1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.

Published in final edited form as:
Curr Opin HIV AIDS. 2016 May ; 11(3): 294-300. doi:10.1097/COH.0000000000000270.

-, HHS Public Access
«

Bone Health in HIV-infected Children and Adolescents

Allison Ross Eckard! and Stefano Mora?
IMedical University of South Carolina, Charleston, South Carolina, USA

2Laboratory of Pediatric Endocrinology and Pediatric Bone Densitometry Service, Division of
Genetics and Cell Biology, IRCCS San Raffaele Scientific Institute, Milano, Italy

Abstract

Purpose of review—Chronic HIV infection and exposure to antiretroviral therapy compromises
bone health in children and adolescents, potentially impacting their long-term quality of life. Thus,
the purpose of this paper is to review the most recent literature on this topic in HIV-infected
children and adolescents.

Recent findings—Recent studies continue to demonstrate bone abnormalities in HIV-infected
children and adolescents, whether HIV is acquired perinatally or during adolescence. Researchers
have employed new modalities, both high tech and those that can be utilized in resource-limited
settings, to better assess bone health. New data suggest that this population may also be
experiencing an increase incidence of factures, and they may not acquire the same peak bone mass
as their HIV-uninfected counterparts. Reassuringly, however, in utero tenofovir exposure does not
appear to have a significant impact on bone health in HIV-exposed, uninfected infants.

Summary—Recent findings underscore the need for further research on bone in HIV-infected
children and adolescents. Longitudinal studies are especially needed to evaluate long-term risk of
osteoporosis and fractures, since this population is exposed to HIV and antiretroviral therapy for
many decades starting early in life and during the most critical time for skeletal growth and bone
mass accrual.
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Introduction

HIV-infected adults exhibit an increased risk of osteoporosis and factures. Bone health
appears to be compromised in HIV-infected children and adolescents too, although the long-
term ramifications are largely unknown. Bone toxicity is particularly concerning in this
younger population, however, as bone mass acquisition occurs during this period of rapid
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growth, and the effects of chronic HIV infection and exposure to antiretroviral therapy
(ART) accumulate over many decades (Figure 1). This review summarizes the most recent
data on bone health in HIV-infected children and adolescents.

Assessing Bone Health in HIV-Infected Children and Adolescents

Fracture Risk

Data on fracture risk in the pediatric population are scarce. A multicenter, prospective cohort
study from 2004-2007 did not show an increased incidence of fractures in HIV-infected
children compared to HIV-exposed, uninfected (HEU) childrenl. These results were then
compared to the incidence of fractures in a similar subsequent study conducted from 2008—
20142, The authors observed higher fracture rates in the second study compared to the first,
even after adjustment for age, suggesting that fracture rates may be increasing in HIV-
infected children and adolescents. Further studies are needed, though, to confirm these
findings.

Bone Mineral Density by Dual-Energy X-Ray Absorptiometry

While there are few studies evaluating fracture risk in HI\-infected children and
adolescents, multiple cross-sectional studies have evaluated bone mineral density (BMD)
and bone mineral content (BMC) in this population. Usually measured by dual-energy x-ray
absorptiometry (DXA), decreased BMD and BMC have been demonstrated across ages, sex,
sexual maturity stages, and HIV acquisition modes3-6. One concern has been whether they
exhibit increases in bone mass and maintain or improve their BMD z-scores over time. This
is particularly important during puberty because ~80% of the adult bone mass accrues
during this time. Low peak bone mass is related to an increased risk of osteoporosis and
fractures later in life’.

A prospective cohort study of 35 pre-pubertal HIV-infected children in Brazil were evaluated
for bone mass accrual by measuring DXA at baseline and again 24+6 months later8. At the
second time point, subjects were divided into pre-pubertal and pubertal groups. Although
both groups showed an increase in bone mass, pubertal subjects expectedly showed more of
an increase for BMC, total body (TB) BMD, and lumbar spine (LS) BMD compared to pre-
pubertal subjects. Of concern, however, was that TB BMD z-scores actually worsened over
time for the entire cohort, while LS stayed the same. Additionally, pre-pubertal subjects had
worse TB and LS BMD z-scores at the second time point compared to the pubertal subjects.
In fact, while only 5.7% of subjects had LS z-scores <-2.5 at baseline, at the second time
point, this percentage increased to 31.3% among pre-pubertal subjects compared to 5.3% for
pubertal subjects. This may be because height-for-age and BMI z-score decreased over time
and were lower in the pre-pubertal group, possible signs of delayed puberty, which is
common in perinatal HIV infection®. In addition, changes in body composition can affect the
accuracy of serial DXA measurements, which may have impacted the results of this study?®.

Quantitative Computed Tomography

Based on the results of the aforementioned study, one could argue that measuring BMD after
sexual maturity would be a better indicator of long-term bone health. This was the approach
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taken in another recent study which used high-resolution peripheral quantitative computed
tomography (HR-pQCT) to assess bone health in HIV-infected young adults after peak bone
mass had likely been achieved?.

Although DXA is most commonly used to assess BMD, it has limitations. Dual-energy x-ray
absorptiometry calculates BMD by providing a two-dimensional measurement of a three-
dimensional structure derived by dividing BMC by the apparent area of the analyzed bone,
often referred to as areal BMD (aBMD). Consequently, DXA overestimates BMD in taller
people and underestimates BMD in smaller people. Because HIV-infected children and
adolescents often have impaired growth and delayed onset of puberty, DXA may
underestimate BMD in this population.

Therefore, Yin, et al, used HR-pQCT to measure true volumetric BMD (vBMD) and
compare the results to aBMD obtained by DXA in 30 HIV-infected African—American or
Hispanic Tanner stage 5 men aged 20-25 on ART and 15 HIV-uninfected controls. They
found that the HIV-infected men had lower aBMD and aBMD z-scores by DXA at all sites
measured, whether infected perinatally or during adolescence. Importantly, the decrease in
aBMD was not due to smaller bone size, as cross-sectional area was similar by DXA and
HR-pQCT at the radius and tibia. Moreover, total vBMD was significantly lower at both
radius and tibia as assessed by HR-pQCT.

Another advantage of HR-pQCT is that it can differentiate trabecular from cortical bone and
assess bone microarchitecture. Here, the authors found that trabecular microarchitecture was
markedly abnormal at the tibia and radius in HIV-infected men (regardless of mode of HIV
acquisition), showing thinner, more widely separated and heterogeneously distributed
trabeculae. Similarly, HIV-infected men had lower cortical area, significantly thinner
cortices, and lower estimated whole bone and trabecular stiffness. These data suggest that
HIV infection acquired early in life (either perinatally or during adolescence) is associated
with markedly abnormal bone microarchitecture, lower peak bone mass, and decreased bone
strength, which may place them at a higher risk of osteoporosis and fractures later in life.

Quantitative Ultrasound

Arguably, using HR-pQCT to measure vBMD and bone microarchitecture is an
exceptionally precise and comprehensive method for assessing bone health; however, it is an
expensive and impractical technique in many settings. Quantitative ultrasonography (QUS)
assesses bone quality by measuring the attenuation and speed of an ultrasound wave through
bone. Unlike HR-pQCT and DXA, QUS does not require high-level training or radiation
exposure, is portable, and has a short scan time, making it potentially advantageous for
assessing and following bone health.

Arpadi, et al, evaluated the inter-rater reliability of QUS and the relationship between QUS
and DXA in a cohort of South African HIV-infected children!!. In 47 perinatally-infected
children on ART, the authors measured speed of sound (SoS) and broadband ultrasound
attenuation (BUA) at the heel/calcaneus with QUS and calculated a calcaneus stiffness index
(SI) utilizing both measurements. They also measured trans-axial SoS along the distal 1/3
radius with a hand-held ultrasound probe. Both broadband ultrasound attenuation and S of
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the calcaneus moderately correlated with whole-body and LS BMC and BMD measured by
DXA, but SOS by itself varied between operators and did not correlate well with DXA
measurements. Using the hand-held ultrasound, on the other hand, SoS measurements of the
1/3 radius were highly reliable between the two operators and correlated significantly with
DXA measurements. Another recent study showed that QUS was an independent predictor
of fracture in adult men and women, albeit a weaker predictor compared to DXAL2. Thus,
although additional information is needed, these data suggest that QUS may be valuable in
assessing bone health in HIV-infected children in resource-limited settings.

Anthropometric Predictive Models

In situations where even ultrasound is impractical, anthropometry may offer an alternative
for bone health assessment. With this idea in mind, Lima, ef a/, developed predictive
equations for whole-body BMC and aBMD based on anthropometric measures in
perinatally-infected children and adolescents in Brazil using DXA as the reference method.
Using height, weight, arm circumference, body mass index, and femoral diameter, with age
and skin color adjusted by sex, the models predicted 84% and 94% of aBMD and BMC,
respectively. With subsequent validation in other populations, these models could allow an
alternative for bone health monitoring in resource-limited settings!3.

Bone Metabolism Alterations

HIV infection affects BMD and bone microarchitecture, but the mechanisms are poorly
understood. There is evidence that the rate of bone metabolism is altered in HIV-infected
youth, in whom an accelerated bone resorption and an increased bone formation have been
described!®. Rates of bone metabolism can be assessed by measurements of specific markers
of bone formation and bone resorption. In children and adolescents, the serum concentration
of the specific markers mimic the growth rate, with higher levels during infancy and
adolescence!®16, The regulation of osteoblast differentiation and activity is maintained by
the Wnt/B-catenin pathway’, which is fine-tuned by a large number of extracellular
proteins. Sclerostin and Dkk1, among others, are potent inhibitors, and their concentrations
are measurable in seruml’,

A recent study was aimed at unraveling the regulatory mechanism responsible for the
alterations in bone formation in HIV-infected youth!®. The serum concentrations of bone-
specific alkaline phosphatase (BAP), sclerostin, and Dkk1 were measured in a group of 54
HIV-infected children and adolescents and 105 healthy controls. HIV-infected subjects had
significantly higher BAP concentrations compared to the healthy peers. This higher bone
formation rate was coupled with significantly lower serum concentrations of both sclerostin
and Dkk1. The patients were also grouped according to the type of antiretroviral (ARV) they
were receiving, but no differences were observed between the groups. Although an influence
of ARVs on bone metabolism could not be excluded due to the small number of observations
in each group, the increased bone formation observed in HIV-infected young patients
appeared to be related to an imbalanced control of osteoblast activity due to low
concentrations of inhibitors of the Wnt/B-catenin pathway.
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Role of Vitamin D Deficiency

Vitamin D is essential for optimal bone health. There is evidence that many HIV-infected
patients have vitamin D insufficiency, as measured by blood levels of 25-hydroxyvitamin D
(25(0H)D)19-22 put data regarding vitamin D deficiency and bone health in the pediatric
population are scarce. A recent study in perinatally-infected HIV-infected children and
adolescents showed that BMD measurements tended to be lower in subjects with a lower
serum 25(OH)D concentration?3,

Few randomized, placebo-controlled trials of vitamin D supplementation have been
conducted in HIV-infected children and adolescents24=28, and only two studies to date have
evaluated bone changes with supplementation?427. In Eckard, et a/, authors investigated
changes in BMD after 12 months of supplementation in 102 HIV-infected youth 8-26 years
old on ART with baseline 25(0OH)D <30 ng/mL2’. In this randomized, active-control,
double-blind trial, HIV-infected subjects receiving either 60,000 or 120,000 1U/month had
significant increases in BMD at the LS and hip over the 12 months. In subjects receiving
only 18,000 IU/month, increases were seen in BMD for hip, but not LS. Bone turnover
markers also decreased significantly in subjects receiving the higher doses.

Another recent study performed on a cohort of 58 HIV-infected youths assessed the effect of
a daily high-dose supplementation with 7,000 1U of vitamin D28, An interesting finding was
related to the unchanged parathyroid hormone (PTH) concentration observed despite the
increase in 25(OH)D. The majority of subjects were vitamin D deficient at baseline, so one
would have expected a decrease in PTH with vitamin D supplementation which was not the
case. The hypothesis was that there may be a direct effect of ARVs on PTH secretion, but
further studies are necessary.

Role of Tenofovir Disoproxil Fumarate

Tenofovir disoproxil fumarate (TDF) is associated with greater bone loss than other ARVS;
however, its use is widespread because of its excellent efficacy for maintaining virological
suppression. Recently, Aurpibul, et a#°, conducted a prospective, open-label study in HIV-
infected children where 40 were started on a TDF-containing regimen, and 40 age-, gender-
and CD4-matched controls received a TDF-sparing regimen. Spine BMD z-scores decreased
significantly over 96 weeks in children receiving TDF, but were unchanged in the TDF-
sparing group. Most of this decrease occurred over the first 24 weeks of the study, then
remained stable thereafter. At week 96, there was no significant difference in the prevalence
of LS BMD z-scores <-2.0 between the two groups.

The final results of the Gilead 321 extension study were also recently published, which
included HIV-infected subjects ages 12-17 years receiving TDF for a median duration of 96
weeks30. Results varied depending on the body part and what BMD measurement was
reported. Although both LS and TB less head (TBLH) BMD increased over time, age-
adjusted LS and TBLH BMD z-scores declined significantly over 96 and 192 weeks,
respectively. However, height-age-adjusted LS BMD z-scores were unchanged from baseline
to week 96 and showed significant increases from week 144. Moreover, although height-

Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eckard and Mora

Page 6

age-adjusted TB BMD Z-scores decreased from baseline to week 48, median changes after
this were not significantly different from baseline.

Similarly, long-term safety data from Gilead 352 were recently presented3?, which included
children aged 2-15 years in a phase 3, randomized, open-label non-inferiority study
comparing switching to TDF vs. continuing on stavudine or zidovudine32. Bone data
presented were limited, but TB, TBLH, and LS height-age-adjusted BMD z-scores stayed
the same or improved slightly over 336 weeks. Results from both Gilead studies, though,
must be interpreted cautiously, as data are limited by a lack of comparator and small sample
sizes. Longer-term studies are needed to fully assess the clinical impact of TDF on bone.
However, tenofovir alafenamide (TAF), Gilead’s second generation tenofovir pro-drug, may
replace TDF over time. Thus far, data have only been presented in a small number of HIV-
infected ART-naive adolescents, but showed minimal change in height-adjusted BMD z-
scores over 24 weeks33,

Bone Health in HIV-Exposed Infants

Although there are concerns about fetal growth and bone toxicity from animal studies3#35,
TDF use during pregnancy has increased in recent years. However, the effect of prenatal
TDF exposure on growth and bone health is still debated. Previous studies have suggested a
potential side effect of maternal TDF use on infant growth36:37, but others have not38:39,

Recently, studies have focused more on the assessment of bone health in HIV-exposed
uninfected (HEU) infants. A large study compared BMC in 69 TDF-exposed infants to that
of 74 TDF-unexposed infants?®. Bone mineral content was measured by DXA in the whole
skeleton at a mean age of 4-5 weeks. The unadjusted comparison showed a 7.8g difference
between exposure groups, with higher BMC in the TDF-unexposed infants. After adjustment
for maternal age at delivery, tobacco use during pregnancy, infant race, gestational age,
length, age at DXA scan, and clinical site, the difference between exposure groups decreased
to 5.5¢. Interestingly, when the analysis was repeated considering BMC less head, the
difference between the two groups was no longer present.

In another study, bone metabolism rate was assessed in 103 infants of Malawian origin, born
from mothers treated with TDF during pregnancy*!. Growth measurements were collected at
6 and 12 months of age, and BAP and C-terminal telopeptide of type | collagen were
measured in serum. The study did not show growth impairment, and there were no
association between growth indexes and ART duration during pregnancy. Similarly, bone
metabolism indexes were not altered in HEU infants.

Finally, an interesting approach to monitor the degree of TDF exposure was recently
proposed?2. The study was designed to verify whether TDF quantified in the meconium was
associated with growth and bone outcomes among HEU infants. Whole-body BMC was
measured at 2 weeks of age in 58 infants. Growth measurements were not associated with
meconium TDF concentration. Similarly, meconium TDF concentration was not correlated
with BMC in univariate or multivariate models. The results of this study support the
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observations of previous studies that failed to show associations between maternal TDF
treatment duration and infant growth or bone outcomes36-38,

Conclusions

While ART has allowed HIV-infected children and adolescents to live decades longer than
before, they have evidence of compromised bone health even at their young age. New
studies suggest that they may be at a high risk of osteoporosis and fractures later in life,
although clinical manifestations during youth are rare. Optimizing bone health in HIV-
infected youth is crucial to minimize the risk of long-term bone complications. These
include ensuring sufficient calcium and vitamin D intake, encouraging weight-bearing
exercise, and minimizing modifiable risk factors, such as smoking?3. It is also the opinion of
the authors to periodically measure 25(OH)D concentrations and supplement as necessary.
Although routine monitoring via DXA cannot be recommended at this time, baseline and
periodic DXA should be considered in high-risk patients. Long-term, continued research on
assessing bone health and novel interventions to minimize bone loss are urgently needed in
this population. Reassuringly, new data suggest that HEU infants exposed to TDF /n utero
may not experience the same bone toxicity as their HI\-infected counterparts.
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Key Points

HIV-infected children and adolescents, whether infected perinatally or later in
adolescence, have compromised bone health compared to their healthy
uninfected counterparts.

The bone changes observed in HIV-infected children and adolescents include
alterations in the rate of bone metabolism, decreases in BMD, and markedly
abnormal bone microarchitecture.

Although DXA is the most commonly used modality to assess BMD in HIV-
infected children and adolescents, HR-pQCT offers a more comprehensive and
precise method for assessing bone health, while QUS and prediction models
based on anthropometrics may offer inexpensive alternatives in resource-limited
settings.

The compromised bone health in HIV-infected children and adolescents is multi-
factorial, including traditional risk factors like vitamin D deficiency, as well as
direct and indirect effects of HIV infection and ART, especially TDF.

Studies to date have failed to show that maternal TDF treatment is associated
with appreciable changes in growth or bone outcomes in HIV-exposed, but
uninfected infants.
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Figure 1. Timing of the effect of antiretroviral therapy on bone mass and bone metabolism
The available data indicate that the skeletal system of infants is not affected. The negative

outcome begins in childhood and worsens with age with the most significant effects during
puberty when the majority of bone mass is accumulated. The role of HIV is still unclear,
although /7n vitro studies show a direct effect of the virus on bone cells.

Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.



	Abstract
	Introduction
	Assessing Bone Health in HIV-Infected Children and Adolescents
	Fracture Risk
	Bone Mineral Density by Dual-Energy X-Ray Absorptiometry
	Quantitative Computed Tomography
	Quantitative Ultrasound
	Anthropometric Predictive Models

	Bone Metabolism Alterations
	Role of Vitamin D Deficiency
	Role of Tenofovir Disoproxil Fumarate
	Bone Health in HIV-Exposed Infants
	Conclusions
	References
	Figure 1

