
Original Research

Neurodevelopment of Children Whose
Mothers Were Randomized to Low-Dose
Aspirin During Pregnancy

Matthew K. Hoffman, MD, MPH, Shivaprasad Goudar, MD, MPH, Sangappa Dhaded, MD,
Lester Figueroa, MD, Manolo Mazariegos, MD, Nancy F. Krebs, MD, Jamie Westcott, MS,
Shiyam Sunder Tikmani, MD, Fatima Karim, MD, Sarah Saleem, MBBS, Robert L. Goldenberg, MD,
Adrien Lokangaka, MD, MPH, Antoinette Tshefu, MD, PhD, Melissa Bauserman, MD, MPH,
Archana Patel, MD, PhD, Prabir Das, MD, Patricia Hibberd, MD, PhD, Elwyn Chomba, MD,
Musaku Mwenchanya, MD, Waldemar A. Carlo, MD, Marissa Trotta, MS, Alexis Williams, BS,
Janet Moore, MPH, Tracy Nolen, PhD, Norman Goco, MPH, Elizabeth M. McClure, PhD,
Michele A. Lobo, PT, PhD, Andrea B. Cunha, PT, PhD, and Richard J. Derman, MD, MPH

OBJECTIVE: Because low-dose aspirin is now commonly

prescribed in pregnancy, we sought to assess the asso-

ciation between early antenatal exposure and child

neurodevelopment.

METHODS: We performed a noninferiority, masked,

neurodevelopmental follow-up study of children

between age 33 and 39 months whose mothers had

been randomized to daily low-dose aspirin (81 mg) or

placebo between 6 0/7 and 13 6/7 weeks of gestation

through 37 weeks. Neurodevelopment was assessed

with the Bayley-III (Bayley Scales of Infant and Toddler

Development, 3rd Edition) and the ASQ-3 (Ages and

Stages Questionnaire, 3rd Edition). The primary out-

come was the Bayley-III cognitive composite score

with a difference within 4 points demonstrating

noninferiority.

RESULTS: A total of 640 children (329 in the low-dose

aspirin group, 311 in the placebo group) were evaluated

between September 2021 and June 2022. The Bayley-III

cognitive composite score was noninferior between the

two groups (21, adjusted mean 20.8, 95% CI, 22.2 to

0.60). Significant differences were not seen in the language

composite score (difference 0.7, 95% CI,20.8 to 2.1) or the

motor composite score (difference 20.6, 95% CI, 22.5 to

1.2). The proportion of children who had any component

of the Bayley-III score lower than 70 did not differ between

the two groups. Similarly, the communication, gross motor,

fine motor, problem-solving, and personal–social compo-

nents of the ASQ-3 did not differ between groups. Mater-

nal characteristics, delivery outcomes, breastfeeding rates,

breastfeeding duration, and home environment as mea-

sured by the Family Care Indicators were similar.
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CONCLUSION: Antenatal low-dose aspirin exposure

was not associated with altered neurodevelopmental

outcomes at age 3 years.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov,

NCT04888377.

(Obstet Gynecol 2024;143:554–61)

DOI: 10.1097/AOG.0000000000005514

The ASPIRIN (Aspirin Supplementation for Preg-
nancy Indicated Risk Reduction in Nulliparas)

trial, conducted in six low- to middle-income coun-
tries, randomized 11,976 pregnant women to low-dose
aspirin (81 mg daily) or an identical placebo beginning
between 6 0/7 and 13 6/7 weeks of gestation and given
daily until 37 weeks or delivery. Those randomized to
low-dose aspirin had lower rates of preterm birth
before 37 weeks of gestation, preterm birth before
34 weeks, and preterm hypertensive disorders of preg-
nancy before 34 weeks and lower perinatal mortality.1

These results, coupled with recent guideline
changes,2–4 have potentially broadened the number
of pregnant women who receive low-dose aspirin dur-
ing pregnancy,5 particularly in low- to middle-income
countries.

Although the immediate effects of low-dose
aspirin taken during pregnancy to both the mother
and the newborn have been well documented,2,6 data
on the long-term neurodevelopmental implications of
antenatal low-dose aspirin are limited by both the
small number of participants evaluated and the qual-
ity of studies performed. These studies have been con-
ducted with questionnaires of the child’s primary care
clinician at age 12 months and parental perceptions at
age 18 months7 rather than standardized assessments
that have been validated to be predictive of longitudi-
nal outcomes, or they consisted of small numbers of
children using instruments that are not viewed as the
gold standard.8,9 Although suboptimal in their
approach, these studies have generally suggested that
no differences exist in neurocognition in children who
were antenatally exposed to low-dose aspirin, but the
data are limited.

If pregnant women, health care clinicians, and
professional societies are to more broadly endorse
and accept low-dose aspirin in pregnancy, under-
standing the long-term health implications for off-
spring, including neurodevelopment, is necessary.
Therefore, the objective of this study was to assess
the association of daily low-dose aspirin started
between 6 0/7 and 13 6/7 weeks of gestation and
taken until 37 weeks or delivery with neurodevelop-
ment of children at age 33–39 months. This was a
follow-up study of offspring of mothers randomized

in the ASPIRIN trial using valid and standardized
screening and assessment tools.

METHODS

This was a multinational (two sites in India and one
each in the Democratic Republic of Congo, Guate-
mala, Pakistan, and Zambia) masked follow-up study
of children whose mothers had participated in the
ASPIRIN study. The results of the primary ASPIRIN
trial1 and its methods have been published previ-
ously.10 Before initiation of the ASPIRIN trial, the
protocol and consent forms were reviewed and
approved by the relevant ethics review boards of each
institution and by the data-coordinating center (RTI
International). The trial was registered before initia-
tion (NCT04888377) and was performed in accor-
dance with the International Conference on
Harmonization’s Guideline for Good Clinical
Practice.

Women who consented to being recontacted as
part of the ASPIRIN trial who had children who were
currently aged 33–39 months were identified. A con-
venience sample of available children meeting both
the age and inclusion criteria were serially approached
until the required sample size was obtained. Because
the primary trial was randomized equally between
aspirin and placebo, children were not recruited ac-
cording to treatment allocation; rather, recruitment
was monitored in a masked fashion by the data-
coordinating center to ensure that comparable num-
bers of children exposed to low-dose aspirin and pla-
cebo were enrolled. Children were included if they
did not have a major congenital anomaly or other
medical condition (eg, blindness or deafness) that
would preclude accurate assessment of neurodevelop-
ment. Those with acute medical conditions that could
affect accurate neurodevelopmental assessment were
eligible for the study once their acute condition had
resolved, assuming they remained in the appropriate
age range.

After parental or guardian individual consent was
obtained, children were evaluated with three compo-
nents of the Bayley-III (Bayley Scales of Infant and
Toddler Development, 3rd Edition)—cognition, motor
(fine and gross), and language (receptive and expres-
sive)—by a trained and credentialed examiner. With
the role of the child’s environment (eg, zippers are
not broadly known in many low- to middle-income
countries) recognized, appropriate substitutions of
objects for the Bayley-III were permitted once they
had been cleared by the trial oversight committee
and were applied across all sites. We similarly note
that the Bayley-III has been validated across a large

© 2024 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 143, NO. 4, APRIL 2024 Hoffman et al Antenatal Aspirin and Neurodevelopment at 3 Years 555

http://Clinicaltrials.gov


number of low- to middle-income countries.11–14

Assessors were required to demonstrate training in
the Bayley-III and to have three examinations re-
viewed and deemed acceptable by the Bayley-III
training and oversight committee (M.A.L., A.B.C.).
After this initial demonstration of competency, every
10th examination was recorded and reviewed to
ensure that appropriate assessments occurred. Asses-
sors were masked to whether the mother had received
low-dose aspirin or placebo during her pregnancy.
Because of logistical concerns or performance issues,
the examiners were permitted to perform the exami-
nation over two visits. The assessors were permitted to
note that they believed an examination was invalid
and asked to provide the reason. In those cases, the
assessors’ reasons for defining the examination as
invalid were reviewed by the Bayley training and
oversight committee in a masked fashion. If the rea-
sons for excluding the assessment were deemed valid,
these examinations were excluded from the analysis.

In addition, the ASQ-3 (Ages and Stages Ques-
tionnaire, 3rd Edition) was administered to the
child’s parent or guardian who served as the pri-
mary caregiver for the child. Because of low literacy
rates, an intentional decision was made to univer-
sally administer the ASQ-3 orally by trained asses-
sors to the child’s mother or guardian. Other
instruments administered by trained staff to assess
covariates that may affect neurodevelopment
included the Infant and Young Child Feeding
Index,15 Family Care Indicators,16 and a standard-
ized breastfeeding history. Height was assessed with
a stadiometer; weight was measured with a cali-
brated electronic scale by staff who were trained
in standardized anthropometric measurements
(Appendix 1, available online at http://links.lww.
com/AOG/D568). Stunting was defined as height-
for-age z score less than 22 based on sex assigned
at birth appropriate WHO growth curves.17

The primary outcome was the cognitive compos-
ite score of the Bayley-III. Secondary outcomes
included the motor and language composite scores
of the Bayley-III and the entirety of the ASQ-3. In
addition to the composite score, we evaluated the
individual components of the Bayley-III (cognitive,
motor, and language) for the proportion of children
with scores lower than 70. As a post hoc analysis of
the various components of the Bayley-III and ASQ-3,
the rates of being 1 SD below the mean were
compared between children who were exposed to
low-dose aspirin and those who were not.

The primary hypothesis was that children ante-
natally exposed to low-dose aspirin would have a

Bayley-III cognitive score 4 or more points lower than
nonexposed children. With the assumption of a non-
inferiority margin of 4 points in the Bayley-III
cognitive composite score as clinically significant
and a true effect of low-dose aspirin of not more than
a 1-point decrease, a total sample size of 620 children
(310 per arm) was determined to provide 80% power
for a one-sided test for noninferiority with a type 1
error of 5%. Assuming that the conditions of non-
inferiority were met, the prespecified secondary
analysis was that children antenatally exposed to
low-dose aspirin would have a mean Bayley-III
cognitive score greater on average than those who
were not exposed. To test this secondary hypothesis,
the sample size also provided greater than 90% power
at a two-sided type 1 error of 5% to detect a difference
of 4 points between low-dose aspirin–exposed and
nonexposed children on the basis of a two-sided test
for the secondary hypothesis. The primary hypothesis
of noninferiority was tested by calculating the mean
difference between treatment arms and its associated
90% CI for the primary outcome, the Bayley-III cog-
nitive composite score. If the lower bound of the 90%
CI was greater than 24, the treatment was assumed to
be noninferior to placebo. If noninferiority were to be
assumed, a one-sided t test would test the benefit of
treatment compared with placebo. All analyses were
modeled controlling for site as the original randomi-
zation stratification factor. For each outcome, the
adjusted mean difference between treatment groups
and the associated 95% CI based on an analysis of
covariance model is presented. Analyses of secondary
outcomes are exploratory in nature; therefore, P val-
ues and CIs are provided for descriptive purposes
only, and no adjustment for multiple comparisons
was made. Analyses were performed with SAS 9.4
and R.

The ethics review committees of all six partici-
pating centers (Kinshasha School of Public Health
[FWA 0003581], University of Zambia
[FWA00000338], Institute for Nutrition in Central
America and Panama [FWA 00000742], KLE Acad-
emy of Higher Education and Research
[FWA00024127], Aga Khan University
[FWA0001177], and Lata Medical Research Founda-
tion [FWA00012971]) reviewed and approved the
protocol. The data-coordinating center included three
authors (J.M., T.N., E.M.M.) who had access to the
complete data and oversaw the statistical analysis. The
Bayley-IIII training and oversight committee (M.A.L.,
A.B.C.), who are experienced in implementing this
measure within clinical trials, conducted the Bayley-
III training and oversaw the Bayley-III assessment
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process. All authors attest to the fidelity of data
collection, analysis, and presentation of findings in
this articles and these being consistent with study
protocol. Before the initiation of the study, the trial
was registered at ClinicalTrials.gov (NCT04888377).

RESULTS

A total of 698 children were screened; of those, 666
were deemed eligible, and 642 were evaluated
between September 2021 and June 2022. Two addi-
tional children (one in each group) were noted by the
trained assessors to have a potentially invalid Bayley-
III assessment, and the Bayley training and oversight
committee agreed. We included 329 children in the
low-dose aspirin group and 311 in the placebo group
(Fig. 1). Maternal, antenatal, birth, and postnatal char-
acteristics did not differ between the two groups
(Table 1). Specifically, factors that are established to
influence neurodevelopment, including preterm birth,

maternal education, male sex, growth stunting, breast-
feeding, and duration of breastfeeding, were noted to
be similar.

The difference in the Bayley-III cognitive com-
posite score was noninferior between the two groups
(21.9, adjusted mean 20.8, 95% CI, 22.2 to 0.60).
Specifically, the mean(6SD) cognitive composite
score of the Bayley-III was similar between the two
groups (low-dose aspirin 96.069.9 vs placebo
96.8610.4, P5.25) (Table 2). No differences were
seen in the language composite score (low-dose aspi-
rin 101.2613.2 vs placebo 100.4613.6, P5.38) or the
motor composite score (low-dose aspirin 99.4613.2
vs placebo 100.1613.9, P5.50) (Table 3). The rate
of children scoring less than 1 SD below the mean
and lower than a raw score of 70 points in all compo-
nents of the Bayley-III did not differ between children
who were antenatally exposed to low-dose aspirin and
those exposed to placebo.

Fig. 1. Trial profile. *Potentially eligible individuals were identified by reviewing data from ASPIRIN (Aspirin Supple-
mentation for Pregnancy Indicated Risk Reduction in Nulliparas) main trial participants who would have children who had
reached age 39 months by the end of the ASPIRIN follow-up study. †All participants who were terminated from the study
were terminated because of aging out. ‡Two participants who completed the study did not complete the BSID-III (Bayley
Scales of Infant and Toddler Development, 3rd Edition) assessment. §Children were excluded from analysis after review by a
BSID expert on the basis of additional information provided by the BSID assessors at each site.
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The mean(6SD) results of the ASQ-3 similarly
did not differ between children whose mothers took
low-dose aspirin and those who did not (low-dose
aspirin 52.068.9 vs placebo 50.7610.2, P5.08). In
addition, the rate of children scoring more than 1
SD below the mean of a domain of the ASQ-3 did

not differ between the two groups. Although differ-
ences were noted in maternal age, mode of delivery,
and other characteristics between regions (Appendix
1, http://links.lww.com/AOG/D568), no significant
differences were noted between those who were
exposed to low-dose aspirin and those exposed to

Table 1. Child and Maternal Characteristics

Characteristic Aspirin (n5330) Placebo (n5314)

Child
Age (mo) 37.860.8 37.760.8
Male sex 162 (49.1) 161 (51.3)
Gestational age at birth (wk)

Less than 37 32 (9.7) 29 (9.2)
Less than 32 1 (0.3) 2 (0.6)
32–34 3 (0.9) 1 (0.3)
34–36 28 (8.5) 26 (8.3)

Breastfed 321 (97.3) 310 (98.7)
Duration of breastfeeding (mo) 19.268.8 19.368.2
Height (cm) 89.664.4 90.164.7

z score 21.861.1 21.761.2
Weight (kg) 12.261.6 12.461.7

z score 21.461.0 21.361.1
Stunting (LAZ less than 22) 88 (26.7) 77 (24.5)
Family care indicators

Books 0.661.0 0.661.2
Variety of play materials composite score 2.460.7 2.560.6
Sources of play materials composite score 4.361.6 4.461.5
Play activities composite score 5.662.2 5.562.2

Maternal, at primary study enrollment
Age (y) 21 (18, 23) 20 (18, 23)

Younger than 20 126 (38.2) 127 (40.4)
20–29 199 (60.3) 179 (57.0)
Older than 29 5 (1.5) 8 (2.5)

Education
No formal schooling 51 (15.5) 43 (13.7)
1–6 y of schooling 59 (17.9) 61 (19.4%
7–12 y of schooling 188 (57.0) 172 (54.8)
13 y or more of schooling 32 (9.7) 38 (12.1)

Height (cm) 153.266.2 154.067.0
Weight (kg) 48.468.2 49.269.4
BMI (kg/m2) 20.1 (18.3, 22.1) 20.3 (18.3, 22.7)
Gestational age at enrollment 9.6 (8.1, 11.1) 9.7 (8.1, 11.9)

6 0/7–7 6/7 65 (19.7) 67 (21.3)
8 0/7–9 6/7 126 (38.2) 99 (31.5)
10 0/7–10 6/7 47 (14.2) 30 (9.6)
11 0/7–11 6/7 26 (7.9) 42 (13.4)
12 0/7–13 6/7 66 (20.0) 76 (24.2)

Parity
Primiparous 303 (91.8) 285 (90.8)
1 prior loss 24 (7.3) 24 (7.6)
2 prior losses 3 (0.9) 5 (1.6)

Delivery location
Hospital 215 (65.2) 196 (62.4)
Clinic or health center 96 (29.1) 101 (32.2)
Home or other 19 (5.8) 17 (5.4)

Cesarean delivery 111 (33.6) 91 (29.0)

LAZ, length-for-age z score; BMI, body mass index.
Data are mean6SD, n (%), or median (25th, 75th percentile).
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placebo in terms of any of the measured neurodeve-
lopmental parameters.

Post hoc subgroup sensitivity analyses of the
primary outcome among women who had preterm
children (before 37 weeks of gestation), among
women who had anemia (hemoglobin less than 11.0
g/dL), and in the three principal regions of the study
were undertaken. No differences among these sub-
populations were noted (Fig. 2).

DISCUSSION

In this masked neurodevelopment follow-up study of
children whose mothers were randomized to either 81
mg aspirin daily or an identical placebo beginning at 6
0/7 to 13 6/7 weeks of gestation and continued until
delivery or 37 weeks, we found that early antenatal
exposure to low-dose aspirin was not inferior to

placebo exposure in offspring neurodevelopmental
outcomes as measured by the cognitive component of
the Bayley-III. Similarly, no differences in the remain-
ing components of the Bayley-III or the ASQ-3 were
detected. The incidence of children with low scores of
developmental concern, defined as lower than 70 on the
Bayley-III and less than 1 SD on both the Bayley-III
and ASQ-3, did not differ between groups. We note
that these tests are broadly accepted and have been
validated in low- to middle-income countries.12–14 No
differences in child height, weight, or stunting were
noted between the two groups. In total, these findings
demonstrate that low-dose aspirin is not associated
with changes in neurodevelopment or postnatal
growth within the parameters and age groups in which
it was tested. With newer guidelines2–4 that have pro-
gressively widened the groups of eligible women and

Table 2. Primary Assessment of Neurodevelopment at Age 33–39 Months

Aspirin Placebo
Noninferiority Test

(90% CI Lower Bound)
Adjusted MD

(95% CI) P

Bayley-III cognitive composite score 329 311
Mean6SD 96.069.9 96.8610.4 21.9 20.8 (22.2, 0.6) .25

MD, mean difference; Bayley-III, Bayley Scales of Infant and Toddler Development, 3rd Edition.

Table 3. Secondary Assessments of Neurodevelopment at Age 33–39 Months

Aspirin Placebo P

Bayley-III evaluation completed 330 314
Cognitive composite score 329 311

Mean6SD 96.069.9 96.8610.4 .25
Lower than 70 2 (0.6) 2 (0.6) ..99
Less than 1 SD from mean 32 (9.7) 26 (8.4) .49

Language composite score 328 306
Mean6SD 101.2613.2 100.4613.6 .38
Lower than 70 1 (0.3) 4 (1.3) .33
Less than 1 SD from mean 38 (11.6) 33 (10.8) .77

Motor composite score 326 308
Mean6SD 99.4613.2 100.1613.9 .50
Lower than 70 3 (0.9) 3 (1.0) ..99
Less than 1 SD from mean 38 (11.6) 33 (10.8) .91

ASQ-3 assessment completed 330 314
Communication total score 52.068.9 50.7610.2 .08

Less than 1 SD from mean 53 (16.1) 58(18.5) .53
Gross motor total score 47.8612.0 48.3612.6 .45

Less than 1 SD from mean 60 (18.2) 61 (19.4) .83
Fine motor total score 39.6616.6 38.3616.0 .46

Less than 1 SD from mean 75 (22.7) 68 (21.7) .59
Problem solving total score 40.2613.7 40.2613.7 .95

Less than 1 SD from mean 65(19.7) 58 (18.5) .53
Personal–social total score 45.569.8 45.3610.0 .76

Less than 1 SD from mean 57 (17.3) 62 (19.7) .45

Bayley-III, Bayley Scales of Infant and Toddler Development, 3rd Edition; ASQ-3, Ages and Stages Questionnaire, 3rd Edition.
Data are n, mean6SD, or n (%) unless otherwise specified.

© 2024 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 143, NO. 4, APRIL 2024 Hoffman et al Antenatal Aspirin and Neurodevelopment at 3 Years 559



emphasized earlier initiation of low-dose aspirin during
pregnancy, this study may offer reassurance to mothers,
health care clinicians, professional societies, and minis-
tries of health that neurodevelopmental delays are
unlikely to be the result of antenatal aspirin exposure
even when begun as early as 6 weeks of gestation.

Our findings are consistent with the follow-up
investigation of CLASP (Collaborative Low-Dose
Aspirin Study in Pregnancy), which assessed children
whose mothers were randomized to low-dose aspirin
or placebo using a standardized questionnaire of their
primary care clinician at age 12 months (n54,168)
and parental questionnaire at age 18 months
(n54,365),7 which also found no differences in neuro-
cognition in those children antenatally exposed to
low-dose aspirin and those exposed to placebo. A
follow-up evaluation of children using a mailed ques-
tionnaire at age 18 months among Italian mothers
who participated in a randomized trial of low-dose
aspirin or placebo was similarly unable to demon-
strate a difference in either fetal growth or neurode-
velopment. Although the findings of these two studies
are reassuring, assessments at these early ages and the
instruments selected to predict longitudinal outcomes
are not consistent with currently accepted measures of
child development that have been better validated
and shown to be predictive of longitudinal outcomes.
Other research has suggested potential neurodevelop-
mental benefits of antenatal low-dose aspirin. Marret
et al8 examined neurodevelopment among children
born before 33 weeks of gestation who were exposed

to low-dose aspirin antenatally and noted a trend of
reduction in low processing scores, behavioral diffi-
culties, and hyperactivity. These outcomes were not
assessed in our study.

Strengths of the study include that this was a
masked follow-up trial of a randomized placebo-
controlled trial. Because both enrollers and evaluators
were masked to whether the child was randomized to
antenatal low-dose aspirin exposure, selection bias of
selective enrollment was mitigated.

In addition to the limitations of the parent study,
several limitations of this investigation should be
noted. We note that we lacked the power to detect
differences less than 4 points in the Bayley-III
examination that may be meaningful on a population
basis. Similarly, the number of children born pre-
maturely was small (n561); therefore, our ability to
explicitly test this hypothesis in this group of children
was limited. We do, however, note that both pre-
eclampsia18 and preterm birth19 are associated with
worse neurodevelopment and that low-dose aspirin
has consistently been shown to lower the risks of pre-
eclampsia and preterm birth.

In conclusion, we were not able to demonstrate
any difference in neurodevelopmental outcomes in
children between age 33 and 39 months after antenatal
low-dose aspirin exposure. Given the significant ben-
efits demonstrated in the ASPIRIN trial,1 these results
should offer parents, clinicians, and policy makers
additional reassurance of the lack of harm when low-
dose aspirin is prescribed early in pregnancy.

Fig. 2. Mean difference in BSID-III (Bayley Scales of Infant and Toddler Development, 3rd Edition) composite score by
group sensitivity analyses. GA, gestational age.
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