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Background: Adult participants taking tenofovir alafenamide (TAF) in clinical trials had a better bone safety profile than those 
taking tenofovir disoproxil fumarate. Herein, we report medium- to long-term effects of TAF-containing regimens on bone h ealth
in children and adolescents with human immunodeficiency virus (HIV).

Methods: This post hoc pooled analysis of data from 2 phase 2/3 clinical studies (NCT01854775 and NCT02285114) evaluated the 
pharmacokinetics, safety, and efficacy of TAF-based regimens in children and adolescents with HIV-1. Participants were categorized 
into group 1 (aged 12 to < 18 years, weighing ≥ 35 kg), group 2 (aged 6 to < 12 years, weighing ≥ 25 kg), and group 3 (aged ≥ 2 years,  
weighing 14 to < 25 kg). Evaluations included virologic suppression, height Z-score, Tanner stage, bone mineral density (BMD) of the 
spine and total body less head (TBLH; absolute and height-for-age Z-score adjusted [HAZ-adjusted] for both), bone serum markers, 
bone-related adverse events, and pharmacokine tic assessments.

Results: Overall, 169 participants were enrolled and treated (78, 61, and 30 in groups 1, 2, and 3, respectively). Median (range) 
exposure to study drug was 320.3 (8.3-492.3), 290.1 (24.0-393.9), and 168.3 (9.0-193.0) weeks in groups 1, 2, and 3, respectively. 
Virologic suppression (HIV-1 RNA < 50 copies/mL) rates were high across all groups. Spine and TBLH absolute BMD increased 
over time in all groups, and spine and TBLH HAZ-adjusted BMD Z-scores increased or remained stable in all gr oups. There were
no significant changes in bone serum markers, and no treatment-related fractures or bone-related adverse events.

Conclusions: TAF-based regimens demonstrated acceptable medium- to long-term bone safety in children and adolescents
with HIV.

Key words: Human immunodeficiency virus; tenofovir alafenamide; bone health; antiretroviral th erapy; pediatric.

Lay summary 
This pooled analysis of 2 phase 2/3 studies demonstrated acceptable bone safety of TAF-based regimens in children and adolescents 
with HIV-1 over medium- to long-term exposure (median: 168.3-320.3 weeks). Bone mineral density increased over time and was 
consistent with developmental stage.

INTRODUCTION 

In 2023, an estimated 2.4 million children aged 0-19 years were 
living with human immunodeficiency virus (HIV) worldwide.1 

The availability of effective antiretroviral therapies (ARTs) 
means that life expectancy among people with HIV is now 
approaching  that  of  the  general  population.2 Consequently, 
children and adolescents with HIV may encounter an increased 
risk of comorbidities associated wi th long-term exposure to
HIV and some ARTs, including fractures and osteoporosis3;
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therefore, there is a need to identify safer ART alternatives for 
long-term use in this population.

Human immunodeficiency virus is associated with reduced 
bone mineral density (BMD), and people with HIV have a 
lower BMD than age-matched people without HIV.4 –6 The 
reduced BMD is multifactorial and due in part to the effects 
of HIV viral proteins and T-cell activation on osteoblast and 
osteoclast  activity,  as  well  as  traditional  risk  factors  such  as  
diet and physical activity.7 ,8 Some ARTs, including tenofovir 
disoproxil fumarate (TDF)-based regimens, can also lead 
to a reduction in BMD,9 ,10 although findings have been 
conflicting.11 This is of particular co ncern in children and
adolescents with HIV who are exposed to lifelong ART, as
bone undergoes profound changes throughout childhood
development.7 ,12 ,13 

Tenofovir alafenamide (TAF) is a plasma-stable teno-
fovir (TFV) prodrug that is selectively hydrolyzed to TFV 
intracellularly and results in 90% lower TFV plasma levels 
compared with TDF.14 TAF has a better bone safety pro-
file in adults than TDF,14-16 and TAF-based regimens are 
guideline-recommended treatments for children and adoles-
cents  with  HIV  and/or  hepatitis  B  virus  in  the  United  States  
and Europe.17-19 However, medium- to long-t erm data on the
impact of TAF-based regimens on bone safety in children and
adolescents with HIV are limited.20 

Studies 0106 and 1269 are ongoing phase 2/3, open-label, 
multicohort studies evaluating the efficacy, safety, and pharma-
cokinetics (PK) of TAF-based regimens in children and adoles-
cents  aged  2  to < 18 years and weighing ≥ 14 kg.21-24 The main 
phases of the studies have been completed and participants who 
remained in the studies are now in optional extension phases. 
Here we examined the medium- to long-term effects o f TAF-
based regimens on efficacy and bone safety among children and
adolescents in these studies.

METHODS 

Study Design and Participants

This post hoc pooled analysis included data from 2 phase 2/3, 
open-label, multicohort studies—studies 0106 and 1269—in 
c hildren and adolescents with HIV-1.

Study 0106 (GS-US-292-0106; NCT01854775) is being con-
ducted in South Africa, Thailand, Uganda, the United States (all 
cohorts), and Zimbabwe (cohort 3 only).22-24 Study 1269 (GS-
US-311-1269; NCT02285114) is being conducted in Panama, 
South Africa, and the United States.21 Detailed methods for only 
study 0106 have been described previously.23 ,24 

Study 0106 consisted of 3 cohorts. Cohort 1 included 
treatment-naïve (ie, had not received ART before study entry) 
adolescents aged 12 to < 18 years, weighing ≥ 35 kg. Cohort 2 
included virologically suppressed children on ART aged 6 
to < 12 years, weighing ≥ 25 kg. Cohort 3 included virologically 

suppressed children on ART aged ≥ 2  years,  weighing  14  
to < 25 kg. Study 1269 consisted of 2 cohorts. Cohort 1 
included virologically suppressed adolescents on ART aged 12 
to < 18 years, weighing ≥ 35 kg. Cohort 2 included virologically 
suppressed children o n ART (group 1: aged ≥ 6 to < 12 years
and weighing ≥ 25 kg and group 2: aged ≥ 2 to < 12 years and
weighing < 25 kg).

In this post hoc pooled analysis, participants from studies 
0106 and 1269, enrolled between May 2013 and May 2023, were 
categorized  into  3  groups  according  to  age  and  weight:  group  1,  
aged 12 to < 18 years and weighing ≥ 35 kg; group 2, aged 6 
to < 12 years and weighin g ≥ 25 kg; and group 3, aged ≥ 2 years
and weighing 14 to < 25 kg.

Eligibility criteria are detailed in the supplement. Protocols 
of both studies were approved by independent review boards 
and  ethics  committees  (details  provided  in  Supplementary  
Methods Tables S1 and S2 ) and conducted in accordance 
with the Declaration of Helsinki, International Conference on 
Harmonisation guidelines, or country laws and regulations. 
Parents or guardians provided written informed consen t for all
participants; where applicable, participants also provided age-
appropriate assent.

Study T reatments

In study 0106, eligible participants received once-daily 
elvitegravir/cobicistat/emtricitabine/tenofovir alafenamide (E/ 
C/F/TAF) fixed-dose combination with food. Participants 
weighing ≥ 25 kg received E/C/F/TAF 150/150/200/10 mg and 
those weighing 14 to < 25 kg received E/C/F/TAF 90/90/120/ 
6 mg. In study 1269, eligible participants received once-daily 
emtricitabine/tenofovir alafenamide (F/TAF) plus a boosted 
protease inhibitor or other third antiretroviral (ARV) agent. 
F/TAF was administered at doses dependent on weight and 
whether the third ARV agent was boosted or unboosted 
(cohort 1: 200/25 mg for unboosted and 200/10 mg for boosted 
third ARV agent; cohort 2: 200/25 mg for group 1 or 120/15 mg 
for group 2, regardless of the third ARV). Whether F/TAF was 
administered with or without food depended on the third ARV 
agent. The doses were selected to provide expected plasma 
PK exposures in t he pediatric population comparable to those
associated with safety and efficacy in adults. Treatments in both
studies were administered for 48 weeks, followed by an optional
open-label extension phase.

Procedures 
Efficacy, bone safety, and PK were assessed in each group. 
Plasma HIV-1 RNA levels were measured at all visits using 
TaqMan 2.0 or cobas 6800 (from January 2023 onward) (Roche 
Diagnostics, Pleasanton, CA, USA). Virologic suppression was
defined as HIV-1 RNA < 50 copies/mL.

Anthropometry was measured at each visit. The develop-
ment of secondary sexual characteristics, as assessed by Tanner
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stage, was monitored at baseline and then every 12 weeks (every 
48 weeks during the extension phase of study 0106) for partic-
ipants aged ≥ 6 years until they reached Tanner stage 5. Spine 
and total body less head (TBLH) BMD were assessed u sing dual-
energy X-ray absorptiometry.

Bone serum markers including bone-specific alkaline phos-
phatase, parathyroid hormone, 25-hydroxyvitamin D, and 1,25-
dihydroxyvitamin D were measured at screening (study 0106 
cohort 3 only), day 1, and regular intervals throughout both 
studies, and analyzed according to the laboratory manual and
in accordance with LabCorp (Burlington, NC, USA) guidance.

Adverse events (AEs) were coded using the Medical Dictio-
nary for Regulatory Activities (MedDRA v23.0). Fracture events 
were defined based on the standardized MedDRA query of 
osteoporosis/osteopenia and high-level group term of fractures. 
The  relation  of  a  fracture  to  the  study  drug  was  determined  
by the study investigators based on the assessment of whether 
the fracture was traumatic and aligned with the mechanism of
injury.

In study 0106, blood samples for intensive PK sampling were 
collected at prespecified intervals at week 4 for cohorts 1 and 2, 
and week 2 for cohort 3. In study 1269, samples for intensive 
PK sampling were collected at multiple timepoints at week 2 for  
cohort 1, and week 2 or 4, or within 7 days of completion of 
the week 2 or 4 visit for cohort 2. Plasma TFV concentrations 
were measured using validated high-performance liquid chro-
matography–tandem mass spectrometry (QPS, Newark, DE, 
USA). Tenofovir area under the plasma drug concen tration-
time curve over the dosing interval (AUCtau) and maximum
observed plasma concentration (Cmax) were determined.

Statistical Analyses 
We present pooled virologic suppression at week 48 by the 
US Food and Drug Administration (FDA)-defined Snapshot 
algorithm and missing = excluded analysis (where participants 
with  missing  data  at  week  48  were  excluded  from  the  analysis),  
and bone safety data through week 288 (group 1), week 240 
(group 2), or week 144 (group 3) for participants who received 
TAF-based regimens in studies 0106 and 1269. Due to low 
participant numbers at week 144, data for bone serum markers 
in group 3 are shown through week 96. Correlation between 
change from baseline in HAZ-adjusted spine and TBLH BMD 
Z-scores (extrapolated) at week 48 and plasma TFV AUCtau and 
Cmax was measured using Pearson correlation coefficient. No 
participant was exclude d from the analysis based on follow-up
time. For all analyses, participants were grouped based on their
age/weight at screening. Full details of the statistical analyses are
included in the supplement.

RESULTS 

Baseline Demographics and Disease Characteristics

Overall, 170 participants were enrolled across both studies 
before the data cutoff date of May 22, 2023 (129 participants 

in study 0106, and 41 participants in study 1269) (Figure S1 ). 
One participant in study 1269 was enrolled but was not treated 
and consequently, 169 participants were included in this 
analysis. Seventy-eight participants were assigned to group 1 
(aged 12 to <18 years, weighing ≥ 35 kg), 61 to group 2 
(aged 6 to < 12 years, weighing ≥ 25 kg), and 30 to group 3
(aged ≥ 2 years, weighing < 25 kg). Baseline demographics and
disease characteristics are shown in Table 1 .

Median (range) exposure to study drug was 320.3 (8.3-
492.3), 290.1 (24.0-393.9), and 168.3 (9.0-193.0) weeks in groups 
1, 2, and 3 , respectively.

Efficacy 
At week 48, 91% (71/78) of participants in group 1, 95% (58/61) 
in group 2, and 93% (28/30) in group 3 had virologic suppression 
(by US FDA-defined Snapshot algorithm). Five participants in 
group 1 and 1 participant in group 3 had HIV-1 RNA ≥ 50 
copies/mL. No virologic data were available in the 48-week win-
dow for 2 participants in group 1, 3 participants in group 2, and 
1 participant in group 3. These participants were included in the 
denominator for this analysis. Virologic suppression rates using 
missing = excluded analysis were 94.7%, 100.0%, and 96.6% in
groups 1, 2, and 3, respectively.

Anthropometry and Sexual Maturation

At baseline, median (interquartile range [IQR]) height Z-scores 
wer e −0.96 (−1.84, 0.03) in group 1, −0.73 (−1.28, 0.13) in 
group 2 , and −0.44 (−1.36, 0.19) in group 3. Median (IQR) 
height Z-scores increased from baseline a t week 288 in group 1
(0.32 [−0.05, 0.70]), decreased at week 240 in group 2 (−0.30 
[−0.78, 0.34]), and were relatively stable at week 144 in group 3 
(−0.05 [−0.40, 0.15]) (Table S 1).

The proportion of male and female participants with avail-
able data in late puberty (maximum Tanner stages 4 and 5) 
increased in group 1, from approximately 50% at baseline to 
100% (22/22 and 24/24, respectively) at week 288 (Table S 1 ). In 
group 2, the proportion increased from 0% at baseline to 65% 
(11/17) of male participants, and to 100% (21/21) of female par-
ticipants at week 240. In group 3, the proportion of participants 
in late puberty (maximum Tanner stages 4 and 5) increased from  
0% at baseline to 13% (2/15) of female part icipants at week 144;
all male participants (6/6) remained in early to mid-puberty
(maximum Tanner stages 1-3).

Bone Safety 
Absolute spine and TBLH BMD increased across all groups; 
HAZ-adjusted BMD Z-scores generally increased or were 
stable during follow-up (Table 2 , Figures 1 and 2 , Figure S2 , 
and Table S2 ), with the exception of a decrease i n median
(IQR) spine HAZ-adjusted BMD Z-score from −0.81 (−1.03, 
−0.18) at baseline to −1.01 (−1.71, −0.40) at week 240 in 
male participants in group 2, TBLH HAZ-adjuste d BMD Z-
score from −0.63 (−0.88, −0.32) at baseline to −1.09 (−1.57,
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Table 1 . Baseline Demographics and Disease Characteristics (Saf ety Analysis Set)

Group 1 
12 to < 18 years,≥ 35 kg 
(n = 78)a ,b 

Group 2 
6  to  < 12 years,≥ 25 k g
(n = 61)a 

Group 3 
≥2 years, 14 to < 25 k g
(n = 30)a 

Age, years, median (IQR) 14 (13–16) 10 (9–11) 7  (4  –8)

Female, n (%) 40 (51) 35 (57) 19 (63) 
Race, n (%)

Black 56 (72) 41 (67) 26 (87) 
Asian 7  (9) 13 (21) 3  (1  0)

White 3  (4) 2  (3) 0 
Other 12 (15) 5  (8) 1  (  3)

Hispanic or Latino ethnicity, n (%) 14 (18) 5  (8) 1  (  3)

Maximum Tanner stage, n (%)c 

Male Stages 1–3 19 (50) 26 (100) 4  (10  0)

Stages 4–5 19 (50) 0  (0) 0  (  0)

Female Stages 1–3 18 (46) 35 (100) 15 (100 )
Stages 4–5 21 (54) 0 0 

HIV positive at birth, n (%) 56 (72) 61 (100) 28 (93) 
HIV-1 RNA < 50 copies/mL, n (%) 27d (35) 61 (100) 30 (10 0)

CD4 count, cells/μL, median (IQR) 563 (407–863) 925 (760–1133) 1057 (897–1315 )
CD4, %, median (IQR) 30 (20–35) 38 (34–41) 37 (32– 40)

Prior ART, n (%)

Any 28 (36) 61 (100) 30 (10 0)

Containing TDF 20 (26) 5  (8) 1  (  3)

None 50 (64) 0 0 
a Participant enrollment by country (all enrolled analysis set; n = 170): group 1 (n = 79): n = 12 from Panama, n = 13 from South Africa, n = 6 from Thailand, n = 30 from Uganda, and n = 18  
from the United States; group 2 (n = 61): n = 6 from Panama, n = 13 from Thailand, n = 27 from Uganda, and n = 15 from the United States; group 3 (n = 30): n = 1 from Panama, n = 17  
from South Africa, n = 1 from Thailand, n = 8 from Uganda, and n = 3 from the United States. Location information is based on all enrolled individuals (n = 170); table data are from treated 
population (n = 169). 
b Group 1 included treatment-naïve participants from st udy 0106 (cohort 1; n = 50), and treatment-experienced virologically suppressed participants from study 1269 (cohort 1; n = 28).
c Tanner stage assessed for participants ≥ 6 years of age at the time of visit; 11 participants in group 3 < 6 years of age at baseline and 1 participant in group 1 with missing data were
excluded from the percentage.
d One participant was virologically suppressed at screening but had an HIV-1 RNA ≥ 50 copies/mL at day 1 (baseline).

ART, antiretroviral therapy; CD, cluster of differentiation; HIV, human immunodeficiency virus; IQR, interquartile range; TDF, tenofovir disoproxil fumarate.

−0.12) at week 240 in male participants in group 2, and TBLH 
HAZ-adjusted BMD Z-score from −1.02 (−1.69, −0.54) at 
baseline to −1.45 (−1.90 t o −0.95) at week 144 in female 
participants in group 3 (Table S 3 ). Multivariable linear regres-
sion analysis indicated that changes from baseline in maximum 
Tanner stage, age/weight group, and sex at birth were asso-
ciated  with  changes  from  baseline  in  spine  and  TBLH  BMD  
(Table S 4 ). No clear difference was observed across st udies
despite potential variations in the study population and ART
regimen.

One participant in group 2 had a ≥ 4% decrease from base-
line in spine absolute BMD at week 240 (HAZ-adjusted Z-
score of −1.88). No other participants had a ≥ 4% decrease from 
baseline in spine or TBLH absolute BMD at weeks 288, 240, and 
144 in groups 1, 2, and 3, res pectively.

Two  participants  in  group  2  (2/32;  6%)  had  a  shift  in  spin  e
HAZ-adjusted BMD Z-score from >−2  at  baseline to ≤ −2 
at  week  240  (one  of  them  had  a  simultaneous  shift  in  TBLH  
HAZ-adjusted BMD Z-score from >−2  at  baseline to ≤−2). 
In addition, 5 participants had a shift in TBLH HAZ-adjusted 
BMD Z-score from > −2  at  baseline to ≤ −2 at follow-up: 1/27 
(4%) in group 1 at week 288; 2/35 (6%) in group 2 at week 240; 

and 2/21 (10%) in group 3 at week 144. All 6 participants with a 
shift in spine or TBLH HAZ-adjusted BMD Z-score from > −2 
at baseline to ≤−2 increased their absolute BMD values relative 
to baseline at weeks 288, 240, and 144 in groups 1, 2, and 3,
respectively.

No clinically relevant changes from baseline were seen in any 
of the evaluated bone metabolism markers at weeks 288, 240, 
and 96 for groups 1, 2, and 3, respectively (Figure S3 ).

There were no treatment-related bone AEs. Three partici-
pants in group 1, 4 in group 2, and none in group 3 had bone 
fractures, none of which were considered study drug related. All 
fractures were sport related or other traumatic injuries, except 
in the case of 1 participant in group 1, who had a right forearm 
fracture of unspecified ca use. Of the 6 participants with a shift
in spine or TBLH HAZ-adjusted BMD Z-score from > −2  at  
baseline to ≤ −2, only 1 had a bone fracture event (right-hand 
index finger fracture), wh ich was trauma related.

Pharmacokinetic Analysis 
No statistically significant correlations were observed between 
change from baseline in HAZ-adjusted BMD Z-scores of spine
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Table 2 . Absolute BMD and HAZ-Adjusted Z-Scores Over Time (Spine and TBLH DXA Analysis Sets)

Group 1 Group 2 Group 3 

Baseline Week 288 Baseline Week 240 Baseline Week 144 

Absolute BMD, 
g/cm 2

n 73 44 57 33 30 25 
Spine, median 
(Q1, Q3)

0.778 
(0.677, 0.927)

0.945 
(0.885, 1 .022)

0.625 
(0.548, 0.67 6)

0.869 
(0.712, 0.941)

0.457 
(0.412, 0.492)

0.505 
(0.482, 0.594)

P-valuea <.0001 <.0001 <.0001 
n 71 41 59 36 30 24 
TBLH, median 
(Q1, Q3)

0.847 
(0.749, 0.923)

0.928 
(0.895, 0.993)

0.668 
(0.641, 0.709)

0.831 
(0.791, 0.885)

0.501 
(0.443, 0.549)

0.596 
(0.559, 0.654)

P-valuea <.0001 <.0001 <.0001 
HAZ-adjusted 
BMD Z-scor e

n 73 31 57 33 30 25 
Spine, median 
(Q1, Q3)

−0.48 
(−1.55, 0.39) 

−0.41 
(−1.13, 0.58) 

−0.58 
(−1.00, 0.22) 

0.04 
(−1.02, 0.75) 

−1.51 
(−2.02, −0.68) 

−1.35 
(−1.67, −0.55) 

P-valuea <.0001 .2441 .0455 
n 71 28 59 36 30 24 
TBLH, median 
(Q1, Q3)

−0.57 
(−1.40, 0.25) 

−0.48 
(−1.28, 0.28) 

−0.80 
(−1.17, −0.31) 

−0.82 
(−1.38, −0.16) 

−1.44 
(−1.81, −0.83) 

−1.47 
(−1.77, −1.19) 

P-valuea .1514 .9509 .0951 

For all analyses, participants were grouped based on their age/weight at screening. a Calculated using a Wilcoxon signed-rank test for difference in median scores at baseline and 
week 288 (group 1), week 240 (group 2), or week 144 (group 3).

BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; HAZ, height-for-age Z-score; IQR, interquartile range; Q, quartile; TBLH, total body less head.

Figure 1. Change From Baseline in BMD Over Time for Spine (A) and TBLH (B) (Spine and TBLH DXA Analysis Sets). For all analyses, 
participants were grouped based on their age/weight at screening. BL, baseline; BMD, bone mineral density; DXA, dual-energy X-ray

absorptiometry; TBLH, total body less head; Q, quartile.

or TBLH at week 48 versus TFV AUCtau or Cmax (Table S 5 and
Figure S4 ).

DISCUSSION 

Human immunodeficiency virus is associated with reduced 
BMD and thus the protection of bone health is paramount 

in  children  and  adolescents,  as  peak  bone  mass  is  attained  
during the second to third decade of life.5 ,6 The risk of later-life 
osteoporosis may therefore be influenced by changes in BMD 
during childhood and adolescence.5 ,25 ,26 This is of particular 
importance in children with HIV, since malnutrition is 
prevalent, particularl y in sub-Saharan Africa,27 ,28 and calcium
and vitamin D are vital for bone health.29 ARV treatments
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Figure 2. Change From Baseline in HAZ-Adjusted BMD Z-Scores Over Time for Spine (A) and TBLH (B) (Spine and TBLH DXA Analysis 
Sets). For all analyses, participants were grouped based on their age/weight at screening. BL, baseline; BMD, bone mineral density;

DXA, dual-energy X-ray absorptiometry; HAZ, height-for-age Z-score; TBLH, total body less head; Q, quartile.

that are not detrimental to bone health are therefore needed 
to prevent exacerbating the negative effects of malnutrition and 
HIV. Findings from previous studies on the impact of TDF on 
BMD in children and adolescents are conflicting and have been  
reviewed in detail elsewhere30 ; overall, further long-term high-
quality studies are needed to quantify the potential impact. In 
this study, we show that medium- to long-term treatment with 
TAF-based regimens (median exposure 168.3-320.3 weeks) 
resulted in high rates of sustained virologic suppression and 
no clinically significant impact on bone safety in children and 
adolescents with HIV aged ≥ 2 yea  rs and weighing ≥ 14 kg. Our
study reports the longest follow-up data published to date in this
population.

Changes in height Z-scores over time varied between groups, 
with  a  decrease  in  height  Z-score  observed  in  group  2  (par-
ticipants aged 6 to < 12 years and weighing ≥ 25 kg) and an 
increase observed in group 1 (participants aged 12 to < 18 years 
and weighing ≥ 35 kg). Around two-thirds of participants in 
group 1 were treatment naïve, and as such, the increase in height 
Z-score in group 1 may represent a “return to health,” similar to 
the weight gain associated with initiation of ART.31 This may 
be particularly pronounced in group 1 due to the relatively late 
initiation of ART in a population in which the majority had 
HIV infection at birth.32 The increase in height Z-score may 
also reflect a catch-up growth effect usually observed in this 
population, whereby reaching the reference population height 
is delayed due to late puberty. The numerical decrease in height 

Z-score observed in group 2 can be associated with delayed 
growth  spurts  and  puberty  typically  seen  in  children  with  HIV.  
This also explains the numerical decrease observed in spine 
and TBLH HAZ-adjusted BMD Z-scores in male participants 
in group 2 and in TBLH HAZ-adjusted BMD Z-score in female 
participants in group 3. This delay can have a greater impact 
on children aged 6 to < 12 years weighing ≥ 25 kg (group 2 
data) based on Z-scores compared with the general population 
(mean age of puberty is reported to be 12-13 years for children 
with HIV versus 9-10 years in the general population).33-35 

The developmental stage of children in groups 2 and 3 showed 
delayed pubertal onset compared with the general population 
of the same chronological age. Puberty starts earlier in girls, 
which would mainly affect girls in group 3, considering that 
the decrease is observed at weeks 96-144 (3 years on study 
drug) and the median age at baseline was 8 years. Conversely, 
puberty starts later in boys, and this trend is more apparent in 
group 2 for boys, which continues beyond week 144 and the 
median age at baseline was 10 years. In group 2, the girls in 
our studies would h ave reached puberty and (partially) caught
up with the reference population. Puberty is a period of rapid
growth and bone mineral accrual,12 ,13 and the observed delays
are likely to reflect reduced bone mineral accrual and height
increases compared with the reference population. Indeed, in
our multivariable analysis, change in Tanner stage, sex at birth,
and group (partially characterized by chronological age) were
overall associated with change in BMD. In contrast to groups 2
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and 3, the older participants in group 1 may have had the chance 
to catch up with the reference population that stabilized their 
growth and bone accrual at a younger age. Longer-term follow-
up will help determine if participants in groups 2 and 3 will also  
show increased height Z-score in later adolescence. In addition, 
traditional risk factors, such as malnutrition, contribute to dif-
ferences in height,36 and, particularly among African children,
may outweigh those specifically associated with HIV.

Lower BMD is common among children and adolescents 
with HIV and with use of some ARVs, including TDF.5 ,6 ,9 ,10 ,26 

Previous studies examining TAF-based treatments have shown 
that HAZ-adjusted BMD Z-scores remained stable during 
48 weeks of follow-up.20 In this analysis, spine and TBLH 
absolute BMD increased over time during treatment with TAF-
based regimens and were similar to increases observed in a 
pediatric population without HIV.37 ,38 Spine and TBLH HAZ-
adjusted BMD Z-scores also generally increased over time, with 
no treatment-related fracture events. One participant from 
group 2 had a ≥ 4% decrease from baseline in absolute spine 
BMD at week 240, although the clinical significance of this is 
unclear. Furthermore, no statistically significant correlations 
were observed between change from baseline in HAZ-adjusted 
BMD Z-scores of spine or TBLH at week 48 ve rsus TFV AUCtau
or Cmax. This suggests that changes in BMD are not related to
PK exposure levels of TFV, supportive of TAF’s neutral effect
on BMD.

Bone biomarker levels may be influenced by various factors, 
including puberty stage (ie, advanced Tanner stages 4 and 5), 
sex, and growth rate, and levels are typically high in children 
and adolescents and therefore more difficult to interpret than 
in adults.39 Adding to those challenges, 1,25-hydroxyvitamin 
D has a short half-life and is difficult to measure.40 The fluc-
tuations in bone biomarkers measured in the present popu-
lation were consistent with the effects of growth and skeletal 
size expected in children in the age range studied. No clinical 
relevance w as derived from the changes from baseline in any of
the bone biomarkers at weeks 288, 240, and 144 for groups 1, 2,
and 3, respectively.

Our study was subject to limitations, including being a post 
hoc pooled analysis that combined 2 different studies without 
a comparator. Height-for-age Z-score-adjusted BMD Z-scores 
have drawbacks due to the differences between the study and 
reference populations, for example, race,41 nutritional status, 
HIV infection, and puberty onset.33 Participants were recruited 
from various geographic regions, with different socioeconomic 
conditions and nutrition, which could have affected the timing 
of puberty in children. Thus, a child with late normal puberty 
would be less likely to be misclassified as short if pubertal status  
were not considered. In addition, vitamin D deficiency/insuffi-
ciency could affect the timing of puberty, but data related to the 
use of vitamin D supplements were not collected consistently 
across the sites and thus its analysis was not available for this 

study. It should be noted that Tanner stage assessments may have 
been performed by different assessors between visits, leading 
to some variation in reported stage. However, Tanner stage 
was  used  to  assess  the  onset  of  puberty  and  understand  more  
broadly the growth stage of participant groups overall; therefore, 
variations between visits may be of minimal relevance. Although  
adherence has not been directly described in this post hoc pooled 
analysis, the high rates of virologic suppression indicate good 
adherence to the study drugs. Finally, the participant n umbers
in group 3 and the study timeframe may not be adequate to
identify rare bone-related AEs, assess the effect of longer-term
TAF exposure on bone health, and evaluate if switching from a
different regimen to a TAF-based regimen affects bone health.

Overall, the BMD data collected over 3-5 years of continued 
treatment with TAF-based regimens demonstrated acceptable 
bone safety in children and adolescents with HIV.

Acknowledgments 
The authors would like to thank Rory Leisegang for his contributions 
to this analysis. Medical writing support, including development of a 
draft outline and subsequent drafts in consultation with the authors, 
collating author comments, copyediting, fact checking, and referencing, 
was provided by Lindsay Fawcett, BSc and Joanna Nikitorowicz-Buniak, 
PhD, both from Aspire Scientific Limited (Bollington, UK). Funding f or
medical writing support for this article was provided by Gilead Sciences,
Inc. (Foster City, CA).

Author contributions 
S.C., V.A.V., and K.K. designed the study. E.N., J.G.D., R.S., and S.C. con-
tributed to the collection of data. J.G.D., S.C., V.A.V., and K.K. have verified 
the  underlying  data  reported  in  the  manuscript.  C.M.G.  contributed  to  
data interpretation. All authors had full access to all the data in the study, 
contributed to drafting or revising t he article, and had final responsibility
for the decision to submit for publication.

Supplementary material 
Supplementary materia l is available at Journal of the Pediatric Infectious 
Diseases Society online (http://jpids.oxfordj ournals.org).

Funding 
This study was funded and sponsored by Gilead Sciences, Inc. (Foster City, 
CA), the manufacturer of TAF. Gilead Sciences, Inc. was responsible for the 
study design, statistical analysis, and data interp retation.

Conflicts of interest
A.G. reports research grants from Gilead Sciences, Inc. and ViiV Health-
care, payments for expert advisory board participation and serving as a 
webinar panelist from ViiV Healthcare. J.G.D. and P.K. report research 
funding paid to their institution from Gilead Sciences, Inc. R.S. reports 
research funding paid to their institution from Gilead Sciences, Inc., GSK, 
Merck,  and  Penta;  consulting  fees  from  GSK  and  ViiV  Healthcare;  and  
travel support from Enanta Pharmaceuticals and Gilead Sciences, Inc. 
S.C. is an employee of Gilead Sciences, Inc., and holds stocks/shares in 
Alcon, Gilead Sciences, Inc., Novartis, and Sandoz. R.P., V.A.V., and K.K. 
are employees of and hold stock in Gilead Sciences, Inc. N.R. reports
research funding paid to their institution from Gilead Sciences, Inc., GSK,
Merck, and Penta; travel support from Gilead Sciences, Inc.; and payments

Journal of the Pediatric Infectious Diseases Society, 2025, Vol. 14, No. 7 • 7

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/14/7/piaf062/8195511 by guest on 02 O

ctober 2025

https://academic.oup.com//article-lookup/doi/10.1093//piaf062#supplementary-data


for expert advisory boards and expert testimony from ViiV Healthcare. 
C.M.G. reports serving as a paid consultant for Gilead Sciences, Inc., while 
employed at Baylor College of Medicine. The opinions expressed in this 
article are the author’s own and do not reflect the view of the National 
Institutes of Health, the Department of H ealth and Human Services, or
the United States government.

Data av ailability
Gilead Sciences shares anonymized individual patient data upon request 
or as required by law or regulation with qualified external researchers 
based on submitted curriculum vitae and reflecting no conflicts of interest. 
The request proposal must also include a statistician. Approval of such 
requests is at Gilead Sciences’ discretion and is dependent on the nature 
of the request, the merit of the research proposed, the ava ilability of the
data, and the intended use of the data. Data requests should be sent to
DataSharing@gilead.com .

REFERENCES 
1. UNICEF. HIV Global and Regional Trends.  Available at: https://data.unicef.org 

/topic/hivaids/global-regional-trends. Accessed October 25, 2024.
2. Samji H, Cescon A, Hogg RS et al. Closing the gap: increases in life expectancy 

among treated HIV-positive individuals in the Unite d States and Canada. PLoS
One 2013;8:e81355. https://doi.org/10.1371/journal.pone.0081355 

3. Chawla A, Wang C, Patton C et al. A review of long-term toxicity of antiretroviral 
treatment regimens and implications for an aging population. Infec t Dis Ther
2018;7:183-195. https://doi.org/10.1007/s40121-018-0201-6 

4. Lopes KG, Farinatti P, Lopes GO et al. Muscle mass, strength, bone mineral 
density  and  vascular  function  in  middle-aged  people  living  with  HIV  vs.  ag  e-
matched and older controls. Braz J Infect Dis 2021;25:101654. https://doi.org/10. 
1016/j.bjid.2021.101654 

5. Arpadi SM, Shiau S, Strehlau R et al. Efavirenz is associated with higher bone 
mass in Sout h African children with HIV. AIDS 2016;30:2459-2467. https://doi. 
org/10.1097/QAD.0000000000001204 

6. Palchetti CZ, Szejnfeld VL, de Menezes Succi RC et al. Impaired bone mineral 
accrual in prepubertal HIV-infected children: a cohor t study. Braz J Infect Dis
2015;19:623-630. https://doi.org/10.1016/j.bjid.2015.08.010 

7. Puthanakit T, Siberry GK. Bone health in children and adolescents with perinatal 
HIV infection. J Int AIDS Soc 2013;16:18575. https://doi.org/10.7448/IAS.16.1. 
18575 

8. Manavalan JS, Arpadi S, Tharmarajah S et al. Abnormal bone acquisition with 
early-life HIV infection: role of immune activation and senescent o steogenic
precursors. J Bone Miner Res 2016;31:1988-1996. https://doi.org/10.1002/jbmr. 
2883 

9. Huang JS, Hughes MD, Riddler SA, Haubrich RH, AIDS Clinical Trials Group 
A5142 St udy T eam . Bone mineral density effects of randomized regimen and 
nucleoside reverse transcriptase inhibitor selection f rom ACTG A5142. HIV Clin
Trials 2013;14:224-234. https://doi.org/10.1310/hct1405-224 

10. Mulligan K, Glidden DV, Anderson PL et al. Effects of emtricitabine/tenofovir 
on bone mineral density in HIV-negative persons in a randomized, double-blind, 
placebo-controlled trial . Clin Infect Dis 2015;61:572-580. https://doi.org/10.1093 
/cid/civ324 

11. Giacomet V, Maruca K, Ambrosi A, Zuccotti GV, Mora S. A 10-year follow-up 
of bone mineral density in HIV-infected youths receiving tenofovir disoproxil 
fum arate. Int J Antimicrob Agents 2017;50:365-370. https://doi.org/10.1016/j. 
ijantimicag.2017.03.026 

12. Rauchenzauner M, Schmid A, Heinz-Erian P et al. Sex- and age-specific ref-
erence curves for serum markers of bone turnover in healthy children from 2 
mo nths to 18 years. J Clin Endocrinol Metab 2007;92:443-449. https://doi.org/10. 
1210/jc.2006-1706 

13. DiMeglio LA, Wang J, Siberry GK et al. Bone mineral density in children and 
adolescents with perinat al HIV infection. AIDS 2013;27:211-220. https://doi.org 
/10.1097/QAD.0b013e32835a9b80 

14. Sax PE, Wohl D, Yin MT et al. Tenofovir alafenamide versus tenofovir diso-
proxil fumarate, coformulated with elvitegravir, cobicistat, and emtricitabine, 
for initial treatment of HIV-1 infection: two randomised, double-blind, phase 3, 
no n-inferiority trials. Lancet 2015;385:2606-2615. https://doi.org/10.1016/S0140
-6736(15)60616-X 

15. Arribas JR, Thompson M, Sax PE et al. Randomized, double-blind comparison 
of tenofovir alafenamide (TAF) vs tenofovir disoproxil fumarate (TDF), each 
coformulated with elvitegravir, cobicistat, and emtricitabine (E/C/F) for initial 

HIV-1 treatment: week 144 results. J Acquir Immune Defic Syndr 2017;75:211-
218. https://doi.org/10.1097/QAI.0000000000001350 

16. Ogbuagu O, Ruane PJ, Podzamczer D et al. Long-term safety and efficacy of 
emtricitabine and tenofovir alafenamide vs emtricitabine and tenofovir diso-
proxil fumarate for HIV-1 pre-exposure prophylaxis: week 96 results from 
a randomis ed, double-blind, placebo-controlled, phase 3 trial. Lancet HIV
2021;8:e397-e407. https://doi.org/10.1016/S2352-3018(21)00071-0 

17. European AIDS Clinical Society. EACS Guidelines v12.0.  Available at: https:/ 
/www.eacsociety.org/media/guidelines-12.0.pdf. Accessed October 25, 2024.

18. Department of Health and Human Services. Guidelines for the Use of 
Antiretroviral Agents in Pediatric HIV Infection.  A  vailable at: https://clinicalinfo. 
hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines
-pediatric-arv.pdf. Accessed October 25, 2024.

19. WHO. Guidelines for the Prevention, Diagnosis, Care and Treatment for People 
with Chronic Hepatitis B I nfection. Available at: https://iris.who.int/bitstream 
/handle/10665/376353/9789240090903-eng.pdf?sequence=1. Accessed Novem-
ber 4, 2024.

20. O’Rourke J, Townsend CL, Milanzi E et al. Effectiveness and safety of tenofovir 
alafenamide in children and adolescents living with HIV: a syste matic review. J
Int AIDS Soc 2023;26:e26037. https://doi.org/10.1002/jia2.26037 

21. ClinicalTrials.gov. NCT02285114: Study to Evaluate Emtricitabine/Tenofovir 
Alafenamide (F/TAF) in Human Immunodeficiency Virus 1 (HIV-1) Infected 
Children and Adolescents Virologically Suppressed on a 2-Nucleoside/Nucleotide 
Reverse Transcriptase Inhibitor (2-NRTI )-Containing Regimen. Available at:
https://www.clinicaltrials.gov/study/NCT02285114. Accessed October 25,
2024.

22. ClinicalTrials.gov. NCT01854775: Study to Evaluate the Pharmacokinetics, Safety, 
and Antiviral Activity of the Elvitegravir/Cobicistat/Emtricitabine/Tenofovir 
Alafenamide (E/C/F/TAF) Single Tablet Regimen (STR) in HIV-1 Infected 
Antiretroviral Treatment-Naive Adolescents and Virologically Su ppressed
Children. Available at: https://www.clinicaltrials.gov/study/NCT01854775?term 
=NCT01854775&rank=1. Accessed October 25, 2024.

23. Gaur AH, Kizito H, Prasitsueubsai W et al. Safety, efficacy, and pharmacokinetics 
of a single-tablet regimen containing elvitegravir, cobicistat, emtricitabine, and 
tenofovir alafenamide in treatment-naive, HIV-infected adolescents: a single-
arm, open -label trial. Lancet HIV 2016;3:e561-e568. https://doi.org/10.1016 
/S2352-3018(16)30121-7 

24. Natukunda E, Gaur AH, Kosalaraksa P et al. Safety, efficacy, and pharma-
cokinetics of single-tablet elvitegravir, cobicistat, emtricitabine, and tenofovir 
alafenamide in virologically suppressed, HIV-infected children: a single-arm, 
op en-label trial. Lancet Child Adolesc Health 2017;1:27-34. https://doi.org/10. 
1016/S2352-4642(17)30009-3 

25. Faienza MF, Urbano F, Chiarito M, Lassandro G, Giordano P. Musculoskeletal 
health in children an d adolescents. Front Pediatr 2023;11:1226524. https://doi. 
org/10.3389/fped.2023.1226524 

26. Rukuni R, Rehman AM, Mukwasi-Kahari C et al. Effect of HIV infection on 
growth and bone density in peripubertal children in the era of antiretroviral 
therapy: a cross-sectio nal study in Zimbabwe. Lancet Child Adolesc Health
2021;5:569-581. https://doi.org/10.1016/S2352-4642(21)00133-4 

27. Fabusoro OK, Mejia LA. Nutrition in HIV-infected infants and children: current 
knowledge, existing challenges, and new dietary management opportunities. Adv 
Nut r 2021;12:1424-1437. https://doi.org/10.1093/advances/nmaa163 

28. Jesson J, Masson D, Adonon A et al. Prevalence of malnutrition among HIV-
infected children in central and west-African HIV-care programmes supported 
by the growing up programme in 2011: a cross-sectional study. BMC Infect Dis
2015;15:216. https://doi.org/10.1186/s12879-015-0952-6 

29. He L, Zhou P, Zhou X, Tian S, Han J, Zhai S. Evaluation of the clinical practice 
guidelines and consensuses on calcium and vitamin D supplementation in 
healthy children using the Appraisal of Guidelines for Research and Evaluation II 
instrument and Reporting Items f or Practice Guidelines in Healthcare statement.
Front Nutr 2022;9:984423. https://doi.org/10.3389/fnut.2022.984423 

30. Gusmao MBF, Oliveira VV, Santos N, Melo LC. Assessing bone mineral density 
in children and adolescents living with HIV and on treatment with tenofovir 
disoproxil fumarate: a systematic review. Rev Paul Pediatr 2023;42:e2023042.
https://doi.org/10.1590/1984-0462/2024/42/2023042 

31. Sax PE, Erlandson KM, Lake JE et al. Weight gain following initiation of 
antiretroviral therapy: risk factors in randomized comparative clinical tr ials. Clin
Infect Dis 2020;71:1379-1389. https://doi.org/10.1093/cid/ciz999 

32. Ramteke SM, Shiau S, Foca M et al. Patterns of growth, body composition, 
and lipid profiles in a South African cohort of human immunodeficiency virus-
infected and uninfected children: a cros s-sectional study. J Pediatric Infect Dis
Soc 2018;7:143-150. https://doi.org/10.1093/jpids/pix026 

33. Williams  PL,  Jesson  J.  Growth  and  pubertal  development  in  HIV-infected  ado-
lescents. Curr Opin HIV AIDS 2018;13:179-186. https://doi.org/10.1097/COH. 
0000000000000450

8 • Journal of the Pediatric Infectious Diseases Society, 2025, Vol. 14, No. 7

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/14/7/piaf062/8195511 by guest on 02 O

ctober 2025


 -1626 16050 a -1626 16050 a
 
mailto:DataSharing@gilead.com
mailto:DataSharing@gilead.com
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://data.unicef.org/topic/hivaids/global-regional-trends
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1371/journal.pone.0081355
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1007/s40121-018-0201-6
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1016/j.bjid.2021.101654
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1097/QAD.0000000000001204
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.1016/j.bjid.2015.08.010
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.7448/IAS.16.1.18575
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1002/jbmr.2883
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1310/hct1405-224
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1093/cid/civ324
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1016/j.ijantimicag.2017.03.026
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1097/QAD.0b013e32835a9b80
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1016/S0140-6736(15)60616-X
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1097/QAI.0000000000001350
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://doi.org/10.1016/S2352-3018(21)00071-0
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/pediatric-arv/guidelines-pediatric-arv.pdf
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/376353/9789240090903-eng.pdf?sequence=1
https://doi.org/10.1002/jia2.26037
https://doi.org/10.1002/jia2.26037
https://doi.org/10.1002/jia2.26037
https://doi.org/10.1002/jia2.26037
https://doi.org/10.1002/jia2.26037
https://doi.org/10.1002/jia2.26037
https://doi.org/10.1002/jia2.26037
https://doi.org/10.1002/jia2.26037
https://www.clinicaltrials.gov/study/NCT02285114
https://www.clinicaltrials.gov/study/NCT02285114
https://www.clinicaltrials.gov/study/NCT02285114
https://www.clinicaltrials.gov/study/NCT02285114
https://www.clinicaltrials.gov/study/NCT02285114
https://www.clinicaltrials.gov/study/NCT02285114
https://www.clinicaltrials.gov/study/NCT02285114
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://www.clinicaltrials.gov/study/NCT01854775?term=NCT01854775&rank=1
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-3018(16)30121-7
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.1016/S2352-4642(17)30009-3
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.3389/fped.2023.1226524
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1093/advances/nmaa163
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.3389/fnut.2022.984423
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1590/1984-0462/2024/42/2023042
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/cid/ciz999
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1093/jpids/pix026
https://doi.org/10.1097/COH.0000000000000450
https://doi.org/10.1097/COH.0000000000000450
https://doi.org/10.1097/COH.0000000000000450
https://doi.org/10.1097/COH.0000000000000450
https://doi.org/10.1097/COH.0000000000000450
https://doi.org/10.1097/COH.0000000000000450
https://doi.org/10.1097/COH.0000000000000450
https://doi.org/10.1097/COH.0000000000000450


34. Karpati AM, Rubin CH, Kieszak SM, Marcus M, Troiano RP. 
Stature and pubertal stage assessment in American boys: the 1988-
1994 Third National Health and Nutritio n Examination Survey. J
Adolesc Health 2002;30:205-212. https://doi.org/10.1016/S1054-139X(01) 
00320-2 

35. Wu T, Mendola P, Buck GM. Ethnic differences in the presence of secondary sex 
characteristics and menarche among US girls: the Third National Health and 
Nutrition Examination Surv ey, 1988-1994. Pediatrics 2002;110:752-757. https:/ 
/doi.org/10.1542/peds.110.4.752 

36. NCD Risk Factor Collaborat ion. Height and body-mass index trajectories of 
school-aged children and adolescents from 1985 to 2019 in 200 countries 
and territories: a pooled analysis of 2181 population-based st udies with 65
million participants. Lancet 2020;396:1511-1524. https://doi.org/10.1016/S0140
-6736(20)31859-6 

37. Gomez-Campos R, Andruske CL, Arruda M, Urra Albornoz C, Cossio-Bolanos 
M. Proposed equations and reference values for calculating bone health in 

children and adolesc ent based on age and sex. PLoS One 2017;12:e0181918. https: 
//doi.org/10.1371/journal.pone.0181918 

38. Zemel BS, Kalkwarf HJ, Gilsanz V et al. Revised reference curves for bone 
mineral content and areal bone mineral density according to age and sex for black 
and non-black children: results of the bone mineral density in childhood study. J 
C lin Endocrinol Metab 2011;96:3160-3169. https://doi.org/10.1210/jc.2011-1111 

39. Tuchman S, Thayu M, Shults J, Zemel BS, Burnham JM, Leonard MB. Interpre-
tation of biomarkers of bone metabolism in children: impact of growth velocity 
and  body  size  in  healthy  c  hildren and chronic disease. J Pediatr 2008;153:484-
490.e2. https://doi.org/10.1016/j.jpeds.2008.04.028 

40. Alonso N, Zelzer S, Eibinger G, Herrmann M. Vitamin D metabolites: analytical 
challenges and clinical relevance. Calcif Tissue Int 2023;112:158-177. https://doi. 
org/10.1007/s00223-022-00961-5 

41. Noel SE, Santos MP, Wright NC. Racial and ethnic disparities in bone health and 
outcomes in the United States. J  Bone  M  iner Res 2021;36:1881-1905. https://doi. 
org/10.1002/jbmr.4417

Journal of the Pediatric Infectious Diseases Society, 2025, Vol. 14, No. 7 • 9

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/14/7/piaf062/8195511 by guest on 02 O

ctober 2025

https://doi.org/10.1016/S1054-139X(01)00320-2
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1542/peds.110.4.752
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1016/S0140-6736(20)31859-6
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1371/journal.pone.0181918
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1210/jc.2011-1111
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1016/j.jpeds.2008.04.028
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1007/s00223-022-00961-5
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.1002/jbmr.4417

	 Longitudinal Evaluation of Bone Safety in Children and Adolescents With HIV-1 Starting Tenofovir Alafenamide-Containing Antiretroviral Therapy
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	Acknowledgments
	Author contributions
	Supplementary material
	Funding
	Conflicts of interest
	Data availability
	REFERENCES


