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Background. Children and adolescents with perinatal human immunodeficiency virus (HIV) infection and with low bone min-
eral density (BMD) may be at higher risk of osteoporosis and fractures in later life than their uninfected peers. Bisphosphonate 
therapy has been shown to reduce fractures in adults with osteoporosis, but has not been formally studied in youths living with HIV.

Methods. Fifty-two children and adolescents (aged 11–24 years) perinatally infected with HIV with low lumbar spine (LS) BMD 
(Z score < −1.5) were randomized to receive once-weekly alendronate or placebo in a double-blind cross-over study designed to as-
sess the safety and efficacy of 48 and 96 weeks of alendronate in the United States and Brazil. All participants received daily calcium 
carbonate and vitamin D supplementation and were asked to engage in regular weight-bearing exercise. Safety and efficacy are sum-
marized for the initial 48 weeks of the trial.

Results. Grade 3 or higher abnormal laboratory values, signs, or symptoms developed in 5 of 32 (16%) participants on alendronate 
and 2 of 18 (11%) on placebo (P > .99). No cases of jaw osteonecrosis, atrial fibrillation, or nonhealing fractures were reported. Mean 
increases (95% confidence interval) in LS BMD over 48 weeks were significantly larger on alendronate (20% [14%–25%]) than pla-
cebo (7% [5%–9%]) (P < .001). Similar improvements were seen for whole body BMD.

Conclusions. In this small study in children and adolescents perinatally infected with HIV with low LS BMD, 48 weeks of 
alendronate was well-tolerated, showed no safety concerns, and significantly improved LS and whole body BMD compared to parti-
cipants on vitamin D/calcium supplementation and exercise alone.

clinical Trials Registration. NCT00921557.
Keywords. HIV infection; children; low bone mineral density; alendronate.

Children and adolescents perinatally infected with human 
immunodeficiency virus (HIV) may have lower bone min-
eral density (BMD) compared to their uninfected peers [1, 2], 
which may in part be explained by poorer linear growth [3]. 
However, low BMD is also linked to antiretroviral therapy 
(ART) itself, particularly if the regimen contains tenofovir 

disoproxil fumarate (TDF) and/or protease inhibitors [4, 5]. 
Other factors that adversely impact bone health are common 
in children perinatally infected with HIV, including vitamin D 
insufficiency [6], delayed puberty [7], body composition ab-
normalities [8], and concomitant medications (corticosteroids, 
medroxyprogesterone) [9, 10]. Improving bone mineral accrual 
in children and adolescents living with HIV may decrease the 
risk of fracture later in life.

In adults with osteopenia or osteoporosis, bisphosphonate 
therapy can improve BMD, slow BMD loss, and reduce the risk 
of fractures. Use of bisphosphonates in children has mostly 
been limited to children with osteogenesis imperfecta, cere-
bral palsy, and other conditions that cause bone fragility [11]. 
Bisphosphonates have been effective in preventing or reversing 
BMD loss in ART-treated adults with HIV infection [12, 13], 

[AU: Per instructions from the editorial office, we have used “person-first” language in the article title (ie, 
avoiding the usage “HIV-infected children”). Please review changes to ensure your intended meaning has been reflected.]
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but they have not been well-studied in youths living with 
HIV. Bisphosphonates such as alendronate are incorporated 
into bone and result in reduced bone resorption. The effect of 
bisphosphonates may differ (exaggerated or attenuated) in juve-
nile bone, which has much greater bone turnover compared to 
adult bone. The effects may also differ in youths living with per-
inatal HIV because of chronic inflammation and long-term ex-
posure to ART. The purpose of this trial was to evaluate the safety 
of alendronate, an oral bisphosphonate, and its effect on BMD in 
children and adolescents with HIV infection and low BMD.

METHODS

Study Design

The International Maternal Pediatric Adolescent AIDS Clinical 
Trials (IMPAACT) P1076 study (ClinicalTrials.gov identifier 
NCT00921557) was a randomized, placebo-controlled, dou-
ble-blind, cross-over study designed to assess the safety and 
efficacy of 48 and 96 weeks of alendronate (Merck and Co, 
Rahway, New Jersey) in children and adolescents living with 
HIV. Inclusion criteria were 11–24 years of age, HIV acquisition 
before puberty, on the same ART regimen for ≥12 weeks (or not 
on ART for ≥12 weeks), and either a lumbar spine (LS) BMD 
Z score < −1.5 or history of fragility fracture within 12 months 
of study entry (baseline). Participants who were receiving TDF 
or medroxyprogesterone (both of which have been linked to 
decreases in BMD, particularly in the first months after initi-
ation) must have been taking the drug for at least 6  months. 
Participants were not eligible if they had a 25-hydroxyvitamin 
D (25-OHD) concentration <10 ng/mL in combination with el-
evated intact parathyroid hormone.

The study was designed to achieve 80% power to detect a 
difference between alendronate and placebo of 3.6% in per-
centage change from baseline to week 48 in LS BMD, based on 
a standard deviation (SD) of 4%. Target enrollment was 51, with 
equal proportions randomized to 3 groups: (1) group A/A, 96 
weeks of once-weekly oral alendronate (70 mg if >30 kg or 35 mg 
if ≤30 kg); (2) group A/P, alendronate for 48 weeks followed by 
placebo for 48 weeks; and (3) group P/A, placebo for 48 weeks 
followed by alendronate for 48 weeks. All participants received 
co-formulated calcium carbonate (600 mg) and vitamin D (400 
IU) either once (if 25-OHD concentrations ≥20  ng/mL) or 
twice daily for those with 25-OHD concentration <20 ng/mL. 
All participants were asked to perform 60 minutes of weight-
bearing exercise each day. After 96 weeks on study, participants 
were taken off study treatment (but continued on vitamin D/
calcium), unblinded, and followed for an additional 48 weeks. 
Study-mandated reasons for discontinuing study treatment in-
cluded an LS BMD Z score improving to >1.0, an unacceptable 
study drug-related toxicity, nonadherence with study drug, 
pregnancy, or having 25-OHD concentrations <10  ng/mL for 
>8 weeks.

Study Evaluations

Study visits were scheduled every 12 weeks, with telephone con-
tact visits at 1, 4, 28, 49, 52, 76, and 100 weeks. Signs, symptoms, 
and diagnoses were collected at each study visit. Complete blood 
count, serum chemistries, and BMD of the LS and whole body 
(WB) with and less head were assessed at entry, every 24 weeks 
to week 96 and at week 144. LS and WB BMD were measured 
using dual-energy X-ray absorptiometry (DXA) on Hologic ma-
chines (models QDR4500A, QDR4500W, or Delphi A, Hologic, 
Bedford, Massachusetts). Analyses were based on results read in 
a standardized manner at the Tufts Body Composition Analysis 
Center at Tufts University School of Medicine. Age-, sex-, and 
race-adjusted Z scores were calculated from a variety of sources 
that covered the age range in P1076 [14–17]; Z scores were not 
available for WB BMD less head. Bone age was determined lo-
cally from a radiograph of the wrist unless the participant had 
reached the limit of maturity standards for bone age [18].

Statistical Methods

This manuscript summarizes the initial 48 weeks of follow-up 
on study and addresses the study’s primary objectives. Results 
are presented for participants on alendronate (groups A/A and 
A/P combined) and placebo (group P/A). Statistical signifi-
cance was reported as nominal 2-sided P values unadjusted for 
interim analyses and multiple comparisons. In general, statis-
tical tests with P  <  .05 were highlighted in the text. Analyses 
were done in SAS version 9.4.

Safety and efficacy analyses were modified intent-to-treat, 
including all participants who started study treatment. The 
primary safety outcome was any new or worsening grade 3 
or higher laboratory values, signs, symptoms, or new cases 
of jaw osteonecrosis (JON), atrial fibrillation, or nonhealing 
fractures. Signs, symptoms, diagnoses, and laboratory values 
were graded using the Division of AIDS Table for Grading the 
Severity of Adult and Pediatric Adverse Events, version 1.0 [19]. 
Proportions of participants experiencing (1) a primary safety 
outcome, (2) new events grade 3 or higher, (3) new events 
grade 2 or higher, and (4) any events possibly/probably/defi-
nitely related to study treatment (as assessed at the site or by 
the protocol team) were presented by treatment with exact 95% 
confidence intervals (CIs). Differences in proportions between 
the 2 treatment groups were reported and treatments compared 
using Fisher exact test.

The primary efficacy outcome was percentage change in LS 
BMD from baseline to week 48. Secondary outcomes were per-
centage change in WB BMD and absolute changes in LS and 
WB BMD Z scores to week 48. Changes in all efficacy out-
comes from baseline (percentage change in BMD and absolute 
change in Z scores) were summarized and compared within 
and between groups using paired and unpaired t tests, respec-
tively, after reviewing distributional assumptions. Within-
group changes need to be interpreted with caution as with no 
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intervention, BMD should increase over time as participants 
were still growing, whereas age-adjusted Z scores should re-
main stable.

Other factors including ethnicity, sex, entry age, Tanner stage, 
bone age, TDF use, serum 25-OHD concentrations, nadir CD4+ 
T-lymphocyte (CD4) count (cells/μL), and height Z score were 
identified by the protocol team as potential effect modifiers of 
the association of treatment with the BMD outcomes. We did 
not include effect modification by baseline BMD because it is 
correlated with percentage change in BMD. Acknowledging the 
small sample size and lower power to detect other than large ef-
fects, to assess effect modification, a slope (representing average 
change in outcome over 48 weeks) was fit to each participant’s 
(1) percentage change (for BMD) or (2) change (for Z scores) 
from entry including weeks 0, 24, and 48. Linear regression 
models were fit for each outcome and each covariate, including 
main effects for treatment and the covariate, and an interac-
tion term for treatment by the covariate. Statistically significant 
interactions would indicate different treatment effects across 
levels of the covariate. In models with no significant interaction 
(P > .10), the treatment difference was assessed adjusted for the 
covariate.

RESULTS

Baseline Characteristics

Fifty-two participants enrolled at 10 sites (2 in Brazil and 8 in 
the United States) between November 2009 and March 2014 
(Figure 1). Two participants randomized to alendronate never 
started treatment because although their screening LS BMD Z 
score was < −1.5, their entry value was > −1.5. Analyses only 
include the 50 participants who started treatment.

At baseline, most enrollees were male (68%), with a median 
age of 16 years (range, 11–23 years) (Table 1). The route of HIV 
infections was breastfeeding for 1 participant and perinatal in-
fection for the rest. Nine participants had a history of traumatic 
bone fractures, but none had history of nontraumatic (fragility) 
or nonhealing fractures. A  majority were Centers for Disease 
Control and Prevention disease category C/3 (76%), with a 
higher proportion with more advanced HIV disease in the 
alendronate group (91% vs 50% on placebo) and most had HIV 
type 1 (HIV-1) RNA levels <400 copies/mL (82%). Six partici-
pants had serum 25-OHD concentrations <20 ng/mL. Baseline 
BMD levels by age are summarized in Supplementary Table 1.

Twenty-three (46%) participants were receiving TDF and 
40 (80%) were receiving protease inhibitors. This was a heavily 
HIV-treated population: 1 participant was not on ART, 1 was 
on nucleoside reverse transcriptase inhibitors only, and the rest 
were on between 2 and 4 classes of ARTs (Supplementary Table 
2). No females were receiving medroxyprogesterone, and 1 par-
ticipant was receiving long-term oral corticosteroids at entry.

Treatment and Study Status

The 1 participant on alendronate who did not complete the 48 
weeks on study treatment stopped alendronate temporarily at 
week 24 because of grade 1 tooth pain and was taken off study 
treatment permanently because of poor compliance with study 
visits (Figure 1). One participant on alendronate missed 5 doses 
and 1 participant was found not to have taken study drug during 
the last 24 weeks, both a result of nonadherence. One partici-
pant on placebo missed 1 dose and 1 other missed 3 doses, both 
due to tooth pain. All 50 participants completed the 48 weeks of 
follow-up. Over 48 weeks, at least half of each treatment group 

Not enrolled: (n = 23) *
LS BMD Z > -1.5: 11 Dental issues: 7
Changed ARVs/Depo use:     2   Nonadherence to ARVs:  1
Problems with lab results:    2    Anemia:                               1
HIV-1 RNA >10 000 cp/mL:    1  Recent surgery:                     1
Co-enrollment not allowed: 1              

Alendronate                                                     (n = 34)
Started Tx:                                                      (n = 32)
Did not start Rx (entry LS BMD Z > -1.5) : (n = 2)

Screened (n = 75)

Randomized (n = 52)

Completed 48 weeks on study Tx:                                             (n = 31)                                         
Completed 48 weeks but off  study Tx (adherence issues): ( n = 1)

Placebo          (n = 18)
Started Tx:  (n = 18)

Completed 48 weeks on study Tx:  (n = 18)

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram. *Multiple reasons possible. Abbreviations: ARVs, antiretrovirals; BMD, bone mineral density; 
cp, copies; HIV-1, human immunodeficiency virus type 1; LS, lumbar spine; Tx, treatment.
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reported exercising at least 2–3 times/week and took at least 
80% of the supplements (pill count).

Safety

Five of 32 (16%) participants experienced 1 primary safety 
event in the alendronate group (1 grade 3 abdominal pain, 2 
grade 3 bilirubin elevation, 1 grade 3 low phosphorus, and 1 
grade 4 low platelet count) compared to 2 of 18 (11%) in the pla-
cebo group (1 grade 3 bilirubin elevation and 1 participant with 
multiple primary safety outcomes [grade 3 weight loss, chest 
pain, and pain and difficulty swallowing]) (Table 2; P  >  .99). 
There were no cases of JON, atrial fibrillation, or nonhealing 
fractures. All events were judged by the Core Protocol Team 
and site personnel to be not related to study treatment with the 
exception of the grade 3 low phosphorus, which was judged to 
be probably not related. There were no statistically significant 
differences between participants on alendronate compared to 
those on placebo during the first 48 weeks on study in rates of 
any safety outcomes (Table 2).

There was no evidence of HIV disease progression in either 
treatment group during the first 48 weeks of follow-up and no 
statistically significant changes from baseline in CD4 cell count 
or CD4 percentage within treatment groups (or differences be-
tween groups), and the percentage of participants with HIV-1 
RNA ≤400 copies/mL did not change from entry.

Efficacy

Percentage changes from baseline to weeks 24 and 48 are sum-
marized for all LS and WB outcomes in Table 3 and illustrated 
in Figure 2. For the primary outcome of percentage change 
from baseline in LS BMD, there were statistically significant 
increases from baseline to weeks 24 and 48 in both treatment 
groups, but the alendronate group increased significantly more 
than the placebo group at both time points (P < .001). Mean in-
creases in LS BMD in the alendronate group were 14% (95% CI, 
11%–18%) to week 24 and 20% (95% CI, 14%–25%) to week 48. 
In the placebo group, these increases were 4% (95% CI, 2%–6%) 
and 7% (95% CI, 5%–9%) to weeks 24 and 48, respectively. 
Average treatment difference (alendronate minus placebo) in 
percentage change in LS BMD to week 24 was 10% (95% CI, 
6%–14%) and to week 48 was 13% (95% CI, 7%–19%). A sim-
ilar pattern was seen for LS BMD Z scores, with larger increases 
in the alendronate group than in the placebo group to both time 
points (P < .001). Mean increases in the alendronate group to 
week 48 were 0.90 SD (95% CI, .63–1.17; P < .001) compared to 
0.17 SD (95% CI, −.02 to .35; P = .07) in the placebo group, with 
average treatment differences of 0.73 SD (95% CI, .41–1.05) to 
week 48. By week 48, 48% in the alendronate group and 6% in 
the placebo group had achieved LS Z scores > −1.5.

WB BMD with head and less head and WB BMD Z scores 
also increased significantly more on alendronate than the pla-
cebo arm. Average treatment differences in percentage change 

Table 1. Baseline Characteristics

Characteristic

Treatment

Alendronate (n = 32) Placebo (n = 18)

Country   

 United States 14 (44) 7 (39)

 Brazil 18 (56) 11 (61)

Sex   

 Male 21 (66) 13 (72)

 Female 11 (34) 5 (28)

Race/ethnicity   

 White non-Latino/Latina 6 (19) 1 (6)

 Black non-Latino/Latina 6 (19) 1 (6)

 Latino/Latina (regardless of race) 20 (63) 16 (89)

Age, y   

 Median (Min, Max) 16.1 (11.1, 23.4) 16.3 (11.2, 22.4)

 11–14 11 (34) 6 (33)

 15–18 15 (47) 8 (44)

 ≥19 6 (19) 4 (22)

Tanner stage   

 1 1 (3) 2 (11)

 2 5 (16) 2 (11)

 3 6 (19) 2 (11)

 4 9 (28) 6 (33)

 5 11 (34) 6 (33)

Smoker at entry   

 Yes 2 (6) 1 (6)

 No 30 (94) 17 (94)

CDC disease category   

 A/1 1 (3) 3 (17)

 B/2 2 (6) 6 (33)

 C/3 29 (91) 9 (50)

CD4 count, cells/μL   

 Median (Q1, Q3) 692.5 (542.5, 776.5) 875.5 (599.0, 
1152.0)

 200–499 6 (19) 2 (11)

 500–999 20 (63) 10 (56)

 ≥1000 6 (19) 6 (33)

HIV-1 RNA, copies/mL   

 <400 26 (81) 15 (83)

 ≥400 6 (19) 3 (17)

On tenofovir   

 No 18 (56) 9 (50)

 Yes 14 (44) 9 (50)

Lumbar spine BMD, g/m2   

 No. 32 18

 Median (Q1, Q3) 0.7 (0.6, 0.8) 0.7 (0.6, 0.8)

Lumbar spine BMD Z score   

 No. 32 18

 Median (Q1, Q3) −2.4 (−3.1, −1.9) −2.5 (−3.6, −2.0)

Whole body BMD with head, g/m2   

 No. 30 16

 Median (Q1, Q3) 0.9 (0.8, 1.0) 0.9 (0.8, 0.9)

Whole body BMD less head, g/m2   

 No. 30 16

 Median (Q1, Q3) 0.8 (0.7, 0.9) 0.8 (0.7, 0.8)

Whole body BMD with head Z score   

 No. 30 16

 Median (Q1, Q3) −2.6 (−3.3, −1.9) −2.5 (−3.9, −1.7)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: BMD, bone mineral density; CDC, Centers for Disease Control and 
Prevention; HIV-1, human immunodeficiency virus type 1 Q1, first quartile; Q3, third 
quartile. 
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from baseline to week 48 were 4% (95% CI, 0%–8%) for WB less 
head (P = .037) and 6% (95% CI, 2%–10%) for WB with head 
(P = .004). Average treatment differences in changes in Z scores 
for WB with head were 0.64 SD (95% CI, .29–.98; P < .001).

Efficacy–Effect Modification

In this exploratory analysis with limited power to detect other 
than large differences, there was no evidence of effect modi-
fication of treatment on average change in BMD outcomes 
over 48 weeks by sex, ethnicity (Latina/Latino), baseline TDF 

use, vitamin D concentration (<30 or ≥30  ng/mL), or nadir 
CD4 count (<200, 200–499, ≥500 cells/μL). Age (<15, 15–18, 
≥19 years), Tanner stage (1–3 or 4–5), and bone age (contin-
uous) were correlated and showed similar patterns. Results are 
summarized for age in Supplementary Table 3. Among younger 
participants, alendronate had larger predicted mean improve-
ments compared to placebo in LS BMD and LS Z scores than 
among older participants. Predicted mean increases in LS BMD 
over 1 year for alendronate compared to placebo in participants 
11–14  years of age at entry were 27% (95% CI, 16%–37%), 

Table 2. Number of Participants Experiencing at Least 1 Safety Event

 Toxicities P Valuea Treatment ParticipantsWith Events, No. Total

% With Event Alendronate – Placebo

% (95% CI) % (95% CI)

Primary safety events > .99 Alendronate 5 32 15.6 (5.3–32.8) 4.5 (−24.2 to 33.0)

  Placebo 2 18 11.1 (1.4–34.7) … …

New events grade 3 or higher > .99 Alendronate 5 32 15.6 (5.3–32.8) 4.5 (−24.2 to 33.0)

  Placebo 2 18 11.1 (1.4–34.7) … …

New events grade 2 or higher .77 Alendronate 15 32 46.9 (29.1–65.3) 8.0 (−21.2 to 35.9)

  Placebo 7 18 38.9 (17.3–64.3) … …

Any possibly/probably/definitely related .54 Alendronate 3 32 9.4 (2.0–25.0) 9.4 (−19.5 to 37.4)

  Placebo 0 18 0.0 (.0–18.5) … …

Abbreviation: CI, confidence interval.
aFisher exact P value.

Table 3. Lumbar Spine and Whole Body Percentage Change in Bone Mineral Density and Change in Z Score From Baseline to Weeks 24 and 48

Location and Outcome
Time  
Point

Alendronate – Placebo

Treatment No. Mean (95% CI)
Within-treatment  

P ValuebMean (95% CI)
Between-treatment  

P Valuea

Lumbar spine          

 % change BMD 24 10.00 (6.32–13.68) < .001 Alendronate 32 14.38 (11.14–17.62) < .001

    Placebo 18 4.38 (2.47–6.29) < .001

48 12.72 (6.83–18.60) < .001 Alendronate 31 19.64 (14.10–25.18) < .001

    Placebo 18 6.92 (4.71–9.14) < .001

 Change in Z score 24 0.60 (.36–.85) < .001 Alendronate 32 0.76 (.57–.95) < .001

    Placebo 18 0.16 (−.01 to .32) .07

48 0.73 (.41–1.05) < .001 Alendronate 31 0.90 (.63–1.17) < .001

    Placebo 18 0.17 (−.02 to .35) .07

Whole body less head          

 % change BMD 24 3.71 (1.30–6.12) .003 Alendronate 30 6.40 (4.41–8.39) < .001

    Placebo 16 2.69 (1.22–4.17) .001

48 4.20 (.27–8.13) .037 Alendronate 29 9.46 (6.10–12.82) < .001

    Placebo 16 5.26 (3.02–7.51) < .001

Whole body with head          

 % change BMD 24 5.11 (3.11–7.11) < .001 Alendronate 30 6.48 (5.04–7.93) < .001

    Placebo 16 1.38 (−.10 to 2.85) .07

48 6.05 (2.07–10.02) .004 Alendronate 29 11.01 (7.73–14.29) < .001

    Placebo 16 4.96 (2.52–7.41) < .001

 Change in Z score 24 0.54 (.36–.72) < .001 Alendronate 30 0.50 (.38–.62) < .001

    Placebo 16 −0.04 (−.18 to .10) .52

48 0.64 (.29–.98) < .001 Alendronate 29 0.82 (.53 −1.10) < .001

    Placebo 16 0.18 (−.03 to .39) .09

Abbreviations: BMD, bone mineral density; CI, confidence interval.
at test with unequal variances for treatment differences.
bt test for within-group change.
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compared to 6% (95% CI, –7% to 20%) in those aged ≥19 years 
at entry. LS Z scores showed a similar pattern, with younger par-
ticipants having larger predicted improvements on alendronate 
(1.47 [95% CI, .84–2.11]) relative to placebo than older parti-
cipants (0.31 [95% CI, −.50 to 1.11]). For WB outcomes, there 
was no evidence of effect modification by age.

DISCUSSION

In this small, randomized placebo-controlled trial, 48 weeks of 
alendronate treatment in children and adolescents living with 
HIV with low BMD resulted in no safety issues and in signif-
icantly greater improvements in LS and WB BMD and in LS 
and WB BMD Z scores compared to placebo. Alendronate has 
been safe and well-tolerated in clinical trials of alendronate in 
children and adolescents with other chronic diseases such as os-
teogenesis imperfecta [20], Duchenne muscular dystrophy [21], 
glucocorticoid-induced low bone mass [22, 23], cystic fibrosis 
[24], and fibrous dysplasia [25]. Alendronate was well-tolerated 
in all of these studies, with no reported serious adverse events. 
In 2 studies that reported side effects, mild gastrointestinal 

symptoms were the most common [21, 24]. In 1 study, nausea 
and vomiting resulted in discontinuation of alendronate [25], 
but no laboratory abnormalities were observed.

Prior studies of oral alendronate in children and adolescents 
living with HIV have been limited to reports of compassionate 
use in a small number of children; the drug was well-tolerated, 
with no adverse events observed [26, 27]. The results of this first 
published placebo-controlled clinical trial of the safety and effi-
cacy of alendronate in children and adolescents living with HIV 
are reassuring. Over the initial 48 weeks, we found no statisti-
cally significant difference in the proportion of participants ex-
periencing primary safety events between those randomized to 
alendronate compared to placebo; none of the events reported 
were deemed related to alendronate treatment. In 1 case, an ab-
normal phosphorus concentration in a participant receiving 
alendronate was judged to be probably not related to treatment. 
None of the participants developed new cases of JON, atrial fi-
brillation, or nonhealing fractures. In adults, bisphosphonates 
reduce the risk of hip, nonvertebral, and vertebral fractures, 
particularly in postmenopausal women, and are commonly 

Figure 2. Mean (95% confidence interval) change from baseline in lumbar spine and whole body bone mineral density (percentage change) and Z scores (change). 
Abbreviations: ALEN, alendronate; BMD, bone mineral density; PLAC, placebo.
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considered to be a first-line treatment [28]. The risk of JON is 
very low and has been mostly observed in adults who received 
high-dose intravenous bisphosphonate as supportive treatment 
during cancer therapy [29]. The risk of atrial fibrillation as a 
consequence of bisphosphonate treatment is low [30], as is the 
risk for atypical femoral fractures [31]. Similarly, no serious ad-
verse events were reported in a trial of alendronate in adults 
with HIV [12].

While participants randomized to alendronate had signifi-
cantly greater improvements in BMD compared to the placebo 
group, those randomized to placebo also experienced gains in 
BMD Z scores over the trial period. Vitamin D/calcium and 
regular strength-building exercises may have contributed to 
gains in BMD [32, 33], as age-adjusted Z scores should remain 
stable for children with no interventions as they grow.

In the current trial, alendronate produced greater BMD in-
creases in less mature (lower age, Tanner stage, or bone age) 
participants, suggesting that a targeted approach to intervention 
during critical periods of bone accrual may have the greatest 
impact. This is consistent with a placebo-controlled trial of vi-
tamin D supplementation in youths living with HIV, where vi-
tamin D was associated with greater BMD increases compared 
to placebo among the younger children, but not among partici-
pants of all ages [34]. The study size was not large enough for a 
thorough exploration of other potential effect modifiers.

Although this study was well-powered for the primary effi-
cacy outcome, it was a small study with limited ability to de-
tect less common safety outcomes. DXA measurements were 
used to determine areal BMD, which may underestimate bone 
size in children with smaller bones for age and sex. However, in 
this randomized study, the distribution of participants by bone 
size should be balanced across treatment group assignment and 
treatment differences should be unbiased. We conducted a sen-
sitivity analysis adjusting for height Z score to account for bone 
size, which did not change the results.

Earlier and better ART options may mean that low BMD is 
becoming less common in children and adolescents perina-
tally infected with HIV, decreasing the need for this interven-
tion. However for those who do develop bone fragility or low 
BMD, this study has demonstrated the efficacy of alendronate 
over 1 year, with no apparent safety concerns. Further analysis 
of the secondary objectives over 96 and 144 weeks of follow-up 
will inform durability of the beneficial alendronate effects. 
Although impact on fractures and peak bone mass is unknown, 
alendronate treatment decreases fracture risk in children with 
other chronic diseases affecting bone [35], and similar long-
term outcomes are anticipated in children and adolescents 
living with HIV.
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