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Abstract

Objectives: Previous studies have reported that mode of
delivery, particularly cesarean delivery (CD), is associated
with neurodevelopmental outcomes in children. This study
evaluates behavioral and neuropsychological test scores in
children based on mode of delivery.

Methods: Children enrolled in the Raine Study from West-
ern Australia, born between 1989 and 1992 by instrumental
vaginal delivery (IVD), elective CD, and non-elective CD, were
compared to those with spontaneous vaginal delivery (SVD).
The primary outcome was the Child Behavior Checklist (CBCL)
administered at age 10. Secondary outcomes included evalu-
ations of language, motor function, cognition, and autistic
traits. Multivariable linear regression was used to evaluate
score differences by mode of delivery adjusted for
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sociodemographic and clinical characteristics, and Poisson
regression was used to evaluate for increased risk of clinical
deficit.

Results: Of 2,855 children, 1770 (62.0 %) were delivered via
SVD, 480 (16.8 %) via IVD, 346 (12.1 %) via elective CD, and 259
(9.1 %) via non-elective CD. Non-elective CD was associated
with higher (worse) CBCL Internalizing (+2.09; 95 % CI 0.49,
3.96; p=0.01) scores, and elective CD was associated with
lower (worse) McCarron Assessment of Neuromuscular
Development (MAND) (-3.48; 95 % CI -5.61, —1.35; p=0.001)
scores. Differences were not seen in other outcomes, and
increased risk of clinical deficit was not observed with either
the CBCL Internalizing or MAND scores.

Conclusions: Differences in behavior and motor function
were observed in children delivered by CD, but given that
score differences were not associated with increased inci-
dence of clinical deficit, clinical significance may be limited.

Keywords: cesarean delivery; mode of delivery; behavioral
deficit; neurodevelopment

Introduction

The decision to proceed with vaginal vs. operative delivery
considers obstetrical and fetal factors, with increasing
consideration for maternal preferences. Currently, in devel-
oped countries, 5-20 % of births involve instrumental de-
liveries, and 20-50 % are cesarean deliveries (CD) [1-5]. While
instrumental delivery rates have decreased in recent years,
CD rates have increased, with global rates doubling to over
20 % from 2000 to 2015 [6], with reported rates of 56 % in
Brazil and up to 62 % in parts of China [6]. Regarding reasons
for CD, a study of French women found that 42 % of CDs were
elective in nature [7]. Based on the high rates of CDs in some
countries, concerns have been raised regarding iatrogenic
neonatal morbidity associated with operative delivery [8, 9].
While immediate perinatal complications associated with
each mode of delivery can be readily observed, long-term
implications are more difficult to determine. In this context,
long-term neurodevelopmental outcomes have been evalu-
ated with mixed results.
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In some studies, no differences in IQ, motor skills, and
physical development [10], maternal reports of develop-
mental milestones [11], or increased rates of adverse neuro-
developmental diagnoses at age 4 years [12], were reported
based on mode of delivery. However, in others, particularly
studies comparing CD to vaginal delivery, lower develop-
mental scores [13], lower performance on standardized
testing [14], higher levels of inattention and social problems
[15], diagnoses for autism spectrum disorder (ASD) and
attention-deficit/hyperactivity disorder (ADHD) [16], and
lower motor function scores [17], have been reported.

Given the inconsistency in the published studies, the
relationship between mode of delivery, particularly CD and
neurodevelopmental outcomes remains unclear. Reasons
for this include methodological limitations of prior studies
such as small sample size, the lack of differentiation between
elective and non-elective CD and indication for CD, limited
follow-up, and limited adjustment for confounders including
sociodemographic and perinatal factors. To address these
concerns, we evaluated a large established birth cohort which
differentiates between multiple modes of delivery, with the
ability to adjust for a wide variety of sociodemographic and
clinical covariates, including perinatal factors, and evaluated
behavioral problems and other neurodevelopmental domains
at ages 10 and 20 years.

Methods
The Raine study

The Raine Study is a multigenerational cohort from Perth,
Western Australia, which recruited 2,900 women (Genl) in
their 16th—-20th week of pregnancy between the years of 1989
and 1991, resulting in data from 2,868 live births [18].
Mothers were assessed at 18 and 34 weeks of pregnancy as
well as at the time of delivery. During the prenatal evalua-
tions, detailed maternal and paternal questionnaires were
completed and mothers received clinical assessments. At the
time of delivery, clinical data was also collected from mothers.
The children (Gen 2) were evaluated at the time of birth and
during multiple follow-up visits.

Mode of delivery and covariates

The Raine Study Genl and Gen2 antenatal and perinatal data
were evaluated, including the mode of delivery, classified as
unassisted vaginal delivery, instrumental vaginal delivery,
elective CD, and non-elective CD. Unassisted vaginal delivery
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included spontaneous vertex, spontaneous direct occipital
posterior, face, and instrumental vaginal breech. Instru-
mental vaginal delivery included various modes of opera-
tive/instrumental deliveries including breech extraction and
vacuum and forceps instrumental deliveries. 80 covariates
were selected a priori to control for confounding, including
sociodemographic characteristics, maternal pre-existing
medical characteristics, maternal psychosocial character-
istics, antenatal characteristics, perinatal characteristics,
preterm labor or birth, duration of first stage of labor, and
fetal characteristics (sex, birthweight, congenital abnor-
malities). Characteristics occurring after delivery were not
considered for covariate adjustment in order to avoid
overadjustment bias.

Neurodevelopmental outcomes

A battery of neuropsychological assessments was used to
evaluate Gen2 participants. The primary outcome was the
Child Behavioral Checklist (CBCL). The CBCL is a parental
questionnaire assessing the child’s internalizing problems
(e.g., depression and somatic complaints) and externalizing
problems (e.g., aggressive behavior and rule breaking), and
generates Total scores, and Internalizing and Externalizing
subscale subscores [19]. Six additional assessments were
evaluated as secondary outcomes. Language was evaluated
with two tests. The Clinical Evaluation of Language Funda-
mentals (CELF) is a language test that assesses higher-order
semantic, grammatical, and verbal memory abilities and
reports three scores, a Receptive language score measuring
listening comprehension, and Expressive language score
tracking speaking ability, and a Total score representing
total language ability [20]. The Peabody Picture Vocabulary
Test (PPVT) is a receptive vocabulary test that also assesses
language [21]. Cognition was evaluated using the Raven’s
Colored Progressive Matrices (CPM), which measures global
cognitive performance, nonverbal intelligence, and visuo-
spatial functions, and the Symbol Digit Modality Test (SDMT),
which evaluates visual tracking, attention, and motor skills,
and generates oral and written scores [22, 23]. Fine and gross
motor function were evaluated with the McCarron Assess-
ment of Neuromuscular Development (MAND) [24]. All the
above outcomes including the CBCL were evaluated at the
Raine Study Gen2-10 year follow-up. Finally, the Autism
Spectrum Quotient (AQ) at the Raine Study Gen2-20 year
follow-up was also evaluated, which is a fifty-item self-
reported questionnaire soliciting the degree of autistic
traits exhibited and has been validated in Australian
populations [25].
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Statistical analysis

The mean scores for all neurodevelopmental outcomes were
initially evaluated in each exposure group. Linear regression
was then used to perform unadjusted analyses comparing
mean score differences between exposure groups. Given the
presence of four separate exposure groups, an F-statistic was
first calculated for each outcome, with a p-value threshold of
0.05 used to determine whether a statistically significant
difference between any groups was present. If an F-statistic
p-value <0.05 was observed, individual comparisons be-
tween each exposure group and the reference, assigned as
the unassisted vaginal delivery group, were then evaluated.
Following unadjusted analyses, missing covariate values
were imputed using multiple imputation, generating five
imputed datasets. Multivariable linear regression using
stepwise covariate selection was then used to evaluate each
of the five datasets. Covariates with a p-value <0.05 were
selected in addition to child sex, race, family income, pre-
maturity status, and parity of the mother. Adjusted analyses
from the imputed datasets were pooled using Rubin’s rules
[26]. For any score showing a statistically significant score
difference in the adjusted analyses, we additionally deter-
mined whether children were more likely to be classified as
having a clinical deficit. For CBCL we evaluated whether
children in any exposure group were more likely to have a
score >60, which is one standard deviation above the popu-
lation mean score. For AQ, 29 was the pre-established
threshold score for deficit. For the remaining scores, the
threshold was defined as one standard deviation below the
mean in this cohort, which represents children with
approximately the worst 16th percentile of scores. In this
analysis, a Poisson regression was performed adjusting for
covariates using stepwise covariate selection similar to the
primary analyses.

Two sub-analyses based on patient characteristics were
also performed. The first evaluated only singletons, and the
second evaluated only full term births in order to determine
whether the results persisted when only looking at these
populations.

Three additional sub-analyses of specific modes of
delivery were also performed. In the first, in order to also
account for duration of labor, only laboring women were
included, with women with elective CD excluded. In this sub-
analysis, the type of labor onset, duration of first stage of
labor, duration of second stage of labor, oxytocin for in-
duction of labor, oxytocin for augmentation of labor, and use
of tocolytics were included as potential covariates for step-
wise selection. In the second sub-analysis, only women with
CD were evaluated with elective CD designated as the

DE GRUYTER

reference group. In this sub-analysis, use of general and
epidural anesthesia during pregnancy, and epidural dura-
tion were included as potential covariates for stepwise
selection. In the third sub-analysis, only women with non-
elective CD were evaluated to compare the indication for CD
being presumed fetal hypoxia or fetal distress compared to
other reasons.

Results

Of the 2,868 children in the Raine Study, 13 were excluded
due to lack of data on mode of delivery (Figure 1). Of the
remaining 2,855 children, 1,770 (62.0 %) were delivered via
normal spontaneous vaginal delivery, 480 (16.8%) via
instrumental vaginal delivery, 346 (12.1%) via elective CD,
and 259 (9.1%) via non-elective CD. The most common in-
dications for instrumental vaginal delivery were delay in the
second stage of labor (41.9 %, n=201) and fetal distress
(29.6 %, n=142) (Supplementary Table 1). The most common
indications for elective CD were: previous CD/presumed
cephalopelvic disproportion or maternal request (25.1%,
n=87) and two previous CD (20.2 %, n=70), and the most
common indications for intrapartum or non-elective CD
were failure to progress due to reasons other than definitive
cephalopelvic disproportion (27.4 %, n=71) and presumed
fetal hypoxia (25.9 %, n=67).

Characteristics of mothers and children by
mode of delivery

Selected patient characteristics by mode of delivery are
displayed in Table 1 with a complete list of all characteristics
in Supplementary Table 2. Mother’s age at the time of birth
for each mode of delivery followed similar distributions with
peak ages being in the 25-<30 and 30—<35 age ranges. There
were several variables that differed significantly between
mode of delivery groups. For example, BMI >25 was found to
be more common in elective and non-elective CD children
compared to unassisted or instrumental vaginal deliveries.
Also, mothers reporting emotional, physical, or other
trauma during pregnancy were more common in the elec-
tive CD group.

Neuropsychological test scores by mode of
delivery

CBCL scores were available in 1,230 (69.5 %) of children born
via unassisted vaginal delivery, 354 (73.8 %) via instrumental
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2868 Live Births
13 births with unknown
> or missing mode of
delivery
2855 Live Births
v v v v
1770 Unassisted Vaginal 480 Instrumental Vaginal 346 Elective Cesarean 259 Non-Elective
Delivery Delivery Delivery Cesarean Delivery
Primary Outcome Primary Outcome Primary Outcome Primary Outcome
1230 (69.5%) CBCL 354 (73.8%) CBCL 238 (68.8%) CBCL 186 (71.8%) CBCL
Secondary Outcomes Secondary Outcomes Secondary Outcomes Secondary Outcomes
1005 (56.8%) CELF 267 (55.6%) CELF 205 (59.2%) CELF 148 (57.1%) CELF
1009 (57.0%) CELF Receptive 268 (55.8%) CELF Receptive 208 (60.1%) CELF Receptive 149 (57.5%) CELF Receptive
1006 (56.8%) CELF Expressive 269 (56.0%) CELF Expressive 208 (60.1%) CELF Expressive 148 (57.1%) CELF Expressive
1009 (57.0%) CPM 271 (56.5%) CPM 208 (60.1%) CPM 149 (57.5%) CPM
937 (52.9%) PPVT 249 (51.9%) PPVT 197 (56.9%) PPVT 134 (51.7%) PPVT
1005 (56.8%) SDMT Written 268 (55.8%) SDMT Written 206 (59.5%) SDMT Written 148 (57.1%) SDMT Written
1004 (56.7%) SDMT Oral 268 (55.8%) SDMT Oral 207 (59.8%) SDMT Oral 148 (57.1%) SDMT Oral
998 (56.4%) MAND 268 (55.8%) MAND 205 (59.2%) MAND 147 (56.8%) MAND
784 (44.2%) AQ 227 (47.3%) AQ 147 (42.5%) AQ 118 (45.6%) AQ

Figure 1: Flowchart of children included for analysis in this study, listing completion rates of primary and secondary outcomes by exposure status. CBCL,
child behaviour checklist; CELF, clinical evaluation of language fundamentals; PPVT, peabody picture vocabulary test; MAND, McCarron’s assessment of
neuromuscular development; CPM, coloured progressive matrices; SDMT, symbol digit modality test; AQ, autism spectrum quotient.

vaginal delivery, 238 (68.8 %) via elective CD, and 186 (71.8 %)
via non-elective CD. Supplementary Table 3 compares
characteristics of mothers and children who did and did not
complete the CBCL at 10 years of age. Children without CBCL
scores were similar with regard to mode of delivery, but
were more likely to come from mothers who were younger
with unplanned pregnancies, and families with lower in-
come and parental education status. See Figure 1 for avail-
ability of secondary outcomes in each group. Mean scores by
mode of delivery for all outcomes is reported in Supple-
mentary Table 4.

Unadjusted analyses reported that non-elective CD was
associated with higher, indicating worse CBCL total (+2.22;
95 % confidence interval [CI] 0.46, 3.98; p=0.01) and CBCL
internalizing (+2.46; 95 % CI 0.83, 4.08; p=0.003) scores rela-
tive to unassisted vaginal deliveries (Table 2). In the unad-
justed analyses of the secondary outcomes, relative to
unassisted vaginal deliveries, instrumental vaginal delivery
was found to be associated with higher, indicating better
CELF receptive (+2.28; 95% CI 0.10, 4.47; p=0.04) and

expressive (+2.88; 95 % CI 0.79, 4.97; p=0.01) as well as PPVT
(+2.40; 95 % CI10.70, 4.10; p=0.01) language scores. Elective CD
however was associated with lower, indicating worse scores
on the MAND (-3.74; 95 % CI -5.84, —1.64; p=0.0005).

Neuropsychological test scores after
adjustment

Following imputation of missing covariate values, stepwise
regression was performed to select covariates for each
outcome for each imputed dataset. A total of 23 variables
were selected in the various models and are listed in Sup-
plementary Table 5. After covariate adjustment, non-elective
CD was associated with higher, indicating worse CBCL
Internalizing (+2.09; 95% CI 0.49, 3.96; p=0.01) scores
(Table 3). For secondary outcomes, elective CD was associ-
ated with lower, indicating worse scores for MAND (-3.48;
95 % CI -5.61, —1.35; p=0.001). No differences were found in
any other outcomes. In the subanalysis evaluating singleton
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Table 1: Selected characteristics of mothers and children by mode of delivery.
Mode of delivery
Unassisted Instrumental Elective Non-elective
vaginal vaginal cesarean cesarean
delivery delivery delivery delivery
n (%) n (%) n (%) n (%)
Maternal sociodemographic characteristics
Gravidity 1 511 (28.9) 234 (48.8) 7(20.2) 112 (43.2)
2 506 (28.6) 136 (28.3) 95 (27.5) 71 (27.4)
3 335(18.9) 6(12.5) 75 (21.7) 34 (13.1)
4 215 (12.2) 34(7.1) 62 (17.9) 25(9.7)
>5 202 (11.4) 16 (3.3) 44 (12.7) 17 (6.6)
Missing 1(0.1) - - -
Parity 0 745 (42.1) 349 (72.7) 107 (30.9) 165 (63.7)
1 558 (31.5) 87 (18.1) 124 (35.8) 56 (21.6)
2 3(16.9) 34(7.1) 7 (20.2) 21(8.1)
>3 166 (9.4) 1(2.1) 45 (13.0) 17 (6.6)
Missing 1(0.1) - - -
BMI pre-pregnancy BMI <18.5 206 (11.6) 65 (13.5) 32(9.2) 17 (6.6)
BMI 18.5 - <25 1,235 (69.8) 343 (71.5) 215 (62.1) 171 (66.0)
BMI 25 - <30 197 (11.1) 45 (9.4) 43 (12.4) 38 (14.7)
BMI >30 11 (6.2) 13(2.7) 34(9.8) 27 (10.4)
Missing 22(1.2) 14 (2.9) 22 (6.4) 6(2.3)
Paternal sociodemographic characteristics
Father highest level of education None 507 (28.6) 114 (23.8) 102 (29.5) 62 (23.9)
Trade certificate or 419 (23.7) 119 (24.8) 68 (19.6) 72 (27.8)
apprenticeship
Professional registration 55(3.1) 14 (2.9) 13 (3.8) 9(3.5)
College diploma or degree 169 (9.6) 47 (9.8) 32(9.2) 26 (10.0)
University degree 213 (12.0) 101 (21.0) 56 (16.2) 32(12.4)
Other 67 (3.8) 8(1.7) 15 (4.3) 7(2.7)
Missing 34(19.2) 77 (16.0) 6(17.3) 51(19.7)
Maternal health characteristics
Treated for hypertension No 1,715 (96.9) 459 (95.6) 318 (91.9) 25 (96.5)
Yes 54 (3.0) 21(4.4) 28 (8.1) 9(3.5)
Missing 1(0.1) - - -
Maternal emotional and traumatic characteristics
Emotional upsets: problems with your children ~ No 1,654 (93.5) 465 (96.9) 309 (89.3) 246 (95.0)
Yes 115 (6.5) 15 (3.1) 37 (10.7) 13 (5.0)
Missing 1(0.1) - - -
Trauma: suffered any other physical traumasince  No 1,538 (86.9) 427 (89.0) 294 (85.0) 214 (82.6)
becoming pregnant
Yes 9(5.1) 17 (3.5) 27 (7.8) 12 (4.6)
Missing 142 (8.0) 36 (7.5) 25(7.2) 33(12.7)
Maternal antenatal characteristics
Attend antenatal classes Did not attend 796 (45.0) 113 (23.5) 183 (52.9) 69 (26.6)
Yes already attended 654 (37.0) 284 (59.2) 1(28.9) 14 (54.0)
Yes will attend 76 (4.3) 31(6.5) 1(2.9) 14 (5.4)
Haven’t decided 94 (5.3) 14 (2.9) 15 (4.3) 5(1.9)
Missing 15 (8.5) 38(7.9) 38 (11.0) 31(12.0)
Medical professional treatment or advice to No 1714 (96.8) 452 (94.2) 318 (91.9) 245 (94.6)

help become pregnant
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Table 1: (continued)
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Mode of delivery

Unassisted Instrumental Elective Non-elective
vaginal vaginal cesarean cesarean
delivery delivery delivery delivery
n (%) n (%) n (%) n (%)
Yes 55(3.1) 28 (5.8) 28 (8.1) 14 (5.4)
Missing 1(0.1) - - -
Antenatal admissions No 1,368 (77.3) 345 (71.9) 175 (50.6) 16 (61.8)
Yes 402 (22.7) 135 (28.1) 171 (49.4) 99 (38.2)
Antenatal admissions >20 weeks No 1,397 (78.9) 352 (73.3) 179 (51.7) 167 (64.5)
Yes 373 (21.1) 128 (26.7) 167 (48.3) 92 (35.5)
Severity of pre-eclampsia and hypertension None 1,406 (79.4) 324 (67.5) 234 (67.6) 177 (68.3)
BP <140/90 consistently 166 (9.4) 6(12.5) 34(9.8) 38 (14.7)
BP <140/90 mostly but not 32(1.8) 22 (4.6) 29 (8.4) 11(4.2)
always
BP >170/110 sometimes or 103 (5.8) 49 (10.2) 34(9.8) 21(8.1)
frequently
BP only elevated sporadically 63 (3.6) 25 (5.2) 15 (4.3) 12 (4.6)
Proteinuric pre-eclampsia No 1747 (98.7) 463 (96.5) 312(90.2) 251 (96.9)
Yes 23(1.3) 17 (3.5) 34(9.8) 8(3.1)
Maternal perinatal characteristics
Prostaglandins No 171 (96.6) 443 (92.3) 346 (100.0) 22 (84.9)
Yes 6(3.4) 37(7.7) 39 (15.1)
Pre-term birth (<37 wks) No 1,662 (93.9) 456 (95.0) 262 (75.7) 218 (84.2)
Yes 108 (6.1) 24 (5.0) 84 (24.3) 41 (15.8)
Pre-term labour requiring admission No 1703 (96.2) 471 (98.1) 315 (91.0) 232 (89.6)
Yes 67 (3.8) 9(1.9) 31(9.0) 27 (10.4)
Corticosteroids No 1739 (98.2) 474 (98.8) 303 (87.6) 247 (95.4)
Yes 31(1.8) 6(1.2) 43 (12.4) 12 (4.6)
Multiple pregnancy Singleton 1725 (97.5) 455 (94.8) 302 (87.3) 247 (95.4)
Twins/triplets 45 (2.5) 25(5.2) 44 (12.7) 12 (4.6)
Maternal post-exposure mediators
Antibiotics for fever No 1725 (97.5) 44 (91.7) 346 (100.0) 225 (86.9)
Yes 45 (2.5) 4(8.3) 34 (13.1)
Child neonatal characteristics
Neonate birth weight <2,5009 105 (5.9) 22 (4.6) 85 (24.6) 4(15.4)
>2,5009 - <4,0009 1,505 (85.0) 419 (87.3) 24 (69.4) 184 (71.0)
>4,000g 16 (9.0) 39 (8.1) 21 (6.1) 35(13.5)
Neonatal post-exposure mediators: fetal heart rate abnormalities
Fetal heart rate - severe abnormalities No 1,518 (85.8) 278 (57.9) 344 (99.4) 147 (56.8)
Yes 252 (14.2) 202 (42.1) 2(0.6) 112 (43.2)
Fetal heart rate - mild or moderate abnormalities No 152 (85.9) 333 (69.4) 345 (99.7) 172 (66.4)
Yes 25(14.1) 147 (30.6) 1(0.3) 87 (33.6)

births (Supplementary Table 6), as well the subanalysis
evaluating full term births (Supplementary Table 7), differ-
ences in the CBCL Internalizing and MAND scores were
similar the those reported in the primary analysis. In the

subanalysis only including laboring women, non-elective CD
was associated with higher scores for CBCL Internalizing
(2.06; 95 % CI 0.47, 3.65; p=0.01) (Supplementary Table 8). In
the subanalysis including only women who underwent a CD,
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Table 2: Unadjusted score differences by mode of delivery.
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Unassisted Instrumental Elective caesarean delivery  Non-elective caesarean
vaginal delivery vaginal delivery (n=346) delivery
(n=1,770) (n=480) (n=259)
[reference]
Outcomes F-statistic N X -
p-Value n n Estimate p-Value n Estimate p-Value n Estimate p-Value
(95 % CI) (95 % CI) (95 % CI)
Primary outcome
CBCL total 0.04 1,230 354 -0.67 0.33 238 0.73 0.37 186 2.22 0.01
(-2.02, 0.68) (-0.86, 2.31) (0.46, 3.98)
CBCL 0.36 1,230 354 - - 238 - - 186 - -
externalizing
CBCL 0.004 1,230 354 -0.81 0.2 238 0.85 0.25 186 246  0.003
internalizing (-2.06, 0.43) (-0.61, 2.32) (0.83, 4.08)
Secondary outcomes
CELF total 0.06 1,005 267 - - 205 - - 148 - -
CELF receptive 0.04 1,009 268 2.28 0.04 208 -0.75 0.55 149 2.62 0.06
(0.10, 4.47) (-3.17,1.67) (-0.16, 5.41)
CELF expressive 0.04 1,006 269 2.88 0.01 208 -0.61 0.61 148 1.42 0.3
(0.79, 4.97) (-2.93,1.72) (-1.26,4.11)
CPM 0.06 1,009 271 - - 208 - - 149 - -
PPVT 0.02 937 249 2.40 0.01 197 -0.20 0.83 134 1.61 0.15
(0.70, 4.10) (-2.07,1.67) (-0.59, 3.82)
SDMT written 0.58 1,005 268 - - 206 - - 148 - -
SDMT oral 0.52 1,004 268 - - 207 - - 148 - -
MAND 0.003 998 268 -0.11 0.91 205 -3.74 0.0005 147 -2.10 0.09
(-2.00, 1.77) (-5.84, -1.64) (-4.52,0.31)
Autism quotient 0.84 784 227 - - 147 - - 118 - -

CI, confidence interval; CBCL, child behavior checklist; CELF, clinical evaluation of language fundamentals; CPM, coloured progressive matrices; PPVT,
peabody picture vocabulary test; SDMT, symbol digit modality test; MAND, McCarron’s assessment of neuromuscular development; AQ, autism spectrum
quotient. AQ is completed at age 19-20. All other assessments are completed at age 10. Higher scores on CBCL and AQ indicate worse scores; lower scores

on CELF, PPVT, MAND, CPM, and SDMT indicate poorer performance.

no significant differences were found between elective and
non-elective CD (Supplementary Table 9). In the sub-
analysis including only women who underwent a non-
elective CD, worse scores were observed where the indi-
cation for CD was presumed fetal hypoxia and fetal
distress compared to any other indications. These scores
included higher CBCL Externalizing (4.26; 95% CI 0.57,
7.94; p=0.01, lower CELF Total (-8.02; 95 % CI —-14.0, —-1.99;
p=0.01) CPM (-1.51; 95% CI -2.85, —-0.17; p=0.03), SDMT
Written (-3.72; 95 % CI-6.49, —0.95; p=0.01) and SDMT Oral
(—4.80; 95% CI -8.69, —0.90; p=0.02) scores (Supplemen-
tary Table 10).

In scores showing a statistically significant difference
based on mode of delivery in our primary analysis following
adjustment for covariates, we evaluated whether these dif-
ferences were associated with an increased risk of clinical
deficit. For CBCL internalizing in the non-elective CD group,
the adjusted risk ratio (aRR) of clinical deficit was 1.32 (95 %

CI10.91, 1.90; p=0.14). For MAND in the elective CD group, the
aRR was 1.27 (95 % CI 0.89, 1.82; p=0.18).

Discussion

Our results report that relative to spontaneous vaginal de-
liveries, non-elective CD was associated with higher, indi-
cating worse internalizing behavioral scores. For secondary
outcomes, children with elective CD had lower MAND,
indicating worse motor function scores. The differences in
CBCL internalizing scores persisted in our first sub-analysis
which only included laboring women and adjusted for
additional perinatal covariates. No other score differences
were observed, and a statistically significant increased risk
of clinical deficit for either the CBCL internalizing or the
MAND score in children with CD were also not observed.
Worse scores in several neurodevelopmental domains
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Table 3: Adjusted score differences by mode of delivery.
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Unassisted Instrumental vaginal Elective caesarean delivery Non-elective caesarean
vaginal delivery (n=480) (n=346) delivery
delivery (n=259)
(n=1,770)
Outcomes F-statistic [reference]
p-Value X X X

n n Estimate(95%CI) p-Value n Estimate (95% CI) p-Value n Estimate(95%CI) p-Value
Primary outcome
CBCL total 0.18 1,230 354 - 238 - - 186 - -
CBCL 0.78 1,230 354 - 238 - - 186 - -
externalizing
CBCL 0.003 1,230 354 -1.00 (-2.25, 0.25) 0.12 238 1.32(-0.15, 2.78) 0.08 186 2.09 (0.49, 3.69) 0.01
internalizing
Secondary outcomes
CELF total 0.5 1,005 267 - 205 - - 148 - -
CELF 0.46 1,009 268 - 208 - - 149 - -
receptive
CELF 0.54 1,006 269 - 208 - - 148 - -
expressive
CPM 0.58 1,009 271 - 208 - - 149 - -
PPVT 0.64 937 249 - 197 - - 134 - -
SDMT 0.96 1,005 268 - 206 - - 148 - -
written
SDMT oral 0.84 1,004 268 - 207 - - 148 - -
MAND 0.005 998 268 -0.38 (-2.30, 1.54) 0.7 205 -3.48(-5.61,-1.35) 0.001 147 -2.41(-4.82,0.01) 0.05
Autism 0.48 784 227 - 147 - - 18 - -
quotient

(I, confidence interval; CBCL, child behavior checklist; CELF, clinical evaluation of language fundamentals; CPM, coloured progressive matrices; PPVT,

peabody picture vocabulary test; SDMT, symbol digit modality test; MAND, McCarron’s assessment of neuromuscular development; AQ, autism spectrum
quotient. AQ is completed at age 19-20. All other assessments are completed at age 10. Higher scores on CBCL and AQ indicate worse scores; lower scores
on CELF, PPVT, MAND, CPM, and SDMT indicate poorer performance. Covariates were selected using stepwise regression with specific covariates selected

for each outcome listed in Supplementary Table 3.

however were observed in children of mothers with non-
elective CD for presumed fetal hypoxia or fetal distress.
Prior studies have shown mixed results, but in the
studies that have reported differences based on mode of
delivery, children with CD have exhibited higher levels of
inattention and social problems as measured by the CBCL at
ages 7-15 years [15], and a meta-analysis of 61 studies
increased odds for ASD and ADHD [16]. Regarding motor
function, delays in motor function have been reported in
infant assessments, but resolved by early childhood [9, 17].
While there is some consistency with previously pub-
lished studies, our study has a number of limitations. First
despite our ability to account for a wide range of potential
confounders, unmeasured confounding may still be present.
Indication bias is of particular concern, or the idea that
characteristics may predispose mothers to have a certain
mode of delivery and also influence their children to have a
specific neurodevelopmental outcome. Second, while we

were able to assess long-term outcomes at 10 years after
birth, there was some level of attrition, which may result in
selection bias. Third, the CBCL assessment was completed by
the children’s parents, and factors that influence mode of
delivery could also influence parental survey responses.
Fourth, the mothers with elective CD were composed of
mothers with a variety of indications from clinical reasons
such as pre-eclampsia, to reasons based on maternal request.
Finally, these deliveries occurred decades ago and clinical
management of labor and delivery may have changed during
that time. Future studies of more recent cohorts may provide
information about outcomes following contemporary clinical
management.

In summary, after accounting for a range of covariates,
children delivered via non-elective CD had higher, indicating
worse internalizing behavioral scores compared to those
with spontaneous vaginal delivery, and those with elective
CD had lower, indicating worse motor function scores at 10
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years of age. While there is consistency between these re-
sults and published studies, these differences may still be
due to confounding factors. In addition, the score differences
were not associated with more children being classified in
the deficit range. This is reassuring as this could indicate that
any differences may be too small to be recognized clinically,
suggesting that the differences may have limited clinical
significance.
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