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Abstract

Objectives

We set out to evaluate the effect of postnatal exposure to tenofovir-containing antiretroviral

therapy on bone mineral density among breastfeeding women living with HIV.

Design

IMPAACT P1084s is a sub-study of the PROMISE randomized trial conducted in four Afri-

can countries (ClinicalTrials.gov number NCT01066858).

Methods

IMPAACT P1084s enrolled eligible mother-infant pairs previously randomised in the PROM-

ISE trial at one week after delivery to receive either maternal antiretroviral therapy
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(Tenofovir disoproxil fumarate / Emtricitabine + Lopinavir/ritonavir–maternal TDF-ART) or

administer infant nevirapine, with no maternal antiretroviral therapy, to prevent breastmilk

HIV transmission. Maternal lumbar spine and hip bone mineral density were measured

using dual-energy x-ray absorptiometry (DXA) at postpartum weeks 1 and 74. We studied

the effect of the postpartum randomization on percent change in maternal bone mineral den-

sity in an intention-to-treat analysis with a t-test; mean and 95% confidence interval (95%CI)

are presented.

Results

Among 398/400 women included in this analysis, baseline age, body-mass index, CD4

count, mean bone mineral density and alcohol use were comparable between study arms.

On average, maternal lumbar spine bone mineral density declined significantly through

week 74 in the maternal TDF-ART compared to the infant nevirapine arm; mean difference

(95%CI) -2.86 (-4.03, -1.70) percentage points (p-value <0.001). Similarly, maternal hip

bone mineral density declined significantly more through week 74 in the maternal TDF-ART

compared to the infant nevirapine arm; mean difference -2.29% (-3.20, -1.39) (p-value

<0.001). Adjusting for covariates did not change the treatment effect.

Conclusions

Bone mineral density decline through week 74 postpartum was greater among breastfeed-

ing HIV-infected women randomized to receive maternal TDF-ART during breastfeeding

compared to those mothers whose infants received nevirapine prophylaxis.

Introduction

Bone mineral density (BMD) peaks in early adulthood after which it is lost gradually at a rate

of approximately 1% per year [1, 2]. Low BMD, either osteopenia (BMD Z- or T-scores

between -1 to -2.5) or osteoporosis (scores <-2.5), may result in low-trauma bone fractures;

and women are at increased risk for osteoporosis or osteopenia compared to men. Lifestyle

factors that increase this risk include lack of exercise, cigarette smoking, high alcohol intake,

and low intake of dietary calcium and vitamin D.

Some of these traditional lifestyle factors for low BMD occur in people living with HIV [3–

6]. However, both HIV infection itself and antiretroviral therapy (ART) are also associated

with an increased risk of low BMD [5, 7–13], and an accelerated BMD decline is seen in the

first year following immediate compared to deferred initiation of ART [12]. Tenofovir diso-

proxil fumarate (TDF) was implicated to have a relatively greater adverse impact on BMD

when compared to other antiretroviral drugs [14], although reduced BMD has been observed

with other agents [15, 16]. Low BMD was reported in children, adolescents and adults on teno-

fovir-containing ART (TDF-ART) [17] with possible improvement after regimen switch in

adults [18–20]. Significant BMD decline was also seen in adults without HIV receiving TDF-

based pre-exposure prophylaxis (PrEP) [21, 22] and treatment for chronic hepatitis B infection

[23, 24]. BMD loss with PrEP use occurred within months of initiation and then stabilized,

returning to baseline levels upon removal of the drug [21].

Female sex appears to be independently associated with low BMD among adults with HIV

on ART [25]. In women, BMD is also affected by reproductive hormones; there is a well-
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documented transient loss during pregnancy and lactation [1, 2, 26–28]. Despite the involve-

ment of regulatory homeostatic pathways, BMD decreases by about 3% during pregnancy [1,

2]. During the initial six months of lactation, there is a further 5%–6% decrease which gener-

ally resolves to pre-pregnancy levels within three months following cessation of breastfeeding

[29–31]. The rate of bone lost each year in pre-menopausal women enrolled in the US-based

Women’s Interagency HIV Study (WIHS) was approximately 0.4–0.8% and was not associated

with HIV infection status. However, long-term study of the aging WIHS cohort revealed that

women living with HIV bear a higher 10-year fracture incidence compared to uninfected

women (adjusted Hazard Ratio: 1.32, 95%CI: 1.04, 1.69) [32].

Breastfeeding beyond 12 months is standard for women in Sub-Saharan Africa, regardless

of HIV status. Potential effects of prolonged lactation and high parity on BMD and fracture

risk are not resolved [2, 27, 33–35]. Most populations studied to date were from developed

countries where parity is not high, breastfeeding is not prolonged and nutrition is generally

adequate [36]. Nabwire et al observed accentuated bone loss after 14 weeks of breastfeeding in

Ugandan women with HIV on life-long ART compared to women without HIV [37]. The ran-

domized design of the PROMISE study provided an ideal opportunity to further contribute

towards clarifying the relative role of ART in the observed bone loss among women living with

HIV. PROMISE participants were women with HIV infection and high CD4 counts in Sub-

Saharan Africa who did not meet country criteria for ART initiation at the time of the postpar-

tum randomization to take TDF-ART or no ART while breastfeeding. The IMPAACT P1084s

Bone and Kidney Health sub-study of PROMISE aimed to evaluate in a breastfeeding popula-

tion the effect of postpartum exposure to TDF-ART on change in maternal BMD from delivery

to 18 months, when BMD restitution following cessation was expected to have taken place.

The full protocol is available on the Network website https://www.impaactnetwork.org/

studies/p1084s

Materials and methods

Study population

The PROMISE trial enrolled 3747 pregnant women living with HIV along with their infants to

determine the optimal antiretroviral strategy to prevent perinatal and postpartum transmis-

sion of HIV from mother to child and preserve maternal health and infant survival in 15 coun-

tries across different health settings [38–41]. The PROMISE Antepartum randomization was

to open-label Zidovudine mono-drug prophylaxis or Zidovudine/Lamivudine/Lopinavir/rito-

navir ART (see S1 Fig–PROMISE study design).

The PROMISE Postpartum Component randomized healthy women with HIV and high

CD4 counts intending to breast feed and their uninfected, healthy infants weighing at least 2kg

one week after delivery to receive either open-label maternal ART (Tenofovir disoproxil fuma-

rate/Emtricitabine + Lopinavir/ritonavir–‘TDF-ART’) or administer infant nevirapine pro-

phylaxis without maternal ART (iNVP) throughout the period of breastfeeding to prevent

breastmilk transmission. At the time PROMISE was conducted, enrolled women did not meet

the criteria to initiate ART for their own health and life-long ART was not yet standard for

pregnant women. The Bone and Kidney Health sub-study offered postpartum co-enrolment

to a sub-set of women enrolled in PROMISE with no prior TDF exposure during pregnancy in

four African countries with capacity for BMD evaluation; Malawi, South Africa, Uganda and

Zimbabwe; with a target sample size of 400.

On July 6, 2015 PROMISE sites were notified that all participants should be offered ART

based on the results of the Strategic Timing of AntiRetroviral Treatment (START) study [42]

which demonstrated a significant benefit to beginning ART, including in patients with high
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CD4 counts. Analyses for P1084s are thus based on data collected at visits through the date of

notification.

Study procedures

After obtaining maternal consent, P1084s sub-study entry occurred immediately (same day)

after PROMISE Postpartum randomization on postpartum day 6–14. Participants were fol-

lowed at 6, 26 and 74 postpartum weeks. Data collected throughout follow-up included socio-

demographic information, medical history, HIV-related medical information including viral

load, ART adherence assessment, smoking status, alcohol intake status, physical activity level,

dietary intake, renal function, concomitant medications including contraceptive use and

breastfeeding status. The protocol did not specify nutritional supplements. Weight and height

measurements were conducted by trained study staff according to standardized measurement

guidance. Maternal participants randomized to iNVP (no ART) who subsequently met immu-

nological or clinical criteria to initiate ART for their own health were immediately started on

ART and remained in observational follow-up.

Bone mineral density assessment

Maternal BMD was measured at the lumbar spine and hip by dual-energy x-ray absorptiome-

try (DXA). The baseline measurement was scheduled at postpartum week one (day 5–21) and

repeated at postpartum week 74 (+/-6 weeks), unless the participant was pregnant. Standard-

ized procedures for obtaining the scan were followed to minimize differences between the

study sites–all scanners were Hologic models that were cross-calibrated with a phantom, each

technician underwent webinar training and quality review of their first scan, and DXA scans

were centrally analyzed at the University of California San Francisco Department of Radiology

and Biomedical Imaging. DXA operators and readers were blinded to study treatment

assignment.

Study oversight

The study was funded by the National Institutes of Health (ClinicalTrials.gov number

NCT01066858). Written informed consent was obtained from each sub-study participant.

Study conduct adhered to international guidelines, and the sub-study was approved by an

institutional review board or ethics committee at each site and corresponding collaborating

institutions in the United States.

Ethics committees and institutional review boards that approved this study include—

MUJHU/Kampala, Uganda: The Joint Clinical Research Centre (JCRC) IRB, the National

Drug Authority in Uganda and the Johns Hopkins Medical Institutions (JHMI) IRB in the U.

S.; Wits RHI Shandukani CRS and Soweto IMPAACT CRS, Johannesburg, South Africa: Uni-

versity of Witwatersrand Human Ethics Research Committee (Medical), Medicines Control

Council (South African Health Products Regulatory Authority in February 2018); FAM-CRU

CRS, Cape town, South Africa: Health Research Ethics Committee (HREC), Faculty of Health

Sciences, Stellenbosch University and Medicines Control Council (South African Health Prod-

ucts Regulatory Authority in February 2018); Durban Paediatric HIV CRS, Durban, South

Africa: University of KwaZulu-Natal (UKZN) Biomedical Research Ethics Committee, Medi-

cines Control Council (South African Health Products Regulatory Authority in February

2018);George CRS, Lusaka, Zambia: University of North Carolina (UNC) at Chapel Hill Bio-

medical IRB and University of Zambia Biomedical Research Ethics Committee (UNZABREC);

Harare, Seke North and St. Mary’s sites, Zimbabwe: Medical Research Council of Zimbabwe

(MRCZ), Research Council of Zimbabwe (RCZ), Medicine Control Authority of Zimbabwe
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(MCAZ), Joint Parirenyatwa group of Hospitals/University of Zimbabwe College of Health

Sciences Research Ethics Committee(JREC); Byramjee Jeejeebhoy Medical College (BJMC)

CRS, Pune, India: BJ Government College CTU Ethics Committee and Johns Hopkins IRB;

Blantyre, Malawi: College of Medicine Research and Ethics Committee (COMREC) in Malawi,

Pharmacy, Medicines and Poisons Board and Johns Hopkins Medical Institutions (JHMI) IRB

in the U.S.; Lilongwe, Malawi: National Health Sciences Research Committee (NHSRC) in

Malawi Pharmacy, Medicines and Poisons Board, and University of North Carolina, Chapel

Hill (UNC-CH) Office of Human Research Ethics IRB in the U.S and Kilimanjaro Christian

Medical Centre (KCMC), Moshi, Tanzania: Kilimanjaro Christian Medical College Ethics

Committee, National Health Research Ethics Committee and Tanzania Medicines and Medi-

cal Devices Authority.

Statistical analysis

The primary outcome measure was percent change in lumbar spine (LS) BMD assessed by

DXA between baseline and week 74. A secondary outcome measure was percent change in hip

BMD from baseline to week 74. Primary analyses were carried out by randomized assignment

for the mothers included in the analysis, as were secondary analyses on additional DXA out-

come measures. Selected subgroup and restricted/as-treated analyses were performed as sec-

ondary analyses. Percent change in maternal LS BMD and hip BMD were analyzed with

Student t-tests (two-sided) to compare the maternal TDF-ART and iNVP arms. The TDF-ART

versus iNVP effect was adjusted for covariates and effect modification by subgroups (interac-

tion tests) was assessed via linear regression. Covariates included at postpartum randomization

(baseline): age, weight, parity at PROMISE entry, HIV RNA level, country, and antepartum

randomization assignment. Additional comparisons applied Wilcoxon/Kruskal-Wallis test for

continuous data, and χ2/exact tests for categorical data, as appropriate. Analyses were per-

formed using SAS v9.4 (Cary, NC). Statistical significance was set at the 0.05 level, with no

adjustment for multiple comparisons.

The data cannot be made publicly available due to the ethical restrictions in the study’s

informed consent documents and in the International Maternal Pediatric Adolescent AIDS

Clinical Trials (IMPAACT) Network’s approved human subjects protection plan; public avail-

ability may compromise participant confidentiality. However, data are available to all inter-

ested researchers upon request to the IMPAACT Statistical and Data Management Centre’s

data access committee by email to sdac.data@fstrf.org or sdac.data@harvard.edu. This com-

mittee reviews and responds to requests for data, obtains necessary approvals from IMPAACT

leadership and the NIH, arranges for signature of a Data Use Agreement, and releases the

requested data.

Results

Study participants

Of 2431 mother-infant pairs randomized into the PROMISE Postpartum Component, 592

without prior TDF exposure were randomized at the four participating sites during the sub-

study enrolment period. Four hundred mother-infant pairs (202 and 198 pairs previously ran-

domized to TDF-ART and iNVP, respectively) co-enrolled (68%) into the postpartum P1084s

sub-study between August 2011 and October 2012 (Fig 1).

There were no eligibility violations. Per the P1084s protocol and analysis plan, the primary

analysis excluded two participants in the TDF-ART arm whose initial ART regimen after post-

partum randomization was not a TDF-containing regimen. Among the 398 mothers included

in the analysis, 374 (94%) completed the P1084s study follow-up. Twenty-two (6%) mothers
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discontinued the P1084s sub-study before completing the week 74 visit with 12 (6%) from the

maternal TDF-ART arm and 10 (5%) from the iNVP arm, with no apparent differences in

Fig 1. CONSORT flow diagram.

https://doi.org/10.1371/journal.pone.0246272.g001
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reasons for discontinuation. There was one maternal death in each arm. One hundred and

fifty-eight women (90% of those with week 74 lumbar spine DXA scan) in the iNVP arm

remained on their assigned study treatment (no ART) at the time of the week 74 DXA and 17/

175 women had begun ART prior to that date (primarily TDF-containing ART regimens). Per-

cent change in BMD from baseline to week 74 was available for lumbar spine (hip) in 337

(336)/398 mothers who had DXA scan data at both time points. They were missing on sixty-

two (16%) mothers for reasons of prior study follow-up discontinuation (3.3%), missed week

74 visit (2.5%), DXA scan technical problems (1.0%), and not done due to pregnancy (3.0%),

Mothers were enrolled in Uganda (42%), Zimbabwe (42%), South Africa (10%) and Malawi

(7%). The women were co-enrolled after delivery of their first (16%), second (29%), third

(26%) or fourth-ninth (29%) pregnancies and all had initiated breastfeeding. Baseline charac-

teristics at sub-study entry for those included in the analysis are presented in Table 1 and were

comparable between the study arms (see S1 Table for characteristics of those not co-enrolled).

Alcohol use in the 30 days prior to sub-study entry was reported by 12% of participants.

The proportion of sub-study participants who had no antenatal HIV intervention (late pre-

senters to care) was 9%. The median CD4 count in pregnancy at initial PROMISE study entry

was 540 cells/mm3 (446–701) with 40% of participants having a CD4 count 350 to<500 cells/

mm3. At entry into the sub-study postpartum, 46% had been randomized Antepartum to triple

ARV with Zidovudine/Lamivudine/Lopinavir/ritonavir ART, the median CD4 count was 671

cells/mm3 (544.0–855) with CD4 350 to<500 cells/mm3 in 18%. The median HIV-1 viral load

was 400 copies/ml (61.5–1314.5) in the maternal TDF-ART arm and 400 copies/ml (142–

3182) in the iNVP arm.

During follow-up, use of DMPA injectable contraceptive and duration of breastfeeding

were similar between study arms. Two thirds (65%) of mothers started contraceptives and one

third had any exposure to injectable contraceptives prior to their week 74 DXA measurement.

Half (54%) started their first contraceptive at least 12 months prior to their week 74 DXA scan.

Median time to cessation of breastfeeding was 61.4 weeks and 48% of the sample had stopped

breastfeeding more than three months before the week 74 DXA scan; at DXA scan for lumbar

spine the median (25th, 75th percentile) number of weeks since weaning was 17.29 (9.07–24.71)

in the maternal TDF-ART arm and 17.00 (9.86–23.36) in the iNVP arm. By the time data were

censored at release of the START study results in June 2015, there had been one traumatic frac-

ture recorded in the maternal TDF-ART arm and no fractures in the iNVP arm after delivery.

Change in bone mineral density

The baseline (week 1) mean BMD at the lumbar spine in the maternal TDF-ART study arm

was 0.94 g/cm2 (95%CI 0.93–0.96) and 0.94 g/cm2 (0.92–0.95) in the iNVP arm. At the hip, the

baseline mean BMD in the maternal TDF-ART study arm was 0.98 g/cm2 (0.96–0.99) and 0.98

g/cm2 (0.96–1.00) in the iNVP arm.

For the primary outcome measure of percent change in LS BMD (Fig 2), the maternal

TDF-ART arm had a greater mean percent change from baseline to week 74 postpartum of

-2.05% (95% CI -2.88, -1.22) compared to a mean of +0.81% (-0.01, 1.64) in the iNVP arm, for

a mean difference of -2.86% (-4.03, -1.70) (p-value <0.001). Similarly, for the secondary out-

come measure of hip BMD, the mean percent change was greater in the maternal TDF-ART

arm compared to the iNVP arm; -5.34% (-5.96, -4.73) versus -3.05% (-3.72, -2.38) respectively,

for a mean difference of -2.29% (-3.20, -1.39) (p-value<0.001).

These treatment effects remained after adjusting for the covariates under consideration,

either one at a time (results not shown) or together in a model (p<0.001) (Fig 3). The treat-

ment difference on lumbar spine BMD was larger for those women who were also randomized
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Table 1. Baseline characteristics.

Postpartum Randomization Arm

Maternal TDF-ART

(N = 200)

iNVP (N = 198) Total (N = 398) P-Value

Age (years) Median (Q1-Q3) 26.3 (23.4–29.5) 26.7 (23.2–31.3) 26.5 (23.3–30.2) 0.73a

Country Malawi 12 (6%) 15 (8%) 27 (7%) 0.34b

South Africa 24 (12%) 14 (7%) 38 (10%)

Uganda 85 (43%) 82 (41%) 167 (42%)

Zimbabwe 79 (40%) 87 (44%) 166 (42%)

Previous PROMISE Component 1077BA–breastfeeding 180 (90%) 180 (91%) 360 (90%) 0.60b

1077BL–late presenters 19 (10%) 18 (9%) 37 (9%)

1077FA–formula feeding 1 (1%) 0 (0%) 1 (0%)

PROMISE Antepartum Randomization # missing (late presenters) 19 18 37

Triple ARV (3TC-ZDV/

LPV-RTV)

87 (48%) 98 (54%) 185 (51%) 0.22b

ZDV+sdNVP+TRV tail 94 (52%) 82 (46%) 176 (49%)

Weight (kg) Median (Q1-Q3) 60.6 (55.1–70.3) 62.0 (56.0–69.6) 61.2 (55.7–70.0) 0.74a

Height (cm) Median (Q1-Q3) 158.3 (152.7–163.0) 159 (152–163) 159.0 (152.5–

163.0)

0.94a

BMI (kg/m2) Median (Q1-Q3) 24.6 (22.2–28.1) 24.9 (22.6–27.7) 24.8 (22.4–28.0) 0.65a

CD4 at Antepartum Screening (cells/mm3) # missing (late presenters) 19 18 37

Median (Q1-Q3) 544 (450–707) 539.0 (434.5–

691.5)

540 (446–701) 0.31a

CD4 at Postpartum Screening (cells/mm3)c Median (Q1-Q3) 683.5 (548.0–873.0) 665 (542–849) 671 (544–855) 0.41a

HIV RNA level prior to randomization (copies/

ml)

Median (Q1-Q3) 400.0 (61.5–1314.5) 400 (142–3182) 400 (83–2289) 0.07a

Calcium (mg/dL) # missing 10 9 19 0.73a

Median (Q1-Q3) 8.5 (8.2–8.9) 8.6 (8.1–9.0) 8.5 (8.2–8.9)

Phosphate (mg/dL) # missing 8 8 16 0.97a

Median (Q1-Q3) 3.6 (3.2–4.1) 3.6 (3.3–4.0) 3.6 (3.2–4.0)

WHO Stagec # missing 169 167 336

Clinical stage I 30 (97%) 27 (87%) 57 (92%) 0.16 b

Number of years of smokingc # missing 142 137 279

No history of smoking 57 (98%) 61 (100%) 118 (99%)

History of alcohol use prior to randomizationc # missing 162 160 322

Yes 6 (16%) 3 (8%) 9 (12%) 0.29b

Week 1 DXA Lumbar Spine (g/cm2) # missing 6 9 15

Median (Q1-Q3) 0.95 (0.87, 1.01) 0.93 (0.87, 1.00) 0.94 (0.87, 1.00)

Mean (95%CI) 0.94 (0.93–0.96) 0.94 (0.92–0.95) 0.94 (0.93–0.95)

Standard Dev. 0.11 0.11 0.11

Week 1 DXA Hip (g/cm2) # missing 4 10 14

Median (Q1-Q3) 0.98 (0.90, 1.04) 0.98 (0.90, 1.05) 0.98 (0.90, 1.05)

Mean (95%CI) 0.98 (0.96–0.99) 0.98 (0.96–1.00) 0.98 (0.97–0.99)

Standard Dev. 0.11 0.12 0.11

aWilcoxon Test;
bChi-Square Test;
cCharacteristics with small sample sizes (for WHO Stage, current and history of smoking, and alcohol use) may have had an evaluation >30 days before randomization.

Data for Postpartum Screening CD4 Count were missing for one participant (from iNVP arm).

https://doi.org/10.1371/journal.pone.0246272.t001
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to ART in the PROMISE antepartum component (p = 0.006). At both lumbar spine and hip

the treatment difference was larger for women who weighed less at baseline (p-value< = 0.05).

For the secondary outcome measure of hip BMD the treatment difference was larger for youn-

ger women (p = 0.03). The treatment effect did not appear to differ by country, breastfeeding

or contraception status at either location (p�0.55). The mean difference in percent BMD

change at the lumbar spine in Malawi did appear to be smaller than that seen in other coun-

tries for the primary endpoint (-0.70) although the 95%CI was wide (-5.63, 4.23). The effect of

Fig 2. Percent change in bone mineral density from postpartum week 1 to week 74 at spine and hip. Data points and the distributions are summarized with

violin plots. Each violin plot presents density, along with horizontal lines indicating quartiles, a red circle for the median and a diamond for the mean (with

whiskers for the 95% CI). Individual data points are superimposed on the violin plot.

https://doi.org/10.1371/journal.pone.0246272.g002

Fig 3. Percent change to week 74 in (A) spine BMD (primary outcome measure) and (B) hip BMD: maternal TDF-ART vs. iNVP treatment effect modification by

covariate.

https://doi.org/10.1371/journal.pone.0246272.g003
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ART exposure on BMD at the lumbar spine and hip remained in sensitivity analyses, among

women who were still breast feeding or on their assigned treatment at the time of the week 74

DXA scan.

Among 264 participants who had ceased breast feeding before week 74, the mean percent

change in LS BMD was -1.39 in the mART arm and -1.31 in the iNVP arm (mean difference

(95%CI) -2.71 (-4.00, -1.41). Among the 236 participants who were on their assigned treatment

at week 74 (on TDF in the maternal arm, no ARVs in the iNVP arm) the mean percent change

in LS BMD was -3.73 in the maternal TDF- and 1.11 in the iNVP arm (mean difference (95%

CI) -4.84 (-6.25, -3.43)).

Discussion

Within a large randomized PMTCT clinical trial among asymptomatic African mothers with

HIV and high CD4 counts who breastfed on average for longer than one year, we found moth-

ers randomized postpartum to TDF-ART BMD during breastfeeding experienced a greater

BMD decline at the lumbar spine between postpartum weeks 1 and 74 when compared to

women who did not receive maternal ART. Our primary analysis included randomized partic-

ipants who signed up for the substudy. Selection, confounding bias and bias due to drop-out

appeared to be small. The overall estimated treatment difference includes participants who

subsequently changed their initially assigned regimen and appears to result in a conservative

estimate of the difference. The overall effect of TDF-ART on maternal BMD remained in

adjusted and sensitivity analyses.

The negative effect on BMD in women with HIV on TDF-ART and on no ART persisted

after the period of lactation had ended, when post-weaning restitution/recovery would have

been anticipated. Nabwire et al [37] also reported partial skeletal recovery with a 2–3% deficit

in total hip BMD three months following cessation of breastfeeding among Ugandan women

with HIV on Efavirenz-based TDF-ART compared to women living without HIV. Taken

together with our findings, bone loss during pregnancy and breastfeeding is potentially exacer-

bated by TDF-ART. The long-term clinical implication of a 2–3% greater decline in postpar-

tum maternal BMD over 74 weeks in women on TDF-ART is unknown and is smaller than

the assumed 5–7% considered of clinical concern in the study design. However, for women

with HIV in settings where fertility is high, breastfeeding into the second year post delivery is

the norm and where repeated cycles of bone loss/restoration with each pregnancy occur—

sometimes at close intervals—the findings raise potential concerns of increased risk for long

term bone loss among high parity women on life-long ART. In addition, women in such set-

tings often have additional risk factors that impact bone health, such as undernutrition and

predominance of injectable hormonal contraception [43].

The larger treatment difference on lumbar spine BMD observed in the sub-study women

who had been randomly assigned to antepartum ART could reflect a cumulative effect of the

ARVs they received while pregnant and during lactation on postpartum bone health. While the

specific PI-based ART regimen administered in PROMISE is not widely used in the current era

of universal ART, Tenofovir based ART regimens are widely used. Tenofovir exposure increased

20–37% when TDF was co-administered with ritonavir (r), Atazanavir/r, Lopinavir/r, Daruna-

vir/r, or Cobicistat [44]. In the PROMISE trial, the postpartum regimen provided was TDF com-

bined with Emtricitabine and Lopinavir/r. The increased TDF exposure with Lopinavir/r might

have led to an increased risk of bone toxicity in the context of this study. Investigations continue

to evaluate novel ARVs reported to have less effect on BMD, such as Tenofovir alafenamide [45]

with the view to optimize the safety and efficacy of ART regimens among women of reproduc-

tive potential. Our findings relating to the decreased BMD findings post cessation of

PLOS ONE Tenofovir-based antiretroviral therapy and bone mineral density in postpartum women

PLOS ONE | https://doi.org/10.1371/journal.pone.0246272 February 5, 2021 10 / 16

https://doi.org/10.1371/journal.pone.0246272


breastfeeding for those HIV Infected women on TDF-ART remain important, as global HIV

programs will continue to use TDF in the near future for HIV treatment and prevention (within

PrEP regimens) until alternative regimens have demonstrated favorable safety in women and in

pregnancy; and given that use of ART in general has been associated with bone loss.

Relative strengths and limitations

Major strengths of this study design include the randomized trial design, large sample size and

inclusion of breastfeeding women living with HIV from multiple sites in Africa. The large

sample permitted the detection of small differences between the study arms which is important

when a decline of just 5–7% is considered of clinical concern and would trigger clinical man-

agement. The TDF-ART association with BMD was not observed to differ across four coun-

tries spread across Southern, Central and East Africa which increases the generalizability of

our findings. Sub-study participants’ characteristics other than country did not differ substan-

tially at baseline from PROMISE Postpartum component women who did not co-enroll. Like-

wise, the standardized DXA procedures and blinded centralized readings contributed to

robustness and validity of the data. Most notably, maternal ART was initiated following ran-

domization of healthy participants as opposed to following a clinical management decision,

alleviating the potential bias present in previous publications of other observational cohorts,

alluded to in Bedimo’s systematic review [44].

A relative study limitation is that 15% of participants were missing data for the primary out-

come measure due to not completing follow-up or lacking a week 74 DXA scan. However, fre-

quency and reasons did not differ by study arm and the sample size achieved was able to

demonstrate a difference between study arms of 2–3%. We also identifed a number of notable

limitations of the study design. Firstly, we assumed breastfeeding cessation would take place

12–15 months postpartum and timed the week 74 DXA scan to occur after BMD restitution

was expected to have taken place, but only half of the women had done so in our study. How-

ever, the sensitivity analysis performed suggests that the treatment effect of TDF-ART on BMD

remained in women who had ceased to breast feed by week 74. Secondly, the ART regimen

used in PROMISE was Protease Inhibitor-based TDF-ART. Not having a comparison ART reg-

imen prevents evaluation of the relative roles of each agent in the observed BMD changes and

restricts our ability to project what may be expected when TDF is combined with other agents.

Nevertheless, TDF use is widespread for HIV treatment and prevention and PI-based TDF-ART

remains second-line therapy and in use by large numbers of women globally. Ongoing studies

will document the effect on maternal BMD of newer ARVs used for HIV treatment and preven-

tion. In conclusion, this study among HIV-infected breastfeeding women in resource limited

settings, demonstrated greater decrease in maternal bone mineral density up to 18 months post-

partum among women randomized to TDF-ART compared to infants who were randomized to

daily nevirapine prophylaxis during breastfeeding. While this difference may not be of immedi-

ate clinical significance, further study is necessary to adequately address whether there is full or

only partial recovery of BMD following cessation of breastfeeding and the longer term impact

through menopause of repeat pregnancies and extended periods of breastfeeding among

women with HIV on life-long ART in resource limited settings. The findings also highlight the

need for bone metabolism studies to further elucidate the underlying biologic patterns and

mechanisms of bone loss and recovery among mothers on life-long TDF-ART.

Supporting information

S1 Fig. Maternal randomization schema during the PROMISE study for mothers enrolled

in the postpartum TDF exposure component of P1084s. Under version 2.0 of the trial
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protocol only women who were positive for hepatitis B surface antigen were randomly assigned to

tenofovir-based antiretroviral therapy (ART); under (last) version 3.0, all women could be

assigned to any of the three regimens (1). P1084s postpartum enrolled completely under PROM-

ISE protocol version 2.0. After delivery, women were randomized to continue or initiate ART or

to no ART (2). In a third randomization (not shown) after weaning, eligible women were ran-

domized again to continue ART or to a no ART arm (3). Those who had been previously ran-

domized to no ART were continued on no ART. The first antepartum randomization was Apr.

11, 2011. After the results of the START study in July 2015 (4), all women were recommended to

initiate ART. At that time, all P1084s women who enrolled in the Postpartum Exposure Compo-

nent had discontinued or completed the 74 week follow-up for this substudy. All women who

met specific treatment guidelines and all infants who were confirmed to be infected with the

human immunodeficiency virus (HIV) began ART immediately. The above schema represents

breast-feeding women. AP = Antepartum, IP = intrapartum, PP = postpartum. TDF = tenofovir

disoproxil fumarate, FTC = emtricitabine, ZDV = zidovudine, sdNVP = single dose nevirapine.

(TIF)

S1 Table. Baseline characteristics by P1084s Co-enrollment.

(DOCX)

S1 File.

(PDF)

S1 Checklist.

(PDF)
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