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Summary

Background—As pre-exposure prophylaxis (PrEP) implementation continues to scale up among
pregnant people, accruing safety data following prenatal PrEP exposure remains important. In this
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study, we aimed to evaluate the relationship between prenatal PrEP exposure and birth and infant
or child outcomes.

Methods—This prospective cohort study analysed data from the PrEP Implementation for
Mothers in Antenatal Care study (NCT03070600). Participants were eligible for inclusion if

they were currently pregnant, not currently using PrEP, were aged 15 years or older, planned to
remain in the study area, were not enrolled in other studies, and did not have HIV or tuberculosis.
Participants enrolled during pregnancy at 20 maternal and child health clinics in western Kenya
and were followed up until 9 months postpartum. Those who reported taking PrEP at any antenatal
visits were identified as prenatally PrEP exposed. In an extension cohort, participants and their
children were followed up until 36 months postpartum. Infant anthropometry and social-emotional
development using the Ages and Stages Questionnaire (ASQ-SE), second edition were assessed by
trained study nurses. Among a subset of participants, we confirmed prenatal PrEP exposure using
tenofovir diphosphate concentrations in dried blood spots. Perinatal outcomes (birth, growth, and
neurodevelopment) were the primary outcomes assessed.

Findings—Between Jan 15, 2018, and Jul 31, 2019, 4063 female individuals were enrolled

and included in the analysis, of whom 558 (13-7%) used PrEP during pregnancy, initiating at a
median of 26 weeks’ gestation (IQR 22-31) for a median duration of 9:6 weeks in pregnancy
(5:7-15-0). Compared with PrEP-unexposed pregnancies, there was no difference in pregnancy
loss (ie, miscarriage), stillbirth, preterm birth, or neonatal death among PrEP exposed pregnancies
(all p>0-05). There were no differences in infant length or weight at 6 weeks, 6 months, and

9 months (all p>0.05) between children with and without prenatal PrEP exposure, including
underweight, stunting, and wasting. Results were similar when analysed separately by trimester
of PrEP initiation and duration on PrEP, and in a subset at 24 months, 30 months, and 36

months. Prenatal PrEP exposure was not associated with ASQ-SE scores at 24-months (p=0-12),
30-months (p=0-75), or 36-months (p=0-81). No differences in adverse perinatal and infant
outcomes were found among Kenyan individuals with quantifiable prenatal tenofovir diphosphate
exposure.

Interpretation—We found no significant differences in adverse birth or infant or child outcomes
for 3 years of follow-up by prenatal PrEP exposure status. These data support findings from
previous studies that demonstrate the safety of oral PrEP use during pregnancy.

Funding—The National Institutes of Health, National Institute of Allergy and Infectious Disease;
Eunice Kennedy Shriver National Institute of Child Health and Human Development; the

National Institute of Nursing Research; the University of Washington’s Center for AIDS Research
Behavioral Sciences Core and Biometrics Core; and the Global Center for the Integrated Health of
Women, Adolescents, and Children.

Introduction

Globally, incident HIV infections continue to disproportionately occur among cisgender
women, and there is evidence that HIV acquisition risk doubles during pregnancy and the
postpartum period compared with that in other periods.12 Acute maternal HIV infection
is associated with increased vertical transmission risk,3 making prevention of HIV among
pregnant and breastfeeding people a global health priority. Based on a large body of safety
data in women living with HIV who used tenofovir disoproxil fumarate for HIV treatment

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.

Page 3


https://clinicaltrials.gov/ct2/show/NCT03070600

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gomez et al. Page 4

during pregnancy and breastfeeding,> WHO recommends offering daily oral tenofovir
disoproxil fumarate-based pre-exposure prophylaxis (PrEP) to pregnant people at substantial
risk for HIV.® Existing safety data of prenatal PrEP use among pregnant women are
reassuring, finding no difference in pregnancy loss or preterm birth associated with PrEP use
in pregnancy.’ However, few studies to date have follow-up beyond the perinatal period, and
they rely on maternal self-report of PrEP adherence, which might not accurately measure
infant PrEP exposure.’ Evaluating safety (including neurodevelopmental) outcomes beyond
infancy using objective confirmation of maternal PrEP exposure could help to complete the
safety profile for PrEP use during pregnancy. Findings regarding the effect antiretroviral
exposure might have on child growth and development remain inconclusive; therefore,
monitoring children exposed to antiretrovirals in their early childhood is warranted.8

In this study, we prospectively analysed data from cisgender women and their infants
enrolled in the PrEP Implementation for Mothers in Antenatal Care (PrIMA) study to
evaluate the relationship between prenatal PrEP exposure and birth and infant outcomes
until 9 months of life.? In an extension cohort, we evaluated growth and social-emotional
development at 24, 30, and 36 months of life. We also evaluated perinatal and growth
outcomes following maternal PrEP use in a subset of women, using confirmed tenofovir
diphosphate concentrations in dried blood spots. Our overall objective was to expand
evidence on the safety of PrEP use during pregnancy in settings with high HIV prevalence.

Methods

Study design

In this prospective cohort study, we used data from the PrIMA study, a cluster randomised
trial of PrEP counselling strategies conducted between Jan 15, 2018, and Jan 15, 2021, in

20 mother and child health clinics in Homa Bay and Siaya counties, Kenya (NCT03070600).
The study protocol has been described in detail previously.®

We also used data collected between Oct 26, 2020, and March 7, 2023, from an ongoing
PrIMA Extension Study (PrIMA-X). The extension cohort was established to evaluate safety
outcomes among mother—child pairs enrolled at four PriIMA sites to be followed up until the
child’s fifth birthday with study visits every 6 months. Extension cohort participants were
included in the analyses of outcomes beyond 24 months if they had data available on growth
and neurodevelopmental outcomes.

The PrIMA and PrIMA-X study protocols were approved by the Kenyatta National Hospital,
University of Nairobi Ethics and Research Committee and University of Washington Human
Subjects Division. All participants provided written informed consent.

Participants

Individuals attending antenatal care were eligible for enrolment if they were: currently
pregnant, not currently using PrEP, aged 15 years or older, planned to remain in the area
for at least 9 months postpartum and receive postnatal and infant care at the study facility,
were not currently enrolled in other studies, and if they did not have HIV or tuberculosis.
Following enrolment, pregnant people were counselled on PrEP as part of routine antenatal
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care, either universally or after undergoing HIV risk screening, and identified as at risk of
HIV infection. People enrolled at any gestational age during pregnancy and were followed
up every month until the end of their pregnancy and at 6 weeks, 14 weeks, 6 months, and 9
months postpartum, regardless of their PrEP use.

Participant sex was collected via self-report, with the options of male or female.

Participants were included in the primary analysis if they had complete information on their
PrEP use and birth outcomes. Those who initiated PrEP postpartum, HIV seroconverted,
had multiple pregnancies, or were missing information on PrEP use in pregnancy or birth
outcomes were excluded.

At enrolment, demographic, clinical, and psychosocial characteristics were ascertained

by trained study staff using tablet-based data capture systems via the REDCap mobile
application.10 Sexual history, behaviours associated with HIV acquisition, and partner

HIV status were collected at enrolment and subsequent visits. Oral tenofovir disoproxil
fumarate-based PrEP was offered at enrolment and was available at every follow-up visit.
People who initiated PrEP during the study received PrEP counselling and PrEP refill at

all subsequent visits. At follow-up visits, PrEP use and adherence was ascertained via self-
report. Pregnancy end date and gestational age at pregnancy end were ascertained by record
abstraction, where available, or via direct interview, either at the first postnatal care visit or
via telephone call conducted by study nurses on the expected date of delivery, and weekly
thereafter until pregnancy end was confirmed. Birthweight, birth length, and information on
congenital anomalies were collected at the first postnatal visit. Infant weight and length were
measured by study nurses trained in anthropometry at every postnatal visit. In the extension
cohort, study nurses took anthropometric measurements of children at every study visit

and assessed social-emotional development using the Ages and Stages Social-Emotional
Questionnaire (ASQ-SE, second edition), an early developmental screener.11

Dried blood spots were collected for tenofovir diphosphate quantification by study nurses
who received standardised training on dried blood spot collection via fingerstick. Dried
blood spots were transported to a central —20°C freezer for storage within 48 h after
collection. A subset of participants who self-reported PrEP use in the previous 30 days

at antenatal visits were randomly selected and tenofovir diphosphate concentrations were
measured in red blood cells from dried blood spots using validated ultra-performance liquid
chromatography-tandem mass spectrometry at the University of Colorado Aurora (CO,
USA).22 Values below the lower limit of quantification for tenofovir diphosphate (25 fmol
per sample) were considered unquantifiable.12 Syphilis status was assessed by rapid plasma
reagin test when available; otherwise, a dual HIV and syphilis test was used.

In the primary analysis, PrEP exposure was defined as any self-reported PrEP pill taking
during pregnancy. For sub-analyses, the trimester of PrEP exposure was assessed based on
gestational age at PrEP initiation, using fundal height and last menstrual period; duration

of PrEP use during pregnancy was defined as weeks since PrEP initiation. Among the
randomly selected subset, confirmed PrEP exposure during pregnancy was defined as having
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quantifiable tenofovir diphosphate in dried blood spots for exploratory analyses. Those who
were randomly selected but did not have detectable tenofovir diphosphate were excluded,
without replacement.

Perinatal outcomes, the analysis’ primary outcome, included gestational age at birth, preterm
birth (<37 weeks’ gestation), any congenital malformation (ie, cleft lip, club foot, jointed
fingers or toes, and extra fingers or toes), pregnancy loss (ie, miscarriage; <20 weeks’
gestation), stillbirth (=20 weeks’ gestation), and neonatal death (<28 days after birth).

Study staff received standardised multi-day training on conducting anthropometric and
neurodevelopmental measurements, which included theoretical and didactic sessions and
observed practice. WHO weight-for-age, length-for-age, weight-for-length, and small-for-
gestational-age Z scores were calculated; underweight, stunting, wasting, and small for
gestational age were defined as Z scores less than =2 SD below the mean.13 Low birthweight
was defined as less than 2-5 kg among full term infants, and small for gestational age as

less than the 10th percentile for birthweight for their gestational age at birth. ASQ-SE scores
were calculated and cutoffs indicating referral for further assessment were defined as greater
than 85 at 30 months and greater than 105 at 36 months, following the manual. People

who experienced miscarriage, stillbirth, or death of a child remained enrolled, allowing for
consistent ascertainment of those outcomes.

Statistical analysis

We used generalised estimating equations models clustered by site to evaluate the
differences in baseline characteristics by PrEP exposure status, and the association of

birth, infant, and early childhood outcomes by exposure to antenatal PrEP (yes or no),
trimester of PrEP initiation (<14 weeks, 14-27 weeks, or 227 weeks), and duration on
PrEP (weeks since PrEP initiation date <4 weeks, 4-12 weeks, and >12 weeks). Gaussian
linear regression models with identity-link were used for continuous outcomes and Poisson
regression with a log-link was used for binary outcomes. Independent correlation structure
and robust SEs were used for all models. Outcomes analysed at 24—-36 months were

not clustered by site due to small cluster size. Multivariate models were adjusted for
maternal age, primigravida, gestational age at enrolment, partner HIV status, and maternal
syphilis a priori based on their association with adverse perinatal, infant outcomes, or PrEP
uptake in the literature in different combinations.14-16 PrEP uptake and perinatal and infant
outcomes were not associated with randomisation group in the parent study and therefore
we did not adjust for randomisation group.1” In exploratory analyses, the frequency of
adverse perinatal outcomes was compared between individuals with and without quantifiable
tenofovir diphosphate concentrations. We conducted a sensitivity analysis using adherence
benchmarks established in IMPAACT 2009 for pregnant people who used daily oral
tenofovir disoproxil fumarate or emtricitabine-based PrEP for more than 4 weeks.18 We
also evaluated the association of prenatal PrEP exposure and ASQ-SE scores. All analyses
were conducted in Stata 17.
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Role of the funding source

Results

The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

Between Jan 15, 2018, and July 31, 2019, 4063 female individuals met inclusion criteria
and were included in the analysis (91% of total PrIMA participants, appendix 2 p 1). At
enrolment, the median maternal age was 24 years (IQR 21-28) and median gestational age
was 24 weeks (20-30, table 1); 1050 (25-8%) were primigravida. 3392 (83-5%) participants
were married. 1270 (31-3%) reported not knowing their partner’s HIV status and 159 (3-9%)
had partners who were known to be living with HIV. The median years of education was

10 (IQR 8-12) and 601 (14-8%) had some form of employment. 305 (7-5%) reported
experiencing intimate partner violence (IPV) in the 6 months before enrolment, 399 (9-8%)
experienced household crowding, defined as more than 3 people per room in their residence,
and 526 (12-9%) had previous history of pregnancy loss; 42 (1.0%) reported a previous
premature birth.

Out of a total of 4063 pregnancies included in the analysis, 3971 (97-7%) resulted in
livebirths. Of these neonates, 1727 (43-5%) were male and 1800 (45-3%; some data missing)
were female.

In total, 558 (13:7%) participants self-reported PrEP use at some point during pregnancy
with a median gestational age at PrEP initiation of 26 weeks (IQR 22-31). Median duration
of PrEP use during pregnancy was 9-6 weeks (5-7-15-0). Compared with individuals who
did not use PrEP during pregnancy, those who used PrEP were more likely to report having
a partner who was known to be living with HIV (108 [19-4% vs51 [1-5%] of 3505,
p<0-0001) or a partner of unknown HIV status (227 [40-7%] vs 1043 [29-8%], p<0-0001;
table 1). Participants who used PrEP in pregnancy also more frequently had characteristics
associated with HIV acquisition, including engaging in transactional sex (p=0-0020), having
recent sexually transmitted infection diagnosis (p<0-0001), including syphilis (p=0-0009),
and experiencing IPV in the past 6 months (p<0-0001).

875 (21.5%) adverse perinatal outcomes occurred, with 12 (1-3%) miscarriages, 31 (3:5%)
stillbirths, 755 (86-3%) preterm births, 56 (6-4%) reports of small birthweight, and 21
(2-4%) reports of congenital malformation, which were not mutually exclusive. There were
no significant differences in the frequency of miscarriage (adjusted prevalence ratio [aPR]
1.81, 95% CI 0-26 to 12-35, p=0-55), stillbirth (0-77, 0-29 to 2:07, p=0-61), and preterm birth
(095, 0-74 to 1-21, p=0-67) between participants who did and did not use PrEP in pregnancy
(table 2). PrEP exposed and unexposed infants had similar birthweight (exposed 3-3 kg vs
unexposed 3-4 kg, adjusted beta coefficient [ap] —0-04, 95% CI —0-10 to 0-03, p=0-28) and
birth length (50 cm for both, —0.03, —0-69 to 0-77, p=0-95). The proportion of infants who
were born small for their gestational age was similar among the two groups (aPR 1.10, 95%
Cl 0-77 to 1.56, p=0-60). Few congenital malformations were reported and the incidence did
not statistically differ between infants who were and were not perinatally exposed to PrEP

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.
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(2-23, 0:94 to 5-28, p=0:068). There was also no significant difference in the frequency of
neonatal deaths between PrEP exposed and unexposed infants (1-26, 0-59 to 2-72, p=0-55).

Retention was high, with 3908 (96:2%) of 4063 individuals completing the study at 9
months postpartum. Overall, 2919 (71-8%) infants had complete growth measurements at 6
weeks, 2247 (55-3%) at 6 months, and 2213 (54-5%) at 9 months and were included in the
infant growth analysis separately for each timepoint. Median infant weight was similar at 6
weeks (both 5.0 kg, ap=0-01, 95% CI —0-09 to 0-10, p=0-90) and 9 months (both 86 kg,
0-05, —00:06 to 0-16, p=0-34) between PrEP exposed and unexposed groups. At 6 months,
PrEP exposed infants had slightly higher weight (7-8 kg vs7.7 kg, ap=0-18, 0-06 to 0-29,
p=0-0039). There were no differences in median infant length at 6 weeks (exposure 55-1
cm vsno exposure 55-0 cm, ap —0-49, —01-76 to 0-78, p=0-43), 6 months (both 66-0 cm,
0-29, ap -0:44 to 1.01, p=0-42), and 9 months (70-5 vs70-0 cm, ap —00-41, —01-77 to 0-95,
p=0-54). Weight-for-age and length-for-age Z scores did not significantly differ by PrEP
exposure at any timepoint. Prenatal PrEP exposure was not associated with underweight,
stunting, or wasting at any age (table 3). Results were similar when analysed separately by
trimester of PrEP initiation and weeks of duration on PrEP in pregnancy (appendix 2 pp
2-9).

Overall, 669 mother—child pairs from the PrIMA Extension cohort met inclusion criteria and
were included in the extended analysis. Median child age was 26 months (IQR 22 to 32) at
enrolment into the extension cohort; 116 (17-3%) had any PrEP exposure during pregnancy,
initiating PrEP at a median of 27 weeks’ gestation (IQR 21 to 31) and during pregnancy
used PrEP for a median duration of 3 months (1 to 4). Many participants continued PrEP
postnatally, with 63 (54-3%) of the 116 individuals who initiated PrEP during pregnancy
continuing to use PrEP for 9 months postpartum. At the 24-month visits, there was no
difference in mean weight (mean difference —0:04 kg, 95% CI —0-47 to 0-39, p=0-86),

mean height (-0-57 cm, —1.74 to 0-60, p=0-34), frequency of underweight (aPR 0-44, 95%
Cl 0-05 to 3:83, p=0-46), frequency of stunting (0-53, 0-16 to 1-77, p=0-31), or frequency

of wasting (0-75, 0-21 to 2:60, p=0-65) between children with and without prenatal PrEP
exposure. Results were similar at the 30-month and 36-month visits (table 4), except for the
30-month frequency of wasting, which was higher among PrEP exposed children than non-
exposed children (2-33, 1-20 to 4-52, p=0-012). Prenatal PrEP exposure was not associated
with overall ASQ-SE scores at 24 months (2773, —7-87 to 62-33, p=0-12), 30 months
(-1-50, —-18:60 to 13-47, p=0-75), or 36 months (1-10, —8-02 to 10-23; p=0-81). Similarly,
after dichotomising ASQ-SE scores by standard cutoffs, there was no association between
prenatal PrEP exposure and adverse social-emotional development at 24 months (aPR=1.55,
95% CI 0-38 to 6:26, p=0-54), 30 months (0-85, 0-33 to 224, p=0-75) or 36 months (0-82,
0-40 to 169, p=0-60; table 5).

A subset of 103 (18-5%) of the 558 participants who initiated PrEP were randomly selected
for dried blood spot testing and had detectable tenofovir diphosphate during pregnancy;
these participants were compared with 3505 participants who did not use PrEP during
pregnancy. Compared with PrEP-unexposed individuals, those with confirmed tenofovir
diphosphate exposure during pregnancy had similar frequencies of stillbirth (aPR 1-03,
95% CI 0:12-8:93, p=0-98), preterm birth (0-92, 0-58-1-47, p=0-73), small for gestational
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age (1-41, 0-78-2-54, p=0-26), and neonatal death (0-69, 0-09-5-26, p=0-72; appendix 2

pp 9-10). At 9 months, there was no association between prenatal PrEP exposure and
frequency of underweight (0-77, 0-23-2-61, p=0-68), stunting (0-42, 0-06-3-06, p=0-39), or
wasting (116, 0-39-3:52, p=0-79); results were similar at 6 weeks and 6 months (appendix

2 pp 11-12). Results were consistent comparing the 72 (69-9%) participants with tenofovir
diphosphate concentrations indicative of two or more doses per week during pregnancy
compared with those who did not use PrEP during pregnancy (appendix 2 pp 13-15).

Discussion

In this large prospective safety evaluation of prenatal oral PrEP use, maternal PrEP use
during pregnancy, regardless of trimester of PrEP initiation or duration of prenatal use,

was not associated with differences in birth or infant outcomes for the first 9 months

of life among Kenyan mother—infant pairs. Similar to previous safety data that relied on
self-reported PrEP use, we found no differences in adverse perinatal outcomes among

PrEP exposed pregnancies, compared with pregnancies without PrEP use, confirmed with

a biological measure. Retention in the study was high and in a subset of participants
enrolled in an extension cohort, there were also no differences in growth or social-emotional
development at 24, 30, and 36 months among children who did and did not have prenatal
PrEP exposure. Our results support previous data indicating safety of prenatal PrEP use and
provide evidence for future scale-up of PrEP delivery in this population. To our knowledge,
this is the largest study of PrEP use during pregnancy to date, with the longest follow-up,
and it is one of the only safety evaluations to include confirmation of maternal PrEP use
using quantified tenofovir diphosphate exposure.

Programmatic PrEP delivery to pregnant individuals is ongoing in Kenya;19 however,
uncertainty about safety of prenatal PrEP use has hindered PrEP implementation among
pregnant populations in some settings with high HIV burden. For example, a paucity

of comprehensive safety data delayed PrEP roll-out in South Africa.2% Currently, most
studies contributing data to safety considerations for prenatal PrEP use are from women
with HIV using tenofovir disoproxil fumarate as part of combination antiretroviral therapy
(ART) regimens for HIV or hepatitis B treatment.?! Insufficient data are available on the
outcomes of PrEP use throughout pregnancy and the postpartum period, and few studies
assess longitudinal outcomes among perinatally exposed infants.” In initial PrEP efficacy
trials, pregnancy was an exclusion criterion and people who became pregnant during the
trials discontinued PrEP at pregnancy detection. Therefore, these studies only provide

data on short-term, early first-trimester exposure, which might not be representative of all
pregnant individuals in these settings. Additionally, existing studies among infants prenatally
exposed to PrEP have less than 1 year of follow-up and have not assessed other longer-term
developmental outcomes, including neurodevelopment. Previous studies have had smaller
sample sizes and often relied on abstracting infant outcomes from medical records, which in
some cases can be incomplete or inaccurate. Expanding on previous studies and evaluating
outcomes beyond infancy following maternal PrEP helps to complete the safety profile for
PrEP use during pregnancy.
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Previous studies on tenofovir disoproxil fumarate and infant safety outcomes have
predominantly come from studies among women with HIV, and thus involve antiretroviral
and HIV exposure to infants, rather than purely antiretroviral exposure, which we have
examined in this study. In the PROMISE trial, use of tenofovir disoproxil fumarate-based
ART in mothers with HIV resulted in more frequent severe adverse pregnancy outcomes
and higher rates of preterm delivery (before 34 weeks) than use of zidovudine-based ART.22
In the SMARTT cohort, again in women with HIV, tenofovir disoproxil fumarate use in
pregnancy was associated with reduced bone mineral content in neonates compared with
exposure to other antiretrovirals, although tenofovir concentrations in meconium were not
associated with infant weight, length, or bone mineral content.23 A study using dual-energy
X-ray absorptiometry suggests that any prenatal antiretroviral exposure among infants of
women with HIV might lead to decrement in neonatal bone mineral density.24 Tenofovir
disoproxil fumarate use during pregnancy has been associated with lower length-for-age Z
scores at 1 year compared with those without tenofovir disoproxil fumarate use among
children who are HIV-exposed but uninfected.24 Whether these changes are clinically
relevant is unclear. Importantly, these data from women with HIV are complicated by
concomitant ART drugs and HIV disease and might not necessarily reflect the safety of
tenofovir disoproxil fumarate use among mothers who are HIV negative. Our findings
suggest that prenatal PrEP use is not associated with adverse growth and development
among mother—infant pairs who are HIV negative. WHO guidelines strongly advocate

for active surveillance of mother and infant outcomes during PrEP use in pregnancy and
breastfeeding as part of PrEP programmes and call for data on longer term infant outcomes
following maternal PrEP use.®

Neurodevelopmental deficits have been seen in children who are HIV-exposed and
uninfected, compared with children without HIV exposure; however, the role of
antiretroviral drug exposure in these deficits is unclear. Evidence regarding regimen-specific
effects are inconsistent and sparse. Although many studies support the safety of tenofovir
disoproxil fumarate use during pregnancy,’ prenatal tenofovir disoproxil fumarate exposure
among children who are HIV-exposed and uninfected has been associated with lower
performance on social-emotional domains.2> The current study found no differences in
social-emotional development between children with and without prenatal exposure to PrEP.

To our knowledge, this study is one of the first to assess the safety of peripartum PrEP
exposure using adherence biomarkers.2® Existing safety studies of prenatal PrEP use have
primarily relied on maternal self-report of oral PrEP adherence, which might not accurately
measure infant PrEP exposure.’ Self-reported adherence has been shown to correlate poorly
with objectively measured adherence in PrEP trials.?” Biological measures, in contrast, can
objectively assess adherence, but are less commonly implemented due to cost and logistical
constraints.?8 In a subset of participants with quantified tenofovir exposure from collected
biological specimens, we found no differences in adverse perinatal outcomes among Kenyan
individuals with prenatal PrEP exposure.

A limitation of this study is that we relied on last menstrual period and fundal height for
determining gestational age. This approach to measuring gestational age is standard of care
in this setting and previous studies have shown moderate correlation between these measures
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and ultrasound.2® The study observed low rates of pregnancy loss, which might indicate
survivorship bias since individuals in the parent study enrolled at a median of 24 weeks’
gestation, thus earlier pregnancy losses were not captured. However, rates were consistent
with local estimates reported in 2022.30 This gestational age aligns with typical timing

of presentation to antenatal care in Kenya.3! Results might not be generalisable to those
who initiate PrEP before conception or those who are not retained in care. Rare outcomes,
including congenital anomalies, will require future larger surveillance evaluations. Although
the prevalence of preterm birth was higher than global estimates, our results align with 2022
estimates from the region.32 Cumulative pregnancy loss prevalence in our study was similar
to current regional and Kenyan estimates.33

Understanding the effects of perinatal PrEP use on infant outcomes is crucial for informing
future scale-up of PrEP delivery. Additional long-term follow-up including school ages
will be useful to elucidate the effect of perinatal PrEP exposure on child development. A
more comprehensive safety profile including broader neurodevelopmental assessment and
bone density measurements remains important. Data from individuals who initiate PrEP
before conception in programatic settings are needed to confirm safety of PrEP use during
pregnancy. However, existing data on periconception PrEP use is reassuring.34

In summary, among Kenyan mother—child pairs followed up from pregnancy until early
childhood, we found no differences in adverse perinatal, growth, or social-emotional
development between children with versus without prenatal PrEP exposure. Our findings
suggest that oral PrEP use during pregnancy does not influence birth and infant outcomes
before 36 months postpartum. Our data support findings from previous studies that show
safety of PrEP use during pregnancy and, importantly, this study contributes to the sparse
data available on early childhood outcomes following antiretroviral exposure without the
confounder of HIV exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

HIV incidence is elevated during periods of pregnancy and postpartum in regions with
high HIV prevalence. WHO recommends offering tenofovir disoproxil fumarate-based
daily oral pre-exposure prophylaxis (PrEP) to pregnant and postpartum people with
substantial HIV acquisition risk. We searched PubMed for original research articles
published between May 14, 2014 (ie, the first Centers for Disease Control PrEP
guidelines), and June 30, 2024, on perinatal and infant outcomes following maternal
PrEP use. We used the search terms: “pre-exposure prophylaxis”, “PrEP”, “pregnancy”,
“in utero”, “maternal child health”, and “safety”. Existing safety data of prenatal PrEP
use among pregnant women are reassuring; however, the identified studies had limited
follow-up beyond the perinatal period and the majority relied on maternal self-report of
PreP adherence, which might not accurately measure infant PrEP exposure. Building
on previous research and examining outcomes that extend beyond infancy, including
neurodevelopmental measures, in the context of confirmed maternal PrEP exposure,
would contribute to a more comprehensive understanding of the safety profile of PrEP
use during pregnancy.

Added value of this study

To our knowledge, this study is the largest prospective study of PrEP use during
pregnancy with the longest follow-up and one of the only safety evaluations to include
confirmation of maternal PrEP use using quantifiable PrEP exposure, measured via drug
concentrations in dried blood spots. Maternal PrEP use during pregnancy, regardless

of trimester of PrEP initiation or duration of prenatal use, was not associated with
significant differences in birth or infant outcomes throughout 36 months of life among
Kenyan mother—infant pairs. Similar to previous safety data that relied on self-reported
PreP use, we found no differences in adverse perinatal outcomes among PrEP-exposed
pregnancies, compared with pregnancies without PrEP use, which we confirmed with a
biological measure.

Implications of all the available evidence

Our findings suggest that oral PrEP use during pregnancy does not influence birth,
growth, or social-emotional development throughout the first 36 months of life. Our
results support previous data indicating safety of prenatal PrEP use as PrEP delivery
scales up in this population. Our study contributes to the sparse data available on early
childhood outcomes following antiretroviral exposure without the confounder of HIV
exposure.
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Characteristics of participants included in analysis by PrEP exposure

Page 15

Never PrEP exposed (n=3505)

Any PrEP exposureduring
pregnancy (n=558)

Age (years) *
Age category*
<24 years
24.35 years
>35 years
Missing
Currently married
Missing
Currently polygamous 1
Missing
Gestational age at enrolment (weeks)
Missing
Attended four or more antenatal care visits
Missing
Posilive for syphilis on rapid plasma reagin or HIV-syphilis dual
test
Missing
Primigravida*
Missing
Number of living children *
Missing
Previous history of pregnancy loss (ie, miscarriage) and stillbirth
Missing
Previous premature birth (<37 weeks)
Missing
Infant sex
Female
Male
Missing
Breastfeeding at 6 months?
Missing
Introduced any other food or drink besides breastmilk yet§
Missing
Number of lifetime sexual partners*
Missing
HIV status of current sexual partners *

Negative

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.

238 (20-8-28:0)

2065 (58-9%)
1283 (36:6%)
155 (4-4%)

2 (01%)
2911 (83-1%)
40 (1-1%)
313 (10-8%)
17 (0-5%)
24.0 (20.0-30.0)
0
2459 (70-2%)
133 (3-8%)
29 (0-8%)

58 (1.7%)
961 (27-4%)
15 (0-4%)
1.0 (0:0-2:0)
78 (2:2%)
438 (125%)
17 (0-5%)
30 (0-9%)
0

1561 (44-5%)
1480 (42:2%)
464 (13-2%)
2560 (95-4%)
158 (4-5%)
1606 (62-9%)
7 (0-2%)
2.0 (2:0-3-0)

8 (0-2%)

2360 (67-3%)

25:0 (21-0-30:0)

276 (49-5%)
240 (43-0%)
42 (7-5%)

0
481 (86-2%)

7 (1-3%)
113 (23-6%)

3 (0-5%)
24.0 (18-6-28.0)
0
411 (76-4%)
20 (3-6%)

13 (2:3%)

17 (3-1%)
89 (15-9%)
3 (0-5%)
2.0 (1.0-3-0)
9 (1-6%)
88 (15-8%)
11 (2:0%)
12 (2:2%)
0

240 (43-0%)

251 (45:0%)
67 (12:0%)

371 (94-6%)
52 (9-3%)

255 (68-7%)

0
3.0 (2:0-4.0)

4(0-7%)

216 (38:7%)
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Never PrEP exposed (n=3505) Any PrEP exposure during
pregnancy (n=558)

Unknown 1043 (29-8%) 227 (40-7%)
Positive 51 (1.5%) 108 (19-4%)
No partner 45 (1-3%) 4 (0-7%)
Missing 6 (0-2%) 3(0:5%)

Engaged in sex in exchange of money or favours in the last 6 54 (1-5%) 19 (3-4%)

months
Missing 14 (0-4%) 4 (0-7%)

Diagnosed with or treated for an STI in the last 6 months ™ 72 (2:1%) 28 (5:0%)
Missing 12 (0-3%) 4 (0-7%)

Forced to have sex in the last 6 months ™ 172 (4:9%) 53 (9:5%)
Missing 11 (0-3%) 5 (0-9%)

Moderate to severe risk for intimate partner violence (HITS 222 (6-4%) 83 (14-9%)

scale) *
Missing 18 (0-5%) 2 (0-4%)

High risk by NASCOP assessment 384 (11-0%) 120 (21-5%)
Missing 0 0

High risk by empirical HIV risk score ™ 1143 (32:6%) 354 (63-4%)
Missing 0 0

High risk score by either assessment ™ 1334 (38:1%) 382 (68-5%)
Missing 0 0

Data are n (%) or median (IQR). HITS=Hurt, Insult, Threaten, Scream. NASCOP=National AIDS and STI Control Program. PrEP=pre-exposure

prophylaxis. STI=sexually transmitted infection.

*
p<0-01 determined by generalised estimating equation family-gaussian, link-identity, and correlation-independent for continuous variables and

family-poisson, link-log, and correlation-independent for binary variables.

fAmong those who were married (n=2911 for no exposure and n=481 for exposure).

JtAmong those who attended their 6-month visit (n=2842 for no exposure and n=444 for exposure).

§Among those who attended their 6-month visit and were currently breastfeeding at 6 months (n=2560 for no exposure and n=371 for exposure).

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.



Page 17

Gomez et al.

ainsodxa-a1d=d3.d "85S sem Adueubiaid Burinp ainsodxa d3.d Aue 10j U [[RJSA0 BU) pue GOGE Sem pasodxa d3.d JaAau 1o} U |[eIan0 8y “palyioads asimiayio ssajun (4O1) ueipaw o Agw_”wm;mm_m

G50 (zLz01650) 92T €L0 (55201 250) ST'T (%6°T) TVG/0T (%9-T) 0EVE/SS SOA
(oy) 1 (oy) T (%¢-86) TYS/TES (%v-86) OEVE/SLEE ON

yreap |ereuosN
8900 (82°5 01 ¥6:0) €2°C 9600 (vvv 01 88:0) 86°T (%6°0) TVS/S (%50) 0EVE/9T SOA
(oy) 1 (ou) T (%T-66) TYS/9ES (%5°66) OEVEMTYE ON

uonewIojfeW lenusbuod
090 (95T 0122:0) OT'T 090 (€57 018L:0) OT'T (%8-0T) 06¢€/2Y (%8-6) 95Te/2TC SOA
(oy) T o) T (%z-68) 06€/8VE (%z:06) 95T2/vY6T ON

abe jeuoneisab Joy |[ews
LT-0 (87T 03 6€0) 890 610 (cz'1 01 9€:0) 990 (%S°T) 06€/9 (%€-2) 0912/05 SOA
(oy) T (o) T (%5-86) 06€/78€ (%Z°,6) 09T2/0TTZ ON

(6% Gz>) Wbramypig

820 (€0-0 01 0T:0-) ¥0-0- G50 (500 03 80-0-) 20-0- (9e0r0€) €€ (9emr0€) e (65) uBromuypig
190 (L0201 62:0) L2°0 60 (8201 €7:0) ¥O'T (%z-€) 95T/S (%T-€) Tv8/92 SOA
()T @) T (%8-96) 9GT/TST (%696) T¥8/ST8 ON

(uonesab ,saam 02) YMINNG
G50 (5621 0192:0) 18T 260 (687 01%2:0) 80°T (%€'T) 95T/C (%z'T) TV8/0T SOA
()T @) T (%.-86) 9GT/¥ST (%886) TY8/TES ON

(uoneiseb ,sxeam oz> ‘eberiredsiw ‘a1) ssoj Aoueubald
190 (Tz'T 01 %2:0) S6:0 920 (0T'T 01 T2:0) 88:0 (%6°9T) GS5/76 (%2-6T) ¥ive/T99 SOA
(oy) 1 @) T (%T-€8) SSG/T9Y (%8-08) vvve/e8Le ON

(uoneisab ,syeam 2€>) yuiq wusleld

(s»@am) pua Aoueubaid

160 (£z°0 01 0€:0-) 20°0- 160 (62:0 01 0€:0-) T0°0- (0-6€ 01 T2€) 08 (0-6€ 01 0°2€) 0.8 1e abe [euonelseD

onread (12 %36) |1U8111L0D anpend (12 %86) |1Us11L0D
,UOssa.0e .1 U01SSe 100 foueubs 1d Bulinp
suolrenba Buirew ise pasifeousb pasnipy suoirenbs Bulrew ise pesifejsusb pasnipeun ainsodxe d3.d Auy  pasodxe d3.1d N

Author Manuscript

¢ 9lgeL

Author Manuscript

snjess aunsodxs 4344 Aq Sawo21no [ereullad

Author Manuscript Author Manuscript

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.



Page 18

Gomez et al.

'$90} 10 S196Uly BAIXS pUR ‘'S80 40 S1abuly pajulol ‘uoneoo|sip diy [enushuod 100y gnjo papnjoul saljewoue _E_E&coo,q.r

*SBLI02IN0 SNONUIIUOD J0) UMOYS 8J. SIUSID14I800-¢ pue S3W00IN0 AJeulq J0) UMOUS aJe soljel wn:_m_gen_aN

“JUBWI|04UB e Snyels sijIydAs pue ‘Juawijolus Je sniels AJH Jaunied ‘quswiolus Je abe [euoijeisab ‘Juswiolus Je epiAelBiwLd ‘qusw|olus Je abe [eussrew oy paisnipy
¥

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.



Page 19

Gomez et al.

€0 (92:0 01 67:0-) ¥0-0 050 (£2:0 01 ¥1:0-) 200 (80010T-) 20— (9003 TT-) €0 ZVv1 8njosqy

20 (TO'T 01 ¥%:0-) 62°0 2e0 (L0'T 01 2€:0-) GEO (0-69 01 0¥9) 099 (0-89 01 0%9) 099 (wo) ybusT
1€0 (05T 01 82:0) 590 8€0 (26T 01 T€:0) 69°0 (%t-2) 55219 (%¥-€) L€LT/6G SOA
(ou) T (oY) 1 (%.-26) SSe/6YC (%9-96) LELT/8LIT ON

(ZvM 2- ueyy ssa]) Jybramispun

€100 (5€:0 03 500) 020 9100 (€0 01 70:0) 6T-0 (TT040-) 20 (6001 20-) T:0 ZV 3IN|0SqY

6£000 (62:0 01 90:0) 810 €100 (62:0 01 0-0) 9T°0 (Lgorz:l) 8L (580 02) 1L (65) 3ubrom

jusuussasse yijuow

(%T-¥S) 856/20€ (%5-GS) S0GE/SY6T -9 Buipusie syuedionued

ssAeUe yiuow-9
950 (29T 91 170) 280 ¥9:0 (99T 01 ¥¥:0) 98:0 (%0-G) 082/vT (%6°G) 0L02/12T SOA
@) T ()T (%0-G6) 082/992 (%2'v6) 0L02/6v6T ON

(ZIM 2 ueyy ssay) Bunsem

260 (€2°0 01 92:0-) T00- €80 (81°0 01 £2:0-) 20°0- (9T 0120-) 90 (LT01E0-) 90 ZIM @Injosqy
L€0 (08'T 01 08:0) 02'T 9.0 (65T 01T2:0)90°T (%7-0T) 982/62 (%5+6) 80T2/T0C SOA
(ou) T (oy) 1 (%668) 982/L5¢ (%5-06) 80T2/L06T ON

(Zv1 2- ueys ssa)) Bunums

890 (¥2:0 03 9T:0-) ¥0°0 290 (52001 6T-0-) G0 (200 6:0-) 2°0- (L00}T-1-) 20— ZV 8Injosqy

ev0 (82:00192°T-) 67°0- 60 (89-0 01 89-1-) 050~ (025 01 0%8) T:SG (026 01 0%8) 0-5§ (wo) ybus
09:0 (65T 01 G7°0) 780 S70 (ST 01 ¥¥:0) 08:0 (%¥2) 162/L (%0-€) TST2/S9 SOA
@) T ()T (%9-6) 162/¥82 (%0°.6) T5T2/9802 ON

(ZvM z- uey ssaj) ybramispun

850 (60-0 01 9T-0-) €0°0- 99:0 (60-0 01 ¥T:0-) 20°0- (800170-) €0 (600 10-) €0 ZVM 9INjosqy

060 (010 03 60:0-) T0:0 080 (600 03 £0-0-) TO°0 (750 5%) 0'G (75 0151) 0'G (631) yBram

Juswissasse

(%8-02) 85G/S6€ (%0°2.) S0S€/veSsz  Y9am-g Bulpuane syuedionled

ssAfeue yeam-9

Lonead (12 %56) | 1US 110D anpead (12 %56) | 1U8 1211200
,UOssa.0a. U01SSa 100 1 foueubs.id

suoirenbs Buirewrss pasife jousb paisnipy

suoirenba Buirew ise pasife ouab paisnlpeun

Burinpainsodxe 43.1d Auy

pasodxe d3.d ereN

Author Manuscript

ainsodxe d34d Aq wnuedisod syluow g pue ‘SYIuoW 9 ‘sYaam g 1e SalodINo YImolb jueyul

‘€ 9|geL

Author Manuscript

Author Manuscript

Author Manuscript

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.



Page 20

Gomez et al.

*S8LI02IN0 SNONUIIUOD J0) UMOYS 8Je SJUSID1Y802-g puB S3LI0IIN0 ATeulq J0) UMOYS aJe SOITel 30Us[eAsld

)

"JUBW0JUB Te Snyels S1IydAS pue ‘JuaW|oJua Te sniels AJH Jauied ‘Juswijous Je abe [euonelsah ‘Juswiolus Je epiAeIBiwLd Jusawiolus 1e afe jeulsrew Joy pasnipy
*

'8103s 7 YiBua|-104-1yBram=71/\ 2409s Z abe-104-1ybram=27\y\\ '8103s 7 abe-10}-yibus|=zvT ‘sixejAydoid
ainsodxa-aid=d3.d ‘855 sem Aoueubaid Burinp ainsodxa 4314 Aue 10} N |[BI8A0 3y} pue GOGE Sem pasodxa d3.d 19AaU 10y N |[eIdA0 3y L “palsioads asimiayio ssajun (4O1) uelpaw Jo (%) U ate ereq

750 (0L-T 019€0) 62:0 €9:0 (L9°T 01 €7°0) ¥8:0 (%0-€) L92/8 (%9-€) 169T/09 SBA
()T (oY) T (%0-26) 192/65¢ (%G-96) T69T/TEIT ON

(ZIM 2- ey ssay) Bunsem

1.0 (22001 6T0-) €00 18:0 (¥1-0 01 8T:0-) 20-0- (e'T015:0-) 0 (eTOG0-) 10 Z1M 8INj0sqy
(040] (zeT 01 617°0) T8:0 220 (T2 T 01 9770) €2:0 (%L-9) L92/8T (%z'6) LOLT/LST SAA
()R ((EX)R (%e-€6) L92/6vC (%8-06) TOLT/VYST ON

(21 2- ueyy ssey) Bunums

950 (0€:0 01 9T°0-) 200 6€0 (v€:0 0} ¥T:0-) 0T:0 (9001 T'T-) 2°0— (G001 €T-) ¥0- ZV1 8anjosqy

50 (56:0 03 22°T-) T7°0- 190 (L0'T 01 %9-1-) 82°0- (022 01 289) §0L (022 01 089) 002 (wo) yibus
770 (€5°T 03 2£0) G0 (00] (97T 01 6€0) G20 (%62) 922/8 (%6°€) 8ELT/L9 SBA
()T (oY) T (%T-26) 922/892 (%T1-96) 8€LT/TLIT ON

(zvm

Z— ueys ssa|) ybramiapun

770 (910 03 £00-) Y00 G0 (¥1°0 01 90:0-) ¥0:0 (6:0015:0-) T:0 (0T0120-) T°0 ZVM 8IN[0sqy

€0 (97°0 03 90:0-) 00 090 (€7°0 03 80:0-) €00 (56 0108) 98 (960 62) 98 (631) yBram

jusuussasse yjuow

(%L¥5) 856/50€ (%t¥S) G0GE/806T -6 Buipuane sjuedionied

ssAeUe Yluow-6
€0 (55T 03 82°0) 99:0 (040] (¥ST 01 ¥€0) 220 (%8-2) 8vz/L (%6°€) 2TLT/L9 SBA
(o) T (oY) T (%z-16) 8¥2/TYT (%T-96) CTLT/SKIT ON

(ZIM 2- ey ssay) Bunsem

[4%0] (9€:0 01 ¥0:0-) 9T:0 €20 (0€:0 01 80:0-) TT:0 (ST 0 %0-) 50 (7101 60-) 10 Z1M 8INj0sqy
18:0 (S7'T 01620) ¥0'T 6.0 (£&T 0199:0) 56:0 (%€g-8) ¥S2/TZ (%¢-8) G2LT/0ST SAA
()R (o) T (%L.16) vSz/EET (%€T6) G2LT/GLST ON

(21 2- ueyy ssey) Bunums

onead (12 %56) | 1Ue 10D anead (12 %S6) | U800
,UOsSa.0a. U0KSSo 100 1 foueubo.d

suoirenbs Buirew ise pasife ouab pasnipy

suoirenbs Buirew ise pasife ouab paisnipeun

Burinpainsodxe 43.d Auy  pasodxe d3.d BN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.



Page 21

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.

(o) T @) T (%6°G6) €£2/0L (%T1-€6) 29€/.€€ ON

(ZvH z- uey ssay) Bunums

090 (2€:0 01 TZ:0-) 80-0 9.0 (€0 04 ¥2:0-) ¥0-0 (7001 2T-) £0- (7001 €1-) 50~ ZVH 8njosqy

980 (26001 0T'1-) 600- 980 (68:0 01 80'T-) 600- (826 01 098) 068 (026 01 098) 068 (wo) 1yb18H
€L0 (6T°€ 01 ¥70) 6T°T 690 (eze 01 9v0) c2'1 (%99) 92/S (%¥-S) 68¢€/TC SOA
((EX) R (oY) T (%v-€6) 9L/TL (%9-v6) 68€/89€ ON

(ZvM 2- ueyy ssa]) Jybramispun

vZ0 (T7:0 01 £4:0-) 9T-0- 810 (80-0 01 ¥:0-) 8T0- (0021-)20- (2001 60-) T0- ZV 3IN|0SqY

20 (97°0 03 §9:0-) G2°0- G20 (£1:0 01 ¥9:0-) €2°0- (9eTor0TT) 62T (ovtorgT) 82T (631) yBram

(%0-69) 9T1/08 (%€v.L) €SS/TTY JuaLussasse yuow-og Buipuaye spuedionted

ssAfeue yuow-og
§90 (092 01 72:0) G20 €80 (66-C 01 G2:0) 280 (%0-9) 05/€ (%69) z€2/9T SOA
(o) T @) T (%0-76) 05/.L¥ (%T1-€6) 2€2/9TC ON

(ZHM z- uey ssay) Bunsem

750 (0€'0 03 /5:0-) ¥T-0- 770 (92:0 01 09-0-) LT-0- (8:0018:0-) 00 (0T090-) 20 ZHM 8INjosqy
€0 (LT 019T0) €50 2€0 (6L-T 019T:0) ¥5:0 (%0-9) 05/€ (%T-1T) S€2/92 SOA
(o) T ()R (%0-6) 0G/.LY (%6-88) G€2/60C ON

(ZvH z- uey ssey) bunums

860 (6€°0 01 8€:0-) 100 260 (5€-0 01 6€:0-) 20°0- (7001 61T-) 20- (€001 2'T-) ¥:0- ZVH ainjosqy

vE0 (090 03 ¥21-) LG50~ Ge0 (650 01 89'T-) V50— (z,801218) 0:G8 (5,8 010€8) 0:G8 (wo) ybreH
90 (€8:€ 01 50:0) ¥7°0 290 (227 01 20:0) 650 (%8°T) L5/1 (%0-€) 692/8 SOA
(o) T @) T (%€-86) L5/95 (%0-26) 692/19¢ ON

(ZvM z- uey ssaj) ybramuapun

880 (e€:0 01 82:0-) 200 160 (0£0 04 62:0-) 00-0 (2:00180-) 20— (9:0018:0-) 20— ZVM 8INj0sqY

980 (6€0 03 Lt0-) ¥0-0- 160 (6€0 03 ¥1:0-) €0-0- (oeT01g0T) ETT (92T 01 G0T) GTT (65) 3uBram

(%9-25) 9TT/T9 (%015) £56/28¢ JuaLUssasse yuow-iz Butpuape syuedioned

sisAfeue yuow-ig

L2nead (10 %56) [BIWR0D  gnpad (1D %S6) |1UBIIR0D
Uossabe . pexsnlpy UosSe 0o popnipeuny  Aoueubeid Burinp ensodxe d31d Auy  pesodxe d3.d eneN

Gomez et al.

ainsodxa d34d [ereuald Ag syiuow 9§ pue ‘0g ‘g 18 Sawo9no yimolb pooypliyd Ajue3

‘v algeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 22

Gomez et al.

*$9LLI02IN0 SNONUIIUOD 10) UMOYS 8. SJUSIDIY809-g pue s3I0 Aleulq 10y UMOYS aJe solel mocw_?m_nc

“JUBWI0JUS T8 SIS SIjIydAS pue ‘Jusw|olus Je sniels AlH Jaunied ‘yuig e abe [euonelseb Juswiolus 1e epiAelBiwid Juswiolus 1e abe jeulsiew Joy paisnipy
*

'8102s 7 yB1ay-104-1yBram=7zHN\ 8109s 7 abe-10}-1yblam=7\A ‘sixejAydoad ainsodxa-aid=d3.d ‘8100
Z abe-103-1yb1ay=7vH ‘855 sem Aoueubaid Burinp ainsodxa d3.4d Aue 1oy N [[e49A0 8y} pue GOGE Sem pasodxa d3.d JaAsU 10y N |[BIBA0 3y “palsidads asimIaylo ssajun (4O1) uelpaw Jo (%) U ae ereq

270 (0T€ 03 €9:0) 6€°T €L:0 (872 01 €5:0) ¥T'T (%6°8) 06/8 (%8°2) zTvice S9A
(o) T - ()T (%T°16) 06/28 (%2-26) ZT/08E ON

(ZHM z- Uy ssa]) Bunsem

190 (cz:0 01 L€:0-) 80-0- 960 (0€:0 01 82°0-) 100 (£0018:0-) T0 (80016:0-) 00 ZHM 8I|0sqy
G6:0 (LT€ 01 ¥E0) ¥O'T 00T (962 01 ¥€:0) 00°T (%¥v) 26/v (%e-v) STY/8T SOA
()RS - ()R (%£-56) ¢6/88 (%.G6) STY/L6€ ON

(ZvH z- uey sse)) Bunums

980 (zz'0 01 92:0-) 20°0- 180 (cz:0 01 92:0-) 20°0- (5001 2T-) 2:0- (50010'T-) 20- ZVH anjosqy

(88:0 01 68:0-) 100 180 (¥6:0 03 62:0-) L00 (026 01 9°T6) 056 (026 01 5°T6) 076 (wo) wbisH
2L0 (cec 01EV0) 02T 16:0 (62:2010v°0) 90°T (%€5) 56/S (%0°5) zvvice S9A
(o) T - (o) T (%/v6) 56/06 (%0-G6) zvv/0Zy ON

(ZvM z- uey ssay) yBramiapun

€e0 (TT-0- 01 ¥E0-) TT:0- 920 (610 03 92:0-) ¥0-0- (9001 0'1-) 0:0- (7-0018:0-) 20— ZVM 8IN|0sqY

Sv0 (¥2:0 01 £5:0-) GT-0- 00T (2€:0 03 £€:0-) 000 (0sT01Z2T) 09T (05T 018:2T) 09T (63) uBram

(%t16) 9TT/90T (%2G8) €SG/TLY Juatussasse yuow-g¢ Buipuaye syuedionled

sisAfeue yiuow-9g
2100 (esvor0zT)€ET ¥20-0 (S0v 01 0T'T) TTC (%8-LT) €L/ET (%¥°8) 95€/0€ SOA
()RS - ()R (%z-28) £2/09 (%9-16) 95€/92¢€ ON

(ZHM - uey ssaj) Bunsem

010 (90-0 01 99-0-) 0£°0- 110 (90-0 01 59:0-) 62°0- (8001 0T-)z:0 (T'T10180-) €0 ZHM 3Injosqy
8€0 (05T 01 2T0) 850 0r0 (£6'T 01 8T:0) 09:0 (%Tv) L€ (%6°9) 29€/5C SOA

Onend (10 %G6) (IePUR0D  gnpad (10 %S6) |IUBIR0D
U038 pasnipy U0BSe e pesnipeun  Aoueubsid Bulinpainsodxe d3.d Auy  pasodxe d3.1d ereN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.



Page 23

*S8LI02IN0 SNONUIIUOD J0J UMOYS 8J SJUSIDLY802-g puB S3LI0IIN0 ATeulq J0) UMOYS aJe SOITel 30Us[eAsld

)

“JUBWI0JUS Te snyels sifIydAs pue ‘Juaw|olua Je sniels AJH Jaulied ‘yuig Je abe jeuonelsah ‘Juswiolua 1e epiaeIBiwLd Juawiolus 1e afe jeulsiew Joy pasnipy
*

'sixe|Aydoud ainsodxa-aid=d3.d "uonIpa pug ‘[euonows [eI20S — alreuuonssnd

sabels pue seby=3S-OSV 855 sem Aoueubiaid Burinp ainsodxa d3.d Aue 1oy N |[eI9A0 aU1 pue GOGE Sem pasodxa d34d Jenau Joj N |[eano ay ) paij1oads asimiayio ssajun (HO1) ueipaw 1o (%) u are eleq

Lancet Glob Health. Author manuscript; available in PMC 2025 April 03.

Gomez et al.

090 (69'T 01 0%°0) 280 2L0 (62T 01 £10) 88:0 (%L2T) TL/I6 (%W 1) Lv€/0S SOA
@) T ()T (%€-28) TL/29 (%9-68) LvE/L6C ON
110-12 810938 3S-OSY dA0qY
180 (e2°0T 0120'8-) OT'T Ly0 (ST-2T 01 €9°5-) 92°€ (0-08 01 2°G¥) 009 (062 01 §6€) 0SS 21095 3S-0OSVY
(%V16) 9TT/90T (%2-58) €96/TLY juaLussasse yuow-9¢ Butpuape syuedioned
sisAfeue yjuow-9g
GL0 (¥2'z 01 €€0) 580 280 (T€:2 01 G£0) 060 (%0-02) Se/s (%€-22) 6ET/TE SBA
()R ()T (%0-08) Sz/02 (%L22) 6€T/80T ON
110-12 810938 3S-OSY dA0qY
GL0 (Lr€T01098T-) 05 T- 220  (0LCT 0} L€-8T-) €82 (008 01 0-5€) 695 (0-58 01 0-5€) 0-GS 81025 35-0SV
(%0-69) 9T1/08 (%€v2) €SS/TTY JuaLussasse yuow-0g Butpuape syuedioned
SISAJeue yjuow-Qg
¥S-0 (82:9018€0) GS'T 160 (6v°€ 01 0€:0) 00°T (%0-09) 9/€ (%.-8v) L€/8T SOA
@) T ()T (%0-09) 9/€ (%b15) L€/6T ON
101n9 8103s 3S-OSV 90y
ARl (ee2901/82-) €L L2 70 (VO'SY 03 GT-TZ-) ¥6'TT (0veT 01 0-0¢) 228 (0€6 01 £T¥) 059 21095 3S-0SY
(%9-25) 9TT/T9 (%015) £56/28¢ JuaLUssasse yuow-iz Butpuape syuedioned
sisAfeue yuow-ig
L2nead (10 %G6) |1WBPUR0D  gnead (1D %56) | 1UBI1B0D
Uossabe . paxsnIpy UosSe 0o popnipeuny  Aoueubeid Burinp ensodxe d31d Auy  pesodxe d3.d eneN

ainsodxe d34d [ereuald Aq syluow 9§ pue SYUoW g e sawodlno Jejuswdojanag

‘g 9|geL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Summary
	Introduction
	Methods
	Study design
	Participants
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	References
	Table 1:
	Table 2:
	Table 3:
	Table 4:
	Table 5:

