GFR, which is an estimate of the kidney’s ability to filter fluid through the
glomerulus (Table 6.1.1.1).
Table 6.1.1.1 CKD categories
The stages of CKD according to GFR cut-offs.
2

Stage GFR, ml/min/1.73m
Description
1
≥90
Kidney damage with normal or  GFR
2
60-89
Kidney damage with mild  GFR
3
30-59
Moderate  GFR
4
15-29
Severe  GFR
5
<15 or dialysis dependent
Kidney failure (ESRD)
ESRD: end stage renal disease; GFR: glomerular filtration rate

The causes of HIV-associated CKD have dramatically changed with the introduction of
ART. In the pre-ART era, HIVAN, HIVICK and FSGS predominated on renal biopsies
[164,167,168]. With the introduction of ART, the predominant causes of CKD are likely
to be related to conditions associated with CKD in the general population (e.g.
diabetes, hypertension), as well as to the side effects of ART [31].
CKD is a risk factor for progression to end stage renal disease (ESRD) and is
associated with increased mortality in HIV-positive patients [436] making its early
identification especially important. Current BHIVA guidelines recommend screening for
CKD using eGFR and urine dipstick testing and assessment for the presence of
proteinuria [437].
Proteinuria can be classified as glomerular or tubular. Proteinuria is usually defined as
PCR >30 mg/mmol, which is equivalent to >200 mg of protein to 1 g of creatinine [434].
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As proteinuria can occur even with a normal eGFR, it is important to be able to
diagnose the presence of proteinuria and characterise its type [438,439]. RTD (also
known as TP, but referred to as RTD henceforth) mainly refers to dysfunction of the
proximal tubule, which can be due to a number of pathological conditions, including
acute tubular injury, tubulo-interstitial nephritis, interstitial fibrosis and tubular atrophy
[440].

6.1.2 Prevalence of CKD and proteinuria in HIV-positive patients
The prevalence of HIV-associated CKD varies greatly, depending on geography, the
definition used, the equations used to measure eGFR, genetic heterogeneity, reporting
methods and use of ART [441]. In North America and Europe, the reported prevalence
of CKD as defined by eGFR <60 mL/min/1.73 m2 was 4.7% to 9.7% [442] but it can rise
to as much as 33% if using reduced eGFR or proteinuria in the definition [443,444].
In the pre-ART era, the prevalence of proteinuria, as measured either by >1+ on
dipstick or microalbuminuria >30 mg/g, was relatively high [443,445,446]. Subclinical
RTD is common in HIV-positive patients with the prevalence varying between 12% and
81% [270]. With the use of ART, the incidence of CKD and associated mortality has
reduced, but the prevalence of CKD and the use of renal replacement therapy have
increased [447]. The EuroSIDA study has reported that only a very small proportion
(0.64%) of patients developed CKD, ESRD or died as a result of kidney disease over a
median follow-up period of five years [448]. In the large START study in ART-naïve
patients, the prevalence of CKD (defined by eGFR and/or proteinuria) was low at 6.2%
[449].

6.1.3 Risk factors for proteinuria in HIV-positive patients
The aetiology of CKD in HIV-positive patients is multifactorial [450]. As HIV-positive
patients continue to grow older, traditional risk factors for CKD are becoming more
common [449]. These include older age, ethnicity (in particular, black ethnicity),
hypertension, diabetes, cardiovascular disease and acute kidney injury (AKI).
However, HIV-positive patients are at increased risk of CKD, with HIV infection itself
being an independent risk factor for CKD [451]. Other risk factors associated with CKD
in HIV infection are low CD4 cell counts, high HIV viral loads, IVDU and HCV co-
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infection [443,452-454]. However, black ethnicity and impaired renal function at
baseline are the strongest risk factors for developing CKD and ESRD [436,452,455].

6.1.4 ART and CKD
The association between ART and CKD is complex. ART can be beneficial and has
been shown to protect against CKD by preserving immune function [456,457]. Initiation
of ART can also reduce the incidence of HIVAN and reduce its progression [458].
Additionally, discontinuation of ART has been associated with progression to ESRD in
certain CKD conditions [459].
However, ART can also have a detrimental effect on the kidneys. Certain antiretroviral
drugs are nephrotoxic and have been associated with CKD and AKI [460-462]. Those
that have been commonly implicated include TDF and several PIs, including
atazanavir, indinavir and lopinavir/ritonavir [461,463].
TDF can cause dysfunction of the proximal renal tubular epithelial cells, leading to AKI
[464]. Although the exact mechanisms are not known, it is thought that TDF has an
adverse effect on mitochondrial function [36,271,465]. In its severest manifestation of
RTD, TDF can cause Fanconi syndrome, which is characterised by glycosuria, renal
phosphate wasting and increased urinary excretion of LMWPs [33]. This usually only
occurs when TDF and boosted PIs are co-prescribed [33]. Ritonavir boosts TDF levels
by approximately 30% [466]. Additionally, it is thought that gene polymorphisms in
renal tubular transporters, including organic anion transporters and multi-drug resistant
protein families, can lead to increased intracellular tenofovir levels which can cause
susceptibility to TDF-induced RTD [163,467]. As TDF mainly causes RTD, and it is still
used as a first-line drug in treating HIV infection [26], having a robust method of
distinguishing RTD from GP is useful in managing patients and in monitoring the
adverse effects of treatment. Non-albumin proteinuria may be able to help distinguish
RTD due to TDF from other types of kidney disease causing GP in HIV-positive
patients [468].

6.1.5 The utility of APR in distinguishing RTD and GP
The aetiology of GP and RTD is different [438]. GP is associated with albuminuria, and
hence, can be easily detected by measuring ACR [469]. Typically, non-HIV-related
causes, such as diabetes and hypertension, have been implicated in GP [470].

213

In patients with RTD or Fanconi syndrome, there is impaired reabsorption of
phosphate, glucose, urate, amino acids and LMWPs in the proximal renal tubule [163].
Proximal tubular enzymes and proteins may also be released into the urine during or
after damage to the proximal renal endothelium [471]. In RTD, the LMWPs that have
failed to be reabsorbed in the proximal tubule are excreted in the urine [169].
Albuminuria is rare, and so ACR will fail to detect RTD. Although PCR may provide an
indication of the presence of proteinuria, it is unable to distinguish between GP and
RTD.
Our group has previously demonstrated that an APR, which is the ratio of urine ACR to
PCR, was highly sensitive and specific for tubulo-interstitial disease in the general
population [172]. Proteinuria was defined as PCR ≥30 mg/mmol. RTD was categorised
as PCR ≥30 mg/mmol and APR <0.4 and GP as PCR ≥30 mg/mmol and APR >0.4. A
cut-off for APR of <0.4 was shown to be 88% sensitive and 99% specific for RTD, and
this cut-off correlated well with a nephrological diagnosis of a primary tubulo-interstitial
disorder [172]. I have further demonstrated that the calculation of APR is useful in
distinguishing between RTD and GP in HIV-positive patients [472]. Measuring APR
may be a useful screening tool, especially when trying to distinguish proteinuria
secondary to ART, in particular, RTD associated with TDF and/or boosted PI use. It
may be helpful in differentiating patients with ART-associated toxicity from those
requiring further nephrological input including biopsy, in patients in whom there is
significant proteinuria.
Normally, LMWPs are freely filtered through the glomerulus and reabsorbed by the
proximal tubule. In RTD, high levels of LMWPs (e.g. RBP, beta 2-microgobulin, NGAL,
cystatin C) are excreted in the urine [170,171]. Quantification of LMWPs has emerged
as a sensitive way of assessing renal tubular function in HIV-positive patients [473].
Increased concentrations of LMWPs have been reported in HIV-positive patients with
RTD [474]. However, LMWPs are not usually routinely available, and may be more
expensive compared to PCR and ACR, which are relatively cheap to measure
(approximately £0.20 and £0.50, respectively) to measure and readily accessible.

6.1.6 Summary
HIV-positive patients are at risk of HIV-associated CKD, especially as the population is
ageing due to increased survival related to ART use. The aetiology is multifactorial,
with proximal tubular pathology being different to that causing GP. Therefore, it is
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important to be able to distinguish between GP and RTD. This chapter investigates
diagnosis of RTD and examines the ability of APR to differentiate RTD from GP.

6.2 Aims and objectives
Below are the aims for this chapter:
1. To describe the prevalence of proteinuria in this cohort.
2. To identify the risk factors associated with proteinuria in this cohort, and in
particular, any association between ART and proteinuria.
3. To assess the utility of APR in distinguishing between RTD and GP.

The initial work evaluating APR was done on retrospective samples from the HIV
outpatient clinic [472]. My aim in this chapter is to assess the same hypotheses in my
cohort of HIV-positive men who were prospectively recruited.

6.3 Methods
6.3.1 Study design
The detailed methods for the study are given in Chapter 2. In the current chapter, the
data from the baseline visit (Year 1) were analysed.
Demographic and HIV-related details, including ART history, were obtained from the
HIV clinic database. Risk factors for renal disease, including pre-existing renal disease
and diabetes were evaluated using data from self-reported questionnaires. Blood
pressure was measured. Relevant biochemical markers of renal function were
measured in fasted blood. Fasting urine samples were analysed for PCR, ACR and for
quantification of urinary phosphate using creatinine and phosphate.

6.3.2 Definitions
eGFR, expressed in ml/min/1.73m2, was calculated using both the MDRD and CKD-Epi
formulae. Hypertension was defined as a blood pressure >140/90 mmHg. FePO4 was
calculated using the following equation:
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FePO4 =

urine phosphate x serum creatinine x 100
serum phosphate x urine creatinine

The significance of low-level proteinuria (PCR <30 mg/mmol) is currently not known, so
I focussed on proteinuric samples (PCR ≥30 mg/mmol, equivalent to ~300 mg/day of
urinary protein). I used the cut-offs that I had established in a retrospective analysis of
patients from the same HIV outpatient clinic [472]. Proteinuric samples were
categorised into two classes according to the calculated APR:
1. Predominantly RTD: PCR ≥30 mg/mmol and APR <0.4.
2. Predominantly GP: PCR ≥30 mg/mmol and APR >0.4.

6.3.3 Statistical analyses
Patients with significant proteinuria (PCR ≥30 mg/mmol) were identified, and APR
calculated in these patients. Those who did not have APR results were excluded.
Variables were transformed where appropriate, to approximate a normal distribution
prior to analyses.
The distribution frequency of each variable was calculated. Mean and SD were
measured in those that were normally distributed and median and IQR in those that
had skewed distributions.
Differences between groups were assessed using an paired t-tests for normally
distributed continuous variables, Wilcoxon rank sum test for non-parametric variables
and a Fisher’s exact test for categorical variables. Statistical significance was denoted
as p-value ≤0.05.

6.4 Results
6.4.1 Subject disposition and prevalence of proteinuria
Of 422 HIV-positive men recruited into the study, only 29 had proteinuria defined as
PCR ≥30 mg/mmol (Figure 6.4.1.1). Of these, one patient was excluded as he had not
had ACR measured, so it was not possible to calculate his APR. In total, 28 men were
included in the analyses in this chapter, of whom 21 had RTD and seven had GP. The
prevalence of proteinuria was 6.9% (29/422).
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Figure 6.4.1.1 Summary of subject disposition
This figure shows the number of men with proteinuria included and analysed in this chapter. Using APR
cut-offs, there were 21 men with RTD and 7 with GP.
ACR: albumin/creatinine ratio; APR: albumin/protein ratio; GP: glomerular proteinuria; PCR:
protein/creatinine ratio; RTD: renal tubular dysfunction

6.4.2 Demographics
Table 6.4.2.1 shows the demographic characteristics of patients with proteinuria. The
majority were white (96.4%), MSM (96.4%) with a mean age of 53.9 (SD 8.4) years.
There was no significant difference in demographics between patients with RTD and
those with GP.
Table 6.4.2.1 Baseline demographics
The majority of men were young, white MSM.
Total
(N=28)
53.9 (8.4)

RTD
(N=21)
54.0 (8.1)

GP
(N=7)
53.4 (10.0)

P-value*

Age, years, mean (SD)
0.87
Ethnicity, n (%)
0.25
White
27 (96.4)
21 (100.0)
6 (85.7)
Black
1 (3.6)
0 (0.0)
1 (14.3)
HIV transmission risk, n (%)
1.00
MSM
27 (96.4)
20 (95.2)
7 (100.0)
Heterosexual sex
1 (3.6)
1 (4.8)
0 (0.0)
GP: glomerular proteinuria; MSM: men who have sex with men; RTD: renal tubular dysfunction; SD:
standard deviation
*Comparison between RTD and GP

6.4.3 HIV parameters
HIV-related factors are shown in Table 6.4.3.1. The median duration of HIV infection
was 13.8 (IQR 5.5, 23.3) years and 9 (32.1%) men had a previous AIDS-defining
diagnosis. Although the median nadir CD4 count had been low at 171 (IQR 130, 235)
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cells/µL, the median CD4 count at the time of recruitment was 481 (IQR 397, 639)
cells/µL. All were on ART with 24 (85.7%) men having an undetectable HIV viral load.
There were 19 (67.9%) and 15 (53.6%) men on TDF or a boosted PI, respectively, with
8 (28.6%) on both TDF and a boosted PI concurrently. The rates of HBV and HCV coinfection were 14.3% and 3.6%, respectively.
Table 6.4.3.1 HIV-related factors
The duration of HIV infection was long and 32.1% had been diagnosed with AIDS. However, as they were
all on ART and had an undetectable HIV viral load, the median CD4 count at recruitment was high.
Total
(N=28)
13.8 (5.5, 23.3)

RTD
(N=21)
10.2 (4.3, 23.7)

GP
(N=7)
20.1 (8.8, 23.0)

Pvalue*
0.30

Duration of HIV infection, years,
median (IQR)
HIV clinical stage, n (%)
Asymptomatic
6 (21.4)
5 (23.8)
1 (14.3)
Symptomatic non-AIDS
13 (46.4)
10 (47.6)
3 (42.9)
Symptomatic AIDS
9 (32.1)
6 (28.6)
3 (42.9)
CD4, cells/µL, median (IQR)
Nadir
171 (130, 235)
157 (123, 217)
239 (137, 355)
At recruitment
481 (397, 639)
421 (338, 612)
547 (442, 785)
HIV viral load <40, copies/mL, n
(%)
Yes
24 (85.7)
18 (85.7)
6 (85.7)
No
4 (14.3)
3 (14.3)
1 (14.3)
HBV co-infection, n (%)
Yes
4 (14.3)
3 (14.3)
1 (14.3)
No
24 (85.7)
18 (85.7)
6 (85.7)
HCV co-infection, n (%)
Yes
1 (3.6)
1 (4.8)
0 (0.0)
No
27 (96.4)
20 (95.2)
7 (100.0)
ART status, n (%)
Naive
0 (0.0)
0 (0.0)
0 (0.0)
Current
28 (100.0)
21 (100.0)
7 (100.0)
TDF and PI/ritonavir exposure, n
(%)
On TDF at recruitment
19 (67.9)
16 (76.2)
3 (42.9)
On PI/ritonavir at recruitment
15 (53.6)
11 (52.4)
4 (57.1)
On TDF and PI/ritonavir at
8 (28.6)
7 (83.3)
1 (14.3)
recruitment
ART: antiretroviral therapy; GP: glomerular proteinuria; HBV: hepatitis B; HCV: hepatitis
interquartile range; PI: protease inhibitor; RTD: renal tubular dysfunction; SD: standard deviation
*Comparison between RTD and GP

0.74

0.20
0.19
1.00

1.00

1.00

-

0.17
1.00
0.63
C; IQR:

6.4.4 Renal parameters
6.4.4.1 Renal risk factors
Table 6.4.4.1 shows renal risk factors. The rates of self-reported history of prior renal
disease and diabetes were 28.6% and 14.3%, respectively. There were 7 (25.0%) men
with hypertension and 9 (32.1%) were current smokers at recruitment.
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Table 6.4.4.1 Renal risk factors
Participants had renal risk factors, including pre-existing renal disease (28.6%), hypertension (25%) and
diabetes (14.3%). Smoking was common with only 25% having never smoked.
Total
(N=28)

RTD
(N=21)

GP
(N=7)

Pre-existing renal disease, n (%)
Yes
8 (28.6)
5 (23.8)
No
20 (71.4) 16 (76.2)
Hypertension, mmHg, n (%)
Yes
7 (25.0)
5 (23.8)
No
21 (75.0) 16 (76.2)
Diabetes, n (%)
Yes
4 (14.3)
1 (4.8)
No
24 (85.7) 20 (95.2)
Smoking, n (%)
Never smoked
7 (25.0)
5 (23.8)
Ex-smoker
12 (42.9) 10 (47.6)
Current smoker
9 (32.1)
6 (28.6)
GP: glomerular proteinuria; RTD: renal tubular dysfunction
*Comparison between RTD and GP

P-value*
0.37

3 (42.9)
4 (57.1)
1.00
2 (28.6)
5 (71.4)
0.04
3 (42.9)
4 (57.1)
0.65
2 (28.6)
2 (28.6)
3 (42.9)

6.4.4.2 Renal function
Renal function and related blood and urine parameters are shown in Table 6.4.4.2. The
median eGFR was 79.4 (IQR 65.8, 90.2) and 80.6 (IQR 65.1, 92.5) ml/min/1.73m 2
using the MDRD and CKD-Epi equations, respectively. The medians were within stage
2 of the KDOQI classification for CKD, denoting minimally reduced renal function
(National Kidney Foundation Am J Kidney Dis 2002). There were only 3 (10.7%) men
with albuminuria. There were 24 (85.7%) men with raised RBPCR (>2.93 µg/mmol).
The median FePO4 was raised (21.3% [IQR 15.3, 30.0]), and 10 (35.7%) men had
FePO4 >20% and serum phosphate <0.8 mmol/L.
Table 6.4.4.2 Renal function and related parameters
Median eGFR was classified as as K/DOQI stage 2 (minimally reduced) using both MDRD and CKD-Epi
equations. Only 3 men had albuminuria (ACR >30 mg/mmol). Median FePO 4 was 21.3% and 10 men had
FePO4 >20% with phosphate <0.8 mmol/L.

Creatinine, µmol/L, median (IQR)
2
eGFR (MDRD), ml/min/1.73m ,
median (IQR)
2
eGFR (CKD-Epi), ml/min/1.73m ,
median (IQR)
PCR, mg/mmol, median (IQR)
ACR, mg/mmol, median (IQR)
ACR, mg/mmol, n (%)
<3
3 - 30
>30
RBPCR, µg/mmol, median (IQR)
RBPCR, µg/mmol, n (%)
<2.93
2.93 - 14.65
>14.65
Phosphate, mmol/L, median (IQR)

Total
(N=28)
98 (82, 108)
79.4 (65.8, 90.2)

RTD
(N=21)
100 (83, 111)
72.7 (63.6, 88.7)

GP
(N=7)
87 (81, 108)
85.6 (67.4, 91.0)

Pvalue*

80.6 (65.1, 92.5)

75.4 (63.4, 91.6)

86.0 (68.1, 97.6)

0.41

40.7 (33.3, 56.5)
6.4 (3.9, 21.9)

37.3 (32.5, 41.7)
4.8 (3.4, 7.3)

60.5 (57.6, 90.9)
30.0 (26.8, 74.2)

0.002
0.0002
0.01

5 (17.9)
20 (71.4)
3 (10.7)
13.5 (3.5, 127.2)

5 (23.8)
16 (76.2)
0 (0.0)
21.1 (6.6, 182.9)

0 (0.0)
4 (57.1)
3 (42.9)
3.5 (2.0, 12.9)

4 (14.2)
11 (39.3)
13 (46.4)
0.82 (0.60, 0.94)

2 (9.5)
7 (33.3)
12 (57.1)
0.79 (0.57, 0.92)

2 (28.6)
4 (57.1)
1 (14.3)
0.89 (0.67, 0.95)

0.60
0.35

0.06
0.12

0.30
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Total
(N=28)
21.3 (15.3, 30.0)
10 (35.7)

RTD
(N=21)
21.7 (15.7, 29.8)
9 (42.9)

GP
(N=7)
21.0 (11.8, 30.7)
1 (14.3)

Pvalue*

FePO4, %, median (IQR)
0.94
FePO4 >20% and phosphate <0.8
0.18
mmol/L, n (%)
ACR: albumin/creatinine ratio; APR: urine albumin/total protein ratio; CKD-Epi: Chronic Kidney Disease
Epidemiology Collaboration; eGFR: estimated glomerular filtration rate; FePO4: fractional excretion of
phosphate; GP: glomerular proteinuria; K/DOQI: Kidney Disease Outcomes Quality Initiative; IQR:
interquartile range; MDRD: Modification of Diet in Renal Disease equation; PCR: protein/creatinine ratio;
RBPCR: retinol binding protein creatinine ratio; RTD: renal tubular dysfunction
*Comparison between RTD and GP

6.4.5 Comparison of RTD and GP
When comparing patients with RTD to those with GP, there were no differences in
demographic (Table 6.4.2.1) or HIV-related (Table 6.4.3.1) characteristics, including
ART. Those with GP were more likely to be diabetic, although the overall number of
men with diabetes was small (Table 6.4.4.1). Additionally, men with GP were
significantly more likely to have a higher PCR and ACR compared to those with RTD
(Table 6.4.4.2). There was a borderline difference in median RBPCR levels, with those
with RTD having higher values than those with GP (Table 6.4.4.2).
There were five patients with a combination of RTD, reduced eGFR and albuminuria.
All seven patients with GP had albuminuria. Interestingly, 16 patients had both RTD
and albuminuria.

6.5 Discussion
6.5.1 Summary
Out of 422 men recruited into the study, only 28 had proteinuria (PCR ≥30 mg/mmol),
as well as APR measurements. The low prevalence of proteinuria has limited the
analyses that I was able to conduct, but likely reflects the fact that although the patients
had well-established and longstanding HIV infection, they had good immune function.
This was due to most having their HIV infection well-controlled with ART. However, in
the retrospective study I conducted from the same clinic population, which included a
much larger sample size, approximately 18% of this predominantly white, male, ARTexperienced cohort had at least one measurement indicating significant proteinuria
(PCR ≥30 mg/mmol), which is of concern [472]. Thus, screening for proteinuria is likely
to be useful in identifying patients at risk of renal dysfunction and vascular disease,
although that is not a conclusion that can be made from this analysis.

220

6.5.1.1 ART and RTD
Although ART can improve some renal conditions, such as HIVAN, it can also cause
some types of renal disease. Studies have suggested that TDF can cause RTD,
especially when co-prescribed with a boosted PI [475]. Some ART, especially TDF and
boosted PIs, are associated with worsening of renal function and progression of CKD
[476]. Despite these concerns, TDF remains a safe and effective drug against HIV for
many patients, and is a recommended drug in first-line regimens [26].
Of crucial interest then is the ability to identify when such drugs are becoming a
problem. Although easily calculated, eGFR is often insensitive in early renal disease
and does not correlate well with RTD [477]. In the previous study from this cohort, RTD
was associated with the use of TDF or a boosted PI [472]. Patients with RTD,
compared to those with GP, were also more likely to have been on, or to be taking, a
regimen containing both TDF and a boosted PI at the time of sampling. This is
consistent with other studies showing that TDF use may cause renal dysfunction, and
that the dysfunction is greater when TDF and a boosted PI are prescribed
simultaneously [478-480]. I had hoped to further investigate these findings in this
cohort, but was limited by the small number of men with proteinuria.
6.5.1.2 Measurement of proteinuria
It is important to consider which screening tests are used to determine the source of
proteinuria in HIV-positive patients. Using ACR or dipstick urinalysis alone as a
screening test for proteinuria may not be sufficient for detecting RTD or for identifying
ART-related problems. Previous results from this clinic have shown that measuring
both PCR and ACR on a single sample (and hence calculating APR) may be both
practical and helpful in evaluating proteinuria in selected HIV-positive patients, and
may help to identify those in whom a more careful evaluation of RTD is warranted
[472].
Since those data were published, other groups have further confirmed the utility of APR
in detecting RTD in HIV-positive patients. A large cross-sectional study used the same
cut-offs that we had used to evaluate the prevalence of proteinuria in HIV-positive
patients with normal eGFR [450]. They found that TDF was associated with RTD and
low APR [450]. Those who were on TDF co-prescribed with a boosted PI had two times
higher odds of RTD than those that were on TDF without a boosted PI, but these odds
were still higher than those on a TDF-sparing regimen [450]. However, in this study, the
diagnoses of RTD and GP were not confirmed by biopsy. Recently, Sise et al further
confirmed the association of RTD and low APR in patients with biopsy-proven TDF
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nephrotoxicity [481]. They conducted a retrospective case note review and compared
43 patients with TDF nephrotoxicity to 11 HIV-positive patients who had never been
exposed to TDF but who had undergone a renal biopsy. They found that those with
TDF nephrotoxicity had a lower median APR compared to those not on TDF (0.17 [IQR
0.14 - 0.19] vs. 0.65 [IQR 0.55 - 0.79], p<0.001) [481]. The histopathology from the
biopsies was in agreement with the findings from APR as the majority of patients with
TDF nephrotoxicity had mitochondrial abnormalities, which are associated with TDFrelated kidney damage [465].
There are a number of tests which can identify specific LMWPs associated with RTD,
such as RBP [473]. However, an advantage of APR is that PCR and ACR are more
widely available and are also cheaper. They could therefore be used to test for RTD in
all patients, whereas the more specific tests could be reserved for use in certain highrisk patients (e.g. those on TDF and/or a boosted PI) or in those in whom there is
uncertainty (i.e. it could be used as a secondary confirmatory test in those who have an
APR value close to the cut-off of 0.4).
6.5.1.3 Conclusions
Although HIV-positive patients are at risk of developing proteinuria and RTD, and
patients on TDF and/or a boosted PI may be more susceptible, the prevalence of
proteinuria in this ART-experienced cohort of mainly white MSM was low, despite their
long-term exposure to TDF. There are a number of tests that can be used to determine
RTD. These include measuring PCR and ACR to calculate APR, or the use of novel
LMWPs. Although the latter have been shown to be highly sensitive and specific for
RTD, they can be expensive and are not routinely available. In contrast, PCR and ACR
are routinely available and are cheap, and could be measured in all patients. As all
tests have advantages and disadvantages, it may be that some are better as screening
tests, whilst others are reserved for special circumstances (e.g. those that are hard to
diagnose).

6.5.2 Strengths and limitations
The main finding of these results is the lack of proteinuria in a cohort heavily exposed
to ART, and in particular, RTD. However, the analyses for this chapter were limited by
the small number of patients who had overall proteinuria, as well as those with RTD or
GP, which led to the analyses being mainly descriptive. A larger cohort of patients with
proteinuria would have enabled me to conduct more detailed analyses.
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As in the published paper, I had planned to assess patients with heavy proteinuria
(PCR >100 mg/mmol, equivalent to ~300 mg/day of urinary protein) [472]. In these
patients, the cause of renal disease would have been identified using hospital notes
and renal biopsy results examined where available. However, no participant had heavy
proteinuria in my cohort and none had undergone a renal biopsy, so these analyses
were not able to be performed. In the retrospective analysis, there were 18 patients
with heavy proteinuria [472]. Of these, six patients had RTD, two of whom had TDFrelated RTD which improved on switching off TDF, suggesting that TDF was the cause
of the RTD [472].
A definitive diagnosis of renal disease is made by obtaining tissue from biopsy. In the
retrospective analysis of patients from this clinic, eight patients with heavy proteinuria
had undergone a renal biopsy [472]. In all cases, the biopsy results correlated with the
definitions of proteinuria using APR. However, the number of patients with a biopsy
result was small. Since I conducted these analyses, a study with a larger cohort of
patients with TDF-associated renal toxicity confirmed on biopsy has found APR to be a
reliable measure of proteinuria [481]. The authors reported that patients with TDFassociated renal toxicity had a mean APR <0.4 which is in keeping with RTD.
As the clinical significance of low-level proteinuria was unknown, I excluded patients
with low-level proteinuria. However, a study has since reported a high prevalence
(55%) of low-grade proteinuria, which was defined as PCR >70 mg/g [482]. In this
study, low-level proteinuria was associated with older age, diabetes and exposure to an
NRTI independent of TDF [482]. Their cohort was similar demographically to my
cohort. If I had assessed APR in those with low-level proteinuria, I might have had a
larger sample from which I could have drawn more meaningful conclusions. However,
the clinical significance of these results is yet to be determined.

6.5.3 Future work
It would be interesting to apply the criteria used by Gravemann et al [482] to assess
low-level proteinuria in this cohort. This would be best done in a prospective study with
long-term follow-up to check whether low-level proteinuria occurs every time.
It would also be useful to follow the 28 patients with proteinuria long-term. With the
emergence of more renal-friendly ART, some of these patients are likely to be switched
off TDF in the future. TDF has been shown to cause an improvement in renal function
on its discontinuation, with some studies suggesting complete reversibility of its effects
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[453], whilst others have shown that the reversibility is incomplete [483]. It would thus
be interesting to assess the effect of switching off TDF and to see to what extent any
proteinuria improved.
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Chapter 7: Effects of RTD on bone in HIV-positive patients

7.1 Background
7.1.1 Introduction
In RTD, proximal tubular dysfunction leads to an impaired ability to reabsorb LMWPs
and phosphate in the proximal tubule [169]. This leads to increased excretion of
LMWPs in the urine and renal phosphate wasting. RTD is typically asymptomatic, nonprogressive and non-treatment limiting, and characterised by mild to moderate
increases in urinary LMWP concentration and variable manifestations of impaired
reabsorption of phosphate, urate, glucose and other solutes [473]. In its severest form,
RTD can lead to Fanconi syndrome [35,271]. RTD may also have an effect on bone
mineralisation, which can contribute to bone pain, osteomalacia, reduced BMD and an
increased risk of fragility fractures [33,35,37].

7.1.2 LMWPs and measurement of RTD
As mentioned in Chapter 6, RTD can be measured using PCR, ACR and calculating
APR. It can also be measured using a range of LMWPs. LMWPs (e.g. β2microglobulin, RBP, NGAL, cystatin C) are small molecules that are freely filtered at the
glomerulus and reabsorbed in the proximal tubule [473]. Although there are small
amounts of LMWPs in the urine in people with normal tubular function, in RTD,
increased levels are excreted. Consequently, quantification of LMWPs has emerged as
a sensitive way of assessing renal tubular function and a measure of the severity of
RTD [473].
RBP is a 21 kDa protein that circulates in plasma bound to transthyretin, with the
unbound fraction (~10%) being freely filtered by the glomerulus and then reabsorbed in
the proximal tubule [170]. RTD leads to an increase in RBP levels [174].

7.1.3 Burden of RTD in HIV-positive patients
Kidney disease can be caused by the HIV infection itself, other pathologies, and ART
[163,166]. Proteinuria and albuminuria are common in HIV-positive patients, especially
in those on ART [443,484].
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RTD is one form of kidney disease commonly seen in HIV-positive patients. It has been
reported in 12% to 81% of patients depending on the definition used [270]. Studies
have shown that HIV-positive patients have higher levels of urinary RBP in both the
pre-ART [438] and ART [485] eras. Kabanda et al reported an elevation of at least one
LMWP in 74% of stable HIV-positive patients with normal renal function and normal
urinalysis on dipstick testing [438]. The authors reported that older age and male sex
were associated with higher levels of LMWPs [438]. In the post-ART era, the
prevalence of RTD has remained high, with ART also implicated as a potential risk
factor. In one UK study, the prevalence of RTD was 53% in ART-naïve patients
compared to 80% in those on ART [485].
The main antiretroviral that has been implicated is TDF, and Hall et al found higher
levels of urinary RBP in patients on TDF compared to those that were ART-naïve or to
those on a regimen not containing TDF [474]. However, the risk is greater when TDF
and boosted PIs are co-administered [271]. Other risk factors include older age and
lower BMI [271,467], as well as the presence of genetic polymorphisms in the tubular
transporter proteins, in particular, MRP2 and MRP4, which are involved in the transport
of both TDF and boosted PIs [486,487].

7.1.4 ART and renal function
There is a complex association between ART and CKD. ART can have a beneficial
effect on the kidneys. It can reduce the incidence and progression of HIVAN [458], as
well as help to preserve immune function and thereby protect against CKD [456,457].
ART discontinuation has been shown to lead to ESRD progression in some types of
CKD [459]. Conversely, exposure to ART can also have a negative impact on the
kidneys. Some antiretroviral drugs are nephrotoxic and can cause AKI [460-462].
Those that have been shown to cause kidney damage are TDF and several PIs,
including atazanavir, indinavir and lopinavir/ritonavir [461,463].

7.1.5 TDF and renal function
TDF is a preferred treatment option for HIV infection and one of the most widely
prescribed antiretroviral drugs [26]. Although TDF was not associated with increased
renal toxicity in RCTs [29-32], there are case reports and studies of renal tubular injury
in patients taking TDF [33,36]. A small study showed that HIV-positive patients
developed severe metabolic disease associated with hypophosphataemia and
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increased urinary phosphate excretion whilst on TDF [33]. Several cohort studies have
also shown an association between TDF exposure and a reduction in GFR [478,488490].
TDF can cause or worsen RTD [491,492]. Although the exact mechanisms are not
known, it has been postulated that TDF adversely affects mitochondrial function
[36,271,465]. TDF exposure can lead to dysfunction of the proximal renal tubular
epithelial cells, in turn causing AKI [464]. In a study of 19 cases with RTD, features
seen on renal biopsy included severe acute tubular necrosis (ATN) with interstitial
fibrosis and oedema [493]. Interestingly, many studies have noted partial or full
reversal of abnormalities on stopping TDF [33,467,493,494].
Several studies have reported an association between TDF and Fanconi syndrome
[33-38,271]. Fanconi syndrome more commonly occurs when boosted PIs are coprescribed with TDF [33,493], with ritonavir shown to boost TDF levels by
approximately 30% [466]. It is also postulated that gene polymorphisms in renal tubular
transporters (e.g. organic anion transporters and multi-drug resistant protein families)
can increase intracellular TDF levels which can lead to susceptibility to RTD [163,467].

7.1.6 Relationship between bone and renal disease
There is a complex relationship between the bones and the kidneys, which is linked by
calcium and phosphate homeostasis (Figure 7.1.6.1) [141,173]. Firstly, the proximal
tubules are directly involved in calcium and phosphate regulation by altering how much
is reabsorbed. Secondly, the kidneys are involved in the metabolism of vitamin D,
which is linked to PTH release, which in turn has an effect on calcium and phosphate
levels. On the other hand, there is release of calcium stored within the bones in
response to hypocalcaemia. Bone also responds to an increase in PTH by activating
osteoclastic reabsorption, which leads to the release of more calcium, as well as
phosphate. Any alteration in these normal mechanisms can cause renal and/or bone
disease.
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Figure 7.1.6.1 Calcium homeostasis and the relationship between bones and kidneys
[141]
There is a complex relationship between the kidneys and the bones, which involve the regulation of
calcium, phosphate, PTH and vitamin D.
1,25 vit D: 1,25-dihydroxyvitamin D; 25-Vit D: 25-hydroxyvitamin D; Ca++: calcium; PTH: parathyroid
hormone; RANKL: receptor activator for nuclear factor κB ligand

The kidneys can have an indirect effect on bone by causing acid/base disturbances,
electrolyte imbalances and tubular defects. The kidneys may also have a direct effect
by producing substances that alter bone (e.g. calcitriol and bone morphogenic protein 7
[BMP-7]) [173]. Additionally, bone can produce substances (e.g. fibroblast growth
factor-23 [FGF-23]) that can have an effect on the kidneys [173]. Vitamin D is involved
in promoting calcium and phosphate absorption from the gut [234]. The parathyroid
glands are activated to release PTH to restore serum calcium levels in certain
situations, which include hypocalcaemia, hyperphosphataemia and VDD [234,235].
The bone changes that occur as a result of glomerular-related kidney disease are
termed CKD-MBD. This is the term defined by KDIGO to replace renal osteodystrophy
and refers to a systemic disorder of mineral and bone metabolism due to CKD [495]. It
involves abnormalities of calcium, phosphate, PTH and vitamin D [496]. It leads to
changes in bone turnover, bone mineralisation, bone volume, linear growth or strength,
or vascular and soft tissue calcification. Although CKD-MBD only occurs in the
presence of a reduced GFR (<60 ml/min/1.73m2), in patients with pre-existing bone
disease or risk factors for bone disease, it can co-exist with other pathologies and lead
to osteoporosis.
Bone disease occurring secondary to RTD is usually associated with low bone turnover
and abnormal mineralisation, which can cause osteomalacia [173]. Other forms of
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kidney disease can also have an effect on bone. This includes renal tubular acidosis,
where a rise in hydrogen ions directly leads to dissolved bone mineral. It can also
cause osteomalacia indirectly by upregulating PGE2 and RANKL, increased collagen
synthesis and osteoclast differentiation. Finally, tubular defects of calcium and
phosphate transport can cause hypophosphaetamia and hypercalcaemia, which can
lead to osteomalacia and rickets.

7.1.7 TDF and its association with RTD and reduced BMD
TDF can also adversely affect BMD in a number of ways. It can cause a direct effect by
its actions on osteoclasts and osteoblasts due to altered gene metabolism which have
been seen in vitro [39,40]. TDF can also have an indirect effect on BMD by causing
RTD or Fanconi syndrome, both of which can lead to renal phosphate wasting and
osteomalacia [33]. Excessive renal phosphate wasting is a concern because
phosphate loss can stimulate compensatory bone resorption, which can cause a
reduction in BMD over time [141]. TDF can also affect the vitamin D/PTH axis (Figure
7.1.6.1). This can lead to secondary hyperparathyroidism and increased bone turnover,
which are worse in patients with VDD [41].
Patients initiating TDF-containing regimens experience greater reductions in BMD
compared to those starting regimens not containing TDF [251,252]. Additionally,
switching to a TDF-containing regimen has been associated with reductions in BMD,
whilst discontinuing TDF has been shown to improve BMD [250]. Preliminary evidence
suggests that TDF-associated BMD reductions may translate into increased fracture
risk [266]. Therefore, measuring RBP may be useful in diagnosing RTD and identifying
HIV-positive patients most at risk of low or declining BMD, especially in those on TDF.

7.1.8 Summary
HIV-positive patients are at risk of developing RTD, which has been associated with
ART, in particular, TDF. Although not used routinely in clinical practice, LMWPs, such
as RBP, can be used to identify and quantify RTD. This chapter explores the
relationship between RTD (measured using RBP as well as phosphate wasting) and
bone (bone turnover and BMD) in the entire cohort, as well as specifically in patients on
TDF.
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7.2 Aims and objectives
The aims for this Chapter are:
1. To describe the distribution of the following variables:
a. Demographic characteristics
b. HIV parameters
c. Renal parameters
d. Bone parameters.
2. To investigate the relationship between RBPCR and FePO4.
3. To identify the factors associated with RTD as defined by RBPCR and
phosphate wasting.
4. To assess the relationship between bone turnover and RTD.
5. To assess the relationship between BMD and RTD.

Fux et al [497] reported that RTD was associated with increased bone turnover. Data
have shown that some antiretroviral drugs, in particular TDF, are associated with low
BMD [250-252]. There are also case reports which show that TDF is associated with
renal phosphate wasting and Fanconi syndrome [35], which can lead to RTD and
osteomalacia [33,37]. However, it remains unclear whether sub-clinical RTD is
associated with altered bone homeostasis and/or reductions in BMD. I hypothesised
that RTD is associated with changes in BMD and bone turnover. In this chapter, I
examine the relationship between RTD (measured using RBP and phosphate wasting),
bone turnover and BMD.

7.3 Methods
7.3.1 Study design
The detailed methods of the study are given in Chapter 2. In this chapter, the data from
the study participants’ baseline visit (Year 1) were used.
Demographic and HIV-related details, including ART history, were obtained from the
HIV clinic database. Additional data on medical history and lifestyle factors associated
with reduced BMD and renal disease were evaluated using data from self-reported
questionnaires. Biometrics, including height, weight and blood pressure, were
measured. BMI was calculated.

230

Fasting blood samples were measured for creatinine, phosphate, ALP, 25(OH)D and
PTH. Bone turnover was measured using CTX and P1NP from frozen fasted blood
samples. Fasting urine samples were analysed for PCR and for quantification of urinary
phosphate using creatinine and phosphate. Urinary RBP was measured using a frozen
aliquot of urine stored at -80⁰ using the DELFIA® monoclonal antibody assay. The
lower limit of detection was <1.0 μg/L [498] and 98% of samples were within measuring
range of the assay.
The GE Healthcare Lunar iDXA bone densitometer (GE Healthcare, Madison,
Wisconsin, USA) was used to measure absolute BMD (g/cm2) at the lumbar spine, the
total hip (left total hip and right total hip) and the femoral neck (left femoral neck and
right femoral neck). Using hand dominance, BMD data was reported for the nondominant total hip and non-dominant femoral neck.

7.3.2 Definitions
eGFR, expressed in ml/min/1.73m2, was calculated using both the MDRD and CKD-Epi
formulae, with eGFR categorised using standard CKD definitions of eGFR >90, 75-89
and <75 ml/min/1.73m2 (due to a small number of patients with eGFR <60
ml/min/1.73m2). Hypertension was defined as a blood pressure >140/90 mmHg. RBP,
expressed as a ratio with urine creatinine (RBPCR), was measured using an
established reference range of 0.12-2.93 µg/mmol. FePO4 was calculated using the
following equation:
FePO4 =

urine phosphate x serum creatinine x 100
serum phosphate x urine creatinine

RTD was assessed using both RBPCR and phosphate wasting. Patients were
considered to have RTD if their RBPCR was above the laboratory upper limit of normal
(ULN, >2.93 µg/mmol) and were arbitrarily stratified into those with mild to moderate
RTD (RBPCR 1-5 times ULN i.e. 2.93-14.65 µg/mmol) and severe RTD (RBPCR >5
times ULN i.e. >14.65 µg/mmol). Participants were also considered to have RTD if they
had evidence of phosphate wasting as defined by a FePO4 >20% in the presence of
hypophosphataemia (serum phosphate <0.8 mmol/L).
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7.3.3 Statistical analysis
Only patients with data on RBP and phosphate wasting were included in the analyses.
Prior to conducting analyses, variables were transformed where appropriate to
approximate to a normal distribution.
The correlation between RBPCR and FePO4 was assessed. Logistic regression was
performed to investigate the factors associated with RTD as defined by RBPCR and
phosphate wasting. All factors that were significant at the 10% level in univariable
analyses were tested in a multivariable model. Statistical significance was denoted by
p-value ≤0.05.
The relationship between bone turnover and BMD with RTD was examined using
correlation coefficients, and where possible, multivariable regression. RBPCR was
analysed as both a continuous and a categorical variable. Assumptions were tested
graphically. Exposures, confounders and interactions were chosen a priori on the basis
of biological plausibility as well as a significant association in univariable analysis with
p≤0.1. In multivariable models, statistical significance was denoted by p-value ≤0.05.
A sensitivity analysis involving all of the above statistical analyses was undertaken in
patients on TDF.
Data were complete or near complete for the majority of cases.

7.4 Results
7.4.1 Subject disposition
Of 422 HIV-positive men recruited into the study, 12 were excluded from the analyses
(Figure 7.4.1.1). One did not have RBP measured, and due to missing creatinine or
phosphate measurements, it was not possible to calculate renal phosphate wasting in
11 patients. In total, 410 subjects were included in the analyses in this chapter.
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Figure 7.4.1.1 Summary of subject disposition
This figure shows the number of patients included in the analysis, as well as the breakdown by the use of
TDF and boosted PI.
ART: antiretroviral therapy; PI: protease inhibitor; RBP: retinol binding protein; TDF: tenofovir

7.4.2 Demographics
The baseline demographics of all patients included in the analyses (n=410) are shown
in Table 7.4.2.1. The majority were white (94.1%), with a mean age of 47 (SD 9.5)
years, and had acquired HIV through sex with men (92.9%).
Table 7.4.2.1 Baseline demographics
The majority of men were white MSM with a mean age of 47 years.
Total
(N=410)
47 (9.5)

Age, years, mean (SD)
Ethnicity, n (%)
White
386 (94.1)
Black
15 (3.7)
Other
9 (2.2)
HIV transmission risk, n (%)
MSM
381 (92.9)
Heterosexual sex
25 (6.1)
IVDU/blood products
4 (1.0)
IVDU: intravenous drug use; MSM: men who have sex with men; SD: standard deviation

7.4.3 HIV parameters
HIV parameters are shown in Table 7.4.3.1. The median duration of HIV infection was
long (9.8 [IQR 5.0, 15.5] years). Although 27.3% had been diagnosed with an AIDSdefining condition, the majority (92.4%) were on ART with a good immune function
(median CD4 count [IQR] 538 [408, 693] cells/µl) and an undetectable HIV viral load
(86.8%). The rates of HBV and HCV co-infection were 4.2% and 14.2%, respectively.
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Most had been exposed to TDF (70.0%), with 43.7% on a boosted PI and 27.8% on
TDF and a boosted PI concurrently at recruitment.
Table 7.4.3.1 HIV parameters
The duration of HIV infection was long and 27.3% had been diagnosed with AIDS. However, as 92.4%
were on ART, most (86.2%) had an undetectable HIV viral load and a high median CD4 count at
recruitment. The majority (70.0%) of men had been exposed to TDF.
N
Total
Duration of HIV infection, years, median (IQR)
410
9.8 (5.0, 15.5)
HIV clinical stage, n (%)
410
Asymptomatic
188 (45.9)
Symptomatic non-AIDS
110 (26.8)
Symptomatic AIDS
112 (27.3)
CD4, cells/µL, median (IQR)
410
Nadir
186 (95, 274)
At recruitment
538 (408, 693)
HIV viral load <40, copies/mL, n (%)
410
Yes
356 (86.8)
No
54 (13.2)
HBV co-infection, n (%)
410
Yes
17 (4.2)
No
393 (95.9)
HCV co-infection, n (%)
410
Yes
58 (14.2)
No
352 (85.9)
ART status, n (%)
410
Naïve
31 (7.6)
Current
379 (92.4)
TDF and PI/ritonavir exposure
On TDF at recruitment, n (%)
410
287 (70.0)
Cumulative exposure to TDF, years, median (IQR)*
364
2.0 (1.0, 4.2)
On PI/ritonavir at recruitment, n (%)
410
179 (43.7)
Cumulative exposure to PI/ritonavir, years, median (IQR)*
220
3.7 (1.3, 6.4)
On TDF and PI/ritonavir at recruitment, n (%)
410
114 (27.8)
Cumulative exposure to TDF and PI/ritonavir, years, median (IQR)*
179
1.9 (0.6, 4.0)
ART: antiretroviral therapy; HBV: hepatitis B; HCV: hepatitis C; IQR: interquartile range; PI: protease
inhibitor; TDF: tenofovir
*Includes all patients who have ever been exposed

7.4.4 Renal parameters
7.4.4.1 Renal risk factors
The rates of self-reported history of prior renal disease and diabetes were 4.1% and
5.1%, respectively (Table 7.4.4.1). There were 32 (7.8%) men with hypertension (blood
pressure >140/90 mmHg).
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Table 7.4.4.1 Renal risk factors
Only a few men had renal risk factors, including previous renal disease (4.1%), diabetes (5.1%) and
hypertension (7.8%).
Total
(N=410)
Prior renal disease, n (%)
Yes
No
Diabetes, n (%)
Yes
No
Hypertension, n (%)
Yes
No

17 (4.1)
393 (95.9)
21 (5.1)
389 (94.9)
32 (7.8)
378 (92.2)

7.4.4.2 Renal function
The majority of HIV-positive men had well preserved renal function (Table 7.4.4.2). The
median eGFR calculated using the MDRD and CKD-Epi equations were 91.2 (IQR
80.2, 105.8) and 95.6 (IQR 82.5, 106.1) ml/min/1.73m2 using the MDRD and CKD-Epi
equations, respectively. Both these medians are normal using the K/DOQI
classification for CKD [434]. As MDRD and CKD-Epi have been shown to have a high
degree of agreement in both the general population [499,500] and in HIV-positive
patients [501], only CKD-Epi will be used from this point forwards.
Table 7.4.4.2 Renal function
Median eGFR was normal using both MDRD and CKD-Epi equations. Only 29 men had proteinuria (PCR
>30 mg/mmol) and 3 had albuminuria (ACR >30 mg/mmol). Using RBPCR, 85 (20.7%) men had RTD,
whereas 52 (12.7%) men had RTD defined using FePO4 >20% in those with phosphate <0.8 mmol/L.
2

eGFR (MDRD), ml/min/1.73m , median (IQR)
2
eGFR (MDRD), ml/min/1.73m , n (%)
>90
60-90
<60
2
eGFR (CKD-Epi), ml/min/1.73m , median (IQR)
2
eGFR (CKD-Epi), ml/min/1.73m , n (%)
>90
60-90
<60
PCR, mg/mmol, median (IQR)
PCR, mg/mmol, n (%)
<30
>30
ACR, mg/mmol, median (IQR)
ACR, mg/mmol, n (%)
<3
3-30
>30
RBPCR, µg/mmol, median (IQR)
RBPCR, µg/mmol, n (%)
<2.93
2.93-14.65
>14.65

N
410
410

410
410

409
409

265
265

410
410

Total
91.2 (80.2, 105.8)
216 (52.7)
181 (44.1)
13 (3.2)
95.6 (82.5, 106.1)
241 (58.8)
156 (38.1)
13 (3.2)
11.2 (8.3, 16.6)
380 (92.9)
29 (7.1)
0.6 (0.3, 1.8)
216 (81.5)
44 (16.6)
5 (1.9)
1.3 (0.8, 2.4)
325 (79.3)
63 (15.4)
22 (5.4)
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N
Total
Phosphate, mmol/L, median (IQR)
410
0.87 (0.76, 0.97)
FePO4, %, median (IQR)
410
15.3 (10.7, 20.5)
FePO4 >20% and phosphate <0.8 mmol/L, n (%) 410
52 (12.7)
ACR: albumin/creatinine ratio; CKD-Epi: Chronic Kidney Disease Epidemiology Collaboration; eGFR:
estimated glomerular filtration rate; FePO4: fractional excretion of phosphate; IQR: interquartile range;
MDRD: Modification of Diet in Renal Disease equation; PCR: protein/creatinine ratio; RBPCR: retinol
binding protein creatinine ratio

There were PCR measurements in all but one patient. The median PCR was normal
(11.2 [IQR 8.3, 16.6] mg/mmol) with only 29 (7.1%) men having proteinuria as defined
by PCR >30 mg/mmol. ACR was measured in 265 men and the median ACR (0.6 [IQR
0.3, 1.8] mg/mmol) was normal, with 5 (1.9%) men having albuminuria (ACR >30
mg/mmol). The median RBPCR (1.3 [IQR 0.8, 2.4] µg/mmol) and FePO4 (15.3 [IQR
10.7, 20.5] %) were both normal. Overall, 85 (20.7%) men had an abnormal RBPCR,
with 63 (15.4%) having mild to moderate RTD (RBPCR 2.93 - 14.65 µg/mmol) and 22
(5.2%) having severe RTD (RBPCR >14.65 µg/mmol). Using FePO4 >20% in patients
with hypophosphataemia (serum phosphate <0.8 mmol/L), there were 52 (12.7%) men
with RTD, which was a smaller number than when defining RTD using RBPCR.

7.4.5 Bone parameters
7.4.5.1 Bone risk factors
Table 7.4.5.1 shows bone-related risk factors. There were equal numbers of men who
had never smoked (32.0%) and ex-smokers (32.0%). Of the 148 (36.1%) current
smokers, 50 (12.2%) smoked <10 cigarettes per day, 70 (17.1%) smoked between 10
and 20 cigarettes per day and 28 (6.8%) smoked >20 cigarettes per day. The majority
(85.6%) reported that they drank alcohol, with 14.4% stating that they were teetotal. Of
those who drank alcohol, 332 (81.0%) drank within the recommended allowance in the
UK (<3 units per day), whilst 19 (4.6%) drank excessively (i.e. ≥3 units per day).
Exercise was defined as any weight-bearing or muscle-toning exercise, and the
majority (235, 57.3%) did some exercise, although 175 (42.7%) men reported doing
none at all. The mean BMI was 25.3 (SD 4.1) kg/m2 and the majority (51.0%) had a
normal BMI (<25 kg/m2). With regards to steroids, 12.7% and 8.8% reported being ever
exposed to inhaled steroids and oral steroids, respectively. In total, 12.0% reported a
past history of fragility fractures and 15.6% reported a history of a previous family
history of a hip fracture in their mother or maternal grandmother.
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Table 7.4.5.1 Bone risk factors
There were 36.1% current smokers, the majority drank alcohol and most did regular exercise. Mean BMI
was normal. A few men were exposed to steroids. In total 12.0% reported a previous history of a fragility
fracture and 13.2% had a positive family history of a hip fracture.
Total
(N=410)
Smoking, n (%)
Never smoked
131 (32.0)
Ex-smoker
131 (32.0)
Current smoker
148 (36.1)
Alcohol, n (%)
Never
59 (14.4)
<3 units/day
332 (81.0)
≥3 units/day
19 (4.6)
Exercise, n (%)
Never
175 (42.7)
Some weeks
100 (24.4)
Most weeks
33 (8.0)
Every week
102 (24.9)
2
BMI, kg/m , mean (SD)
25.3 (4.1)
2
BMI, kg/m , n (%)
<25
209 (51.0)
25–30
151 (36.8)
>30
50 (12.2)
Ever exposed to steroids, n (%)
Steroid inhalers
52 (12.7)
Oral steroids
36 (8.8)
Previous fragility fracture, n (%)
Yes
49 (12.0)
No
361 (88.0)
Family history of hip fracture, n (%)
Yes
54 (13.2)
No
293 (71.5)
Not known
63 (15.4)
BMI: body mass index; SD: standard deviation

7.4.5.2 Bone biomarkers
Apart from vitamin D levels, all other standard bone biomarkers (including calcium,
phosphate, ALP and PTH) were within the normal range (Table 7.4.5.2). The median
vitamin D (47 [IQR 35, 62] nmol/L) indicated a level consistent with VDD. The median
CTX was 2.0 (IQR 0.9, 5.2) ng/mL and the median P1NP was 13.6 (IQR 5.6, 33.5)
ng/mL.
Table 7.4.5.2 Bone biomarkers
Median levels of corrected calcium, phosphate, ALP and PTH were in the normal range, but median levels
of vitamin D were consistent with VDD.
N
Median (IQR)
Normal range
Corrected calcium, mmol/L
408
2.17 (2.13, 2.22)
2.15-2.55
Phosphate, mmol/L
410
0.87 (0.76, 0.97)
0.87-1.45
ALP, IU/L
407
78 (64, 96)
40-129
Vitamin D, nmol/L
409
47 (35, 62)
>75
PTH, ng/L
410
50 (37, 66)
15-65
CTX, ng/mL
410
2.1 (0.9, 5.3)
No reference range available
P1NP, ng/mL
410
13.6 (5.6, 33.5)
No reference range available
ALP: alkaline phosphatase; CTX: C-terminal cross-linking telopeptides of type I collagen; IQR: interquartile
range; P1NP: N-terminal propeptide of type I procollagen; PTH: parathyroid hormone
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7.4.5.3 BMD
The mean absolute BMD measurements were 1.141 (SD 0.155) g/cm2, 1.000 (SD
0.138) g/cm2 and 0.953 (SD 0.142) g/cm2 at the lumbar spine, the non-dominant total
hip and the non-dominant femoral neck, respectively (Table 7.4.5.3).
Table 7.4.5.3 Absolute BMD
Absolute BMD was normally distributed at all sites. Although all 410 men had lumbar spine results, only
403 and 406 had measurements at the non-dominant total hip and the non-dominant femoral neck,
respectively, mainly because they had metalwork in situ or the region of interest was not correctly scanned
(Chapter 3).
N
2
Lumbar spine BMD, g/cm
410
2
Non-dominant total hip BMD, g/cm
403
2
Non-dominant femoral neck BMD, g/cm
406
BMD: bone mineral density; SD: standard deviation

Mean (SD)
1.141 (0.155)
1.000 (0.138)
0.953 (0.142)

7.4.6 Relationship between RBPCR and FePO4
The association between RBPCR and FePO4 is shown in Figure 7.4.6.1. There was a
positive correlation between FePO4 and RBPCR (r=0.24, p<0.0001), indicating that
RBPCR correlated with renal phosphate wasting.
Figure 7.4.6.1 Relationship between RBPCR and FePO4
Plot of natural log RBPCR (x-axis) against FePO4 (y-axis) showing a significant positive correlation
(r=0.24, p<0.0001).
FePO4: fractional excretion of phosphate; RBPCR: retinol binding protein creatinine ratio

7.4.7 Relationship between RTD, vitamin D and PTH
There was no significant correlation between RBPCR and vitamin D (r=-0.04, p=0.44,
Figure 7.4.7.1) or PTH (r=-0.07, p=0.15, Figure 7.4.7.2).
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Figure 7.4.7.1 Relationship between vitamin D and RBPCR
Plot of vitamin D (x-axis) against natural log RBPCR (y-axis) showing no significant correlation (r=-0.04,
p=0.44).
RBPCR: retinol binding protein creatinine ratio

Figure 7.4.7.2 Relationship between PTH and RBPCR
Plot of PTH (x-axis) against natural log RBPCR (y-axis) showing no significant correlation (r=-0.07,
p=0.15).
PTH: parathyroid hormone; RBPCR: retinol binding protein creatinine ratio

There was also no correlation between FePO4 and vitamin D (r=-0.04, p=0.43, Figure
7.4.7.3) or PTH (r=-0.07, p=0.14, Figure 7.4.7.4).
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Figure 7.4.7.3 Relationship between vitamin D and FePO4
Plot of vitamin D (x-axis) against FePO4 (y-axis) showing no significant correlation (r=-0.04, p=0.43).
FePO4: fractional excretion of phosphate

Figure 7.4.7.4 Relationship between PTH and FePO4
Plot of PTH (x-axis) against FePO4 (y-axis) showing no significant correlation (r=-0.07, p=0.14).
FePO4: fractional excretion of phosphate; PTH: parathyroid hormone

7.4.8 Factors associated with RBPCR-defined RTD
The factors associated with RBPCR were evaluated for mild to moderate RTD (RBPCR
2.93-14.65 µg/mmol, Section 7.4.8.1) and severe RTD (RBPCR >14.65 µg/mmol,
Section 7.4.8.2).
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7.4.8.1 Factors associated with mild to moderate RTD (RBPCR 2.93-14.65
µg/mmol)
Table 7.4.8.1 shows the factors associated with mild to moderate RTD (RBPCR 2.9314.65 µg/mmol) compared to no RTD (RBPCR <2.93 µg/mmol). Although in univariable
analyses, RBPCR was associated with hypertension, eGFR and AIDS clinical stage,
only hypertension and a lower eGFR remained significantly associated with mild to
moderate RTD in multivariable analysis.
Table 7.4.8.1 Factors associated with mild to moderate RTD (RBPCR 2.93-14.65
µg/mmol)
Mild to moderate RTD (RBPCR 2.93-14.65 µg/mmol) was significantly associated with hypertension and a
lower eGFR when compared to patients with no RTD.
Univariable estimates
OR (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes
Hypertension
No
Yes
eGFR**, per 10 ml/min decrease
Duration of HIV infection, years,
per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS
CD4 count, per 50 cells/µl
Nadir
Current
HIV viral load <40, copies/mL
Yes
No
HBV co-infection
No
Yes
HCV co-infection
No
Yes
Current TDF
No
Yes

Multivariable estimates
Adjusted OR*
P-value
(95% CI)

1.17 (0.88, 1.55)

0.29

1.00
1.47 (0.52, 4.13)

0.46

1.00
0.86 (0.43, 1.70)
1.04 (0.55, 1.99)

0.66
0.90

1.00
0.64 (0.35, 1.18)
0.88 (0.38, 2.03)

0.15
0.76

1.00
1.40 (0.45, 4.38)

0.56

1.00
3.22 (1.39, 7.43)
0.80 (0.68, 0.94)
1.00 (0.96, 1.04)

0.004
0.01
0.88

0.00
3.06 (1.32, 7.10)
0.82 (0.69, 0.97)

0.01
0.02

1.00
1.20 (0.61, 2.37)
1.73 (0.91, 3.27)

0.60
0.09

1.08 (0.54, 2.16)
1.55 (0.81, 2.96)

0.83
0.18

1.01 (0.92, 1.11)
0.98 (0.93, 1.04)

0.90
0.51

1.00
0.76 (0.33, 1.77)

0.52

1.00
0.86 (0.19, 3.93)

0.84

1.00
1.12 (0.53, 2.35)

0.77

1.00
1.14 (0.63, 2.07)

0.66
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Univariable estimates
OR (95% CI)
P-value

Multivariable estimates
Adjusted OR*
P-value
(95% CI)

Current PI/ritonavir
No
1.00
Yes
1.49 (0.87, 2.57)
0.15
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for hypertension, eGFR and HIV clinical stage
**eGFR defined using CKD-Epi formula

7.4.8.2 Factors associated with severe RTD (RBPCR >14.65 µg/mmol)
The factors associated with RBPCR >14.65 µg/mmol are shown in Table 7.4.8.2. In
univariable analyses, severe RTD was associated with increasing age, hypertension, a
lower eGFR, longer duration of HIV infection, HIV clinical stage (both symptomatic nonAIDS and symptomatic AIDS), a lower nadir CD4 count, HBV co-infection, and current
use of TDF or a boosted PI. In multivariable analysis, the factors that remained
associated with severe RTD were a lower eGFR and current TDF use. There was a
borderline association with hypertension and symptomatic non-AIDS HIV clinical stage.
Table 7.4.8.2 Factors associated with severe RTD (RBPCR >14.65 µg/mmol)
Factors associated with severe RTD were a lower eGFR and current TDF use, with hypertension and
symptomatic non-AIDS HIV clinical stage showing a borderline association.
Univariable estimates
OR (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes
Hypertension
No
Yes
eGFR**, per 10 ml/min
decrease
Duration of HIV infection,
years, per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS
CD4 count, per 50 cells/µl
Nadir
Current

Multivariable estimates
Adjusted OR*
P-value
(95% CI)
0.92 (0.50, 1.67)
0.77

1.85 (1.18, 2.92)

0.01

1.00
0.76 (0.10, 5.89)

0.79

1.00
1.64 (0.52, 5.17)
1.63 (0.53, 5.02)

0.39
0.39

1.00
1.41 (0.57, 3.49)
0.83 (0.18, 3.92)

0.45
0.81

1.00
1.94 (0.42, 8.95)

0.39

1.00
2.86 (0.90, 9.08)
0.50 (0.38, 0.64)

0.06
<0.0001

3.74 (0.98, 14.24)
0.50 (0.36, 0.70)

0.05
<0.0001

1.06 (0.99, 1.12)

0.09

1.00 (0.94, 1.08)

0.91

1.00
4.10 (1.21, 13.84)
4.02 (1.19, 13.56)

0.01
0.02

3.57 (0.93, 13.79)
2.92 (0.75, 11.42)

0.06
0.12

0.86 (0.74, 1.01)
1.01 (0.93, 1.10)

0.06
0.78

0.95 (0.78, 1.16)

0.63
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Univariable estimates
OR (95% CI)
P-value

Multivariable estimates
Adjusted OR*
P-value
(95% CI)

HIV viral load <40, copies/mL
Yes
1.00
No
0.30 (0.04, 2.30)
0.22
HBV co-infection
No
1.00
Yes
4.22 (1.10, 16.10)
0.02
1.95 (0.40, 9.57)
0.41
HCV co-infection
No
1.00
Yes
0.28 (0.04, 2.11)
0.18
Current TDF
No
1.00
Yes
2.84 (0.82, 9.82)
0.09
6.12 (1.36, 27.61)
0.02
Current PI/ritonavir
No
1.00
Yes
2.37 (0.96, 5.80)
0.05
1.54 (0.53, 4.44)
0.42
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for age, hypertension, eGFR, duration and clinical stage of HIV infection, nadir CD4 count, HBV
co-infection and current TDF use
**eGFR defined using CKD-Epi formula

7.4.9 Factors associated with phosphate-defined RTD
Table 7.4.9.1 shows the factors associated with phosphate-defined RTD (FePO4 >20%
in patients with phosphate <0.8 mmol/L). In univariable analyses, RTD was associated
with older age, current smoking, a lower eGFR and a lower nadir CD4 count. In
multivariable analysis, a lower eGFR was the only factor that remained significantly
associated with phosphate-defined RTD.
Table 7.4.9.1 Factors associated with phosphate-defined RTD (FePO4 >20% and
plasma phosphate <0.8 mmol/L)
The only factor associated with phosphate-defined RTD in multivariable analysis was a lower eGFR.
Univariable estimates
OR (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes
Hypertension
No
Yes
eGFR**, per 10 ml/min decrease

1.63 (1.20, 2.21)

0.002

1.00
0.61 (0.14, 2.68)

0.51

1.00
0.79 (0.40, 1.55)
0.44 (0.21, 0.93)

0.49
0.03

1.00
1.53 (0.81, 2.86)
1.38 (0.55, 3.46)

0.18
0.48

1.00
0.71 (0.16, 3.16)

0.66

1.00
1.67 (0.65, 4.27)
0.65 (0.55, 0.77)

0.28
<0.0001

Multivariable estimates
Adjusted OR*
P-value
(95% CI)
1.08 (0.75, 1.56)
0.67

0.97 (0.48, 1.97)
0.61 (0.28, 1.33)

0.94
0.22

0.70 (0.57, 0.86)

0.001
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Univariable estimates
OR (95% CI)
P-value

Multivariable estimates
Adjusted OR*
P-value
(95% CI)

Duration of HIV infection, years,
1.03 (0.99, 1.08)
0.15
per year
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.96 (0.47, 1.99)
0.92
Symptomatic AIDS
1.20 (0.60, 2.38)
0.61
CD4 count, per 50 cells/µl
Nadir
1.00 (1.00, 1.00)
0.05
0.94 (0.84, 1.07)
0.36
Current
1.00 (1.00, 1.00)
0.41
HIV viral load <40, copies/mL
Yes
1.00
No
0.67 (0.25, 1.77)
0.42
HBV co-infection
No
1.00
Yes
1.50 (0.42, 5.44)
0.53
HCV co-infection
No
1.00
Yes
0.47 (0.16, 1.36)
0.15
Current TDF
No
1.00
Yes
1.50 (0.76, 2.97)
0.24
Current PI/ritonavir
No
1.00
Yes
1.23 (0.68, 2.20)
0.49
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; OR: odds ratio; PI: protease inhibitor; TDF: tenofovir
*Adjusted for age, smoking status, eGFR and nadir CD4 count
**eGFR defined using CKD-Epi formula

7.4.10 Relationship between bone turnover and RTD
7.4.10.1 Bone resorption
When investigating the association between bone resorption (as measured by CTX)
and RTD, there was no correlation with either RBPCR (r=0.01, p=0.86, Figure 7.4.10.1)
or FePO4 (r=-0.01, p=0.80, Figure 7.4.10.2).
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Figure 7.4.10.1 Relationship between CTX and RBPCR
Plot of square root CTX (x-axis) against natural log RBPCR (y-axis) showing no significant correlation
(r=0.01, p=0.86).
CTX: C-terminal cross-linking telopeptides of type I collagen; RBPCR: retinol binding protein creatinine
ratio

Figure 7.4.10.2 Relationship between CTX and FePO4
Plot of square root CTX (x-axis) against FePO4 (y-axis) showing no significant correlation (r=-0.01,
p=0.80).
CTX: C-terminal cross-linking telopeptides of type I collagen; FePO4: fractional excretion of phosphate

7.4.10.2 Bone formation
Although there was no association between bone formation measured by P1NP and
RTD measured by RBPCR (r=-0.03, p=0.56, Figure 7.4.10.3), there was a significant
but weak negative correlation between P1NP and FePO4 (r=-0.10, p=0.04, Figure
7.4.10.4).
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Figure 7.4.10.3 Relationship between P1NP and RBPCR
Plot of natural log P1NP (x-axis) against natural log RBPCR (y-axis) showing no significant correlation (r=0.03, p=0.56).
P1NP: N-terminal propeptide of type I procollagen; RBPCR: retinol binding protein creatinine ratio

Figure 7.4.10.4 Relationship between P1NP and FePO4
Plot of natural log P1NP (x-axis) against FePO4 (y-axis) showing a significant but weak negative
correlation (r=-0.10, p=0.04).
FePO4: fractional excretion of phosphate; P1NP: N-terminal propeptide of type I procollagen

7.4.11 Relationship between BMD and RTD
7.4.11.1 Lumbar spine
When investigating the relationship between BMD and RBPCR, there was a correlation
at the lumbar spine (r=-0.13, p=0.01, Figure 7.4.11.1).
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Figure 7.4.11.1 Relationship between lumbar spine BMD and RBPCR
Plot of lumbar spine BMD (x-axis) against natural log RBPCR (y-axis) showing a significant negative
correlation (r=-0.13, p=0.01).
BMD: bone mineral density; RBPCR: retinol binding protein creatinine ratio

However, there was no correlation between BMD at the lumbar spine and FePO4
(r=0.002, p=0.96, Figure 7.4.11.2).
Figure 7.4.11.2 Relationship between lumbar spine BMD and FePO4
Plot of lumbar spine BMD (x-axis) against FePO4 (y-axis) showing no significant correlation (r=0.002,
p=0.96).
BMD: bone mineral density; FePO4: fractional excretion of phosphate

As there was a significant correlation between BMD at the lumbar spine and RBPCR,
this association was further assessed in regression models. When RBPCR was
considered as a continuous variable, there was a significant association with lumbar
spine BMD in univariable analyses, but this association disappeared when adjusted for
ethnicity, smoking status, BMI, duration of HIV infection, HIV clinical stage and current
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exposure to a boosted PI (Table 7.4.11.1). When RBPCR was included as a
categorical variable, there was a borderline association with severe RTD (RBPCR
>14.65 µg/mmol, Table 7.4.11.2). Regardless of whether RBPCR was included as a
continuous or a categorical variable, current smoking was associated with a lower BMD
whilst normal or high BMI was associated with a higher BMD at the lumbar spine.
Table 7.4.11.1 Factors associated with lumbar spine BMD when RBPCR was
measured as a continuous variable
Although there was a significant association in univariable analyses between higher RBPCR and lower
BMD at the lumbar spine, this association did not remain in the multivariable model. Factors that remained
significantly associated with BMD at the lumbar spine were current smoking and a normal or high BMI.
Univariable estimates
β (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes
Hypertension
No
Yes
eGFR**, per 10 ml/min
decrease
Duration of HIV infection,
years, per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS
CD4 count, per 50 cells/µl
Nadir
Current
HIV viral load <40,
copies/mL
Yes
No
HBV co-infection
No
Yes
HCV co-infection
No
Yes
Current TDF
No
Yes

Multivariable estimates
Adjusted β*
P-value
(95% CI)

0.001 (-0.01, 0.02)

0.88

0.00
0.06 (-0.01, 0.12)

0.08

0.00
0.04 (-0.03, 0.12)

0.28

0.00
-0.01 (-0.05, 0.03)
-0.06 (-0.10, -0.03)

0.56
0.001

0.00
-0.02 (-0.06, 0.02)
-0.04 (-0.08, -0.01)

0.28
0.01

0.00
0.09 (0.06, 0.18)
0.11 (0.06, 0.15)

<0.0001
<0.0001

0.00
0.08 (0.05, 0.11)
0.09 (0.04, 0.15)

<0.0001
0.001

0.00
-0.001 (-0.07, 0.07)

0.97

0.00
0.04 (-0.01, 0.10)
-0.003 (-0.01, 0.01)

0.11
0.47

-0.002 (-0.004, 0.0001)

0.06

-0.001 (-0.003, 0.002)

0.67

0.00
-0.02 (-0.06, 0.02)
-0.03 (-0.07, 0.002)

0.26
0.06

0.00
-0.01 (-0.05, 0.03)
-0.02 (-0.06, 0.02)

0.62
0.29

0.0005 (-0.001, 0.002)
0.0003 (-0.0003, 0.001)

0.37
0.38

0.00
0.02 (-0.03, 0.06)

0.50

0.00
-0.04 (-0.11, 0.04)

0.34

0.00
-0.02 (-0.07, 0.02)

0.28

0.00
-0.02 (-0.06, 0.01)

0.14
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Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Current PI/ritonavir
No
0.00
0.00
Yes
-0.04 (-0.07, -0.01)
0.02
-0.02 (-0.05, 0.01)
0.15
Log RBPCR, µg/mmol
-0.01 (-0.03, -0.004)
0.01
-0.01 (-0.02, 0.003)
0.13
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for ethnicity, smoking status, BMI, duration and clinical stage of HIV infection, current boosted PI
use and RBPCR measured as a continuous variable
**eGFR defined using CKD-Epi formula

Table 7.4.11.2 Factors associated with lumbar spine BMD when RBPCR was
measured as a categorical variable
When RBPCR was included in the multivariable model as a categorical variable, severe RTD (RBPCR
>14.65 µg/mmol) only showed a borderline association with lower BMD at the lumbar spine. Factors that
remained associated were current smoking and normal or high BMI.
Univariable estimates
β (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes
Hypertension
No
Yes
eGFR**, per 10 ml/min
decrease
Duration of HIV infection,
years, per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS
CD4 count, per 50 cells/µl
Nadir
Current
HIV viral load <40,
copies/mL
Yes
No
HBV co-infection
No
Yes
HCV co-infection
No
Yes

Multivariable estimates
Adjusted β*
P-value
(95% CI)

0.001 (-0.01, 0.02)

0.88

0.00
0.06 (-0.01, 0.12)

0.08

0.00
0.04 (-0.04, 0.12)

0.27

0.00
-0.01 (-0.05, 0.03)
-0.06 (-0.10, -0.03)

0.56
0.001

0.00
-0.02 (-0.05, 0.02)
-0.04 (-0.07, -0.01)

0.37
0.01

0.00
0.09 (0.06, 0.18)
0.11 (0.06, 0.15)

<0.0001
<0.0001

0.00
0.08 (0.05, 0.11)
0.10 (0.04, 0.15)

<0.0001
0.001

0.00
-0.001 (-0.07, 0.07)

0.97

0.00
0.04 (-0.01, 0.10)
-0.003 (-0.01, 0.01)

0.11
0.47

-0.002 (-0.004, 0.0001)

0.06

-0.001 (-0.003, 0.002)

0.67

0.00
-0.02 (-0.06, 0.02)
-0.03 (-0.07, 0.002)

0.26
0.06

0.00
-0.01 (-0.05, 0.03)
-0.02 (-0.06, 0.02)

0.62
0.31

0.0005 (-0.001, 0.002)
0.0003 (-0.0003, 0.001)

0.37
0.38

0.00
0.02 (-0.03, 0.06)

0.50

0.00
-0.04 (-0.11, 0.04)

0.34

0.00
-0.02 (-0.07, 0.02)

0.28
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Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Current TDF
No
0.00
Yes
-0.02 (-0.06, 0.01)
0.14
Current PI/ritonavir
No
0.00
0.00
Yes
-0.04 (-0.07, -0.01)
0.02
-0.02 (-0.05, 0.01)
0.15
RBPCR, µg/mmol
<2.93
0.00
0.00
2.93-14.65
0.002 (-0.04, 0.04)
0.92
0.01 (-0.03, 0.05)
0.51
>14.65
-0.09 (-0.16, -0.02)
0.01
-0.08 (-0.16, 0.002)
0.06
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for ethnicity, smoking status, BMI, duration and clinical stage of HIV infection, current boosted PI
use and RBPCR measured as a categorical variable
**eGFR defined using CKD-Epi formula

7.4.11.2 Non-dominant total hip
At the non-dominant total hip, there was a significant negative correlation between
BMD and RTD measured by RBPCR (r=-0.11, p=0.03, Figure 7.4.11.3), but not with
FePO4 (r=0.02, p=0.67, Figure 7.4.11.4).
Figure 7.4.11.3 Relationship between non-dominant total hip BMD and RBPCR
Plot of non-dominant total hip BMD (x-axis) against natural log RBPCR (y-axis) showing a significant
negative correlation (r=-0.11, p=0.03).
BMD: bone mineral density; RBPCR: retinol binding protein creatinine ratio
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Figure 7.4.11.4 Relationship between non-dominant total hip BMD and FePO4
Plot of non-dominant total hip BMD (x-axis) against FePO4 (y-axis) showing no significant correlation
(r=0.02, p=0.67).
BMD: bone mineral density; FePO4: fractional excretion of phosphate

The relationship between RBPCR and non-dominant total hip BMD was further
investigated. In multivariable models, non-dominant total hip BMD was not associated
with RBPCR when measured as either a continuous (Table 7.4.11.3) or a categorical
(Table 7.4.11.4) variable. Current smoking was associated with a lower BMD at the
non-dominant total hip, whilst non-white ethnicity and BMI (normal and high BMI) were
associated with a higher BMD.
Table 7.4.11.3 Factors associated with non-dominant total hip BMD when RBPCR was
measured as a continuous variable
Factors associated with BMD at the non-dominant total hip were non-white ethnicity, current smoking and
a normal or high BMI. There was no association between RBPCR measured linearly and BMD at the nondominant total hip.
Univariable estimates
β (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes

Multivariable estimates
Adjusted β*
P-value
(95% CI)

-0.01 (-0.03, 0.003)

0.12

0.00
0.08 (0.03, 0.14)

0.01

0.00
0.06 (0.01, 0.12)

0.03

0.00
0.004 (-0.03, 0.04)
-0.06 (-0.09, -0.03)

0.82
<0.0001

0.00
-0.004 (-0.03, 0.03)
-0.03 (-0.06, -0.003)

0.81
0.03

0.00
0.09 (0.07, 0.12)
0.14 (0.10, 0.18)

<0.0001
<0.0001

0.00
0.08 (0.06, 0.11)
0.12 (0.08, 0.17)

<0.0001
<0.0001

0.00
0.004 (-0.06, 0.06)

0.90
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Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Hypertension
No
0.00
0.00
Yes
0.05 (-0.004, 0.10)
0.07
0.02 (-0.02, 0.07)
0.32
eGFR**, per 10 ml/min
-0.001 (-0.01, 0.01)
0.81
decrease
Duration of HIV infection,
-0.002 (-0.004, -0.0003)
0.02
-0.001 (-0.003, 0.001)
0.49
years, per year
HIV clinical stage
Asymptomatic
0.00
0.00
Symptomatic non-AIDS
-0.02 (-0.05, 0.01)
0.22
-0.01 (-0.04, 0.02)
0.51
Symptomatic AIDS
-0.03 (-0.07, -0.001)
0.04
-0.02 (-0.05, 0.02)
0.28
CD4 count, per 50 cells/µl
Nadir
0.004 (-0.001, 0.008)
0.14
Current
0.001 (-0.002, 0.003)
0.55
HIV viral load <40,
copies/mL
Yes
0.00
0.00
No
0.05 (0.01, 0.09)
0.02
0.02 (-0.02, 0.06)
0.28
HBV co-infection
No
0.00
Yes
-0.02 (-0.09, 0.04)
0.47
HCV co-infection
No
0.00
Yes
-0.003 (-0.04, 0.04)
0.87
Current TDF
No
0.00
Yes
-0.01 (-0.04, 0.02)
0.47
Current PI/ritonavir
No
0.00
0.00
Yes
-0.03 (-0.06, -0.004)
0.03
-0.02 (-0.04, 0.01)
0.25
Log RBPCR, µg/mmol
-0.01 (-0.02, -0.001)
0.03
-0.01 (-0.01, 0.003)
0.20
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for ethnicity, smoking status, BMI, hypertension, duration and clinical stage of HIV infection , HIV
viral load, current boosted PI use and RBPCR measured as a continuous variable
**eGFR defined using CKD-Epi formula

Table 7.4.11.4 Factors associated with non-dominant total hip BMD when RBPCR was
measured as a categorical variable
RBPCR measured as a categorical variable was not associated with non-dominant total hip BMD.
However, factors that remained significantly associated were non-white ethnicity, current smoking and a
normal or high BMI.
Univariable estimates
β (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30

Multivariable estimates
Adjusted β*
P-value
(95% CI)

-0.01 (-0.03, 0.003)

0.12

0.00
0.08 (0.03, 0.14)

0.01

0.00
0.07 (0.01, 0.13)

0.03

0.00
0.004 (-0.03, 0.04)
-0.06 (-0.09, -0.03)

0.82
<0.0001

0.00
-0.002 (-0.03, 0.03)
-0.03 (-0.06, -0.003)

0.89
0.03

0.00
0.09 (0.07, 0.12)
0.14 (0.10, 0.18)

<0.0001
<0.0001

0.00
0.09 (0.06, 0.11)
0.12 (0.08, 0.17)

<0.0001
<0.0001
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Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Diabetes
No
0.00
Yes
0.004 (-0.06, 0.06)
0.90
Hypertension
No
0.00
0.00
Yes
0.05 (-0.004, 0.10)
0.07
0.02 (-0.02, 0.07)
0.35
eGFR**, per 10 ml/min
-0.001 (-0.01, 0.01)
0.81
decrease
Duration of HIV infection,
-0.002 (-0.004, -0.0003)
0.02
-0.001 (-0.003, 0.001)
0.48
years, per year
HIV clinical stage
Asymptomatic
0.00
0.00
Symptomatic non-AIDS
-0.02 (-0.05, 0.01)
0.22
-0.01 (-0.04, 0.02)
0.48
Symptomatic AIDS
-0.03 (-0.07, -0.001)
0.04
-0.02 (-0.05, 0.02)
0.30
CD4 count, per 50 cells/µl
Nadir
0.004 (-0.001, 0.008)
0.14
Current
0.001 (-0.002, 0.003)
0.55
HIV viral load <40,
copies/mL
Yes
0.00
0.00
No
0.05 (0.01, 0.09)
0.02
0.02 (-0.02, 0.07)
0.26
HBV co-infection
No
0.00
Yes
-0.02 (-0.09, 0.04)
0.47
HCV co-infection
No
0.00
Yes
-0.003 (-0.04, 0.04)
0.87
Current TDF
No
0.00
Yes
-0.01 (-0.04, 0.02)
0.47
Current PI/ritonavir
No
0.00
0.00
Yes
-0.03 (-0.06, -0.004)
0.03
-0.02 (-0.04, 0.01)
0.25
RBPCR, µg/mmol
<2.93
0.00
0.00
2.93-14.65
0.002 (-0.04, 0.04)
0.92
-0.004 (-0.04, 0.03)
0.82
>14.65
-0.09 (-0.16, -0.02)
0.01
-0.03 (-0.09, 0.02)
0.26
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for ethnicity, smoking status, BMI, hypertension, duration and clinical stage of HIV infection, HIV
viral load, current boosted PI use and RBPCR measured as a categorical variable
**eGFR defined using CKD-Epi formula

7.4.11.3 Non-dominant femoral neck
As with the lumbar spine and the non-dominant total hip, there was a significant
negative correlation between absolute BMD at the non-dominant femoral neck and
RBPCR (r=-0.13, p=0.01, Figure 7.4.11.5), but not with FePO4 (r=-0.06, p=0.25, Figure
7.4.11.6).

253

Figure 7.4.11.5 Relationship between non-dominant femoral neck BMD and RBPCR
Plot of non-dominant femoral neck BMD (x-axis) against natural log RBPCR (y-axis) showing a significant
negative correlation (r=-0.13, p=0.01).
BMD: bone mineral density; RBPCR: retinol binding protein creatinine ratio

Figure 7.4.11.6 Relationship between non-dominant femoral neck BMD and FePO4
Plot of non-dominant femoral neck BMD (x-axis) against FePO4 (y-axis) showing no significant correlation
(r=-0.06, p=0.25).
BMD: bone mineral density; FePO4: fractional excretion of phosphate

Although there was an association in univariable analyses between BMD at the nondominant femoral neck and RBPCR (measured continuously [Table 7.4.11.5] or with
severe RTD when measured as a categorical variable [Table 7.4.11.6]), this
association did not remain in the multivariable models when adjusted for age, ethnicity,
smoking status, BMI, duration of HIV infection, HIV clinical stage, HIV viral load and
current boosted PI use. Increasing age was associated with a lower BMD, whilst nonwhite ethnicity and BMI (normal or high) were associated with a higher BMD. Current
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smoking showed a borderline association with a lower BMD. The results were the
same irrespective of whether RBPCR was included in multivariable analyses as a
continuous or categorical variable.
Table 7.4.11.5 Factors associated with non-dominant femoral neck BMD when RBPCR
was measured as a continuous variable
Factors associated with BMD at the non-dominant femoral neck were age, non-white ethnicity, and normal
or high BMI, with current smoking having a borderline association. There was no association between
RBPCR measured linearly and BMD at the non-dominant femoral neck.
Univariable estimates
β (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes
Hypertension
No
Yes
eGFR**, per 10 ml/min
decrease
Duration of HIV infection,
years, per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS
CD4 count, per 50 cells/µl
Nadir
Current
HIV viral load <40,
copies/mL
Yes
No
HBV co-infection
No
Yes
HCV co-infection
No
Yes
Current TDF
No
Yes

Multivariable estimates
Adjusted β*
P-value
(95% CI)
-0.01 (-0.03, -0.0002)
0.047

-0.02 (-0.03, -0.01)

0.01

0.00
0.09 (0.03, 0.15)

0.003

0.00
0.06 (0.0005, 0.13)

0.048

0.00
-0.004 (-0.04, 0.03)
-0.05 (-0.08, -0.02)

0.82
0.003

0.00
-0.01 (-0.05, 0.02)
-0.03 (-0.06, 0.0003)

0.49
0.05

0.00
0.08 (0.06, 0.11)
0.11 (0.07, 0.15)

<0.0001
<0.0001

0.00
0.08 (0.05, 0.11)
0.10 (0.05, 0.14)

<0.0001
<0.0001

0.00
-0.03 (-0.09, 0.03)

0.32

0.00
0.02 (-0.03, 0.07)
0.004 (-0.004, 0.01)

0.42
0.37

-0.003 (-0.005, -0.001)

0.002

-0.001 (-0.003, 0.001)

0.40

0.00
-0.03 (-0.07, 0.0001)
-0.03 (-0.07, 0.002)

0.05
0.06

0.00
-0.01 (-0.05, 0.02)
-0.01 (-0.05, 0.03)

0.37
0.62

0.004 (-0.001, 0.008)
-0.0004 (-0.003, 0.002)

0.12
0.76

0.00
0.06 (0.01, 0.10)

0.01

0.00
0.02 (-0.02, 0.07)

0.28

0.00
-0.004 (-0.07, 0.07)

0.91

0.00
-0.004 (-0.04, 0.04)

0.86

0.00
-0.02 (-0.05, 0.01)

0.15
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Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Current PI/ritonavir
No
0.00
0.00
Yes
-0.03 (-0.06, -0.004)
0.03
-0.01 (-0.04, 0.02)
0.39
Log RBPCR, µg/mmol
-0.01 (-0.02, -0.003)
0.01
-0.01 (-0.02, 0.003)
0.20
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for age, ethnicity, smoking status, BMI, duration and clinical stage of HIV infection, HIV viral
load, current boosted PI use and RBPCR measured as a continuous variable
**eGFR defined using CKD-Epi formula

Table 7.4.11.6 Factors associated with non-dominant femoral neck BMD when RBPCR
was measured as a categorical variable
When RBPCR was measured as a categorical variable, the results were no different to when RBPCR was
included in the multivariable model as a continuous variable, with no association between RBPCR and
non-dominant femoral neck BMD.
Univariable estimates
β (95% CI)
P-value
Age, years, per 10 years
Ethnicity
White
Other
Smoking
Never
Ex-smoker
Current smoker
BMI
<25
25-30
>30
Diabetes
No
Yes
Hypertension
No
Yes
eGFR**, per 10 ml/min
decrease
Duration of HIV infection,
years, per year
HIV clinical stage
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS
CD4 count, per 50 cells/µl
Nadir
Current
HIV viral load <40,
copies/mL
Yes
No
HBV co-infection
No
Yes
HCV co-infection
No
Yes

Multivariable estimates
Adjusted β*
P-value
(95% CI)
-0.01 (-0.03, -0.001)
0.04

-0.02 (-0.03, -0.01)

0.01

0.00
0.09 (0.03, 0.15)

0.003

0.00
0.07 (0.003, 0.13)

0.04

0.00
-0.004 (-0.04, 0.03)
-0.05 (-0.08, -0.02)

0.82
0.003

0.00
-0.01 (-0.04, 0.02)
-0.03 (-0.06, 0.0002)

0.53
0.05

0.00
0.08 (0.06, 0.11)
0.11 (0.07, 0.15)

<0.0001
<0.0001

0.00
0.08 (0.05, 0.11)
0.10 (0.06, 0.14)

<0.0001
<0.0001

0.00
-0.03 (-0.09, 0.03)

0.32

0.00
0.02 (-0.03, 0.07)
0.004 (-0.004, 0.01)

0.42
0.37

-0.003 (-0.005, -0.001)

0.002

-0.001 (-0.003, 0.001)

0.40

0.00
-0.03 (-0.07, 0.0001)
-0.03 (-0.07, 0.002)

0.05
0.06

0.00
-0.01 (-0.05, 0.02)
-0.01 (-0.05, 0.03)

0.35
0.68

0.004 (-0.001, 0.008)
-0.0004 (-0.003, 0.002)

0.12
0.76

0.00
0.06 (0.01, 0.10)

0.01

0.00
0.02 (-0.02, 0.07)

0.27

0.00
-0.004 (-0.07, 0.07)

0.91

0.00
-0.004 (-0.04, 0.04)

0.86
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Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Current TDF
No
0.00
Yes
-0.02 (-0.05, 0.01)
0.15
Current PI/ritonavir
No
0.00
0.00
Yes
-0.03 (-0.06, -0.004)
0.03
-0.01 (-0.04, 0.02)
0.41
RBPCR, µg/mmol
<2.93
0.00
0.00
2.93-14.65
-0.03 (-0.07, 0.01)
0.13
-0.02 (-0.05, 0.02)
0.31
>14.65
-0.05 (-0.11, 0.01)
0.09
-0.03 (-0.09, 0.02)
0.21
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for age, ethnicity, smoking status, BMI, duration and clinical stage of HIV infection, HIV viral
load, current PI/r use and RBPCR measured as a categorical variable
**eGFR defined using CKD-Epi formula

7.4.12 Patients on TDF
A sensitivity analysis of the 287 patients on TDF was conducted (Section 7.6). Their
characteristics were similar to that of all 410 men (Table 7.6.1.1). As with the entire
cohort, there was a significant positive correlation between RBPCR and FePO4 (r=0.24,
p<0.0001, Figure 7.6.2.1) in patients on TDF. Again, similar to the whole cohort, there
was no correlation between RBPCR and vitamin D (r=-0.05, p=0.44, Figure 7.6.3.1) or
PTH (r=-0.09, p=0.13, Figure 7.6.3.2), nor between FePO4 and vitamin D (r=-0.03,
p=0.58, Figure 7.6.3.3) or PTH (r=-0.02, p=0.68, Figure 7.6.3.4).
There was a borderline association between eGFR and mild to moderate RTD (RBPCR
2.93–14.65 µg/mmol, Table 7.6.4.1). Unsurprisingly, a lower eGFR was associated with
severe RTD (RBPCR >14.65 µg/mmol, Table 7.6.4.2) and phosphate wasting (Table
7.6.4.3). Hypertension was associated with mild to moderate RTD, although this
association was borderline in patients with severe RTD. An AIDS-defining illness also
showed a borderline association with severe RTD measured by RBPCR.
There was no correlation between bone resorption (measured by CTX) and RBPCR
(r=0.004, p=0.94, Figure 7.6.5.1) or FePO4 (r=0.004, p=0.94, Figure 7.6.5.2), nor
between bone formation (measured by P1NP) and RBPCR (r=0.002, p=0.97, Figure
7.6.5.3) or FePO4 (r=-0.07, p=0.26, Figure 7.6.5.4).
As in the entire cohort, there was a significant negative correlation between BMD at the
lumbar spine and RBPCR (r=-0.18, p=0.003, Figure 7.6.6.1), as well as at the nondominant total hip (r=-0.14, p=0.02, Figure 7.6.6.3) and the non-dominant femoral neck
BMD (r=-0.13, p=0.02, Figure 7.6.6.5). However, there was no correlation between
FePO4 and BMD at the lumbar spine (r=-0.02, p=0.74, Figure 7.6.6.2), the non257

dominant total hip (r=-0.04, p=0.51, Figure 7.6.6.4) or the non-dominant femoral neck
(r=-0.05, p=0.41, Figure 7.6.6.6).
When considering RBPCR as a continuous variable, there was a significant association
with BMD at the lumbar spine (Table 7.6.6.1) and the non-dominant total hip (Table
7.6.6.3), but this association was borderline at the non-dominant femoral neck (Table
7.6.6.5). When RBPCR was included in the multivariable model as a categorical
variable, severe RTD (>14.65 µg/mmol) was associated with a lower BMD at the
lumbar spine only (Table 7.6.6.2), with the association being borderline at both the nondominant total hip (Table 7.6.6.4) and the non-dominant femoral neck (Table 7.6.6.6).
Normal and high BMI was associated with a higher BMD at all three sites. Being a
current or ex-smoker was significantly associated with a lower BMD at the lumbar
spine, whilst current smoking was significantly associated at the non-dominant total hip.
The association with current smoking was borderline at the non-dominant femoral
neck.

7.5 Discussion
7.5.1 Summary
A total of 410 men with data on RBPCR and phosphate wasting were analysed in this
chapter. The majority were white, MSM with a mean age of 47 years. They had longstanding HIV infection, with 92.4% on ART. Of these, 287 (70.0%) men were on TDF.
Although 27.3% had been previously diagnosed with an AIDS-defining condition, the
majority had well-controlled HIV infection with an HIV viral load <40 copies/mL and a
good CD4 count. Although there was a high number of patients on TDF, only 7.1% had
proteinuria (PCR ≥30 mg/mmol) at baseline.
7.5.1.1 Prevalence of and factors associated with RTD
In summary, 20.7% of HIV-positive men in this study had RBPCR-defined RTD, with
5.4% having severe RTD (RBPCR >5 times ULN). The presence of RTD in one-fifth of
a relatively young and well cohort is of concern. As expected, RBPCR was associated
with a lower eGFR. Mild to moderate RTD (RBPCR 2.93-14.65 µg/mmol) was also
associated with hypertension, although this association was borderline in patients with
severe RTD (>14.65 µg/mmol). The only HIV parameter associated with RBPCR was
current TDF use, and this was only associated with severe RTD. However, there was
no association with current use of a boosted PI. Although an association between RTD
and TDF use has been reported in several studies, most of these have shown that
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concurrent use of both TDF and a boosted PI lead to an increased risk of developing
Fanconi syndrome [35,271,502,503]. A lack of association in my cohort may be due to
the small number of patients on both TDF and a boosted PI (27.8%).
When assessing RTD using FePO4 >20% in those with hypophosphataemia, 12.7% of
the group were affected. The only factor associated with FePO4 was eGFR. However,
there was a positive correlation between RBPCR and FePO4, suggesting that there is
an association between RBPCR and renal phosphate wasting.
7.5.1.2 RTD and bone
In the entire cohort, there was no association between RTD measured either by
RBPCR or phosphate wasting and bone turnover (both resorption and formation).
There was also no association between RTD (either RBPCR-defined or phosphatedefined) and vitamin D or PTH.
With BMD, although there was no correlation with FePO4, there was a negative
correlation between RBPCR at all three sites. However, after adjusting for several
traditional and HIV-related risk factors, there was no significant association found
between RBPCR measured continuously and BMD at any site. When RBPCR was
included as a categorical variable, there was a borderline association between severe
RTD and BMD at the lumbar spine, with no such association at either the non-dominant
total hip or the non-dominant femoral neck. Lower BMD was associated with current
smoking at all three sites (as well as ex-smoking at the lumbar spine), whilst higher
BMD was associated with a normal or high BMI. Additionally, non-white ethnicity was
associated with higher BMD at the non-dominant total hip and the non-dominant
femoral neck, whilst older age was also associated with lower BMD at the nondominant femoral neck. Interestingly, no HIV-related factors were associated with BMD
in my cohort, which probably reflects the well-controlled nature of HIV in the majority of
the cohort.
7.5.1.3 RTD, bone and TDF
As I found an association between RBPCR and current TDF use, a sensitivity analysis
was performed in patients on TDF only. The results obtained were similar to those
seen in the whole cohort, with a lower eGFR associated with both RBPCR-associated
and phosphate-defined RTD, although mild to moderate RTD measured using RBPCR
only showed a borderline association. There was again no correlation between RTD
(measured by either RBPCR or phosphate wasting) and vitamin D or PTH. There was
also no correlation between bone turnover and RTD. Similar to the entire cohort, there
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was no correlation found between BMD and FePO4 at any site, with a significant
negative correlation seen between RBPCR and BMD at the lumbar spine, the nondominant total hip and the non-dominant femoral neck.
In contrast to the whole cohort, there was a significant association between a higher
RBPCR and lower BMD at the lumbar spine (when RBPCR was measured as either a
continuous or categorical variable) and the non-dominant total hip (with RBPCR as a
continuous variable only), with a borderline association seen with BMD at the nondominant femoral neck (when RBPCR was measured as both a continuous or a
categorical variable). At the lumbar spine and the non-dominant total hip, lower BMD
was associated with current smoking status (ex-smokers also had a lower BMD at the
lumbar spine), whilst a normal or high BMI was associated with higher BMD at all three
sites, all of which are factors known to be associated with BMD. Non-white ethnicity
was associated with higher BMD at the non-dominant total hip and the non-dominant
femoral neck, whilst older age also showed an association with a lower BMD at the
non-dominant femoral neck. Interestingly, no HIV-related factors were found to be
associated with BMD.
These results (which included 85 cases of RTD) suggest that RBPCR-defined RTD is
associated with reduced BMD. This is in contrast to a previous study with 11 cases of
RTD, which found no association between RTD and BMD [199]. However, the scatter
plots of the correlations between RBPCR and BMD demonstrate a wide degree of
scatter and low correlation coefficients. These results suggest that mild derangement of
renal tubular function (RBPCR <5 times ULN) appears to have little, if any, effect on
BMD. On the other hand, more severe RTD remained associated with reduced BMD
after adjusting for confounders, and may potentially represent a sub-group of patients
at increased risk of bone loss.
Other studies have demonstrated that BMD at the spine is more affected than at the
hip in HIV-positive patients [337], which may explain why I found an association at the
lumbar spine, but not at the non-dominant total hip or the non-dominant femoral neck.
The strength of the relationship between RBPCR-defined RTD at the lumbar spine
versus the hip may be due to differences in bone composition at the spine, which is
predominantly trabecular [44], compared to the hip, which is predominantly cortical
[45]. The metabolic rate per unit volume bone is higher in trabecular bone, which may
make this type of bone more sensitive to endogenous insults [504]. Additionally, BMD
changes may differ between bone sites, with high bone turnover states, such as HIVassociated osteoporosis, involving trabecular bone at an earlier stage than cortical
bone [22].
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The putative mechanism that links RTD to BMD is phosphate wasting. Although
RBPCR was correlated with FePO4, I observed no association between this measure of
RTD and BMD. However, the association between RBPCR and FePO4 was weak
(r=0.24). The lack of an association between FePO4 and BMD may relate to the cut-offs
used to define renal phosphate wasting, or may suggest that reduced fasting plasma
phosphate concentrations are not reliable at reflecting total body phosphate depletion,
which is a signal for tubular phosphate reabsorption. My data are consistent with a
previous study which found superior specificity of LMWPs (β2- and α1-microglobulin)
compared with FePO4 to diagnose RTD [505]. This suggests that concurrent plasma
and urine phosphate measurements may be of limited use in identifying patients at
greatest risk of RTD-associated bone loss.
In keeping with Calmy et al [199], I found no correlation between RBPCR and markers
of either bone resorption or bone formation in the whole cohort or in patients on TDF.
This lack of association is somewhat puzzling, although the cross-sectional nature of
this study may have limited my ability to detect such a relationship. The use of BTMs in
clinical practise remains controversial, and changes in BTMs may not predict changes
in BMD [506], so this may explain why I found no association.
In RCTs, reductions in BMD in patients on TDF have been associated with increased
bone turnover [251,344,506]. However, it is possible that the mechanisms of TDFassociated initial bone loss are mediated through the PTH axis [507] or via a direct
effect of TDF on bone [344]. In the ASSERT study, the initial reductions in BMD
observed with TDF did not correlate with LMWP concentrations [251]. While these
reductions in BMD tend to stabilise within 24 to 48 weeks of TDF exposure [250252,506], the effects of persistent RTD may be masked by the magnitude of the initial
BMD decline and may only become apparent with long-term TDF exposure. This may
explain why I found associations between RBPCR and BMD in patients on TDF, which
disappeared when investigating the entire cohort.
7.5.1.4 Conclusions
In conclusion, there was a negative correlation between RBPCR-defined RTD and
BMD at all three sites in HIV-positive patients within the entire cohort and in those on
TDF. Within the whole cohort, when RBPCR was investigated in multivariable models
as either a continuous or a categorical variable, there was no association between
BMD at any site, except for a borderline association between severe RTD and lumbar
spine BMD. When the analyses were confined to patients on TDF only, there was a
significant association between higher RBPCR (measured continuously) and lower
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BMD at the lumbar spine and the non-dominant total hip, although this association was
borderline at the non-dominant femoral neck. When RBPCR was measured
categorically, severe RTD was associated with lower BMD at the lumbar spine, but the
associations were borderline at the non-dominant total hip and the non-dominant
femoral neck.
Although the clinical significance of these findings for patients with RTD and the impact
on their bone health is yet to be fully elucidated, as TDF has been linked to a reduction
in BMD, quantification of RBPCR may help identify patients who would benefit from
TDF discontinuation to preserve BMD and reduce future fracture risk.

7.5.2 Strengths and limitations
The strengths of this study include the large, homogeneous and contemporaneous
study population and the use of a robust assay to measure RBP. However, as the
study population comprised of almost exclusively white men, these observations
cannot necessarily be extrapolated to women or to those from other ethnicities.
One of the limitations of these data is the reliance on self-reported answers with
regards to renal and bone risk factors, as variables determined on questionnaire were
not checked against medical records and may therefore have been subject to recall
and/or over-reporting bias. Patients who had permanently stopped TDF after
developing RTD were not accounted for in the analyses, which may have
underestimated the impact of TDF on renal tubular function.
RBP was used to measure RTD. Although RBP has been found to be a good marker of
RTD [170] in the general population, as well as in HIV-positive patients [438], it is
unclear whether other tubular biomarkers or measurements of phosphate excretion,
such as 24-hour collections, would have yielded similar results. Although studies have
examined the correlation between spot urine PCR and 24 hour urine phosphate
excretion [508,509], the correlation between FePO4 and these measurements are
unknown.
The cross-sectional design of the study precludes inference of causality. Finally, all the
correlations that were seen were weak, and therefore, the clinical significance of the
observed BMD reductions remains to be defined.
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7.5.3 Future work
Longitudinal studies are required to confirm the relationship between RBPCR-defined
RTD and reduced BMD, and to investigate the improvement in both RTD and BMD on
discontinuing TDF. Measuring a broader panel of tubular biomarkers of RTD would be
useful in investigating whether this relationship remains. Finally, these findings should
be confirmed in more ethnically diverse cohorts and in women.

Data relating to patients on TDF have been published in AIDS:
Hamzah L*, Samarawickrama A*, Campbell L, Pope M, Burling K, Walker-Bone K,
Gilleece Y, Fisher M, Post FA. Effects of renal tubular dysfunction on bone in tenofovirexposed HIV-positive patients. AIDS. 2015 Sep 10;29(14):1785-92.
*these authors contributed equally

7.6 Supplementary data
7.6.1 Characteristics of patients on TDF
Table 7.6.1.1 Characteristics of patients on TDF
The characteristics of patients on TDF were similar to that of all 410 patients.

Demographics

HIV parameters

Age, years, mean (SD)
Ethnicity, n (%)
White
Black
Other
HIV transmission risk, n (%)
MSM
Heterosexual sex
IVDU/blood products
Duration of HIV infection, years, median (IQR)
HIV clinical stage, n (%)
Asymptomatic
Symptomatic non-AIDS
Symptomatic AIDS
CD4, cells/µL, median (IQR)
Nadir
At recruitment
HIV viral load <40, copies/mL, n (%)
Yes
No
HBV co-infection, n (%)
Yes
No

N
287
287

Total
48 (8.7)
270 (94.1)
11 (3.8)
6 (2.1)

287

287
287

264 (92.0)
19 (6.6)
4 (1.4)
9.3 (5.0, 14.8)
127 (44.3)
76 (26.5)
84 (29.3)

287
186 (96, 263)
548 (418, 700)
287
271 (94.4)
16 (5.6)
287
15 (5.2)
272 (94.8)
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HIV parameters
continued

Renal risk
factors

Renal function

Bone risk factors

HCV co-infection, n (%)
Yes
No
TDF and PI/ritonavir exposure
Cumulative exposure to TDF, years, median
(IQR)*
On PI/ritonavir at recruitment, n (%)
Cumulative exposure to PI/ritonavir, years,
median (IQR)*
On TDF and PI/ritonavir at recruitment, n (%)
Cumulative exposure to TDF and PI/ritonavir,
years, median (IQR)*
Prior renal disease, n (%)
Yes
No
Diabetes, n (%)
Yes
No
Hypertension, n (%)
Yes
No
2
eGFR**, ml/min/1.73m , median (IQR)
2
eGFR**, ml/min/1.73m , n (%)
>90
60 – 90
<60
PCR, mg/mmol, median (IQR)
PCR, mg/mmol, n (%)
<30
>30
ACR, mg/mmol, median (IQR)
ACR, mg/mmol, n (%)
<3
3 - 30
>30
RBPCR, µg/mmol, median (IQR)
RBPCR, µg/mmol, n (%)
<2.93
2.93 - 14.65
>14.65
FePO4, %, median (IQR)
Phosphate, mmol/L, median (IQR)
FePO4, %, median (IQR)
FePO4 >20% and phosphate <0.8 mmol/L, n (%)
Smoking, n (%)
Never smoked
Ex-smoker
Current smoker
Alcohol, n (%)
Never
<3 units/day
≥3 units/day
Exercise, n (%)
Never
Some weeks
Most weeks
Every week
BMI, mean (SD)
2
BMI, kg/m , n (%)
<25
25 – 30
>30

N
287

Total
47 (16.4)
240 (83.6)

287

2.1 (1.2, 4.2)

287
148

114 (39.7)
3.3 (1.1, 5.2)

287
136

136 (47.4)
2.0 (0.7, 4.0)

287
7 (2.4)
287 (97.6)
287
12 (4.2)
275 (95.8)
287

287
287

286
286

188
188

287
287

287
287
287
287
287

17 (5.9)
270 (94.1)
94.2 (82.0, 105.6)
165 (57.5)
114 (39.7)
8 (2.8)
11.9 (8.9, 17.7)
266 (93.0)
20 (7.0)
0.6 (0.4, 2.0)
154 (81.9)
30 (16.0)
4 (2.1)
1.3 (0.9, 2.7)
223 (77.7)
45 (15.7)
19 (6.6)
15.9 (11.2, 20.6)
0.85 (0.75, 0.96)
15.9 (11.2, 20.6)
40 (13.9)
84 (29.3)
87 (30.3)
116 (40.4)

287
37 (12.9)
237 (82.6)
13 (4.5)
287

287
287

120 (41.8)
64 (22.3)
24 (8.4)
79 (27.5)
25.4 (4.2)
143 (49.8)
107 (37.3)
37 (12.9)
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N
Total
Ever exposed to steroids, n (%)
287
Steroid inhalers
30 (10.5)
Oral steroids
23 (8.0)
Anabolic steroids
5 (1.7)
Previous fragility fracture, n (%)
287
Yes
33 (11.5)
No
254 (88.5)
Family history of hip fracture, n (%)
287
Yes
42 (14.6)
No
197 (68.6)
Not known
48 (16.7)
Bone
Corrected calcium, mmol/L, median (IQR)
285
2.16 (2.12, 2.21)
biomarkers
Phosphate, mmol/L, median (IQR)
287
0.85 (0.75, 0.96)
ALP, IU/L, median (IQR)
284
81 (69, 103)
Vitamin D, nmol/L, median (IQR)
286
46 (35, 62)
PTH, ng/L, median (IQR)
287
48 (36, 65)
CTX, ng/mL, median (IQR)
287
1.9 (0.9, 4.9)
P1NP, ng/mL, median (IQR)
287
13.6 (5.4, 33.6)
2
BMD
Lumbar spine, g/cm , mean (SD)
287
1.134 (0.147)
2
Non-dominant total hip, g/cm , mean (SD)
283
0.997 (0.132)
2
Non-dominant femoral neck, g/cm , mean (SD)
283
0.947 (0.124)
ACR: albumin/creatinine ratio; ALP: alkaline phosphatase; ART: antiretroviral therapy; BMD: bone mineral
density; BMI: body mass index; CTX: C-terminal cross-linking telopeptides of type I collagen; eGFR:
estimated glomerular filtration rate; FePO4: fractional excretion of phosphate; IQR: interquartile range;
IVDU: intravenous drug use; MSM: men who have sex with men; P1NP: N-terminal propeptide of type I
procollagen; PCR: protein/creatinine ratio; PI: protease inhibitor; PTH: parathyroid hormone; RBPCR:
retinol binding protein creatinine ratio; SD: standard deviation; TDF: tenofovir
*Includes all patients who have ever been exposed
**eGFR defined using CKD-Epi formula
Bone risk factors
continued

7.6.2 Relationship between RBPCR and FePO4 in patients on TDF
Figure 7.6.2.1 Relationship between RBPCR and FePO4 in patients on TDF
Plot of natural log RBPCR (x-axis) against FePO4 (y-axis) showing a significant positive correlation
(r=0.24, p<0.0001), which was exactly the same as in the entire cohort.
FePO4: fractional excretion of phosphate; RBPCR: retinol binding protein creatinine ratio
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7.6.3 Relationship between RTD, vitamin D and PTH in patients on TDF
Figure 7.6.3.1 Relationship between vitamin D and RBPCR in patients on TDF
Plot of vitamin D (x-axis) against natural log RBPCR (y-axis) showing no significant correlation (r=-0.05,
p=0.44).
RBPCR: retinol binding protein creatinine ratio

Figure 7.6.3.2 Relationship between PTH and RBPCR in patients on TDF
Plot of PTH (x-axis) against natural log RBPCR (y-axis) showing no significant correlation (r=-0.09,
p=0.13).
PTH: parathyroid hormone; RBPCR: retinol binding protein creatinine ratio
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Figure 7.6.3.3 Relationship between vitamin D and FePO4 in patients on TDF
Plot of vitamin D (x-axis) against FePO4 (y-axis) showing no significant correlation (r=-0.03, p=0.58).
FePO4: fractional excretion of phosphate

Figure 7.6.3.4 Relationship between PTH and FePO4 in patients on TDF
Plot of PTH (x-axis) against FePO4 (y-axis) showing no significant correlation (r=-0.02, p=0.68).
FePO4: fractional excretion of phosphate; PTH: parathyroid hormone
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7.6.4 Factors associated with RTD in patients on TDF
7.6.4.1 RBPCR-defined RTD
Table 7.6.4.1 Factors associated with mild to moderate RTD (RBPCR 2.93-14.65
µg/mmol) in patients on TDF
Only hypertension was associated with mild to moderated RTD as measured by RBPCR, although a lower
eGFR showed a borderline association.
Univariable estimates
OR (95% CI)
P-value

Multivariable estimates
Adjusted OR*
P-value
(95% CI)

Age, years, per 10 years
1.00 (0.69, 1.44)
0.99
Ethnicity
White
1.00
Other
1.72 (0.53, 5.61)
0.37
Smoking
Never
1.00
Ex-smoker
0.76 (0.32, 1.81)
0.54
Current smoker
1.06 (0.50, 2.26)
0.88
Diabetes
No
1.00
Yes
1.11 (0.23, 5.31)
0.90
Hypertension
No
1.00
1.00
Yes
4.13 (1.34, 12.79)
0.01
4.18 (1.36, 12.79)
0.01
eGFR**, per 10 ml/min decrease
0.82 (0.67, 1.00)
0.05
0.81 (0.66, 1.00)
0.05
Duration of HIV infection, years,
0.99 (0.94, 1.03)
0.55
per year
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.95 (0.44, 2.06)
0.90
Symptomatic AIDS
0.79 (0.36, 1.74)
0.56
CD4 count, per 50 cells/µl
Nadir
1.11 (0.98, 1.27)
0.10
Current
0.98 (0.92, 1.05)
0.60
HIV viral load <40, copies/mL
Yes
1.00
No
1.88 (0.57, 6.22)
0.29
HBV co-infection
No
1.00
Yes
0.90 (0.19, 4.20)
0.89
HCV co-infection
No
1.00
Yes
1.05 (0.45, 2.44)
0.90
Current PI/ritonavir
No
1.00
Yes
1.35 (0.70, 2.58)
0.36
95% CI: 95% confidence interval; eGFR: estimated glomerular filtration rate; HBV: hepatitis B; HCV:
hepatitis C; OR: odds ratio; PI: protease inhibitor
*Adjusted for hypertension and eGFR
**eGFR defined using CKD-Epi formula
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Table 7.6.4.2 Factors associated with severe RTD (RBPCR >14.65 µg/mmol) in
patients on TDF
In multivariable analysis, only a lower eGFR remained significantly associated with severe RTD as
measured by RBPCR, although hypertension and advanced HIV clinical stage showed borderline
associations.
Univariable estimates
OR (95% CI)
P-value

Multivariable estimates
Adjusted OR*
P-value
(95% CI)
1.01 (0.54, 1.88)
0.99

Age, years, per 10 years
1.78 (1.04, 3.03)
0.03
Ethnicity
White
1.00
Other
0.88 (0.11, 7.00)
0.90
Smoking
Never
1.00
Ex-smoker
2.03 (0.58, 7.06)
0.26
Current smoker
1.28 (0.36, 4.55)
0.70
Diabetes
No
1.00
Yes
1.30 (0.16, 10.66)
0.81
Hypertension
No
1.00
1.00
Yes
3.40 (0.88, 13.20)
0.06
4.01 (0.93, 17.47)
0.06
eGFR**, per 10 ml/min decrease
0.53 (0.40, 0.71)
<0.0001
0.52 (0.37, 0.74)
<0.0001
Duration of HIV infection, years,
1.02 (0.96, 1.10)
0.50
per year
HIV clinical stage
Asymptomatic
1.00
1.00
Symptomatic non-AIDS
2.64 (0.71, 9.76)
0.13
2.46 (0.61, 9.88)
0.21
Symptomatic AIDS
3.69 (1.08, 12.62)
0.03
3.65 (0.99, 13.48)
0.05
CD4 count, per 50 cells/µl
Nadir
0.87 (0.73, 1.05)
0.15
Current
1.01 (0.92, 1.10)
0.87
HIV viral load <40, copies/mL
Yes
1.00
No
0.94 (0.12, 7.53)
0.95
HBV co-infection
No
1.00
Yes
2.31 (0.48, 11.13)
0.28
HCV co-infection
No
1.00
Yes
0.27 (0.03, 2.08)
0.18
Current PI/ritonavir
No
1.00
1.00
Yes
2.20 (0.85, 5.69)
0.09
1.55 (0.55, 4.38)
0.41
95% CI: 95% confidence interval; eGFR: estimated glomerular filtration rate; HBV: hepatitis B; HCV:
hepatitis C; OR: odds ratio; PI: protease inhibitor
*Adjusted for age, hypertension, eGFR, HIV clinical stage and current boosted PI use
**eGFR defined using CKD-Epi formula
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7.6.4.2 Phosphate-defined RTD
Table 7.6.4.3 Factors associated with phosphate-defined RTD (FePO4 >20% and
plasma phosphate <0.8 mmol/L) in patients on TDF
Only a lower eGFR remained significantly associated with phosphate-defined RTD in multivariable
analyses.
Univariable estimates
OR (95% CI)
P-value

Multivariable estimates
Adjusted OR*
P-value
(95% CI)
1.03 (0.67, 1.58)
0.89

Age, years, per 10 years
1.49 (1.02, 2.19)
0.04
Ethnicity
White
1.00
Other
0.37 (0.05, 2.89)
0.32
Smoking
Never
1.00
1.00
Ex-smoker
0.96 (0.43, 2.11)
0.92
1.17 (0.51, 2.64)
0.71
Current smoker
0.43 (0.18, 1.03)
0.05
0.61 (0.25, 1.47)
0.27
Diabetes
No
1.00
Yes
1.25 (0.26, 5.93)
0.78
Hypertension
No
1.00
Yes
0.37 (0.05, 2.89)
0.32
eGFR**, per 10 ml/min decrease
0.67 (0.54, 0.81)
0.0001 0.69 (0.54, 0.87)
0.002
Duration of HIV infection, years,
1.02 (0.97, 1.07)
0.54
per year
HIV clinical stage
Asymptomatic
1.00
Symptomatic non-AIDS
0.59 (0.25, 1.42)
0.24
Symptomatic AIDS
0.76 (0.34, 1.68)
0.50
CD4 count, per 50 cells/µl
Nadir
0.94 (0.82, 1.07)
0.34
Current
0.99 (0.93, 1.06)
0.84
HIV viral load <40, copies/mL
Yes
1.00
No
2.18 (0.66, 7.16)
0.19
HBV co-infection
No
1.00
Yes
0.95 (0.21, 4.38)
0.94
HCV co-infection
No
1.00
Yes
0.53 (0.18, 1.57)
0.24
Current PI/ritonavir
No
1.00
Yes
1.01 (0.51, 2.01)
0.97
95% CI: 95% confidence interval; eGFR: estimated glomerular filtration rate; HBV: hepatitis B; HCV:
hepatitis C; OR: odds ratio; PI: protease inhibitor
*Adjusted for age, smoking status and eGFR
**eGFR defined using CKD-Epi formula
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7.6.5 Relationship between bone turnover and RTD in patients on TDF
7.6.5.1 Bone resorption
Figure 7.6.5.1 Relationship between CTX and RBPCR in patients on TDF
Plot of square root CTX (x-axis) against natural log RBPCR (y-axis) showing no significant correlation
(r=0.004, p=0.94).
CTX: C-terminal cross-linking telopeptides of type I collagen; RBPCR: retinol binding protein creatinine
ratio

Figure 7.6.5.2 Relationship between CTX and FePO4 in patients on TDF
Plot of square root CTX (x-axis) against FePO4 (y-axis) showing no significant correlation (r=-0.07,
p=0.27).
CTX: C-terminal cross-linking telopeptides of type I collagen; FePO4: fractional excretion of phosphate
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7.6.5.2 Bone formation
Figure 7.6.5.3 Relationship between P1NP and RBPCR in patients on TDF
Plot of natural log P1NP (x-axis) against natural log RBPCR (y-axis) showing no significant correlation
(r=0.002, p=0.97).
P1NP: N-terminal propeptide of type I procollagen; RBPCR: retinol binding protein creatinine ratio

Figure 7.6.5.4 Relationship between P1NP and FePO4 in patients on TDF
Plot of natural log P1NP (x-axis) against FePO4 (y-axis) showing no significant negative correlation (r=0.07, p=0.26).
FePO4: fractional excretion of phosphate; P1NP: N-terminal propeptide of type I procollagen
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7.6.6 Relationship between BMD and RTD in patients on TDF
7.6.6.1 Lumbar spine
Figure 7.6.6.1 Relationship between lumbar spine BMD and RBPCR in patients on
TDF
Plot of lumbar spine BMD (x-axis) against natural log RBPCR (y-axis) showing a significant negative
correlation (r=-0.18, p=0.003).
BMD: bone mineral density; RBPCR: retinol binding protein creatinine ratio

Figure 7.6.6.2 Relationship between lumbar spine BMD and FePO4 in patients on TDF
Plot of lumbar spine BMD (x-axis) against FePO4 (y-axis) showing no significant correlation (r=0.02,
p=0.74).
BMD: bone mineral density; FePO4: fractional excretion of phosphate
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Table 7.6.6.1 Factors associated with lumbar spine BMD when RBPCR was measured
as a continuous variable in patients on TDF
There was a significant association between higher RBPCR and lower BMD at the lumbar spine. Being a
current smoker or an ex-smoker was associated with a lower BMD whilst normal or high BMI was
associated with a higher BMD.
Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Age, years, per 10 years
0.01 (-0.01, 0.03)
0.35
Ethnicity
White
0.00
Other
-0.01 (-0.08, 0.06)
0.74
Smoking
Never
0.00
0.00
Ex-smoker
-0.04 (-0.08, 0.004)
0.07
-0.06 (-0.10, -0.01)
0.01
Current smoker
-0.09 (-0.13, -0.05)
<0.0001
-0.07 (-0.11, -0.03)
<0.0001
BMI
<25
0.00
0.00
25-30
0.08 (0.05, 0.12)
<0.0001
0.08 (0.04, 0.11)
<0.0001
>30
0.11 (0.06, 0.16)
<0.0001
0.10 (0.04, 0.16)
0.001
Diabetes
No
0.00
Yes
-0.03 (-0.12, 0.05)
0.43
Hypertension
No
0.00
Yes
0.003 (-0.07, 0.08)
0.93
eGFR**, per 10 ml/min
-0.01 (-0.02, 0.003)
0.17
decrease
Duration of HIV infection,
-0.002 (-0.004, 0.001)
0.12
years, per year
HIV clinical stage
Asymptomatic
0.00
Symptomatic non-AIDS
-0.02 (-0.07, 0.02)
0.25
Symptomatic AIDS
-0.03 (-0.07, 0.01)
0.11
CD4 count, per 50 cells/µl
Nadir
0.004 (-0.003, 0.01)
0.23
Current
0.002 (-0.001, 0.006)
0.21
HIV viral load <40, copies/mL
Yes
0.00
No
-0.003 (-0.08, 0.07)
0.94
HBV co-infection
No
0.00
Yes
-0.03 (-0.11, 0.05)
0.43
HCV co-infection
No
0.00
Yes
-0.02 (-0.07, 0.02)
0.30
Current PI/ritonavir
No
0.00
0.00
Yes
-0.03 (-0.07, 0.001)
0.06
-0.03 (-0.06, 0.01)
0.11
Log RBPCR, µg/mmol
-0.02 (-0.03, -0.01)
0.002
-0.02 (-0.03, -0.003)
0.02
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for smoking status, BMI, current boosted PI use and RBPCR measured as a continuous variable
**eGFR defined using CKD-Epi formula
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Table 7.6.6.2 Factors associated with lumbar spine BMD when RBPCR was measured
as a categorical variable in patients on TDF
When RBPCR was included in the multivariable model as a categorical variable, severe RTD (RBPCR
>14.65 µg/mmol) was associated with a lower BMD at the lumbar spine. Factors that remained associated
with a lower BMD were current and ex-smoking and a higher BMD were normal and high BMI.
Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Age, years, per 10 years
0.01 (-0.01, 0.03)
0.35
Ethnicity
White
0.00
Other
-0.01 (-0.08, 0.06)
0.74
Smoking
Never
0.00
0.00
Ex-smoker
-0.04 (-0.08, 0.004)
0.07
-0.05 (-0.09, -0.01)
0.02
Current smoker
-0.09 (-0.13, -0.05)
<0.0001
-0.07 (-0.11, -0.03)
<0.0001
BMI
<25
0.00
0.00
25-30
0.08 (0.05, 0.12)
<0.0001
0.08 (0.05, 0.11)
<0.0001
>30
0.11 (0.06, 0.16)
<0.0001
0.10 (0.05, 0.16)
<0.0001
Diabetes
No
0.00
Yes
-0.03 (-0.12, 0.05)
0.43
Hypertension
No
0.00
Yes
0.003 (-0.07, 0.08)
0.93
eGFR**, per 10 ml/min
-0.01 (-0.02, 0.003)
0.17
decrease
Duration of HIV infection,
-0.002 (-0.004, 0.001)
0.12
years, per year
HIV clinical stage
Asymptomatic
0.00
Symptomatic non-AIDS
-0.02 (-0.07, 0.02)
0.25
Symptomatic AIDS
-0.03 (-0.07, 0.01)
0.11
CD4 count, per 50 cells/µl
Nadir
0.004 (-0.003, 0.01)
0.23
Current
0.002 (-0.001, 0.006)
0.21
HIV viral load <40, copies/mL
Yes
0.00
No
-0.003 (-0.08, 0.07)
0.94
HBV co-infection
No
0.00
Yes
-0.03 (-0.11, 0.05)
0.43
HCV co-infection
No
0.00
Yes
-0.02 (-0.07, 0.02)
0.30
Current PI/ritonavir
No
0.00
0.00
Yes
-0.03 (-0.07, 0.001)
0.06
-0.02 (-0.06, 0.01)
0.13
RBPCR, µg/mmol
<2.93
0.00
0.00
2.93-14.65
-0.03 (-0.07, 0.02)
0.24
-0.01 (-0.05, 0.02)
0.45
>14.65
-0.11 (-0.18, -0.04)
0.001
-0.11 (-0.19, -0.03)
0.01
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for smoking status, BMI, current boosted PI use and RBPCR measured as a categorical variable
**eGFR defined using CKD-Epi formula
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7.6.6.2 Non-dominant total hip
Figure 7.6.6.3 Relationship between non-dominant total hip BMD and RBPCR in
patients on TDF
Plot of non-dominant total hip BMD (x-axis) against natural log RBPCR (y-axis) showing a significant
negative correlation (r=-0.14, p=0.02).
BMD: bone mineral density; RBPCR: retinol binding protein creatinine ratio

Figure 7.6.6.4 Relationship between non-dominant total hip BMD and FePO4 in
patients on TDF
Plot of non-dominant total hip BMD (x-axis) against FePO4 (y-axis) showing no significant correlation (r=0.04, p=0.51).
FePO4: fractional excretion of phosphate
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Table 7.6.6.3 Factors associated with non-dominant total hip BMD when RBPCR was
measured as a continuous variable in patients on TDF
There was a significant association between higher RBPCR and a lower BMD at the non-dominant total
hip. Current smoking was associated with a lower BMD, whilst BMI (normal and high) was associated with
a higher BMD.
Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Age, years, per 10 years
-0.004 (-0.02, 0.01)
0.68
Ethnicity
White
0.00
Other
0.02 (-0.05, 0.08)
0.58
Smoking
Never
0.00
0.00
Ex-smoker
0.003 (-0.04, 0.04)
0.88
-0.01 (-0.05, 0.03)
0.55
Current smoker
-0.06 (-0.10, -0.03)
0.001
-0.04 (-0.08, -0.01)
0.01
BMI
<25
0.00
0.00
25-30
0.10 (0.07, 0.13)
<0.0001
0.09 (0.06, 0.12)
<0.0001
>30
0.14 (0.10, 0.19)
<0.0001
0.13 (0.09, 0.17)
<0.0001
Diabetes
No
0.00
Yes
0.02 (-0.06, 0.09)
0.68
Hypertension
No
0.00
Yes
0.04 (-0.02, 0.11)
0.21
eGFR**, per 10 ml/min
-0.005 (-0.01, 0.004)
0.25
decrease
Duration of HIV infection,
-0.002 (-0.004, 0.0001)
0.07
-0.001 (-0.003, 0.001)
0.20
years, per year
HIV clinical stage
Asymptomatic
0.00
Symptomatic non-AIDS
-0.02 (-0.06, 0.01)
0.23
Symptomatic AIDS
-0.03 (-0.07, 0.01)
0.12
CD4 count, per 50 cells/µl
Nadir
0.005 (-0.001, 0.01)
0.12
Current
0.002 (-0.001, 0.005)
0.19
HIV viral load <40,
copies/mL
Yes
0.00
No
0.03 (-0.04, 0.10)
0.37
HBV co-infection
No
0.00
Yes
-0.01 (-0.08, 0.06)
0.85
HCV co-infection
No
0.00
Yes
0.002 (-0.04, 0.04)
0.93
Current PI/ritonavir
No
0.00
Yes
-0.02 (-0.05, 0.01)
0.20
Log RBPCR, µg/mmol
-0.01 (-0.02, -0.002)
0.02
-0.01 (-0.02, 0.0003)
0.04
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for smoking status, BMI, current boosted PI use and RBPCR measured as a continuous variable
**eGFR defined using CKD-Epi formula
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Table 7.6.6.4 Factors associated with non-dominant total hip BMD when RBPCR was
measured as a categorical variable in patients on TDF
Severe RTD (RBPCR >14.65 µg/mmol) was associated with a lower BMD at the non-dominant total hip in
multivariable analysis. Current smoking was associated with a lower BMD and normal or high BMI was
associated with a higher BMD.
Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Age, years, per 10 years
-0.004 (-0.02, 0.01)
0.68
Ethnicity
White
0.00
Other
0.02 (-0.05, 0.08)
0.58
Smoking
Never
0.00
0.00
Ex-smoker
0.003 (-0.04, 0.04)
0.88
-0.01 (-0.05, 0.03)
0.61
Current smoker
-0.06 (-0.10, -0.03)
0.001
-0.04 (-0.08, -0.01)
0.01
BMI
<25
0.00
0.00
25-30
0.10 (0.07, 0.13)
<0.0001
0.09 (0.06, 0.12)
<0.0001
>30
0.14 (0.10, 0.19)
<0.0001
0.13 (0.09, 0.17)
<0.0001
Diabetes
No
0.00
Yes
0.02 (-0.06, 0.09)
0.68
Hypertension
No
0.00
Yes
0.04 (-0.02, 0.11)
0.21
eGFR**, per 10 ml/min
-0.005 (-0.01, 0.004)
0.25
decrease
Duration of HIV infection,
-0.002 (-0.004, 0.0001)
0.07
-0.001 (-0.003, 0.001)
0.17
years, per year
HIV clinical stage
Asymptomatic
0.00
Symptomatic non-AIDS
-0.02 (-0.06, 0.01)
0.23
Symptomatic AIDS
-0.03 (-0.07, 0.01)
0.12
CD4 count, per 50 cells/µl
Nadir
0.005 (-0.001, 0.01)
0.12
Current
0.002 (-0.001, 0.005)
0.19
HIV viral load <40,
copies/mL
Yes
0.00
No
0.03 (-0.04, 0.10)
0.37
HBV co-infection
No
0.00
Yes
-0.01 (-0.08, 0.06)
0.85
HCV co-infection
No
0.00
Yes
0.002 (-0.04, 0.04)
0.93
Current PI/ritonavir
No
0.00
Yes
-0.02 (-0.05, 0.01)
0.20
RBPCR, µg/mmol
<2.93
0.00
0.00
2.93-14.65
-0.04 (-0.08, 0.001)
0.06
-0.03 (-0.07, 0.01)
0.13
>14.65
-0.04 (-0.11, 0.01)
0.13
-0.05 (-0.10, 0.0001)
0.05
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for smoking status, BMI, current boosted PI use and RBPCR measured as a categorical variable
**eGFR defined using CKD-Epi formula

278

7.6.6.3 Non-dominant femoral neck
Figure 7.6.6.5 Relationship between non-dominant femoral neck BMD and RBPCR in
patients on TDF
Plot of non-dominant femoral neck BMD (x-axis) against natural log RBPCR (y-axis) showing a significant
negative correlation (r=-0.13, p=0.02).
BMD: bone mineral density; RBPCR: retinol binding protein creatinine ratio

Figure 7.6.6.6 Relationship between non-dominant femoral neck BMD and FePO4 in
patients on TDF
Plot of non-dominant femoral neck BMD (x-axis) against FePO4 (y-axis) showing no significant correlation
(r=-0.05, p=0.41).
BMD: bone mineral density; FePO4: fractional excretion of phosphate
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Table 7.6.6.5 Factors associated with non-dominant femoral neck BMD when RBPCR
was measured as a continuous variable in patients on TDF
Although there was a significant association between BMD at the non-dominant femoral neck and RBPCR
measured continuously on unilateral analyses, this association became borderline in multivariable
analyses. Current smoking was associated with a lower BMD whilst BMI (normal and high) was associated
with a higher BMD.
Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Age, years, per 10 years
-0.01 (-0.03, 0.003)
0.12
Ethnicity
White
0.00
Other
0.03 (-0.03, 0.09)
0.33
Smoking
Never
0.00
0.00
Ex-smoker
-0.001 (-0.04, 0.04)
0.97
-0.01 (-0.05, 0.03)
0.63
Current smoker
-0.05 (-0.09, -0.02)
0.004
-0.03 (-0.07, -0.0003)
0.048
BMI
<25
0.00
0.00
25-30
0.07 (0.04, 0.10)
<0.0001
0.06 (0.03, 0.09)
<0.0001
>30
0.11 (0.07, 0.16)
<0.0001
0.10 (0.06, 0.15)
<0.0001
Diabetes
No
0.00
Yes
-0.02 (-0.09, 0.05)
0.58
Hypertension
No
0.00
Yes
0.01 (-0.05, 0.07)
0.78
eGFR**, per 10 ml/min
-0.003 (-0.01, 0.01)
0.57
decrease
Duration of HIV infection,
-0.002 (-0.004, -0.0002)
0.04
-0.001 (-0.003, 0.001)
0.21
years, per year
HIV clinical stage
Asymptomatic
0.00
0.00
Symptomatic non-AIDS
-0.03 (-0.07, 0.005)
0.09
-0.02 (-0.06, 0.01)
0.18
Symptomatic AIDS
-0.02 (-0.06, 0.01)
0.21
-0.01 (-0.04, 0.03)
0.68
CD4 count, per 50 cells/µl
Nadir
0.003 (-0.002, 0.009)
0.24
Current
0.0008 (-0.002, 0.004)
0.58
HIV viral load <40,
copies/mL
Yes
0.00
No
0.02 (-0.04, 0.09)
0.48
HBV co-infection
No
0.00
Yes
0.01 (-0.06, 0.07)
0.78
HCV co-infection
No
0.00
Yes
0.001 (-0.04, 0.04)
0.97
Current PI/ritonavir
No
0.00
Yes
-0.01 (-0.04, 0.02)
0.57
Log RBPCR, µg/mmol
-0.01 (-0.02, -0.001)
0.03
-0.01 (-0.02, 0.001)
0.08
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for smoking status, BMI, duration and clinical stage of HIV infection and RBPCR measured as a
continuous variable
**eGFR defined using CKD-Epi formula
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Table 7.6.6.6 Factors associated with non-dominant femoral neck BMD when RBPCR
was measured as a categorical variable in patients on TDF
When RBPCR was measured as a categorical variable, there was a borderline association between
severe RTD (RBPCR >14.65 µg/mmol) and non-dominant femoral neck BMD. The only factor associated
with a higher BMD was BMI (normal and high), although being a current smoker showed a borderline
association with a lower BMD.
Univariable estimates
β (95% CI)
P-value

Multivariable estimates
Adjusted β*
P-value
(95% CI)

Age, years, per 10 years
-0.01 (-0.03, 0.003)
0.12
Ethnicity
White
0.00
Other
0.03 (-0.03, 0.09)
0.33
Smoking
Never
0.00
0.00
Ex-smoker
-0.001 (-0.04, 0.04)
0.97
-0.01 (-0.04, 0.03)
0.69
Current smoker
-0.05 (-0.09, -0.02)
0.004
-0.03 (-0.06, 0.001)
0.06
BMI
<25
0.00
0.00
25-30
0.07 (0.04, 0.10)
<0.0001
0.06 (0.03, 0.09)
<0.0001
>30
0.11 (0.07, 0.16)
<0.0001
0.11 (0.06, 0.15)
<0.0001
Diabetes
No
0.00
Yes
-0.02 (-0.09, 0.05)
0.58
Hypertension
No
0.00
Yes
0.01 (-0.05, 0.07)
0.78
eGFR**, per 10 ml/min
-0.003 (-0.01, 0.01)
0.57
decrease
Duration of HIV infection,
-0.002 (-0.004, -0.0002)
0.04
-0.001 (-0.003, 0.001)
0.17
years, per year
HIV clinical stage
Asymptomatic
0.00
0.00
Symptomatic non-AIDS
-0.03 (-0.07, 0.005)
0.09
-0.02 (-0.06, 0.01)
0.16
Symptomatic AIDS
-0.02 (-0.06, 0.01)
0.21
-0.06 (-0.04, 0.03)
0.74
CD4 count, per 50 cells/µl
Nadir
0.003 (-0.002, 0.009)
0.24
Current
0.0008 (-0.002, 0.004)
0.58
HIV viral load <40,
copies/mL
Yes
0.00
No
0.02 (-0.04, 0.09)
0.48
HBV co-infection
No
0.00
Yes
0.01 (-0.06, 0.07)
0.78
HCV co-infection
No
0.00
Yes
0.001 (-0.04, 0.04)
0.97
Current PI/ritonavir
No
0.00
Yes
-0.01 (-0.04, 0.02)
0.57
RBPCR, µg/mmol
<2.93
0.00
0.00
2.93-14.65
-0.04 (-0.08, -0.001)
0.05
-0.03 (-0.07, 0.01)
0.11
>14.65
-0.05 (-0.11, 0.01)
0.11
-0.05 (-0.10, 0.01)
0.08
95% CI: 95% confidence interval; BMI: body mass index; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B; HCV: hepatitis C; PI: protease inhibitor; RBPCR: retinol binding protein creatinine ratio; TDF:
tenofovir
*Adjusted for smoking status, BMI, duration of HIV infection, HIV clinical stage and RBPCR measured as a
categorical variable
**eGFR defined using CKD-Epi formula
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Chapter 8: Discussion

8.1 Introduction
My main aim in this thesis was to conduct a cross-sectional study with changes over
time to investigate BMD and RTD in a relatively homogenous group of white, ARTexperienced HIV-positive men in the UK, who were mostly MSM and mainly on TDF.
My aims included evaluating the prevalence of reduced BMD in this cohort, the risk
factors for reduced BMD, the change in BMD over 12 months and the factors
associated with this, calculating fracture risk using FRAX® scores, assessing FRAX®
and pDXA as screening tools, and evaluating RTD, including using APR to differentiate
RTD from other proteinuria and the relationship between RTD and bone.
To address my aims, I designed and initiated a large prospective cohort study of HIVpositive men attending the HIV outpatient clinic at BSUH. I used the data from my
cohort to investigate the following:
1. The prevalence and risk factors associated with reduced BMD at baseline
(Chapter 3), as well as the change in BMD over 12 months and the factors
associated with loss of BMD (Chapter 4).
2. The utility of the FRAX® score and pDXA as screening tools (Chapter 5).
3. The utility of APR in differentiating RTD from other proteinuria (Chapter 6), as
well as the relationship between RTD and bone (Chapter 7).

In 2017, even with advances in testing, treatment and prevention, HIV remains a major
health concern worldwide. There is still no cure. The latest figures show that 36.7
million HIV-positive individuals were alive in 2015 [510]. In the UK, the overall
prevalence rate in 2015 was 2.26 people per 1,000 population [511]. The number of
new diagnoses has continued to decline since a peak in 2005. In 2015, 6,095 people
(4,551 men and 1,537 women) were newly diagnosed in the UK [511]. Although the
number of HIV-positive MSM has declined slightly since 2014, the rate remains high,
with 55% of all diagnoses occurring in MSM [511].
Interestingly, the proportion of people >50 years old who were newly diagnosed with
HIV infection in the UK has increased from approximately 9% in 2006 to 17% in 2015
[511]. As survival rates remain high, the number of older people accessing care has
also increased, with 34% of all HIV-positive patients aged >50 years old attending for
HIV care [511]. This reduction in morbidity and mortality is attributed to ART [14].
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However, improved survival has a major impact on long-term complications (e.g.
reduced BMD, renal disease), most of which are associated with ageing [20]. Although
ART has changed the natural history of HIV infection, it has also been associated with
numerous side effects, including bone and renal complications [20]. The inflammatory
state associated with ageing, sometimes termed ‘inflammaging’ [512], as well as
inflammation due to chronic HIV infection, has led to a premature ageing phenotype,
making HIV-positive patients susceptible to many chronic conditions, including bone
and renal disease.
In this final chapter, I summarise how the findings of my study have contributed to
existing knowledge in this field. The summary then guides an exploration of possible
future research.

8.2 Main findings
My main findings have been discussed in their respective chapters and are
summarised below.

8.2.1 Prevalence of reduced BMD
I recruited 422 HIV-positive men into my study. The prevalence of reduced BMD was
relatively small at each site. This is probably a reflection of the young age of the cohort,
good immune function and well-controlled HIV infection. Many also had a long duration
of exposure to TDF, and as most BMD loss associated with TDF occurs in the first 24
to 48 months after initiation [29,251], there may have been stabilisation of BMD in men
in my cohort. The prevalence of reduced BMD (both osteopenia and osteoporosis) in
my study was lower than that reported in both the pilot study [160] and in a metaanalysis of 11 studies [136]. Interestingly, the prevalence of osteoporosis and
osteopenia calculated using the T-score in all participants in my cohort was similar to
those quoted in the Probono-1 study [306], which was also a UK cohort, with men of a
similar age to those recruited into my study, as well as a similar number of patients on
TDF.
Recent studies comparing HIV-positive subjects to HIV-negative controls show
variability in prevalence of reduced BMD. Some have reported a higher prevalence of
reduced BMD compared to HIV-negative patients [306,323,513]. This included a study
from the UK [306] and one from Ireland [323], as well as one from the Netherlands
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which mainly investigated MSM [513]. In contrast, one study showed no difference in
BMD or 25(OH)D levels in HIV-positive South African women compared to HIVnegative women [514]. However, one study showed that the prevalence of
osteoporosis varied considerably depending on the definition used [408]. Interestingly,
a study investigating changes in bone microstructure showed that premenopausal HIVpositive women had a lower trabecular density at the tibia compared to HIV-negative
women, and that HIV status was the only variable that differed in the two groups [515].
In the Probono-1 study, the prevalence of osteopenia and osteoporosis in HIV-negative
male controls was 39% and 14%, respectively [306]. They reported no difference in the
rates between HIV-positive and HIV-negative men. As this study is UK-based, its study
population is the closest to mine. As there are no cohort data on the prevalence of
reduced BMD in males in the UK, the rates in the Probono-1 study are useful as they
provide some data on reduced BMD in the general population. However, their HIVnegative male cohort was small with only 44 patients [306]. Therefore, larger cohort
data from the UK general population would be useful to ensure a good comparison
could be made with prevalence rates in HIV-positive men.

8.2.2 Factors associated with reduced BMD
The factors associated with BMD in my cohort were the ‘traditional’ risk factors, such as
older age, white ethnicity, smoking and use of steroids [61]. These findings suggest
that traditional factors may be of more importance than HIV-related factors in reducing
BMD in men with well-controlled HIV infection. Although there was an association
between longer duration of exposure to a boosted PI and lower BMD at the lumbar
spine, there were no other associations with lower BMD and HIV- or ART-related
factors. Interestingly, there was no association between TDF use and lower BMD,
which has previously been implicated in the loss of BMD [516]. However, as most
studies have shown that the effect of TDF on loss of BMD is related to initiation of TDF
[252], the lack of an association in my cohort may be because the patients were TDFexperienced.
Although I found no association with any specific HIV-related factors and BMD, the
published evidence suggests that HIV-positive patients are at greater risk of lower BMD
than that conferred by traditional risk factors alone. The pathogenesis of reduced BMD
is multifactorial, and includes risk from co-morbidities, co-infections, behavioural risk
factors, the persistent immune dysfunction associated with chronic HIV infection and
ART [161]. Interestingly, in a study which measured bone material strength using
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microindentation, HIV-positive patients had significantly lower bone strength compared
to HIV-negative controls [517]. However, there was no difference in BMD between the
two groups, suggesting that HIV infection may cause bone damage independent of
BMD. Additionally, as HIV-positive patients continue to age, they are at risk of
‘inflammaging’ [512], as well as being at risk from other factors related to both older
age and HIV infection (e.g. falls, frailty) [518].

8.2.3 ART and reduced BMD
Since the start of my thesis, a number of newer antiretroviral drugs have become
available. These include the integrase inhibitors dolutegravir and elvitegravir, rilpivirine
(NNRTI) and TAF. In addition to ritonavir, there is now another booster called cobicistat
that can be used when initiating ART.
Although ART has transformed the natural course of HIV infection, it has also been
associated with bone and renal complications [20]. Initiation of ART has been
associated with a loss of BMD between 2% and 6%, but also induces a catabolic state
in which patients are susceptible to developing fragility fractures [519]. However, with
improvements in the side effect profiles of antiretroviral drugs, and evidence from the
START study, HIV-positive patients are now advised to commence ART at higher CD4
counts [520]. It appears that the importance of early initiation of ART is not just related
to immunologic benefits, but is also involved in reducing metabolic complications
associated with ART (e.g. BMD loss) [362].
ART, including individual drugs (e.g.TDF), have been discussed in detail throughout
this thesis. Here I will concentrate on the more recent developments relating to ART
and bone and renal disease. I will also discuss some of the individual drugs in more
detail (e.g.TAF).
8.2.3.1 TDF and TAF
There are numerous studies showing that TDF has an effect on reducing BMD
compared to other NRTIs (Chapters 1,3 and 4). Although the exact mechanism has not
been elucidated, it has been postulated that the process occurs indirectly either via
RTD or the PTH axis as TDF has been linked to secondary hyperparathyroidism [516].
Further work from the STEAL study has shown that TDF exposure was associated with
reduced indices of bone strength as measured by hip structural analysis [521]. In this
study, none of the parameters improved with discontinuation of TDF [521]. In a recent
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systemic review of TDF/emtricitabine/EFV, the renal safety profile was better than
when TDF was prescribed with either a PI or cobicistat [522].
As the majority of patients in my cohort were on TDF, I was able to investigate the
possible association of TDF and reduced BMD, although I did not find such an
association. This may be because most studies have shown that the effect of TDF on
BMD occurs in the first 24 to 48 months of commencing TDF [516], and as my cohort
was ART-experienced, many of the participants had been on TDF for a number of
years. This helps strengthen the argument that the association of TDF and low BMD
occurs in the first couple of years.
Interestingly, TDF has a negative effect on BMD even in HIV-negative individuals, and
this has been demonstrated in PrEP studies [338,363]. In both of these studies, there
was a small but significant decrease in BMD in the TDF/emtricitabine arm [338,363]. In
the iPrEx study, reduction in BMD occurred by week 24, and then stabilised [338],
which is in keeping with studies in HIV-positive populations.
TAF is an alanine ester prodrug of tenofovir (different to TDF) [42]. It is a more targeted
drug with higher viral activity but less systemic exposure than TDF, and therefore, has
more favourable bone and renal outcomes. In ART-naïve patients, TAF-containing
regimens have been non-inferior in virologic outcomes compared to TDF-containing
ones and have so far shown minimal adverse effects with regards to both reduced
BMD and RTD [523-525]. Two of these studies have combined TAF or TDF with
emtricitabine/elvitegravir/cobicistat and have shown smaller BMD reductions in the TAF
arm [523-524]. Similar results were reported in the third study which compared TDF to
TAF in patients on emtricitabine/darunavir/cobicistat [525].
There are also data from studies where ART-experienced patients have been switched
from TDF to TAF [526-528]. They have all shown an improvement in BMD in patients
switched to TAF [526-528]. This was also the case in patients with renal impairment
[527].
As more co-formulations with TAF are coming on to the market, and TAF is being used
more routinely, the adverse effects of TDF may not be such a problem in the future.
TDF remains one of the first-line antiretroviral drugs, and therefore, using the
alternative formulation of TAF in patients at risk of low BMD or RTD could be very
useful. NHS England has recently issued guidance on which patients to start on TAF
and which patients to switch to TAF, including the rationale and the benefits of such
decisions [529]. However, the use of TAF needs to be further investigated for any long-
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term adverse bone and renal effects, as well as fracture risk, evidence of which are
currently lacking.
8.2.3.2 Other antiretroviral drugs
In my study, longer cumulative exposure to a boosted PI was significantly associated
with a lower BMD at the lumbar spine. Early studies showed contradictory evidence
relating to the effect of boosted PIs on BMD [142,144,151,199,233,296,300]. In a metaanalysis, the overall pooled data showed that exposure to boosted PIs was associated
with reduced BMD compared to never having being exposed [136]. In longitudinal
studies following ART-naïve patients, some studies showed an association between
loss of BMD and PIs [252,301,302], whilst others did not [215].
Recent studies have shown that PIs contribute to more bone loss than other classes of
ART. In the ACTG substudy 5260s, there was loss of BMD in all arms, but a greater
loss in those containing boosted PIs (atazanavir/ritonavir or darunavir/ritonavir)
compared to the arm containing the integrase inhibitor raltegravir [332]. However, the
magnitude of the effect appears to vary depending on the PI, with a greater loss of
BMD being

seen in patients on lopinavir/ritonavir

compared to those on

atazanavir/ritonavir [530]. In contrast, a study in middle-aged female illicit drug users
showed that PI use for 3 years or more was associated with an increase in BMD at the
lumbar spine compared to HIV-negative women [531].
Other studies have shown that eliminating NRTIs was more beneficial than
discontinuing PIs in relation to BMD [334,350,532]. In the study by Hamzah et al,
switching to darunavir/ritonavir monotherapy led to an improvement in serum vitamin D
levels, BTMs and BMD [350]. Although NRTI-sparing regimens may be better from a
bone perspective, they can cause more virologic failures [334]. Additionally, in a study
in which patients had failed first-line therapy, second-line therapy with lopinavir/ritonavir
and replacement of TDF with raltegravir reduced loss of BMD [364]. This study further
suggests that there is an interaction between TDF and boosted PIs that cause
reduction in BMD.
Although the exact mechanisms by which boosted PIs affect BMD are not known, it is
thought that they have an effect on bone cells [533]. An in vitro study has shown that
some PIs can induce premature ageing of human bone marrow mesenchymal cells,
which affect their potential to differentiate into osteoblasts [534]. Furthermore, it has
been postulated that PIs impair vitamin D metabolism [533]. PIs have been found to
impair conversion of 25(OH)D to 1,25(OH)2D [535], although the clinical significance of
this is yet not known.
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Studies have shown a lesser effect on BMD of integrase inhibitors (mainly raltegravir)
compared to other classes of ART [332,345]. In the study by Brown et al, ART-naïve
patients randomised to TDF/emtricitabine with atazanavir/ritonavir, darunavir/ritonavir
or raltegravir showed that the smallest reduction in BMD at 96 weeks was seen in the
integrase inhibitor arm, with similar reduction in both boosted PI arms [332]. Martin et al
reported that an NRTI-sparing regimen containing a boosted PI and raltegravir led to
less bone loss at 48 weeks than a regimen containing NRTIs and a boosted PI in ARTexperienced patients failing first-line therapy [345]. Similar results were reported by the
study group at 96 weeks [364]. In a study comparing TDF/emtricitabine with either
elvitegravir/cobicistat or atazanavir/ritonavir, a similar loss of BMD at week 96 occurred
in both arms [536]. It will be interesting to see more data on the effect of integrase
inhibitors on BMD, particularly with some of the newer drugs in this class, such as
dolutegravir and elvitegravir, especially as these drugs are being more widely
prescribed and are now recommended as preferred agents in the latest ART
prescribing guidelines [26].

8.2.4 Change in BMD over time and factors associated with loss of BMD
There were 338 men who returned for a second visit at 12 months. The change in
absolute BMD at 12 months was small, probably reflecting the short length of follow-up.
In order to account for precision errors, I used a greater than SDD decrease in BMD to
assess the difference in BMD from baseline to 12 months which has been used by a
French group [352]. This group then investigated changes in SDD with different
densitometers, and found that the SDD was greater for scans performed using two
different devices compared to two scans obtained with the same device [353].
Unlike at baseline, no traditional factors were associated with a greater than SDD
reduction in BMD. The only factor associated with a greater than SDD reduction in
BMD was a detectable HIV viral load. This suggests that uncontrolled HIV infection
may have an effect on BMD reduction. This is in keeping with published data, where it
has been postulated that the inflammatory nature of HIV infection may lead to a
catabolic state where the rate of bone resorption is greater than that of bone formation
[519]. Several HIV-related factors were found to be associated with lower odds of a
greater than SDD reduction in BMD, including some relating to ART exposure. These
suggest that patients on ART have returned to health and by maintaining good
immunologic and virologic control, ART may actually be important in reducing BMD
loss, especially in ART-experienced patients.
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8.2.5 Fracture assessment, fracture risk and screening tools
In my cohort, there was a low rate of risk factors for osteoporotic fracture, family history
of osteoporotic fractures, falls and reduced mobility. These findings were not
unexpected as the men in my cohort were relatively young and healthy with wellcontrolled HIV infection.
I assessed the utility of pDXA and FRAX® as screening tools. There was a low
probability of either a major osteoporotic fracture or a hip fracture using FRAX ®.
Unfortunately, FRAX® alone was not sufficiently sensitive enough in my cohort.
Interestingly, pDXA was slightly more sensitive than FRAX® alone in my cohort,
although the addition of pDXA resulted in only a small increase in specificity and the
combined sensitivity of both tests was not much better than using FRAX ® alone.
Finally, I was not able to calculate incident fracture rates, in particular, the 10-year
fracture prediction rates for a major osteoporotic or hip fracture, nor was I able to
validate the FRAX® tool. Further work needs to be done in order to validate the FRAX®
score in HIV-positive populations. Although the FRAX® tool has been used in HIVpositive patients, it has not been validated in this population. A recent review has
suggested that using current FRAX® application guidelines may not be accurate [405],
although there is currently no suitable alternative.

8.2.6 Methods to diagnose RTD
There are a number of tests that can be used to determine RTD [473]. These include
measuring PCR and ACR to calculate APR [172], or to use novel LMWP biomarkers,
such as RBP [170,171]. Although the latter have been shown to be highly sensitive and
specific for RTD, they can be expensive and are not routinely available. In contrast,
PCR and ACR are routinely available and are cheap, and could be measured in all
patients. I have previously shown the utility of APR in distinguishing RTD from GP in a
retrospective study from the same HIV outpatient clinic [472]. I had planned to do a
similar analysis on patients with proteinuria in my cohort. However, only 28 had
proteinuria (PCR ≥30 mg/mmol) and APR measurements, which limited my ability to
perform these analyses. However, other groups have confirmed the utility of APR in
diagnosing RTD in HIV-positive patients, including one that used the same cut-offs as
me [450] and another which compared the results to biopsy-proven diagnoses [481].
The low prevalence of proteinuria is likely a reflection of the fact that although the
participants had longstanding HIV infection, the majority were on ART and had good
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virologic control and immune function. However, another avenue may have been to
include all those with low-level proteinuria. Gravemann et al studied a cohort that was
similar to mine and found that low-level proteinuria was associated with older age,
diabetes and exposure to an NRTI independent of TDF [482].
HIV-positive patients are at risk of developing RTD, and patients on TDF and/or a
boosted PI may be more susceptible [475]. With the advent of newer more renalfriendly ART (e.g. TAF) [524,527], it will be interesting to follow the course of RTD and
to see whether prevalence rates lower further.

8.2.7 RTD and bone
I investigated RTD measured both by RBPCR and phosphate wasting. In my cohort,
20.7% of HIV-positive men had RBPCR-defined RTD and 5.4% had severe RTD
(RBPCR >5 times ULN). When assessing phosphate-defined RTD using FePO4 >20%
in those with hypophosphataemia, 12.7% were affected.
Factors associated with RBPCR-defined RTD included a lower eGFR and hypertension
(in mild to moderate RTD), both of which are traditionally known to be associated with
renal disease [449]. The only HIV factor associated with RBPCR was current TDF use,
and this was only associated with severe RTD. Although studies have reported an
association between TDF and RTD, most have shown that concurrent prescribing of
TDF and a boosted PI led to a greater risk of developing a severe form of RTD called
Fanconi syndrome [35,271,502,503]. However, I found no association between RTD
and exposure to a boosted PI, but this may be because only one-quarter of the cohort
were on both.
With regards to RTD and bone turnover, there was no association with either resorption
or formation. This is in keeping with a previous study of 11 cases of RTD which also
found no association with BTMs [199]. Although there was no correlation with FePO4,
there was a negative correlation between RBPCR and BMD at all three sites. However,
in multivariable analyses, the only association that remained was a borderline
association between severe RTD (measured categorically) and BMD at the lumbar
spine.
The presence of RTD in up to one-fifth (when measured using RBPCR) of a relatively
young group of men with well-established HIV infection is of concern. These results are
in contrast to a study by Calmy et al where there was no association between RTD and
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BMD [199]. However, although I had a much larger number of RTD cases in my cohort,
the scatter plots of the correlations between RBPCR and BMD demonstrated a wide
degree of scatter with low correlation coefficients. My results suggest that although mild
RTD does not seem to affect BMD, patients with severe RTD may be a sub-group that
is at greater risk of BMD changes.
In a sensitivity analysis of patients on TDF, the results were similar to those seen with
the entire cohort. However, there was a significant negative association between
RBPCR-defined RTD and BMD at the lumbar spine (RBPCR measured as either a
continuous or categorical variable) and the non-dominant total hip (RBPCR measured
as a continuous variable only), with a borderline association seen with BMD at the nondominant femoral neck (RBPCR measured as either a continuous or a categorical
variable). Although the clinical significance of these findings for patients with RTD and
the impact on their bone health is yet to be fully elucidated, as TDF has been linked to
a reduction in BMD, quantification of RBPCR may help identify patients who could
benefit from TDF discontinuation to preserve BMD and reduce fracture risk.

8.3 Implications of results and contribution to knowledge
This study adds to the data already published in the field of BMD and RTD in HIVpositive patients. Although the prevalence of reduced BMD was small at each site, the
majority of patients from my cohort had good immunologic and virologic control. They
had also been exposed to TDF long-term. These results suggest that BMD may have
stabilised in the patients in my cohort, which is in keeping with other studies.
My results further confirm that the aetiology of reduced BMD is multifactorial and that
HIV-positive patients are at risk of the traditional risk factors found in the general
population. Although HIV-positive patients have additional risks associated with HIV
infection and exposure to ART, management of traditional risk factors may be useful in
reducing the prevalence of reduced BMD in this patient population.
The loss of absolute BMD over 12 months was small. This may be because the length
of follow-up was too short. However, it may also reflect the fact that my cohort
comprised a group of HIV-positive men with longstanding HIV infection who were wellestablished on ART. Follow-up of these patients over a longer period will help
differentiate between the two potential reasons.
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Although some guidelines recommend calculating FRAX® scores, it is important to
remember that this tool has not been validated in HIV-positive patients, and therefore,
may not be accurate. Validation of the FRAX® tool over 10 years to calculate incident
fragility fracture rates would be most useful in gaining a better understanding of the
utility of FRAX® tool in HIV populations. I also evaluated the use of pDXA as a
screening tool, and in my cohort, this was slightly more sensitive than FRAX® alone.
HIV-positive patients are at risk of developing RTD, and patients on TDF and/or a
boosted PI may be more susceptible. There are different tests that can be used to
determine RTD. These include measuring PCR and ACR to calculate APR, or the use
of novel low molecular weight protein biomarkers, such as RBP. I found an association
between severe RTD (RBPCR >14.65 µg/mmol) and lower BMD at the lumbar spine in
patients on TDF. Although the clinical significance of these findings are not yet fully
understood, calculating APR or measuring LMWPs may be useful in monitoring TDFinduced RTD and the impact of RTD on bone.

8.4 Strengths of my study
8.4.1 Findings are generalisable to other settings
One of the main strengths of my study was the homogeneity of the study population.
The majority of participants were white MSM who were ART-experienced, which
enabled me to gain an accurate description of reduced BMD in this group of patients.
Additionally, as most men were on TDF, I was able to study TDF in relation to BMD
and RTD, both of which are reported complications of the drug [516].
At the time of recruitment into my study, there were no published data from such a
group of patients in the UK. Although there are many cohorts worldwide (mainly from
the USA), my cohort is one of a handful which have investigated BMD in British and
Irish HIV-positive patients. Other studies include a cohort from South London which
compared HIV-positive men (comprising 60% of the cohort) and women with agematched controls [306]. The men in this study were of a similar age to those in my
study, but only 48% of the entire study population was white (the percentage of white
men was not stated) and the duration of HIV infection was shorter. Interestingly, the
number of patients on ART and TDF were similar to those in my study. The HIV
UPBEAT study from Ireland compared HIV-positive men and women to HIV-negative
patients [323]. However, their demographics were different to those of my cohort, with
a higher number of African participants and a lower number of MSM, although they had
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a similar number on ART. Finally, the ASSERT study was a multicentre European RCT
including patients from the UK which compared HIV-positive ART-naïve patients
started on TDF/emtricitabine with abacavir/lamivudine [251,537]. In the 96-week
analysis, 81% of study subjects were male and 78% were white [537].
However, the results from my study are not generalisable to all HIV-positive patients,
including women and those from a non-white ethnicity.

8.4.2 Selection bias was minimised
Although the study participants were all attendees at the HIV outpatient clinic at BSUH,
they were chosen in two ways. All 168 men who had participated in the pilot study were
invited to join my study. Additionally, there were 1329 HIV-positive men who were listed
as being current attendees of the clinic in January 2010. From this group, 600 men
were randomly chosen to be eligible to join my study, which helped to reduce selection
bias.
In order to assess ascertainment bias, patient characteristics from the pilot study were
compared to those randomly selected to see if the two populations were different. Pilot
study and randomly-selected patients showed no difference in demographic factors
(including age, ethnicity and BMI) or HIV-related (including HIV transmission risk,
duration of HIV infection, clinical stage of HIV infection, immune and virological status,
ART use) parameters, so ascertainment bias was minimised. To assess attrition bias,
the baseline demographic and HIV-related characteristics of men who returned for a
second visit at 12 months and those that did not were compared. The only significant
difference between the men who returned for a second visit and those that did not was
that those who returned were older on average by four years. Overall, the two
populations were similar, which enabled me to analyse both recruitment groups as one
entity.

8.4.3 Good precision, accuracy and sensitivity of DXA scanning
Although measuring BMD with DXA is considered the gold standard, this technique can
have limitations. The areas of importance relating to bone densitometry are precision,
accuracy and sensitivity. Precision measures the reproducibility of DXA and varies
depending on the site being scanned [94,95]. Precision can be improved by minimising
inter-operator variability, which can be optimised by using a small number of
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radiographers. In my study, all the scans were conducted by four radiographers who
were trained in using the densitometer, which helped minimise inter-operator variability,
and thereby increased precision.
Accuracy is the term used to determine how close the BMD measured by DXA is to the
actual calcium content of the bone [96]. It is affected by under- or overweight patients.
Fortunately, the mean BMI was 25.2 (SD 4.1) kg/m2 and the percentages of patients
with low (<18.5 kg/m2) or high BMI (>30 kg/m2) were 2.6% and 12.1%, respectively.
Sensitivity refers to the ability of the DXA measurement to distinguish between patients
with and without fractures, as well as the ability to measure small changes over time
and/or with treatment [102]. As changes in BMD over time are relatively small,
sensitivity is improved if there is an adequate time interval (e.g. 18 to 24 months)
between measurements [102]. The follow-up visit was at 12 months, and this length of
time may have been too short for good sensitivity. Therefore, a longer interval before
the follow-up visit (e.g. 2 years, 5 years) may have been better, and this limitation is
further discussed in Section 8.5.2.
One of the issues with studies involving BMD measurement is the densitometer used.
This is because once BMD is measured, the bone densitometer interprets the result
using normal reference databases. These databases were mainly derived from a white,
female, post-menopausal American population [56]. In an effort to standardise results,
the NHANES reference database was selected as the reference database for
interpreting hip data [103]. Apart from the majority of study participants being white, it is
unknown how relevant a database based on a white, female, post-menopausal
American population is to a male UK HIV-positive study population.
Additionally, different densitometers use different programs and algorithms to interpret
BMD data. There is no universally accepted cross-calibration procedure or standard.
When comparisons are made between DXA results obtained from different machines, it
is better to compare age-stratified standardised mean BMD [109]. However, as only
one densitometer was used, this was not needed in my study, which enabled easier
comparison of results between patients and also between baseline and the 1-year
follow-up visits in each patient.
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8.4.4 Fasted blood and urine sampling taken at the same time each day
All samples were taken at the same time in the morning (between 8.30am and 10am)
and after a minimum 8 hour fast to ensure diurnal variation and calcium and vitamin D
in food did not affect results, respectively. This was particularly important for BTMs,
which are not only affected by time of day and fasting status, but also by season,
smoking, exercise and alcohol consumption [123,131,132].
A range of markers were analysed, including markers of both bone resorption (CTX)
and formation (P1NP). Although there are numerous BTMs that can be measured,
many other studies have also measured these two markers, which enabled
comparisons to be made between studies.

8.5 Limitations of my study
8.5.1 High rate of loss to follow-up
Out of 422 patients recruited into the study, only 338 returned for a follow-up visit at 12
months, leading to a 19.9% dropout rate. The power calculation done prior to starting
the study recommended 400 patients to return for follow-up at 24 months, with an
estimated dropout rate of 20% (Chapter 2). At 12 months, this dropout rate had already
been reached, which would have been expected to be lower to account for more
participants not returning at 24 months. So, although over 400 patients were recruited,
there was a high rate of loss to follow-up at 12 months, which may affect the validity of
my results. Therefore, in order to maintain statistical power, I should have recruited
more than 400 patients at baseline. Finally, when comparing those who returned to
those that did not, those who returned were significantly older, but there was no
difference in other demographic characteristics. It was actually better to have an older
population return as loss of BMD increases with age, as do risk factors for reduced
BMD.

8.5.2 Short follow-up period
In general, as men do not have an equivalent phase to the accelerated bone loss
experienced by women after the menopause, they experience a gradual loss in bone
volume of 0.5% to 1% per year [70,71]. Even if bone loss is accelerated in HIV-positive
men, and allowing for small errors in precision between scans, a follow-up period of 12
months is relatively short to be able to detect significant changes in BMD. This issue
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could be improved if the patients from this study are further scanned, possibly at 10
years, which would also enable the FRAX® score to be validated in this group of men.

8.5.3 Lack of a control group for comparison
Although I attempted to recruit HIV-negative men from the sexual health clinic, the
numbers recruited were too small to analyse. The lack of an HIV-negative control group
meant that the effects of the virus alone could not be accounted for and may be partly
responsible for the absence of an association to HIV-related factors. Additionally, a
control group would have enabled the prevalence of reduced BMD in HIV-positive men
in the UK to be compared to the prevalence in HIV-negative men with similar
demographics, of which data are lacking.

8.5.4 Limitations of self-reported details
Some of the questions in the self-reported questionnaire were not as detailed as they
could have been (e.g. length and strength of steroid use). Additionally, ever and current
use of medications was combined, but the effect of some medications reduce with
stopping, some to the point that they no longer have an effect. Unfortunately, the
details from the questionnaire were unable to take this into account.
A major drawback of the questionnaire was that previous fracture history was poorly
captured. Firstly, recall bias was an issue as many participants could not recall the
details of fractures sustained in childhood or many years previously. Secondly, the
questionnaire did not capture details relating to mode of injury, which would have
helped to determine whether fractures were fragility fractures or not.
Finally, I was unable to verify whether self-reported details in the questionnaire were
correct, in particular with questions relating to past fracture history, past medication and
family history.

8.5.5 Effect of newer classes of ART on BMD not investigated
Although I investigated the association between ART, and specific classes of ART, this
thesis mainly concentrates on changes relating to TDF, boosted PIs and NNRTIs,
which reflects the regimens these men were on when the study was commenced. Over
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the years, data have emerged relating to the effect of integrase inhibitors, in particular,
raltegravir [332,345,364]. Although there were patients on raltegravir in this cohort, the
numbers were too small to perform any specific analyses. There are also newer agents
being used now, including TAF, which has a better bone and renal profile, which was
not available when my study was started, so none of the participants are on this.
However, it will be interesting to see what effect TAF has on this group of ARTexperienced men from a bone and renal perspective.

8.6 Future research
8.6.1 Longitudinal data
Although there are a number of longitudinal cohorts investigating low BMD worldwide in
HIV-positive patients, this is one of a handful of cohorts from the UK. Longer follow-up
of this cohort would be useful as this was a relatively homogenous cohort comprising of
mainly white, young (mean age 47 years) HIV-positive MSM, who had a long duration
of HIV infection (median 9.6 years) and were ART-experienced (90.3% on ART at
baseline) with good immunological (median CD4 547 cells/µL at recruitment) and
virological control (86.5% with HIV RNA viral load <40 copies/mL).
BMD changes occur at a relatively slow rate in men, at approximately 0.5% to 1.0% per
year [70,71]. Even if this is accelerated in HIV-positive men, longer follow-up would
enable true differences to be investigated. The lack of a high percentage of men
exhibiting a greater than SDD decrease in BMD at 12 months is probably reflective of
the short time period rather than a reduction in BMD not occurring. Therefore, longterm follow-up of this cohort (e.g. over 10 years) would enable this to be further
investigated.

8.6.2 Standardisation of methods used to define osteoporosis and reduced BMD
in HIV-positive men
The T-scores used by the WHO to diagnose osteoporosis and osteopenia were
calculated using data from white females aged 20 to 29 years old from the NHANES III
database [103]. Additionally, the normal reference databases used by DXA scanners to
interpret BMD results were mainly derived from data from white, post-menopausal
American women [56]. This means that T-score data are most accurate for diagnosing
reduced BMD in post-menopausal women [59].
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Studies in the general population have shown that some patients with reduced BMD
have not being correctly identified [95]. Therefore, BMD results in men, ethnic
minorities (e.g. black, Asian) and pre-menopausal women need to be interpreted with
caution. The rate of reduction of BMD in men is different to that seen in women and
occurs at a later age in the general population as men do not experience a period
equivalent to the menopause [70,71]. Although reduced BMD does seem to occur at a
younger age than in the general population in HIV-positive men, using T-scores in
young, HIV-positive men may not be the most suitable way of diagnosing osteoporosis.
The Z-score may be better in this context, which is recommended in pre-menopausal
women and men <50 years old [60]. However, many studies report T-score data (even
in men <50 years old).
One avenue for future research is to derive a reference range specific to BMD in HIVpositive patients, which takes into account that HIV-positive patients may have a
skeletal biological age that is higher than their real age. This database could then be
used to compare BMD in other HIV-positive patients.

8.6.3 Further evaluation of FRAX® in HIV-positive patients
Although many management guidelines in HIV-positive patients recommend calculating
FRAX® scores [402,403], this tool has not been validated in HIV-positive patients and is
only recommended to be used in those over the age of 40 years. As the FRAX® tool
assesses the 10-year probability of a major osteoporotic or hip fracture, a longer period
of follow-up would enable the 10-year incidence of fragility fractures in my cohort to be
assessed. Due to the length of my study, I was unable to do this, which could be done
in the future. Additionally, it would be extremely beneficial to ensure FRAX® is validated
in HIV-positive patients, both men and women, although that is beyond the scope of my
cohort alone.
A study by Yin et al investigated the use of a ‘modified’ FRAX® score where the fields
relating to secondary risk factors and parental hip fracture were left blank as the data in
their cohort were incomplete [410]. They found that the modified FRAX® score
underestimated the risk compared to the observed fracture rate in HIV-positive
patients, but that the modified FRAX® score using HIV infection as a secondary risk
factor improved performance. The EACS guidelines have for a number of years
recommended using HIV as a secondary risk factor [403]. Although the guidelines are
based on expert opinion rather than evidence, it appears that the study by Yin et al
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helps strengthen these recommendations. It would be useful to further evaluate the
performance of FRAX® in HIV-positive patients using all the parameters in the FRAX®
tool, so that the results are comparable to those in the general population.
Although in the majority of cases, low BMD leads to fragility fractures, fragility fractures
can occur even in the presence of normal BMD [61,388]. FRAX® looks specifically at
the 10-year risk of developing both a major osteoporotic fracture (at the spine, hip and
wrist) and a hip fracture and can be used with or without BMD data [63,64]. Although
DXA remains the gold standard investigation for diagnosing low BMD, it cannot,
however, diagnose those who will go on to develop a fragility fracture. As minimising
fragility fractures is the clinical indication for diagnosing, and hence, preventing low
BMD, FRAX®, which is non-invasive and does not expose patients to radiation, may
become a first-line diagnostic tool in the future. Therefore, validating FRAX® in different
patient populations, including HIV-positive patients, would be an important area of
research for the future. I have already calculated the FRAX® scores in this cohort using
all the parameters in the tool. The participants in my study could be followed-up over
10 years to enable the actual fracture rate to be calculated, which could then be
compared with the predicted fracture risk rate estimated using FRAX®.
One avenue for future research may be investigating FRAX® scores in those who have
been on TDF long-term when compared with those on ART but unexposed to TDF,
which would enable further evaluation of TDF’s role in fracture risk. Furthermore, if
there were 10-year follow-up data, the FRAX® scores could be compared with incident
fractures, which would help ascertain whether TDF has an effect on fracture risk in
addition to its association with reducing BMD.
Another area of research could involve comparing FRAX ® scores in HIV and HCV
mono-infected patients to those that are HIV/HCV co-infected. HCV has been shown to
be associated with significant fracture risk [432,433]. As the rate of HCV co-infection in
my cohort was 14.0%, comparison of FRAX® scores in HIV/HCV co-infected men to
those with HCV mono-infection and HIV mono-infection from within my cohort may be
an interesting study for the future.

8.6.4 Comparison of BMD in HIV-positive patients with HIV-negative patients
The iPrEx study interestingly found that 10% of HIV-negative MSM on PrEP with TDF
had reduced BMD at baseline [294]. In this study, reduced BMD was associated with
recreational drug use, in particular, amphetamine use. In another study, BMD of MSM
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with PHI was compared with those with chronic HIV infection and with HIV-negative
MSM [538]. This study found that HIV infection was not associated with BMD,
suggesting that reduced BMD seen in HIV-positive MSM may have occurred prior to
HIV acquisition.
To accurately investigate whether HIV infection has an effect on BMD, my cohort of
patients should be compared to age- and ethnicity-matched HIV-negative controls. I
attempted to recruit HIV-negative controls during the course of the study, but as the
numbers were too small, no statistical analyses were attempted and the findings are
not reported in this thesis. Further work could involve specifically recruiting age-,
ethnicity- and sexual orientation-matched HIV-negative controls and assessing the
differences in BMD, factors associated with reduced BMD and fracture rates in these
two groups.

8.6.5 Comparison of BMD in HIV-positive patients with seroconverters
It has been postulated that the inflammatory state induced by HIV infection is partly
responsible for directly causing reduced BMD by increasing the rate of bone resorption
and reducing the ability to form new bone [22]. During PHI, the inflammatory state of
HIV infection is at its greatest [10]. A study of 33 men with PHI found that reduced BMD
was highly prevalent in this group, with 15/33 men (45%) having osteopenia and 2/33
(6%) osteoporosis [293]. In this study, reduced BMD was associated with increased
age, lower BMI and thyroid stimulating hormone (TSH) levels, and higher levels of HIV
viremia. Therefore, comparing BMD in seroconverters to those with established HIV
infection may be useful in helping to identify whether the HIV infection per se is a
contributing factor.
As there are high numbers of seroconverters diagnosed in and attending the HIV
outpatient clinic, it would be useful to pursue this area of research to further add to the
few studies investigating BMD in seroconverters. I attempted to recruit age and
ethnicity-matched seroconverters during the course of the study, but as the numbers
were too small, no statistical analyses were attempted and the findings are not reported
in this thesis.
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8.6.6 Association of ART and reduced BMD
As the majority of patients in this cohort were on TDF, I was able to investigate the
association of reduced BMD with TDF. However, it would be useful to investigate other
antiretroviral drugs, including newer drugs (e.g. integrase inhibitors) and new
formulations (e.g. TAF).

8.6.7 Body composition
Although I have concentrated on BMD in this thesis, studies have shown that HIV
infection affects body composition, especially in those diagnosed with the metabolic
syndrome [539]. Most of these studies were done in the earlier ART era when drugs
causing lipodystrophy and lipoatrophy (e.g. zidovudine, didanosine, PIs) were either
being used more commonly or as first-line drugs [540]. The side effect profiles of the
newer drugs are better than these earlier drugs. More recent studies have shown a
neutral effect of atazanavir, darunavir and raltegravir on lipoatrophy and conflicting
results relating to lipohypertrophy [540]. However, there are little data relating to some
of the most recent antiretroviral drugs in use (e.g. rilpivirine, dolutegravir). HIV-positive
patients are at risk of lipoatrophy and lipohypertrophy associated with HIV infection and
ART [539], but also of fat redistribution associated with ageing [541]. Therefore, it
would be useful to investigate whether the drugs used more commonly now still have
an effect on body composition, especially as muscle and fat mass contribute to the
strength or weakness of bone. I have collected data on body composition in my cohort
using DXA measurements, although these data have not been analysed for this thesis.
Leptin and adiponectin are hormones secreted by adipose cells that may have an
impact on BMD [542]. I have stored plasma and serum samples that could be used to
test for adiponectin and leptin. Together with DXA data, these could be used to provide
further information regarding changes in body composition in this cohort of HIV-positive
men who are ART-experienced and ageing, and therefore, at risk of metabolic
syndrome, lipodystrophy and abdominal obesity.

8.6.8 Metabolomics
Metabolomics is the analysis of low molecular weight compounds (<1000 Daltons) in a
biological fluid or tissue, including blood and urine. The collective term used for all
metabolites in the urine is the urinary metabolome. Urine is thought to contain
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thousands of metabolites, including peptides, amino acids, nucleotides, lipids,
carbohydrates and inorganic compounds, as well as numerous dietary compounds,
pharmaceuticals and environmental contaminants [543,544]. Although targeted
metabolomics has been used for a number of years in a clinical setting (e.g. measuring
glucose in diabetes or creatinine for kidney injuries), non-targeted metabolomics is a
method used to detect as many of the urinary metabolites as possible [545].
One area of interest is the effect of pharmaceutical intervention on the metabolome in
order to identify markers of toxicity arising from prolonged exposure to ART medication.
It is currently not possible to predict which patients are more likely to develop particular
non-AIDS co-morbidities after starting ART. Therefore, biomarkers that could predict
and guide ART in HIV-positive patients would be really helpful, especially as this would
be a non-invasive screening method. To date, although a few studies have
distinguished HIV-negative, HIV-positive and ART-experienced patient profiles from
one another, these were mainly qualitative studies and they have not attributed
particular metabolic changes to specific drug regimens [546]. Few metabolomic studies
have investigated the effects of ART intervention. Our group has published the first
study analysing urine as a biofluid for these types of analyses in HIV-positive patients
and has shown that certain antiretroviral drugs can disrupt the urinary metabolite profile
in HIV-positive patients [547]. As the majority of patients in my cohort were on TDF,
metabolomic analysis of urine samples could be used to investigate the effect of TDF
on bone and kidney metabolomes. Urine samples were collected for this purpose
during my study, and there are also stored blood samples (plasma and serum), which
could be used in the future for further research investigating the effect of ART on the
metabolome.

8.7 Summary
As HIV-positive patients continue to live longer, long-term complications of ageing,
such as bone and renal disease, are becoming more common. Although ART has
transformed the natural history of HIV infection, it can cause side effects, including
reduced BMD and RTD. In this cohort of mainly white, ART-experienced (mainly
exposed to TDF) HIV-positive MSM in the UK, the prevalence of both reduced BMD
and RTD was low. The factors associated with reduced BMD were mainly ‘traditional’
factors and probably reflects a ‘return to health’ with ART in these men. There was not
much change in BMD over 12 months, which is probably reflective of the short followup period. Using FRAX® and pDXA may be useful as screening tools, but further work
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is needed before any firm conclusions can be made in this cohort. Although one-fifth
had RBPCR-defined RTD, the clinical significance of these findings and the impact on
bone health is yet to be fully elucidated. It will be interesting to see how the earlier
introduction of ART, the use of more bone- and renal-friendly ART and an ageing
population have an impact on long-term bone and renal disease in HIV-positive
patients.
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