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Human immunodeficiency virus–seronegative men aged 
15–22  years who lost bone mineral density (BMD) during 
tenofovir disoproxil fumarate/emtricitabine preexposure pro-
phylaxis (PrEP) showed BMD recovery 48 weeks following PrEP 
discontinuation. Lumbar spine and whole body BMD z-scores 
remained below baseline 48 weeks off PrEP in participants aged 
15–19 years.
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Preexposure prophylaxis (PrEP) with tenofovir disoproxil fu-
marate (TDF), alone or with emtricitabine (TDF/FTC), causes 
modest bone loss in human immunodeficiency virus (HIV)–
seronegative adult men who have sex with men (MSM) [1, 2], 
with the magnitude of loss related to adherence measured by 
drug exposure [2, 3]. TDF/FTC PrEP use in adolescents and 
young adult MSM (YMSM) raises concerns because bone 
growth continues into early adulthood [4]. Peak bone mass, 

typically achieved when in the mid-20s, predicts bone fractures 
in later life [5]. Drugs that decrease bone mass or limit bone 
growth during adolescence might increase fracture risk during 
adulthood.

In adult MSM, bone loss during TDF/FTC PrEP reverses 
with TDF/FTC discontinuation [6]. Our aim in this study was 
to determine whether bone loss reverses with discontinuation 
of PrEP in YMSM.

METHODS

Adolescent Medicine Trials Network for HIV/AIDS 
Interventions (ATN) Protocols 110 (ages 18–22 years) [7] and 
113 (ages 15–17 years) [8] were 48-week open-label studies of 
TDF/FTC PrEP in YMSM with HIV acquisition risk. Study 
designs were identical. After baseline testing, all participants 
were offered FTC/TDF (Truvada), 1 tablet by mouth daily 
for 48 weeks. Specimens to quantify red blood cell tenofovir 
diphosphate (TFV-DP) concentrations [9] were collected at 
each follow-up visit to measure adherence. The studies were 
approved by each participating center’s local institutional re-
view boards, and participants’ written consent was obtained 
prior to enrollment.

Exclusions and study procedures have been described else-
where [7, 8]. Assessments at baseline and each study visit in-
cluded serum creatinine and other chemistries. At baseline, 
weeks 24 and 48 bone mineral density (BMD) and bone min-
eral content (BMC) were measured using dual-energy X-ray 
absorptiometry (DXA) at lumbar spine (L1–L4; LS-BMD), 
total hip (HIP-BMD), and whole body BMD (WB-BMD) and 
whole body BMC (WB-BMC). Machine-generated z scores 
were used.

A preplanned extension phase (EPH) in participants who lost 
or failed to accrue bone and/or showed evidence of renal tox-
icity at 48 weeks of PrEP was designed to determine whether 
toxicity reversed following TDF/FTC discontinuation. Criteria 
for inclusion in EPH (“EPH-eligible”) were 1 or more of the fol-
lowing, present at week 48: for participants aged <20 years, no 
increase in WB-BMD, WB-BMC, or LS-BMD; for participants 
aged ≥20 years, ≥1% decrease in WB-BMD or BMD in the total 
hip, femoral neck, or spine; for all ages, decrease in BMD z score 
of ≥0.5 in total hip, femoral neck, or spine; confirmed ≥ grade 
1 serum creatinine, increase in serum creatinine ≥50% from 
baseline, estimated glomerular filtration rate <60 mL/min/1.73 
m2; or other grade ≥2 nephrotoxicity. Participants who met ≥1 
criterion were to immediately enter the EPH when week 48 data 
were available, after which DXA and laboratory assessments 
were performed 24 (EPH1) and 48 (EPH2) weeks after discon-
tinuation of study-provided PrEP.
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This analysis pools results from ATN 110 and 113. Continuous 
variables are presented as the mean ± standard deviation. We 
compared baseline characteristics between EPH-eligible and 
non–EPH-eligible participants. In EPH-eligible participants, 
we compared variables by age groups reflecting biology of bone 
development and to balance group size: age 15–19 years, with 
rapid accrual of bone [4], and age 20–22 years, when bone ac-
crual slows. BMD changes were analyzed as percent change for 
BMD and absolute change for BMD z score. P values were cal-
culated using independent t tests and χ 2 tests for differences in 
baseline characteristics, paired t tests for change between time 
points, and independent t tests for longitudinal changes by 
age group.

We report change in BMD and BMD z score from baseline 
to week 48 (TDF/FTC effect), week 48 to EPH2 (recovery after 
stopping TDF/FTC), and baseline to EPH2 (overall change).

RESULTS

Overall, 278 participants were enrolled (Supplementary Figure 
1). Bone changes during PrEP have been reported elsewhere 
[7, 8]. EPH eligibility was assessed in 179 participants who 
completed the week 48 visit with DXA and 120 (67%) who 
met ≥1 EPH criterion (119 bone, 1 renal). Twelve EPH-eligible 
participants discontinued before EPH data were collected. 
Seventeen continued PrEP through other medical providers 
(analyzed separately). Ninety-one participants who remained 
HIV-seronegative with ≥1 EPH visit and no further PrEP use 
are the basis of this report. There were no differences in age, 
race/ethnicity, or body mass index among these 91 participants 
compared to those EPH-eligible participants who discontinued 
the study or continued PrEP.

Five participants with HIV seroconversion during EPH were 
excluded after the last seronegative test. The participant who 
met renal toxicity criteria had a serum creatinine increase >50% 
from baseline and returned to baseline during EPH, always 
within the normal range.

Baseline Characteristics of EPH-eligible Participants

Compared to those who did not meet EPH criteria, EPH-eligible 
participants were older, with higher WB-BMD and WB-BMC. 
In the EPH-eligible group, the average week 48 TFV-DP 
concentrations were higher, and a greater proportion of EPH-
eligible participants had TFV-DP ≥700  fmol/punch, consistent 
with ≥4 doses per week on average [10] (Supplementary Table 1).

BMD Changes With Time

LS-BMD, HIP-BMD, and WB-BMD declined by PrEP week 
24, rebounded to baseline by PrEP week 48 (LS-BMD and 
WB-BMD), increased following PrEP discontinuation, and 
were at (HIP-BMD and WB-BMD) or above (LS-BMD) base-
line by EPH2 (Table 1; Supplementary Figure 2A).

The z scores for spine, hip, and whole body BMD 
(LS-BMD-Z, HIP-BMD-Z, WB-BMD-Z) declined by PrEP 
week 24, remained below baseline throughout PrEP, and were 
below (LS-BMD-Z and WB-BMD-Z) or at (HIP-BMD-Z) base-
line after PrEP was stopped (Table 1, Supplementary Figure 2B).

LS-BMD-Z and WB-BMD-Z declined more during PrEP 
in participants aged 15–19  years compared to those aged 
20–22  years and stayed below baseline after PrEP discontin-
uation in the younger but not the older age group (Table 1, 
Supplementary Figure 2C). HIP-BMD-Z had a similar pattern; 
however, by EPH2, there was no difference in HIP-BMD-Z be-
tween age groups (Table 1). LS-BMD and HIP-BMD percent 
change during PrEP and EPH did not differ significantly by age 
group (data not shown).

The 17 participants who continued PrEP after the initial 
48 weeks of study had progressive decline in LS-BMD-Z and 
HIP-BMD-Z during EPH, remaining below baseline at EPH2 
(Table 1).

DISCUSSION

In this study, we showed that YMSM with bone loss during 48 
weeks of PrEP had partial or full BMD improvement during 48 
weeks after PrEP discontinuation. However, LS-BMD-Z and 
WB-BMD-Z stayed below baseline for the duration of follow-up, 
driven by larger declines in participants aged 15–19 years.

Consideration of z scores, which standardize BMD for age, 
race, and sex, is most important during adolescence when BMD 
variability increases [4]. z scores are stable over at least 3 years 
during periods of rapid bone accrual [11]. Persistent z score de-
cline after stopping PrEP, especially in younger participants, is a 
concerning finding of this analysis.

We found variability in BMD recovery between hip and 
spine, with persistent bone loss in spine but not hip after stop-
ping PrEP. Other studies have shown variability in BMD re-
covery after PrEP. African women who are not living with HIV 
showed spine and hip BMD improvement by week 48 after stop-
ping PrEP [12]. In adult MSM, spine BMD returned to baseline 
but hip BMD remained below baseline at 24 weeks off PrEP [6], 
although participants aged <25 years had rebound in both spine 
and hip BMD by 48 weeks off PrEP [6]. The younger age of our 
participants with the most sustained BMD z score decline may 
contribute to observed differences, although exact reasons for 
the variability remain unclear.

LS-BMD-Z remained below baseline after 48 weeks without 
PrEP, while HIP-BMD-Z returned to baseline. Low LS-BMD-Z 
has been noted in high-risk, HIV-seronegative YMSM 
even without TDF use [1, 13, 14]. Suggested causes for low 
LS-BMD-Z in this population include vitamin D deficiency/
insufficiency [1], amphetamine or inhalant use [1], and being 
underweight [15].
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We analyzed an ATN 110/113 participant subset with po-
tential drug toxicity. These results may not apply to all YMSM 
taking TDF/FTC for PrEP. BMD changes were not compared to 
a control group but rather with population-standardized norms 
(z scores), perhaps limiting the precision of our comparisons. 
The small number of participants aged 15–19 years suggests the 
need for more studies in that age group.

Participants who were EPH-eligible at week 48 had higher 
baseline WB-BMD and WB-BMC than those not EPH-eligible. 
EPH-eligible participants also had higher week 48 drug expo-
sure. Prior reports showed TDF exposure–associated BMD de-
cline in HIV-seronegative MSM [1–3, 7, 8] and women [12]. 
This suggests that inclusion in this extension phase study is not 
a statistical effect of reversion to the mean but rather a reflection 
of drug effect on BMD.

Vitamin D deficiency was associated with bone toxicity in 
a subgroup of study participants [16]. High vitamin D3 doses 
(2000 or 4000 IU daily or 50 000 IU monthly) can reverse [17, 
18] or mitigate [19] TDF-associated bone loss in persons living 
with HIV [17, 18] and improve bone turnover markers during 
PrEP [20]. Further vitamin D supplementation studies during 
TDF-containing PrEP may be warranted.

The clinical significance of TDF-associated bone loss in 
YMSM who use PrEP is unclear. In adults living with HIV, 
some reports show increased TDF-associated fracture rates 
[21], while others find no association [22]. Higher fracture risk 
is associated with the concomitant medications cobicistat [23] 
or lopinavir/ritonavir [21], drugs that are not used in PrEP. 
A  meta-analysis of randomized studies of TDF/FTC PrEP 
showed no TDF-associated fracture rate increase [24], but fol-
low-up of 4 months to 4 years was too short to provide defini-
tive conclusions.

CONCLUSIONS

LS-BMD-Z and WB-BMD-Z remained below baseline 48 
weeks off PrEP in participants aged 15–19 years. While bone 
toxicity risk is counterbalanced by HIV acquisition protection, 
there is continued need for strategies to mitigate bone loss in 
at-risk YMSM during adolescence and early adulthood when 
bone mass should be accruing.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
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