
For more information, visit impaactnetwork.org and follow us: 

Facebook: IMPAACTNetwork | Twitter: @IMPAACTNetwork | LinkedIn: IMPAACTNetwork

Overall support for the International Maternal Pediatric Adolescent AIDS Clinical Trials Network (IMPAACT) was provided by the National Institute of 

Allergy and Infectious Diseases (NIAID) with co-funding from the Eunice Kennedy Shriver National Institute of Child Health and Human Development 

(NICHD) and the National Institute of Mental Health (NIMH), all components of the National Institutes of Health (NIH), under Award Numbers 

UM1AI068632-15 (IMPAACT LOC), UM1AI068616-15 (IMPAACT SDMC) and UM1AI106716-09 (IMPAACT LC), and by NICHD contract number 

HHSN275201800001I. The content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH

Changes in Bone Turnover Markers after Delivery 
in Breastfeeding Mothers with and without ART
Kristin Baltrusaitis1, Lauren Bergam1, Musunga Tomu2, Taguma Allen Matubu2, Jim Aizire3, Florence Nabwire4, Taha Taha3, Dhayendre Moodley5, Gerhard Theron6, Lee Fairlie7, 

Kevin Knowles8, Kathy George9, Renee Browning10, George Siberry11, Mary Glenn Fowler12 and Lynda Stranix-Chibanda2,13 for the IMPAACT P1084s study team

29

1Center for Biostatistics in AIDS Research, Harvard T.H. Chan School of Public Health, Boston, Massachusetts, USA 2University of Zimbabwe Clinical Trials Research Centre, Harare, Zimbabwe 3Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA 4MRC Nutrition and Bone 

Health Research Group, Cambridge, UK 5Centre for AIDS Prevention Research in South Africa and Department of Obstetrics and Gynecology, School of Clinical Medicine, University of KwaZulu Natal, Durban, South Africa 6Department of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences, Stellenbosch 

University, Cape Town, South Africa 7Wits RHI, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa 8Frontier Science Foundation, Amherst, NY, USA 9FHI 360, Durham, North Carolina, USA 10National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD, 

USA 11United States Agency for International Development, Washington, DC, USA 12Department of Pathology, Johns Hopkins University, Baltimore, Maryland, USA 13Child and Adolescent Health Unit, Faculty of Medicine and Health Sciences, University of Zimbabwe, Harare, Zimbabwe

BACKGROUND
• In the postpartum component of the IMPAACT PROMISE1 trial, breastfeeding mothers with HIV and 

their infants were randomized to either a maternal TDF-based ART regimen (Maternal ARV) or infant 

nevirapine prophylaxis without maternal ART (Infant NVP) to prevent HIV transmission through 

breastmilk.

• Women in the Maternal ARV arm experienced greater decline in bone mineral density (BMD) from 

postpartum Week 1 to Week 74 than women in the Infant NVP arm.2

• The underlying mechanism of observed differences in percent change in BMD not fully established.

• We compared the trajectory of bone turnover biomarkers between arms and evaluated their 

association with change in BMD. 

AT postpartum Weeks 6 and 26, the Maternal ART arm 

had higher mean uDPD, CTX, and osteocalcin compared 

with the Infant NVP arm.

METHODS
• 400 women were enrolled in the PROMISE P1084s substudy3 from 8 sites in 4 African 

countries with capacity for BMD evaluation and no prior exposure to TDF ART. 

• Urine and serum samples were collected at Entry and postpartum weeks 6, 26, and 74.

• Assayed:

o Markers of bone resorption:

▪ urinary deoxypyridinoline to creatinine (uDPD) 

▪ serum C-terminal telopeptides (CTX)

o Marker of bone formation:

▪ osteocalcin

STATISTICAL METHODS
• Compared uDPD between arms at Week 74 using a two-sided Student’s t-test (primary)

• Described the postpartum trajectories of biomarkers using spaghetti plots and LOESS regression

• Compared biomarkers longitudinally using generalized estimating equation (GEE) models that accounted for 

repeated measures

• Evaluated the association between biomarkers at Entry and percent change in lumbar spine and hip BMD from 

Entry to Week 74 using adjusted linear regression models

Characteristic Maternal ARV Infant NVP Overall

(N=200) (N=198) (N=398)

Age (years)

Median (Q1, Q3)

26.3 

(23.4, 29.5)

26.7 

(23.2, 31.3)

26.5 

(23.3, 30.2)

WHO Clinical Stage I 187 (94%) 185 (93%) 372 (93%)

CD4 Cell Count (cells/mm3)

Median (Q1, Q3)

737.0 

(571.0, 935.0)

695.0 

(581.0, 896.0)

714.0 

(575.0, 911.0)

HIV RNA level <400 

copies/mL

110 (55%) 104 (53%) 214 (54%)

Calculated CrCl (mL/min)

Median (Q1, Q3)

133.6 

(117.3, 158.4)

135.7 

(115.9, 151.1)

134.4

(116.6, 155.8)

TABLE 1. Baseline Characteristics

RESULTS
• 398 women were included, 2 Maternal ART women were excluded for not initiating TDF-ART.

• Baseline characteristics were similar across arms. 

• Breastfeeding duration (median 62 weeks) and contraception uptake (64%) were also comparable across arms.

• At Week 74, the mean uDPD was not significantly different between arms (0.6 nmol/mmol (-0.1, 1.3), P = 0.17).

• Lumbar spine BMD percent change was positively associated with uDPD and osteocalcin; there was no apparent 

association with CTX.

• Hip BMD percent change was positively associated with osteocalcin; there was no apparent association with 

uDPD or CTX.

FIGURE 1. Urinary deoxypyridinoline to creatinine 

(uDPD)

• For the Maternal ART arm (shown in green), mean 

uDPD decreased gradually from Entry to Week 74. 

• For the Infant NVP arm (shown in blue), mean uDPD

decreased sharply from Entry to Week 6.

FIGURE 2. Serum C-terminal telopeptides (CTX)

• For the Maternal ART arm, mean CTX increased from 

Entry through Week 26.

• For the Infant NVP arm, mean CTX decreased across 

visits.

CONCLUSIONS
• Compared with the Infant NVP arm, the Maternal ART arm had higher mean uDPD, CTX, and osteocalcin

through Week 26.

• These results could indicate the underlying mechanism for the greater percent change in BMD observed with 

postpartum Maternal ART, but the clinical significance of these changes remains to be determined.

BMD Outcome 

Measure

Bone 

Biomarker

N Adjusted Coefficient1

(95% CI)

Lumbar Spine uDPD

(nmol/mmol)

336 0.104% (0.008, 0.200)

CTX (pg/mL) 337 0.003% (<0, 0.006)

Osteocalcin

(ng/mL)

335 0.255% (0.088, 0.423)

Hip uDPD

(nmol/mmol)

335 0.008% (-0.068, 0.083)

CTX (pg/mL) 336 0.001% (<0, 0.004)

Osteocalcin

(ng/mL)

334 0.159% (0.028, 0.290)

1Models were adjusted for postpartum randomization arm, maternal age at baseline, country, HIV viral load 

at baseline, maternal weight at baseline, parity, and antepartum ARV exposure at postpartum entry

TABLE 2.  Associations between percent change in BMD and bone biomarkers at Entry*

*Adjusted coefficient represents the mean percent increase in BMD outcome 

measure per unit increase in bone biomarker at Entry.
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FIGURE 3. Osteocalcin

• For the Maternal ART arm, mean osteocalcin increased 

from Entry through Week 26. 

• For the Infant NVP arm, mean osteocalcin slightly 

increased across visits.
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