
Clinical Infectious Diseases

M A J O R A R T I C L E

HIV/AIDS

In Utero Tenofovir Exposure Is not Associated With Fetal
Long Bone Growth
Jennifer Jao,1 Elaine J. Abrams,2,3 Tamsin Phillips,4 Greg Petro,4,5 Allison Zerbe,2 and Landon Myer4,6

1Department of Medicine and Department of Obstetrics, Gynecology and Reproductive Science, Icahn School of Medicine at Mount Sinai, 2ICAP, Mailman School of Public Health, and 3College of
Physicians and Surgeons, Columbia University, New York, New York; Divisions of 4Epidemiology and Biostatistics, 5Obstetrics & Gynaecology, and 6Desmond Tutu HIV Centre, University of Cape Town,
South Africa

Background. Despite widespread use of tenofovir disoproxil fumarate (TDF) in pregnant and breastfeeding women, few data
exist on fetal bone development after in utero TDF exposure. We evaluated fetal long bone growth in human immunodeficiency virus
(HIV)–infected pregnant woman/fetus dyads in Cape Town, South Africa.

Methods. Women were recruited from primary care antenatal services and underwent ultrasonography to determine femur
(FLZ) and humerus (HLZ) length z scores. The duration of in utero TDF exposure was calculated in weeks. Linear regression models
were applied to assess the associations between the duration of in utero TDF exposure and change in FLZ and HLZ.

Results. A total of 646 woman/fetus dyads contributed 1376 ultrasonographic scans to this analysis: 132 dyads with ≥25 weeks,
326 with 10–24 weeks, and 188 with <10 weeks of TDF exposure. Women receiving TDF for ≥25 weeks were older than those
receiving TDF for 10–24 or <10 weeks (median age, 31 vs 28 and 28 years, respectively; P < .01), and had lower HIV RNA levels
(median log10 HIV RNA level, 1.59 vs 4.08 and 3.83, respectively; P < .01). Throughout gestation, overall median FLZ and HLZ were
0.30 (interquartile range, −0.03 to 0.63) and 0.22 (−0.26 to 0.59) respectively. In multivariate analysis, there was no association
between duration of in utero TDF exposure per 1-week increment and change in FLZ (ß = .00; P = .51) or change in HLZ
(ß = .00; P = .40). Results were similar using mixed-effects models.

Conclusions. Although longer follow-up is needed, these in utero data are reassuring and support the continued use of TDF in
pregnancy.
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With recentWorld Health Organization recommendations endors-
ing combination antiretroviral therapy (cART) to prevent mother-
to-child transmission of human immunodeficiency virus (HIV)
[1], the use of cART during pregnancy has greatly expanded in
resource-constrained settings. In parallel, the designation of tenofo-
vir disoproxil fumarate (TDF) as part of first-line cART by the
World Health Organization [2] has increased the use of TDF in
pregnancy dramatically, nearly doubling its use in developing coun-
tries [3, 4]. Although the safety of in utero antiretroviral exposure
has received attention with other agents [5–7], there are relatively
few data on the safety of TDF in pregnancy, and continued mon-
itoring remains necessary because the intrauterine interval is a crit-
ical period in which fetal growth and development influences the
future health of a child [8–11].

TDF has been reported to affect bone health in both animal
[12] and human studies [13, 14].TDF-containing regimens have
been associated with decreased bone density in HIV-infected

adults [13, 14] and children [15, 16]. However, much less has
been published regarding in utero TDF exposure and its impact
on fetal or early infant bone development. Studies in pregnant
rhesus macaques have demonstrated compromised intrauterine
growth and slightly decreased fetal bone porosity in infants
born to high-dose (30 mg/kg) TDF-treated simian immunode-
ficiency virus–infected and uninfected monkeys [12, 17], raising
concerns regarding possible detrimental effects on fetal and in-
fant bone health. In humans, there have been few studies mea-
suring fetal growth under TDF exposure [18, 19]. To address
this issue, we examined the association between the duration
of in utero TDF exposure and fetal long bone growth in a cohort
of HIV-infected pregnant woman/fetus dyads.

MATERIALS AND METHODS

Study Population
As part of a larger study of optimization of antiretroviral therapy
(ART) in pregnant and postpartum women (Maternal Child
Health-Antiretroviral Therapy study; NCT01933477), we recruit-
ed and followed up a cohort of ART-eligible pregnant women
seeking antenatal care in a large primary care facility in the peri-
urban community of Gugulethu, Cape Town, South Africa, from
2013 to 2015. The local antenatal service, which includes inter-
ventions to prevent mother-to-child transmission, is available
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free of charge and provides care to >4000 women annually. ART
has been available through local public sector services since 2004
and the antenatal HIV seroprevalence is approximately 30%. The
analysis included women aged ≥18 years who were receiving on
TDF-containing cART, had ≥2 ultrasonographic (US) scans, and
documented cART start dates. Pregnancies ending in miscarriage,
abortion, intrauterine fetal demise, or stillbirth were excluded, as
were those complicated by multiple gestations, gestational diabe-
tes, or preeclampsia/eclampsia. Informed consent was obtained
for all enrolled participants. This study was approved by the insti-
tutional review boards of the University of Cape Town as well as
ICAP at Columbia University.

Primary Outcome
Wemeasured fetal long bone (femur and humerus) growth using a
commercially available US system (General Electric LOGIC C Pre-
mium). US was performed by trained research ultrasonographers
blinded to the status of TDF exposure. Using a longitudinal view of
the fetal thigh closest to the probe, femur lengths were measured
with the femur as close as possible to the horizontal plane so that
the angle of the ultrasound beam was approximately 90° with the
full length of the bone visualized. Electronic calipers were placed
on the outer edges of the femoral diaphysis. Humerus lengths
were measured in similar fashion. Fetal long bone growth was as-
sessed according to (1) fetal femur length z score (FLZ), (2) fetal
humerus length z score (HLZ), (3) changes in FLZ, and (4) chang-
es in HLZ. The z scores were calculated using published standards
[20].Change in FLZ and HLZ were calculated as the difference in z
scores between the final and the initial US measurements. Data on
length at birth, as recorded by clinical staff at delivery facilities, was
abstracted from birth records; formulas from the INTER-
GROWTH study were used to estimate length-for-age z scores
(LAZ) [21].

Primary Exposure of Interest
We evaluated the duration of in utero TDF exposure by medical
record review and self-report from participants. Self-report was
used as the primary source of the date the participant started tak-
ing ART. If there was a discrepancy or the self-reported date was
implausible, we used the date ARTmedication was first dispensed,
as documented in the medical record. Duration of TDF exposure
was calculated in weeks and defined as the number of weeks of
TDF exposure before the final US scan for each woman/fetus
dyad. We further categorized the duration of TDF exposure as:
(1) ≥25 weeks, (2) 10–24 weeks, or (3) <10 weeks before the
final scan as the primary categorization of the exposure variable.
In secondary analyses, we also categorized TDF exposure as (1)
since conception (women who started therapy before pregnancy),
(2) ≥4 weeks (initiated after the first trimester), (3) or <4 weeks.

Measurements
Information on potential confounders, including maternal age,
gestational age (GA), gravidity, sociodemographics, maternal
CD4 cell count and HIV RNA levels, and maternal height,

were collected at the time of the initial US scan. GA at each
scan was calculated using regression equations described by
Hadlock et al [22], both with and without femur length mea-
surements. A composite socioeconomic status variable (based
on an aggregate of asset ownership, income, education, and em-
ployment status) was categorized as low, medium, or high. Mar-
ital status was defined as married or living with a partner versus
not married or not living with a partner.

Statistical Analysis
Characteristics of women and fetuses at enrollment were com-
pared between TDF exposure groups using Kruskal–Wallis and
χ2 tests, as appropriate. Mean response profile plots were fit to
compare mean femoral and humerus lengths over time between
TDF exposure groups. Because calculated GA at each US scan did
not differ significantly when we used the equations fromHadlock
et al [22] with or without femur length measurements, we used
GA calculated by the full formulas. Linear regression models
were applied to assess the association between duration of in
utero TDF exposure and change in FLZ or HLZ while adjusting
for confounders. For these models, we assessed TDF exposure as
both a continuous and a categorical variable. In secondary anal-
yses, mixed-effects models with a random intercept and slope
were used to evaluate the association of TDF exposure with
FLZ andHLZwhere TDF exposure was considered a time-varying
covariate for both the primary and secondary methods of TDF
exposure categorization listed above. We did not impute missing
data because <5% had missing (at random) data once inclusion
and exclusion criteria were met. Statistical analyses were per-
formed using SAS 9.3 software (SAS Institute)

RESULTS

After exclusion of 29 pregnancies resulting in miscarriage, 25 with
multiple gestations, 32 resulting in intrauterine fetal demise or still-
birth, 19 complicated by preeclampsia/eclampsia or gestational di-
abetes, a total of 646 HIV-infected pregnant woman/fetus dyads
contributing 1376 fetal US scans were available for this analysis:
132 dyads with ≥25 weeks, 326 with 10–24 weeks, and 188 with
<10 weeks of TDF exposure. Eighty-four women contributed >2
scans each. Overall, median age in the cohort was 28 years (inter-
quartile range [IQR], 25–33 years] and GA at enrollment was 22
weeks (17–27 weeks). The range of total in utero TDF exposure
was 2–40 weeks (median, 15 weeks; 9–22 weeks) before the date
of the final scan. The median time between the first and last
scans was 12 weeks (IQR, 7–15 weeks), and the median GA at
the final scan was 34 weeks (33–35 weeks).

Women with ≥25 weeks of TDF exposure were older than
those with 10–24 or <10 weeks of exposure (median age, 31
vs 28 and 28 years, respectively; P < .01) (Table 1). In addition,
women with ≥25 weeks of TDF exposure had higher gravidity
(median gravida, 3 vs 2 and 2, respectively; P < .01), were more
likely to be married or living with a partner (52.3% vs 42.9%
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and 33.0%; P < .01), were less likely to have CD4 cell counts
<200 cells/mm³ (9.1% vs 19.3% and 20.2%; P = .05), and had
lower HIV RNA levels (median log10 value, 1.59 vs 4.08 and
3.83; P < .01). Finally, women with <10 weeks of TDF exposure
presented at later GA than those with 10–24 or ≥25 weeks of
exposure (29 vs 18 vs 20 weeks, respectively; P < .01).

By definition all women in the sample were using TDF plus
either lamivudine or emcitritabine. Overall 93.3% (n = 603) of
women were using efavirenz, and 1.4% (n = 9) and 5.2%
(n = 34) were using lopinavir/ritonavir (LPV/r) or nevirapine
(NVP), respectively. All women using LPV/r or NVP were in
the group of mother/fetus dyads exposed to TDF for ≥25
weeks.

Fetal anthropometric measurements at the initial US scan did
not differ significantly by TDF exposure group (Table 1), and
mean fetal and humerus lengths did not differ by groups over
time (Figure 1). At enrollment, the overall median FLZ and
HLZ were 0.29 (IQR, −0.11 to 0.63) and −0.10 (−0.45 to 0.3),
respectively, and these scores did not differ between groups.

Throughout gestation, the overall median FLZ and HLZ were
0.30 (IQR, −0.03 to 0.63) and 0.22 (−0.26 to 0.59), respectively.
After adjustment for maternal age and height, gravidity, socio-
economic and marital status, maternal CD4 cell count and HIV
RNA level at enrollment, and GA at the initial US scan, there
was no association between duration of in utero TDF exposure
per 1-week increment and change in FLZ (ß = .00; P = .51) or
change in HLZ (ß = .00; P = .40) (Table 2). Results were similar
when we assessed TDF exposure as a categorical variable.

In secondary analyses using mixed-effects models, we also
did not observe an association between duration of in utero
TDF exposure and FLZ (ß = .02 and P = .19 for fetuses exposed
to TDF for ≥25 vs <10 weeks and ß = −.01 and P = .45 for those
exposed to TDF for 10–24 vs <10 weeks) or HLZ (ß = .03 and
P = .12 for fetuses exposed to TDF for ≥25 vs <10 weeks and
ß = .00 and P = .57 for those exposed to TDF 10–24 vs <10
weeks) over time (Supplementary Table). Our results did not
change in a sensitivity analysis when we excluded women re-
ceiving LPV/r-based or NVP-based cART.

Table 1. Characteristics of Women and Fetuses by Duration of Tenofovir Disoproxil Fumarate Exposurea

Maternal and Fetal Characteristics

TDF Exposure Before Final US Scan

≥25 wk (n = 132) 10–24 wk (n = 326) <10 wk (n = 188) P Valueb

Maternal age, y 31 (28–34) 28 (24–32) 28 (25–32) <.01

GA, wk 20 (16–28) 18 (15–21) 29 (25–32) <.01

Total TDF exposure in pregnancy, wk 34 (33–35) 16 (13–19) 5 (3–8) <.01

Gravidity 3 (2–3) 2 (2–3) 2 (2–3) <.01

Married or living with partner <.01

Yes 69 (52.3) 140 (42.9) 62 (33.0)

No 63 (47.7) 186 (57.1) 126 (67.0)

Socioeconomic status .09

Low 32 (24.2) 84 (25.8) 67 (35.6)

Medium 54 (40.9) 120 (36.8) 66 (35.1)

High 46 (34.9) 122 (37.4) 55 (29.3)

Previous LBW infant (<2500 g) 5 (4.8) 4 (1.9) 1 (0.8) .11

History of tuberculosis 8 (6.7) 11 (3.9) 5 (3.1) .30

Maternal height, cm 159 (154–163) 157 (153–162) 158 (153–162) .20

CD4 cell count, cells/mm³ .05

≥500 43 (32.6) 86 (26.4) 44 (23.4) . . .

200–499 77 (58.3) 177 (54.3) 106 (56.4) . . .

<200 12 (9.1) 63 (19.3) 38 (20.2) . . .

Log10 HIV RNA level 1.59 (1.59–1.60) 4.08 (3.36–4.56) 3.83 (3.26–4.58) <.01

cART regimen in pregnancy <.01

TDF/XTC/EFV 89 (67.4) 326 (100.0) 188 (100.0) . . .

TDF/XTC /NVP 34 (25.8) 0 (0.0) 0 (0.0) . . .

TDF/ XTC/LPV/r 9 (6.8) 0 (0.0) 0 (0.0) . . .

Fetal z score at initial US scan

Abdominal circumference 0.67 (0.30–1.16) 0.77 (0.24–1.36) 0.79 (0.31–1.19) .74

Femur length 0.29 (−0.09 to 0.62) 0.33 (−0.11 to 0.81) 0.23 (−0.07 to 0.62) .44

Humerus length −0.03 (−0.35 to 0.42) −0.15 (−0.57 to 0.30) 0.00 (−0.33 to 0.37) .13

Abbreviations: cART, combination antiretroviral therapy; EFV, efavirenz; GA, gestational age; HIV, human immunodeficiency virus; LBW, low birth weight; LPV/r, lopinavir/ritonavir; NVP,
nevirapine; TDF, tenofovir disoproxil fumarate; US, ultrasonographic; XTC, lamivudine or emcitritabine.
a Data are reported as median (interquartile range) for continuous variables and No. (%) for categorical variables.
b P values determined with Kruskal–Wallis tests for continuous variables and χ2 or Fisher exact tests for categorical variables.
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Finally, we used mixed-effects modeling to also assess wheth-
er our secondary method of TDF exposure categorization (TDF
exposure since conception vs TDF exposure for ≥4 weeks initi-
ated after the first trimester vs TDF exposure for <4 weeks) was
associated with fetal long bone growth, and we found no asso-
ciation between TDF exposure and FLZ (ß = .04 and P = .56 for
exposure to TDF since conception vs <4 weeks and ß = .01 and
P = .96 for exposure to TDF ≥4 weeks initiated after the first

trimester vs <4 weeks) or HLZ (ß = .01 and P = .91 for exposure
to TDF since conception vs <4 weeks and ß = −.01 and P = .89
for exposure to TDF ≥4 weeks initiated after the first trimester
vs <4 weeks) (data not shown). Furthermore, birth lengths were
available for 569 pregnancies (88%), and data availability did
not differ by TDF exposure category (P = .20). Newborns with
≥25 weeks of TDF exposure in utero were longer (mean LAZ,
0.33) than those with 10–24 or <10 weeks of TDF exposure

Figure 1. Mean response profiles of mean A, femur and B, humerus lengths over time by in utero tenofovir exposure.
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(mean LAZ, 0.31 and 0.19, respectively), but this difference did
not reach statistical significance (P = .71).

DISCUSSION

In this large South African cohort of HIV-infected pregnant
woman/fetus dyads with a generally homogenous background
of cART, we found no association between duration of in
utero TDF exposure and fetal long bone growth. These are
novel findings; no published studies, to our knowledge, have
specifically used US to evaluate TDF exposure and long bone
growth trajectories in mother/fetus dyads from sub-Saharan
Africa.

Our results add to the body of literature that describes the
short-term safety of TDF during the intrauterine period with
regards to fetal growth. Although no studies have reported spe-
cifically on fetal long bone growth trajectories, several have re-
ported on fetal weight growth by assessing low birth weight
(<2500 g) and small-for-gestational-age outcomes [18, 23, 24]
and fetal length growth by assessing birth/neonatal LAZ. All
such studies have found no increased risk of impaired fetal
growth and/or fetal weight associated with in utero TDF expo-
sure [18, 23, 24]. Beyond intrauterine growth, few studies have
evaluated postnatal growth and its association with exposure
to in utero TDF [18, 23, 24]. Of these, 2 studies did not report
any differences in postnatal growth [23, 24], but 1 reported
lower LAZ at 1 year of age in TDF-exposed infants, compared
with those not exposed to TDF [18].

Although bone lengthening is correlated with bone forma-
tion, cellular activities involved in bone remodeling throughout
life better determine the overall strength, thickness, and fragility
of bone [25]. Therefore, other studies have evaluated bone
health by also assessing bone mineral content and other mark-
ers of bone metabolism after in utero TDF exposure. Animal
studies in rhesus macaques have shown lower overall body
weights and crown-rump lengths than age-matched controls,
decreased fetal bone porosity, and reductions of insulin-like

growth factor in newborns exposed to in utero TDF [12].Differ-
ences between these results in animal studies and our findings
may be explained in part by the differences in TDF dosing,
because these pregnant rhesus macaques received 30 mg/kg/d,

approximately 7 times the recommended human dose

(4–5 mg/kg/d in a 70-kg individual). Studies in humans have

reported lower bone mineral content in TDF-exposed than in

unexposed neonates [26], which may suggest increased bone

fragility with in utero TDF exposure. However, a study in 68

HIV-exposed uninfected children used quantitative US to

evaluate total bone resistance in the tibia as an indicator of

bone mineral density, cortical thickness, and microstructure

and found no difference in bone structure between TDF-

exposed and unexposed groups. Biochemical parameters of

bone metabolism were also no different between groups [27].
In addition, studies in HIV-uninfected pregnant woman/

fetus pairs have demonstrated that late pregnancy growth in

fetal femur length and abdominal circumference is positively as-

sociated with postnatal bone size and density at 4 years of age

[28]. Although we have no postnatal data in this analysis on

eventual stature or bone mineral content, the fact that we

found largely normal fetal long bone growth trajectories

throughout pregnancy indicates that perhaps bone size and

density in TDF-exposed children would not likely be severely

affected in early childhood.
Our study has several limitations. We lacked a comparison

group of HIV-uninfected pregnant woman. We were also not

able to compare TDF against other nucleoside reverse-tran-

scriptase inhibitors, given our study design. As a result, because

all women were receiving TDF, we would not have been able to

detect differences in fetal long bone growth if the effect of TDF

on long bone growth was idiosyncratic and not dose or duration

dependent. Although we were able to measure in utero bone

growth, we were not able to assess bone development at a cellu-

lar level or the presence of pathophysiologic abnormalities with-

in the bone during the fetal period.

Table 2. Linear Regression Models for Change in Femur Length z Score and Humerus Length z Scorea

Effect

Change in FLZ Change in HLZ

Coefficient (95% CI) P Value Coefficient (95% CI) P Value

Model Assessing TDF Exposure as Continuous Variable

TDF exposure in pregnancy, per 1-wk increment before
last US scan

0.00 ( −.01 to .01) .51 0.00 (−.01 to .01) .40

Model Assessing TDF Exposure as Categorical Variable

TDF exposure in pregnancy, wk before last US scan

≥25 0.05 ( −.13 to .23) .56 −0.21 ( −.43 to .03) .07

10–24 0.08 (−.05 to .21) .23 −0.11 ( −.27 to .06 .21

<10 Reference . . . Reference . . .

Abbreviations: CI, confidence interval; FLZ, femur length z score; HLZ, humerus length z score; TDF, tenofovir disoproxil fumarate; US, ultrasonographic.
a All models adjusted for gestational age at first US scan, maternal age, gravidity, socioeconomic status, marital status, maternal height, and CD4 cell count and human immunodeficiency virus
RNA level at enrollment.
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In conclusion, we did not observe an association between du-
ration of in utero TDF exposure and fetal long bone growth.
These results seem reassuring and support the continued use
of TDF as part of cART during pregnancy. Further studies are
warranted to evaluate long-term postnatal bone health, includ-
ing bone growth, bone mineral content, and bone metabolism,
because long-term effects of in utero TDF exposure are still un-
known and TDF use in pregnancy remains increasingly wide-
spread across the world.

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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