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Abstract

Background—Children and adolescents, who either acquire HIV infection perinatally, from
contaminated blood products or via sexual transmission early in life, have the greatest cumulative
exposure to the negative direct and indirect effects of HIV infection and ART on bone, which may
lead to increased lifetime risk for osteoporosis and fracture. We conducted a systematic review to
evaluate the literature on bone health in children and adolescents with HIV.

Methods—We performed a comprehensive search of the Medline, Scopus, and Cochrane Library
databases (up to April 1, 2014) for studies that reported on bone imaging or bone fractures in HIV-
infected children, adolescents, or young adults.

Results—A total of 32 publications met our inclusion criteria. Seventeen studies were cross-
sectional and 15 were longitudinal. The majority of studies were conducted in high-income
countries, three in middle-income countries and none in low-income countries. Overall, the studies
we reviewed indicate that measures of bone mass are reduced, with increased prevalence of low
BMD in children and adolescents with HIV. However, the studies are highly variable with respect
to comparison sources, measurement methods, adjustment techniques for body size or growth
retardation, and highlighted risk factors, including aspects related to medication exposures as well
as the effects of HIV infection per se.

Conclusion—HIV infection appears to be associated with decreased bone accrual throughout
childhood and adolescence. Initial studies indicate that sub-optimal bone accrual may be persistent
and result in reduced peak bone mass, an important determinant of future risk of osteoporosis and
fracture. Important areas for future research include evaluation of bone mass, bone quality and
fracture risk across the life course among those with early-life infection with HIV, particularly in
resource-limited settings where the majority of children with HIV live.
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19-114, New York, NY 10032. Tel: 212-305-2384, Fax: 212-305-2526, sma2@columbia.edu.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Arpadi et al. Page 2

INTRODUCTION

Low bone mineral density (BMD) and increased fracture rates have been reported in HIV-
infected individuals, particularly in older men and postmenopausal women [1-5]. Decreased
bone mass has also been reported in children, adolescents and young adults who acquire
HIV early in life from perinatal or sexual transmission [6, 7]. Multiple factors appear to be
involved, including effects of HIV-1 viral proteins, inflammatory cytokines and
antiretroviral therapy (ART) on bone cells and bone turnover:[8-14]. Children and
adolescents infected with HIV have the largest cumulative exposure to the negative direct
and indirect effects of HIV infection and ART on bone metabolism, which may lead to an
increase in the lifetime risk for osteoporosis and fracture.

As approximately 85-90% of final adult bone mass is attained during childhood and
adolescence, impaired bone accrual during these critical periods of skeletal maturation may
compromise peak bone mass (PBM), the maximum amount of bony tissue at the end of
skeletal maturation, which is an important determinant of adult osteoporosis and fracture
risk [15-17]. Potent ART has transformed HIV from a fatal illness to a manageable chronic
infection with near normal life expectancy [18, 19]. With approximately 6 million people
age 24 and under living with HIV and possibly more than 1.5 million on ART [20], the long-
term outcome of bone development across the life course and causes of suboptimal bone
development have emerged as an important areas of investigation. Thus, the aim of this
study was to systematically review the literature, summarize the publications concerning
bone health in children, adolescents, and young adults with HIV, and identify areas where
further research is needed.

METHODS

Search process

We conducted a comprehensive systematic search for original publications reporting bone
imaging or bone fractures in HIV-infected children, adolescents, or young adults. Journal
articles were retrieved using Medline, Scopus and The Cochrane Library databases up to
April 1, 2014. Studies that were electronically published ahead of print publication during
this time period were eligible for inclusion. Specific search criteria are reported in Table 1.

Study selection and data collection

Two investigators (SS, CMA) independently reviewed all publications for inclusion. A study
was eligible for inclusion if it reported on bone imaging or bone fractures in HIV-infected
children, adolescents, or young adults (up to age 24) and had a full-text article in English.
Studies with and without a control group were included, however, studies were excluded if
they included less than five HIV-infected individuals.

The following data was abstracted, when available, from each publication that met the
inclusion criteria: study name, authors, year of publication, study location and design, total
number of participants, number of HIV-infected participants and controls or reference
source used for comparison (if applicable). Detailed information on HIV-infected
participants, including age, sex, stage of biologic maturation, race/ethnicity, and
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transmission status were obtained. Where available, we recorded information on bone
fractures as well as imaging methods used including dual-energy x-ray absorptiometry
(DXA), quantitative computed tomography (QCT), or quantitative ultrasound (QUS). We
also recorded specific measurements, including bone mineral content (BMC), bone mineral
density (BMD), bone area (BA), cortical and trabecular thickness, speed of sound (SoS),
broadband ultrasound attenuation (BUA), bone transmission time (BTT), and skeletal sites,
including whole body (WB), lumbar spine (LS), femoral neck (FN), total hip (TH), 1/3
distal radius (R13), tibia, phalanges, and calcaneus. In addition, we recorded techniques for
adjustments of bone measures, risk factors, and key findings.

RESULTS

Selection of studies and study characteristics

Results from the literature search and study selection process are shown in Figure 1. A total
of 32 articles met inclusion criteria. The characteristics of these studies published between
2001 and 2014 are summarized in Table 2. Most studies were conducted in high income
countries, including the United States [6, 7, 21-32], Italy [33—44], Canada [45], and the
Netherlands [46]. Three studies were reported from middle-income countries, including one
from Thailand [47] and two from Brazil [48, 49]. One study was conducted in three
countries: the United States, Brazil, and Panama [50]. No studies were conducted in low-
income countries. While the ethnic and racial breakdown varied across studies, several
included only white/Caucasian participants [33, 35-40, 43]. The source of comparison group
varied across studies. Many recruited a healthy control group [31, 35, 37-40] and several
included age, sex, ethnicity, or pubertal stage as criteria for selection [6, 7, 25, 36, 44, 51].
Two studies enrolled children known to be HIV-uninfected but exposed to HIV in utero as a
control group [29, 30] and one study recruited HIV-uninfected siblings [24]. Other studies
drew comparisons with a number of existing cross-sectional or longitudinal normative
databases comprised of healthy children from single or multiple study sites [21-23, 26-28,
34, 45, 47] or provided by the densitometer manufacturer [24, 41, 43, 46, 48, 49]. Bone
densitometry by DXA was the predominant method for evaluation. A sole manufacturer
densitometer (Hologic, Bedford, MA or GE Lunar, Madison, WI) was used in all but 7
studies [6, 7, 24, 30, 47, 50] which used both [52].

A total of 17 cross sectional and 15 longitudinal studies were identified (Table 2). Among
cross-sectional studies, 16 reported significant decreases in one or more bone measures in
those with HIV including lower BMC and BMD, both WB as well as LS. Some, but not all,
reported bone outcomes adjusted for variables such as age, sex, race/ethnicity, weight,
height, body composition, and pubertal status. A recent study by DiMeglio et al. observed
that Z-score differences between those with HIV and the comparison group were attenuated
after adjusting for sex, race/ethnicity, weight, height, and puberty stage [30], which was
similar to an earlier study which adjusted for sex, weight, and bone area [34]. Jacobson et al.
found that reductions in bone mass were most marked among boys who achieved biological
maturation [6]. Sex differences, however, were not confirmed in a recent study conducted in
Brazil [48].
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A longitudinal study of 32 HIV-infected children aged 6.3 to 17.7 years on long-term ART
observed that although WB BMD increased over time, the annual increment was less in
those with HIV compared to healthy controls [35]. A small prospective study of 18
perinatally HIV-infected children (mean age 11.3 years) primarily on ART (>80%) found
that while all healthy control subjects had increased or stable WB BMD over a 1-3 year
period, this was true for only 44% of the HIV-infected group (p=0.09) [24]. A larger study
with 66 HIV-infected subjects, median age 6.7 years, with DXA assessments at 2—-3 year
intervals reported improved LS and FN BMD Z-scores during follow up [46]. A study of
older perinatally-infected children ages 11-16 years (mean age 13.6 years) at baseline with 1
and 2 year DXA assessments found a similar result with BMD [45]. Declines in BMD have
also been reported in several studies and appear to be primarily associated with changes in
ART [23, 26, 50].

Although osteoporosis, i.e. low bone mass and fragility fractures [53], is not reported in
children and adolescents with HIV, increased prevalence of low BMD (Z-score <-2.0) alone
was reported in 6 studies from high and middle-income countries including Italy [30], the
Netherlands [46], the United States [25], Brazil [48, 49], and Thailand [47]. In a study of
101 HIV-infected Thai adolescents ages 12—20 years, 24% met criteria for low WB BMD
[47]. Studies conducted in Brazil reported low WB and or LS BMD in 32% of 74 perinatally
HIV-infected children (mean age 17.3 years) [49] and low WB BMD in 17% of 48 children
(mean age 12.7 years) [48]. Much lower prevalence was observed by DiMeglio et al. who
found in a study of 350 Italian children (mean age 12.6 years) that 7% had low WB BMD
and 4% had low LS BMD compared to 1% for both WB and LS among HIV-uninfected
children [30]. Similarly, in a smaller study of 66 perinatally HIV-infected children in the
Netherlands (mean age 6.7 years) who were mainly receiving a nelfinavir-containing
regimen, 8% had low LS BMD [46]. In these studies we did not observe patterns with
respect to sex, race, age group, or anatomic site and prevalence of low BMD.

Reflecting the epidemiology, there are few studies of BMD in children and adolescents with
HIV infection acquired by means other than mother-to-child transmission [7, 31, 38]. In a
study of 16 ART-naive children and adolescents (mean age 9.3+3.9 years) with recently
acquired HIV (mean duration of infection 2.8 years) due to contaminated blood products, no
differences in LS or WB BMC were observed compared to controls, adjusted for sex,
weight, and bone area [38]. HIV acquired via sexual transmission during adolescence or
young adulthood may have severe impact on bone integrity. DXA Z-scores were lower and
bone microarchitecture by high resolution peripheral QCT of the radius and tibia was
abnormal in young men ages 20-25 who were infected during adolescence than uninfected
controls [31]. BMD and microarchitectural indices in these adolescence-infected men were
similar to those of perinatally-infected men despite marked differences in the duration of
HIV infection and ART exposure [31]. In addition, Mulligan et al. reported on 199 young
men (ages 14-25 years) soon after acquiring HIV infection by sexual transmission, finding
lower WB BMC Z-scores among those on ART [7].

Bone mass decrements among those with perinatally acquired HIV may become more
pronounced with increasing age and biologic maturation [6, 22, 24] although this was not a
consistent finding [8]. Initial studies suggest that peak bone mass, the maximum amount of
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bony tissue at the end of skeletal maturation is lower among those who acquire HIV
perinatally or during adolescence [31].

Calculated vBMD from DXA (BMAD)

Three of the published studies estimated the LS vBMD from DXA output, with each
applying a different method for calculating vertebral body volume [6, 26, 34]. This reflects
the lack of consensus on assumptions regarding underlying bone geometry, making it
difficult to directly compare results. Calculated vBMD derived by dividing the DXA-
measured LS BMC obtained by the lateral scan by the body vertebral volume, was found by
Zamboni et al. to be reduced in 6 out of 13 patients (mean age 7.8 years); however, the
source of comparison was not specified [34]. When compared to longitudinal data obtained
in healthy Canadian children, BMAD calculated as described by Carter et al. [LS BMC/(LS
area)1-5] among 15 HIV-infected children of unspecified race was reduced (median 0.9,
range —3.2-12) [26, 54]. Jacobson et al. used the formula by Katzman et al. [55] to estimate
LS BMAD, and the findings and conclusions were the same as those with LS BMD (Table

2) [6].

Measured vBMD

Studies that directly measured vBMD (g/cm?3) had variable findings. Pitukcheewanont et al.
used QCT in addition to DXA in a study of 58 HIV-infected Thai children and adolescents
(age 5-19 years) and age-matched healthy controls [25]. Areal BMD measured by DXA
correlated only moderately well with vBMD by QCT (r=0.302). Although HIV-infected
children and adolescents had lower aBMD and aBMC by DXA compared to uninfected
controls, no difference in vBMD by CT was observed between groups, underscoring the
importance of bone size [25].

Other measurement methods

Two recent studies used peripheral QCT to assess cortical and trabecular thicknesses and
vBMD as well as indices of bone strength [31, 45]. In a study by Macdonald et al., no
differences in total and cortical bone area Z-scores at the tibia were observed between 31
HIV-infected subjects ages 9-18 years and a database of healthy subjects; however, ethnic-
specific norms were not available [45]. Interestingly, cortical vBMD appeared to be higher
in those with HIV and was positively associated with non-nucleoside reverse transcriptase
inhibitor (NNRTI) use. In addition, cortical thickness was negatively associated with PI use.
In contrast, Yin et al. found that total and trabecular vBMD and cortical and trabecular
thickness at both the radius and tibia were between 6 and 19% lower in young men ages 20—
25 years with HIV acquired perinatally or during adolescence than healthy age-matched
controls using high resolution peripheral QCT. The authors point out that these differences
are similar to the magnitude observed among post-menopausal women with fractures
compared to those without fractures [56]. This study also used high resolution peripheral
QCT to evaluate the orientation and characteristics of plate and rod trabecular elements and
revealed that HIV-infected men had significant deficiencies in plate-related parameters and
14-17% lower bone stiffness, an accepted measure of bone strength [57, 58].
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QUS, which estimates bone density based on the characteristics of ultrasound wave
transmission through bone, has also been used in several published studies of HIV-infected
children, adolescents, and young adults [36, 39, 41]. QUS devices are portable, simple to
operate and do not involve exposure to radiation and may prove to be an attractive
alternative for research in low-resource countries where DXA may not be available. QUS
devices can evaluate the cortex of long bones at the tibia, radius or phalanges, which are
largely comprised of cortical or compact bone or the calcaneus which is mainly trabecular or
cancellous in nature. In a study that included children 3-17 years of age the mean
phalangeal SOS (m/s), the travel time of sound waves through the region of interest,
adjusted for age, skeletal age, height, and BMI was significantly lower in those with HIV
infection compared to healthy controls [39]. BUA (dB/MHz), the differential attenuation of
sound waves transmitted through bone, has also been reported to be lower in HIV-infected
children with severe disease, but not those with mild-moderate disease compared to healthy
controls [36]. Although the physical properties measured by QUS and DXA are not
identical, they appear to be well correlated in children with HIV [41]. Mora et al. observed
that radial SOS was significantly correlated with LS and WB BMC and BMD (R=0.57—
0.60) after corrections for sex, weight, and height, and that tibial SOS related to all DXA
BMC and BMD measurements (R=0.58-0.66). Z-scores by QUS (tibial and radial) and
DXA did not differ for WB BMC and WB BMD but LS BMC and BMD Z-scores were
significantly lower than those obtained by radial and tibial QUS as might be expected given
the greater proportion of cortical bone in WB compared to the spine [41]. In addition, DXA
and QUS yielded comparable results for identification of those with <—2.0 Z-score.

Risk Factors

Several factors traditionally associated with low bone mass were identified in published
studies involving HIV-infected children and adolescents, including low weight and height
for age, and delayed biologic maturation [24, 30, 47]. We identified two studies that
evaluated the relationships between lean body mass and bone [24, 45]. MacDonald et al.
reported that lean mass Z-score was lower in subjects with HIV compared to the reference
group and was significantly associated with WB BMC as well as FN BMC and peripheral
femur BMC but not LS BMC [45]. Of interest, despite lower muscle cross-sectional area, a
proxy of muscle force, total and cortical bone area Z-scores were not significantly different
from healthy controls, suggesting an intact relationship between muscle force and bone
mass. Jacobson et al. also reported a positive correlation between arm muscle circumference
and WB BMD; however this finding was not sustained in multivariable analysis [24]. In
addition, there is evidence that lipodystrophy, which refers to a number of abnormalities in
regional fat distribution that occurs in children as well as adults with HIV, is associated with
lower BMC and BMD [33].

In a study conducted in the United States in which calcium intake was 20-50% below the
recommended intake, O’Brien et al. reported evidence that inadequate dietary intake of
calcium contributed to reductions in bone mass [21]. This is in contrast to a recent Brazilian
study in which calcium intake did not significantly influence bone mass [48]. Inadequate
intake of vitamin D and vitamin D deficiency (i.e. low plasma concentrations of 25-
hydroxyvitamin D) are also reported to be highly prevalent but neither has been established
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as a significant risk factor for low bone mass [24, 47]. Further, a 2-year randomized placebo
controlled trial of vitamin D and calcium supplementation failed to detect improvements in
bone mass despite achieving adequacy in plasma concentrations of 25-hydroxyvitamin D
among those receiving supplementation [28, 59].

Assessments of physical activity, an important determinant of muscle mass on bone accrual,
have not been extensively conducted. Though DiMeglio et al. reported greater (self-reported
on questionnaire) physical activity to be associated with higher LS BMD, Lima et al. did not
find bone indices to be significantly associated with accelerometer-assessed levels of
physical activity [30, 48]. Mulligan et al. also found no statistically significant association
between low bone mass and regular exercise measured by questionnaire [7]. A longitudinal
study by Mora et al. found that in HIV-infected children, annual incremental changes in leg
BMD were comparable to healthy children whereas arm BMD, a component of WB BMD,
was reduced, pointing towards a potential for weight-bearing physical activity to be
important for bone development in children with HIV [35].

The question of whether HIV per se negatively affects bone mass during childhood was
addressed by 4 studies. Three relatively small studies that evaluated bone mass accrual
among treatment-naive perinatally HIV-infected children and adolescents report no deficits
in WB or LS BMD compared to healthy controls [25, 33, 38]. Similarly, no short-term
differences in bone measures were detected among treatment-naive and demographically
similar seronegative subjects and199 relatively recently horizontally infected males ages 14—
25 years (mean time since diagnosis 1.3 years) [7].

Among those living with HIV, associations between bone measures and plasma HIV RNA
concentration (negative), CD4 count (positive), and stage of HIV (lower with advanced
disease) are reported across many studies [24, 30, 47, 51]. However, study results vary on
some of these factors; several studies found no association between advanced stage of HIV
and bone measures [21, 35, 48] while others found a negative association [24, 36]. In a study
of HIV-infected children treated at single hospital in the Netherlands with repeated DXA
scans, those with higher CD4% at the time of the scan had higher LS BMD Z-scores and
those with a higher plasma HIV RNA concentration had lower LS BMD Z-scores [46].
BMD was also positively correlated with CD4 count in a recent study conducted by
MacDonald et al. [45].

Exposure to antiretroviral medications was evaluated in included studies. Two identified in
our search [7, 26] found decreases in BMD by 2—-6% following initiation of treatment-naive
patients on ART regimens [7] as well as treatment-experienced patients switching to new
drug regimens due to poorly controlled HIV [26]. In a study of recently horizontally infected
young men on treatment for <6 months, Mulligan et al. reported both lower WB BMD and
Z-score WB BMC. Those on both NNRTI and protease inhibitor-containing combination
ART regimens had lower WB BMC Z-scores than HIV-uninfected controls [7]. Only those
on protease inhibitor-containing ART had lower BMD (hip, FN, trochanter, and Ward’s)
than the ART naive group (e.g. those on NNRTI therapy did not differ from naive) [7].
Protease inhibitors, especially older formulations, are the most extensively evaluated. in
published studies. Some, but not all studies in which categorical analyses of exposure to any
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drug in the protease inhibitor class, reported associations with decreased bone acquisition [7,
21, 24, 30, 35, 44]. A report from Bunders et al., however, indicates that different protease
inhibitor agents may affect bone development differently; for example, nelfinavir was
positively associated with bone mass indices while ritonavir-boosted lopinavir was
negatively associated [46]. An association between use of ritonavir or ritonavir-boosted
protease inhibitors and lower measures of bone mass has also been reported in other
publications [6, 30, 44, 48]. Studies involving subjects on established ART, reported lower
BMC in children related to exposure to drugs in the nucleoside reverse transcriptase
inhibitor class including stavudine [44, 46] and zidovudine [6] as well as higher BMD
associated with NNRTI drug class such as nevirapine [6, 24].

Some, but not all studies indicate that initiation of tenofovir adversely affects bone
acquisition in HIV-infected youth, although there may be less impact among those who are
virologically controlled at the time of switch compared to those who are switched under less
optimal conditions. Schtscherbyna et al. reported lower LS and WB BMD Z-scores among
those on TDF, and the length of time of TDF was indirectly correlated with LS and WB
BMD Z-score [49]. A non-comparative study reported a decline in BMD of >6% at the FN,
TH, and LS, during the initial 24-48 weeks in 6 of 15 treatment experienced children ages
12-16 years who were switched to tenofovir [26]. However, in a 48 week randomized trial
involving 90 adolescents ages 12-18 years on failing ART regimens who were switched to
optimized background regimen with and without tenofovir demonstrated a decline in LS and
WB BMD in both groups during the first 24 weeks after randomization but no group
difference in mean spine or WB BMD Z-score at 48 weeks. In addition, 18% of children
switched to a tenofovir-containing regimen experienced a significant decline in LS BMD
(>4%) as compared to only 3% switched to regimens without tenofovir; however, these
differences were not statistically significant [50]. Recent data also suggest that there are
adverse effects on bone mass and early growth in HIV-uninfected infants with fetal exposure
to tenofovir used as either part of maternal combination ART or as prophylaxis against
mother to child transmission, providing additional evidence of a possible toxic effect of
tenofovir to bone development [60, 61].

In addition, the duration of antiretroviral exposure is also significantly associated with bone
mass measures in children and adolescents but not all studies agree on the direction. In a
longitudinal study in the Netherlands, duration of ART was associated with an increase in
LS BMD Z-score (coefficient, 0.08; P <0.001); this association remained after adjusting for
BMI, CD4% and plasma HIV RNA concentration [46]. DiMeglio et al. found that LS BMD
Z-scores was associated with more years on HAART (—0.03 per year, p=0.14) [30].

No histomorphometric studies have been conducted in HIV-infected children or adolescents;
therefore, evaluations of pathogenic mechanisms in the studies in this review have relied on
correlations with biochemical markers. Several studies found elevated concentrations of
bone turnover markers (e.g. bone formation and resorption) among HIV-infected children
and adolescents [33, 34, 43, 62], and were interpreted to be indicative of increased bone
remodeling. Mora et al. found that HIV-infected children on ART had higher concentrations
of bone alkaline phosphatase (BALP), a bone formation marker, and N-telopeptide (NTX), a
bone resorption marker, than untreated HIV-infected children and HIV-uninfected children
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[33]. In contrast, Tan et al. reported higher bone formation, as measured by osteocalcin, in
HIV-infected children than controls and lower resorption measured by carboxyterminal
telopeptide of type I collagen (ICTP) in HIV-infected children on protease inhibitors (PIs)
[62].

Stagi et al. reported that reduced bone mass and quality in HIV-infected children were
related to reduced IGF-1, a potent modulator of osteoblast-osteoclast interactions [63],
longitudinal bone growth and bone mass acquisition during childhood [64, 65], and possibly
related to overproduction of IL-6 [36], similar to findings from an earlier, smaller study [34].
Finally, an increased incidence of osteonecrosis of the hip (i.e. Legg-Calvé-Perthes disease)
is reported in one study [32]. A single study evaluating the risk of fracture in HIVV-infected
children did not detect an increase in fracture rate [29]. This study compared rates of
fracture in a cohort of 1326 HIV-infected and 649 HIV-uninfected children with a mean age
of 5.8-7.1 with a median of 2.26-4.97 years and found similar rates of fracture in the HIV-
infected and uninfected groups (1.2 vs. 1.1 per 1000 person-years) [29].

DISCUSSION

We systematically reviewed the literature to identify studies that reported on bone imaging
or bone fractures in HIV-infected children, adolescents, or young adult. Although the studies
vary greatly with respect to comparison sources, adjustment techniques for body size or
growth retardation, and highlighted risk factors, most studies we reviewed found that
measures of bone mass are reduced in children and adolescents with HIV. Reductions in
bone mass are reported in association with antiretroviral medications, with specific
antiretroviral classes and agents such as protease inhibitors and tenofovir appearing more
prominently in the literature than other classes or agents, but study results are inconsistent.

The heterogeneity with respect to the sources used for comparison in the published studies
poses a problem for assessing the severity of deficits in bone mass acquisition and the extent
to which the observed reductions in bone mass may be attributable to factors other than HIV
known to be important to bone accrual [66], such as small size for age and delayed biologic
maturation which frequently accompany HIV infection in children and adolescents. It also
limits comparison of findings across studies. There does not appear to be a single optimal
comparison group and the best choice may vary with the questions being asked. For
example, while inclusion of siblings of HIV-infected children as controls may be optimal for
race/ethnicity, genetics, and other factors, this approach may not provide the best estimation
of the status of bone mass as compared to the overall population. For example, Jacobson et
al. found that children with HIV had lower WB BMD than expected compared to a
normative database but no difference when compared to siblings [24]. Another potential
problem with this approach is that some uninfected siblings may have had intrauterine
exposure to antiretrovirals and the inflammatory environment of maternal HIV infection.
Use of large longitudinal normative databases that have recently become available [67-69]
as well as inclusion of additional healthy control subjects recruited for study purposes can
overcome these limitations. The studies included in this review also differed in the
approaches used for adjusting for bone size, height, lean body mass, skeletal age, and degree
of biologic maturation. DXA does not measure the anteroposterior diameter of bone and
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provides only a two-dimensional areal estimate of BMD (aBMD, g/cm?), which may
underestimate true volumetric BMD (vBMD, g/cm3) particularly in children with impaired
growth or maturational delays [70]. The International Society for Clinical Densitometry
advises that in children with short stature, whole body BMC and aBMD results should be
adjusted using height-for-age Z-score (HAZ), and that either BMAD or HAZ should be used
for LS results [71]. The literature we reviewed used a number of different approaches to
account for skeletal size and maturational delays. Age, sex, height, weight, BMI, race, and
pubertal stage were variably included and several studies adjusted for bone age [25, 38].
Only Jacobson et al. included HAZ which in healthy children is the strategy least likely to
result in biased estimates of BMC and BMD in older, shorter children (i.e. HAZ <-1.0) [66].

Although in vitro studies suggest that HIV-specific proteins alter osteoblast function by
means of disrupting the differentiation of precursor stem cells into osteoblasts, stimulating
osteoblast apoptosis and altering osteoblast activity, evidence from clinical studies to
support a direct role for HIV is limited, and distinguishing direct effects of HIV from those
due to inflammation poses a challenge. HIV infection is characterized by chronic immune
activation with polyclonal B cell activation, production of cytokines and increased T cell
activation and turnover [72, 73].

Chronic immune activation is among the putative causes of bone loss in adults with HIV but
has not been carefully studied in children and adolescents. Despite effective ART and viral
suppression, the proportion of activated (CD38+) T cells and serum pro-inflammatory
cytokines remains elevated [74—78]. Chronic immune activation and increased levels of pro-
resorptive cytokines like TNFa, IL-6 and RANKL are thought to increase osteoclastic
resorption. In addition, some antiretroviral agents may also reduce osteoblast activity via
induction of inflammatory activity [9]. If osteoblast-mediated bone formation is unable to
match or exceed resorption during periods of growth, then inadequate bone acquisition could
result. The role of persistent residual immune activation despite viral suppression on bone
formation and resorption during growth is an additional important line of investigation.

While reductions in bone mass linked to antiretroviral agents are reported, there are
inconsistencies in the studies under review. Some of the inconsistencies regarding ART
exposures and bone measures in the studies under review may be attributed to variability in
time elapsed between ART initiation or change in ART regimen and the ascertainment of
bone measurement. Evidence from studies conducted in adults [79-83], as well as studies
identified in our search [7, 26], indicate that BMD declines during initial phases of treatment
in relation to a number of different ART regimens. In addition, as antiretroviral drugs are
ordinarily used in combination and often sequentially, attributing a specific bone outcome
finding to a single drug is difficult in an observational study. Further, many of these
observational studies have low power to detect differences in bone accrual by treatment
regimen due to the inclusion of small numbers of subjects on a multiplicity of drug
combinations [33, 44]. In some studies, specific drug agents were assessed separately while
in others analyses were conducted using all members of a pharmacologic class, which may
contribute to inconsistent results in the literature. Several antiretroviral agents may be of
particular clinical and public health importance due to their potential impact on bone
metabolism and their widespread use and warrant further study. Ritonavir-boosted protease
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inhibitors, among the more widely used medications for children and adolescents, is
associated with declines in BMD. In addition, a meta-analysis of adult studies that revealed
an association between protease inhibitor use and low BMD and in vitro studies suggesting
that ritonavir alters osteoclast as well as osteoblast gene expression resulting in
dysregulation of cell differentiation, expression of growth factors, and enzymes that favor
bone resorption [8, 9, 84] provides additional rationale to investigate further. Questions also
remain regarding short- and long-term effects of tenofovir, another important drug agent
increasingly used in children and adolescents, on bone. There are several potential
mechanisms for adverse bone effects for tenofovir. In vitro studies suggest that tenofovir
may have a direct effect on bone formation by affecting osteoblast proliferation and
increasing apoptosis [85], and clinical studies suggest that tenofovir induces functional
vitamin D deficiency [86].

Although disturbances in body composition in pediatric HIV are well described, the
relationships between fat or lean tissue compartments and bone mass have not been
evaluated extensively [87, 88]. In light of the potential importance of increased muscle
forces and mechanical loading on bone development [89], assessments of the role of
physical activity warrant further examination as this may have therapeutic implications.

As presented in Figure 2, possible increases in osteoporosis and fracture later in life is of far
greater concern associated with impaired bone acquisition early in life. The accrual of bone
mass takes place from fetal life all the way through early adulthood, and the majority (95%)
of PBM is attained by young adulthood. One recent study suggests that those who acquire
HIV early in life do not achieve optimal PBM [31]. PBM is a key predictor of osteoporosis
and fracture risk [15]. Mathematical models indicate that relatively small increases (10%) in
PBM acquisition in healthy females could delay onset of osteoporosis by as many as 13
years [90]. The reductions in PBM and microarchitectural abnormalities observed by Yin et
al. may have important implications for increasing future risk of fracture and requires
further study.

There is a substantial gap in studies from low- and middle-income countries, where the
majority of children with HIV live, but where access to bone imaging by DXA is limited.
Alternative methods such as QUS could facilitate expansion of bone-related research in
these settings. There is also a paucity of evaluation of interventions for optimizing bone
accrual among HIV-infected children and adolescents either by selection of “bone sparing”
ART, maximizing weight bearing physical activity. Although results of one study of vitamin
D and calcium supplementation in children and adolescents did not find an effect [59],
vitamin D supplementation may prove useful as a specific means to prevent bone loss with
tenofovir exposure [86].

There are a number of limitations to this review. The search was limited to three databases
and therefore may not have been comprehensive. In addition, the search criteria may have
inadvertently excluded relevant publications. As discussed, heterogeneity across studies
made comparisons challenging.
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There is a strong need for further, high-quality studies, particularly in resource-constrained
settings. Studies to determine fracture risk as well as to mitigate the adverse effects of HIV
infection, co-morbid conditions and associated therapeutics and to optimize bone accrual
during childhood and adolescence are timely and important for the over 8 million children
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Figure 1.
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Figure 2. Hypothetical evolution of bone acquisition with HIV infection early in life

Adapted from Heaney, Osteoporosis Int., 2000
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Time Period

Search Terms

Medline

Up to April 1, 2014

(“bone and bones”[MeSH Terms] OR (“bone”[All Fields] AND “bones”[All Fields]) OR
“bone and bones”[All Fields] OR “bone”[All Fields]) AND (“hiv’[MeSH Terms] OR “hiv”
[All Fields]) AND ((“child”[MeSH Terms] OR “child”[All Fields] OR “children”[All
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Fields]) OR “young adult”[All Fields] OR (“young”[All Fields] AND “adults”[All Fields])
OR “young adults”[All Fields]))

676

Scopus

Up to April 1, 2014

HIV AND bone AND (children OR adolescents OR young adults) in “Article Title,
Abstract and Keywords”
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Cochrane Library

Up to April 1, 2014

HIV and bone
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