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ABSTRACT

Introduction: Gestational age at delivery is
reportedly associated with cognitive and non-
cognitive development in early childhood. Delivery
at an earlier full-term gestational age has been
associated with an increased rate of caesarean section
(C-section) delivery; the high rate of C-section
delivery in China implies that the rate of medically
unnecessary C-section delivery is also high. This
study investigated the relationships of medically
unnecessary C-section delivery with full-term
gestational age and early childhood development in
rural China.

Methods: We conducted a survey of 2765 children
(aged 5-24 months) who resided in 22 national
designated poverty counties. Primary caregivers
were interviewed to collect information regarding
child and household characteristics (including the
child’s gestational age), each child’s delivery method,
and reasons for C-section delivery (if applicable).
The children were assessed using the Bayley Scales
of Infant Development. Developmental outcomes
were compared among gestational age-groups;
regression analyses were used to assess relationships
among medically unnecessary C-section delivery,
gestational age, and developmental outcomes.

Results: Overall, 56.2% of children were born at
<39 weeks of gestation. Among C-section deliveries,
13.1% were medically necessary and >40% could
clearly be classified as medically unnecessary.

Repeat C-section was the most common reason
given for medically unnecessary C-section delivery.
For each 1-week increase in full-term gestational
age, cognition scale scores increased by 0.62 points
(P<0.01), language scale scores increased by 0.84
points (P<0.01), and motor scale scores increased
by 0.55 points (P<0.05). Medically unnecessary C-
section delivery was significantly associated with
lower full-term gestational age.

Conclusion: Higher full-term gestational age was
significantly associated with better childhood
developmental outcomes, indicating that medically
unnecessary C-section delivery may negatively
influence early childhood development.
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*  Among children born at full term, levels of cognitive, language, and motor development increased with

increasing gestational age.

* Caesarean section delivery was negatively associated with gestational age, and a considerable proportion of
deliveries in rural China involved medically unnecessary caesarean section.

* There is a need to reduce the rate of medically unnecessary caesarean section delivery, especially when this
delivery method is chosen based on a desire for repeat caesarean section.

* Physicians should carefully consider the potential consequences when they recommend or agree to perform
caesarean section delivery; they should also provide detailed information that helps pregnant women to gain

greater knowledge about childbirth.

Introduction

Premature birth can influence cognitive development
and academic achievement in childhood.!? The final
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4 to 5 weeks of gestation, from 37 to 41 weeks, is
an important period; children born earlier than this
might have risks of worse outcomes later in life.*
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Substantial brain development occurs during the
37th and 38th weeks of gestation®; consistent with
this developmental timing, higher gestational age has
been positively associated with cognitive and motor
development in early childhood.”” Additionally,
higher full-term gestational age has been positively
associated with reading and math achievement in
third grade.'* There is evidence to support the use
of 39 weeks of gestation as a threshold for full-term
delivery.!*'> Moreover, the American College of
Obstetricians and Gynecologists (ACOG) and the
Society for Maternal-Fetal Medicine discourage
medically unnecessary delivery before 39 weeks of
gestation."

Caesarean section (C-section) is the most
common medical intervention associated with
delivery at a lower gestational ages.'* Furthermore,
an increased rate of delivery at lower gestational age
has been linked to an increased rate of C-section
delivery.’>® One study found that the rate of elective
C-section delivery gradually increased with a change
in distribution from 39 weeks to 38 weeks."” To our
knowledge, no studies have explored the relationship
between unnecessary C-section delivery and full-
term gestational age. Caesarean section delivery
is overused in many countries, often without a
clear medical need, because of its convenience
and perceived ease.’® A women’s preference can be
affected by the belief that C-section delivery is safer
for the baby'; it can also be affected by an intense

fear of childbirth (eg, with nightmares, physical
complaints, and anxiety).”® Some women might
deliver by C-section for a specific (or auspicious)
birth date or the convenience of returning to full-
time employment.?*

Although the ACOG encourages measures to
avoid medically unnecessary C-section delivery,'
the global rate of unnecessary C-section delivery
remains high.”® In China, the rate of C-section
delivery is among the highest worldwide (42%-
46%)*%; this high rate persists even in rural areas
with few resources.”” In the early 2000s, the World
Health Organization (WHO) recommended a
rate of C-section delivery below 15% in most
populations®; a more recent study suggested that
a rate of 19% is appropriate.”” For either threshold,
the rate of C-section delivery in China greatly
exceeds international recommendations. According
to a 2010 WHO report, the high rate of C-section
delivery in China implied that the rate of medically
unnecessary C-section delivery was also high.'®
While some studies have measured the rate of
C-section delivery in China,?*° there is no published
literature regarding the rate of medically unnecessary
C-section delivery in China or other countries.

Considering the potentially high rate of
medically unnecessary C-section delivery in China,
there is a need to consider its potential associations
with full-term gestational age and early childhood
development. Thus, this study investigated the
relationships of medically unnecessary C-section
delivery with full-term gestational age and early
childhood development in rural China.

Methods
Sample selection

This study used data that were collected from
November 2015 to May 2017 in 22 nationally
designated poverty counties located in southern
Shaanxi Province, China. In each county, all
townships (the administrative level between county
and village) were included in the study (Fig), with
the following exceptions: the township that served
as the seat of each county and townships that did not
contain any villages with =800 people.
Subsequently, the sample villages and families
were selected as follows. To meet the power
requirements of a larger, interventional study,
a minimum of 10 children was required in each
village. Therefore, one village (with 210 children in
our target age range) was randomly selected from
each township. A list of all registered births in the
previous 24 months was obtained from the local
family planning official in each village. All children
in our target age range (5-24 months) were enrolled.
Because the present study focused on children born
at full term (37-41 weeks of gestation), all children
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Townships were selected from 400 townships in 22
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Excluded townships (n=281):
I. The township that served as the seat of each county;

national designated poverty counties in southern <
Shaanxi Province (I |9 townships)

/

Within each township, one village was randomly

2. Townships that did not contain any villages with =800
people

Excluded villages (n=51):

selected to participate (119 villages)

\ A

Children aged 5-24 months and their families were
enrolled (2883 children)

\ 4

Villages with <10 children in the target age range

Excluded children:

A

Children included in analysis (n=2765)

FIG. Flowchart of survey protocol

born before 37 weeks of gestation were removed from
the final sample. Regarding variables that did not
change with time, data collected in the second part
of the survey (described below) were used to impute
missing values where possible. Missing values that
could not be imputed were excluded from analysis,
as were missing values that changed over time. We
calculated the mean values of some variables based
on the records of missing data. Multiple imputation
was conducted to determine whether missing values
would influence the results of analysis.

Data collection

In the first part of the survey, teams of trained
enumerators collected socio-economic information
from all participating households. Each child’s
primary caregiver (typically the mother or
grandmother) was administered a detailed survey
regarding child and household characteristics,
including each child’s sex and birth order, the
mother’s age and level of education, the father’s level
of education, and whether the family was receiving
government welfare payments (ie, financial support
for the lowest-income families nationwide). The
family asset index of each household was calculated
using principal component analysis® based on
whether the household owned or had access to the
following assets: tap water, flushing toilet, water
heater, refrigerator, washing machine, computer,
internet, and transportation (motorcycle, car, or
truck); the approximate value of the home was also
used in the calculation. Each child’s age, gestational
age (determined by the hospital), and birth weight
were obtained from their birth certificate.

Children born before 37 weeks of gestation (n=118)

In the second part of the survey, each child
was administered the third edition of the Bayley
Scales of Infant Development (BSID-III). The BSID-
IIT is an internationally recognised assessment for
developmental outcomes during early childhood.®
The BSID-III has high inter- and intra-rater
reliability agreement, internal consistency, and test-
retest stability, even when tested in other cultural
contexts.®®** The BSID-III results are categorised
into five standardised scales, three of which were
used in this study: cognitive (information processing,
counting, and number skills), language (receptive and
expressive communication skills), and motor (fine
and gross motor skills). Each of these scales evaluates
a child’s performance on a series of interactive
tasks, with consideration of the child’s gestational
and chronological ages. Raw scores for each scale
were converted to composite scores in accordance
with BSID-III guidelines.®® These composite scores
allowed comparison of developmental levels among
children who were born at different gestational ages.

The third and final part of the survey collected
information regarding the method of childbirth and
the reasons for C-section delivery (if applicable).
In accordance with the methodology of previous
childbirth surveys,>?* we asked whether the delivery
had beennormalvaginal birth, C-section, or other. For
children delivered by C-section, we asked caregivers
the open-ended question: “Why did the mother have
a C-section?” and recorded all responses. We then
collaborated with a paediatrician who was not a co-
author of the present study to categorise the reasons
as “medically necessary” or “medically unnecessary”
Based on a review of international medical and
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public health literature, we classified a C-section
delivery as “medically unnecessary” if less risky
alternatives were available (online supplementary
Table 1). The final classifications were carefully
reviewed by the paediatrician and adjustments were
made as necessary.

TABLE |. Summary statistics (n=2765)"

Child characteristics

Sex
Male 1430 (51.7%)
Female 1335 (48.3%)
Has siblings
Yes 1416 (51.2%)
No 1349 (48.8%)
Mother is primary caregiver
Yes 1976 (71.5%)
No 789 (28.5%)
Gestational age
37 Weeks 175 (6.3%)
<38 Weeks 600 (21.7%)
<39 Weeks 1553 (56.2%)
<40 Weeks 2395 (86.6%)
<41 Weeks 2709 (98.0%)
<42 Weeks 2765 (100.0%)

Household characteristics
Maternal age
<25 Years 1852 (67.0%)
>25 Years 913 (33.0%)
Maternal education level
<12 Years 2139 (77.4%)
=12 Years 626 (22.6%)

Primary caregiver age

<30 Years 1439 (52.0%)

>30 Years 1326 (48.0%)
Primary caregiver education level

<12 Years 2313 (83.7%)

=12 Years 452 (16.3%)

Paternal education level

<12 Years 2004 (72.5%)
=12 Years 761 (27.5%)
Family asset index’ 0.01 £1.17
Family receives government welfare
payments
Yes 271 (9.8%)
No 2494 (90.2%)

" Data are shown as No. (%) or mean £ standard deviation
Asset index was determined using polychoric principal
components based on the following variables: tap water,
flushing toilet, water heater, refrigerator, washing machine,
computer, internet, and transportation (motorcycle, car, or truck)

Statistical analyses

All statistical analyses were conducted using Stata
Statistical Software (Version 14.2; StataCorp, College
Station [TX], United States). P values of <0.05 were
considered significant. Student’s ¢ test was used to
compare childhood developmental outcomes across
gestational age-groups. The relationships between
gestational age and childhood developmental
outcomes were assessed using ordinary least squares
regression, with adjustment for the following
potential confounders: child characteristics (sex, age,
and whether the child had siblings) and household
characteristics (whether the mother was the primary
caregiver, maternal age, maternal education, paternal
education, family asset index, and whether the
household received government welfare payments).

Additionally, ordinary least squares regression
was used to assess the relationship between
unnecessary C-section delivery and gestational age,
with adjustment for the potential confounders (child
and household characteristics) described above. We
also controlled for BSID-III tester (enumerator) fixed
effects. In all analyses, we account for clustering
within villages using Huber—White cluster-adjusted
standard errors.

Results

Participant socio-economic and demographic
characteristics

The survey protocol is shown in the Figure. In
total, 119 townships were included in the study. We
initially enrolled 2883 children aged 5 to 24 months;
after exclusion of children born before 37 weeks of
gestation, we analysed 2765 children.

The participants’ socio-economic  and
demographic characteristics are shown in Table 1.
More than of the children (51.2%) had siblings at
the time of the survey. The mother was the primary
caregiver for 71.5% of the children. Most mothers
(77.4%) had <12 years of education, and one-third of
mothers (33.0%) were aged >25 years. Less than one-
tenth (9.8%) of sampled families reported receiving
government welfare payments.

Table 1 also shows the gestational ages of the
surveyed children. Overall, 6.3% of the children
were delivered at 37 weeks of gestation, 49.8% were
delivered between 38 and 39 weeks, and 41.8% were
delivered between 40 and 41 weeks. Only 2% of the
children were delivered after 41 weeks of gestation.

Links between gestational age and childhood
developmental outcomes

We investigated the relationships between
gestational age and childhood developmental
outcomes (Table 2). Children with higher gestational
ages had higher scores on the cognition, language,
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TABLE 2. Relationships between gestational age and childhood developmental outcomes”

Cognitive scalef

Language scalef

Motor scalet

L)) () (3 (4) (5) (6)

Gestational age 0.63 (0.21)8 0.62 (0.21)8 0.93 (0.24)8 0.84 (0.23) 0.55 (0.32) 0.55 (0.24)"
Sex (Ref: Male) 0.52 (0.58) 2.48 (0.58)% 0.42 (0.51)
Age at time of survey (weeks) 0.08 (0.05) 0.47 (0.05)8 1.71 (0.06)3
Has siblings (Ref: No) -0.87 (0.51)8 -1.21 (0.45)8 -0.54 (0.54)
Mother is primary caregiver (Ref: No) -0.70 (0.54) 0.54 (0.64) -0.85 (0.59)
Maternal age (Ref: <25 years) -1.07 (0.52)" -0.61 (0.59) 0.17 (0.64)
Maternal education level (Ref: <12 years) 0.58 (0.59) 0.86 (0.74) 0.82 (0.62)
Paternal education level (Ref: <12 years) 1.32 (0.54)" 1.08 (0.59) 1.55 (0.59)8
Family asset index* 1.21 (0.26)% 2.24 (0.27)8 1.54 (0.27)8
Constant 66.07 (8.80)% 65.34 (8.99)% 54.04 (9.97)% 49.26 (9.62)8  77.91(12.54)%  50.96 (9.80)%
Observations 2765 2765 2765 2765 2765 2765

Adjusted R-squared 0.10 0.11 0.09 0.16 0.06 0.36

Abbrevwatlons BSID-IIl = third edition of the Bayley Scales of Infant Development; OLS = ordinary least squares
Data are shown as OLS coefficient (standard errors), based on village-level analysis. Childhood development outcomes were regarded as dependent
variables; gestational age was regarded as an independent variable

Columns (1), (3),and (5) show coefficients for gestational age in OLS regression. Columns (2), (4), and (6) show coefficients for gestational age in OLS

regression with adjustment for individual child characteristics and family characteristics. All regressions controlled for BSID-Ill tester (enumerator) fixed
effects, children and household characteristics, including sex (1, female; O, male), has siblings (1, yes; 0, no), mother is primary caregiver (1, yes; 0, no),
maternal age (I, >25 years; 0, =25 years), maternal education level (1, =12 years; 0, <|2 years), and paternal education level (1,=12 years; 0, <|2 years)
# Asset index was determined using polychoric principal components based on the following variables: tap water, flushing toilet, water heater, refrigerator;
washing machine, computer, internet, and transportation (motorcycle, car, or truck)

¢ P<00I
I P<0.05

and motor scales of the BSID-III. For each 1-week
increase in gestational age, cognition scale scores
increased by 0.62 points (P<0.01), language scale
scores increased by 0.84 points (P<0.01), and motor
scale scores increased by 0.55 points (P<0.05). The
detailed mean cognition, language, and motor scale
scores according to gestational age are shown in the
online supplementary Table 2. We also investigated
potential  non-linear  relationships  between
gestational age and developmental scores by adding
a squared term of gestational age to the regression
(Table 3). However, the squared term coefficient
was not statistically significant for cognitive
development. This suggested that gestational age
had non-linear relationships with language and
development, while it had a linear relationship with
cognitive development.

Rate of medically unnecessary caesarean
section delivery and reasons for its selection

In our sample, more than one-third (36.4%) of
the children were delivered by C-section. Of the
medically unnecessary C-section deliveries, 65.2%
were performed at <39 weeks of gestation (online
supplementary Table 3). Table 4 presents the reasons
given for C-section delivery. Only 13.1% of C-section
deliveries were medically necessary, and >40%

of C-section deliveries could clearly be classified
as medically unnecessary. Repeat C-section was
the most common medically unnecessary reason
given for C-section delivery. Additionally, 5.8% of
C-section deliveries were performed because the
expected date of delivery had passed, whereas 5.3%
of C-section deliveries were performed because the
amniotic sac had broken. Finally, 4.3% of C-section
deliveries were performed because the mother
feared pain or desired faster delivery.

Link between unnecessary caesarean section
delivery and gestational age

Table 5 shows a series of unadjusted associations
between unnecessary C-section delivery and
gestational ages. Unnecessary C-section delivery
was associated with a significantly greater likelihood
of delivery before 39 weeks of gestation. Delivery at
<39 weeks of gestation was 65% (P<0.01) more
likely to involve medically unnecessary C-section,
compared with delivery after 39 weeks of gestation.
We also found a significant negative association
between medically unnecessary C-section delivery
and gestational age as a continuous variable.
Specifically, gestational age was 0.18 weeks
lower (P<0.01) in children delivered by medically
unnecessary C-section, compared with children
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TABLE 3. Relationships between gestational age and childhood developmental outcomes, analysed with a squared gestational age component”

Cognitive scalef Language scalef Motor scalet

(1) (2 (3 (4) (5) (6)
Gestational age (weeks) 6.40 5.22 15.34 12.61 22.65 14.54
(-6.90 to 19.71) (-7.57 to 18.02) (6.78-23.91)8 (4.67-20.56)% (11.32-33.97)8 (5.78-23.29)%
Gestational age? (weeks) -0.07 -0.06 -0.18 -0.15 -0.28 -0.18
(-0.24 t0 0.10) (-0.22 t0 0.10) (-0.29 to -0.08)% (-0.25 to -0.05)% (-0.42 to -0.14)% (-0.29 to -0.07)¢
Sex (Ref: Male) 0.53 2.50 0.44
(-0.63 to 1.68) (1.36-3.64)% (-0.57 to 1.45)
Age at time of survey 0.08 0.47 1.70
(weeks) (-0.0310 0.18) (0.37-0.57)% (1.59-1.82)8
Has siblings (Ref: No) -0.86 -1.19 -0.52
(-1.88t0 0.15) (-2.07 to -0.30)% (-1.60 to 0.56)
Mother is primary -0.69 0.55 (-0.71-1.80) -0.84
caregiver (Ref: No) (-1.75t0 0.37) (-2.00t0 0.32)
Maternal age (Ref: <25 -1.08 -0.62 0.16
years) (-2.10 to -0.05)" (-1.79 to 0.55) (-1.12 to 1.43)
Maternal education level 0.57 0.85 0.81
(Ref: <12 years) (-0.60 to 1.75) (-0.63 t0 2.33) (-0.42 to 2.05)
Paternal education level 1.31 1.08 1.54
(Ref: <12 years) (0.24-2.39)" (-0.10 to 2.25) (0.38-2.71)8
Family asset index* 1.21 2.23 1.54
(0.71-1.72)8 (1.70-2.77)% (1.00-2.07)8
Constant -48.09 -25.57 -230.93 -183.45 -358.96 -225.39
(-311.69 to 215.50) (-279.35 to 228.22) (-403.26 to -58.60) (-343.61 to -23.30)" (-585.69 to -132.22)% (-402.00 to -48.79)"
Observations 2765 2765 2765 2765 2765 2765
Adjusted R-squared 0.10 0.11 0.09 0.16 0.06 0.36

Abbrewat\ons BSID-IIl = third edition of the Bayley Scales of Infant Development; OLS = ordinary least squares
Data are shown as OLS coefficient (95% confidence interval), based on village-level analysis. Childhood development outcomes were regarded as
dependent variables; gestational age was regarded as an independent variable

" Columns (1), (3), and (5) show coefficients for gestational age in OLS regression. Columns (2), (4), and (6) show coefficients for gestational age in OLS
regression with adjustment for individual child characteristics and family characteristics. All regressions controlled for BSID-IIl tester (enumerator) fixed
effects, children and household characteristics, including sex (1, female; 0, male), has siblings (I, yes; 0, no), mother is primary caregiver (1, yes; 0, no),
maternal age (1, >25 vears; 0, =25 years), maternal education level (1, =12 years; 0, <12 years), and paternal education level (1, =12 years; 0, <12 years)
Asset index was determined using polychoric principal components based on the following variables: tap water, flushing toilet, water heater, refrigerator,

washing machine, computer; internet, and transportation (motorcycle, car, or truck)

§ P<0.0l
I P<0.05
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delivered by medically necessary C-section or
possibly medically necessary C-section.

To further explore the relationship between
medically unnecessary C-section delivery and
gestational age, we conducted a series of multivariate
regressions with adjustment for child and household
characteristics (Table 6). The results of these analyses
were consistent with the findings of the unadjusted
analyses: medically unnecessary C-section delivery
was significantly associated with lower full-term
gestational age.

Discussion

In this study, we found that higher full-term
gestational age was positively associated with better
developmental outcomes among children aged 5 to
24 months in rural China. This finding is consistent

with the growing body of international literature
that shows a positive link between gestational age
and developmental outcomes among children born
at full term.”51°

However, our data showed a high rate of C-
section delivery in rural China, such that 36% of
children were delivered by C-section. This rate is
substantially higher than the 15% rate recommended
by the WHO.*® It is also higher than the rates
in other developing countries, such as Thailand
(34.1%) and India (17.8%).?* Furthermore, nearly half
(42.5%) of the C-section deliveries in our sample
were medically unnecessary. Although the literature
suggests that vaginal delivery after a C-section is safe
and reasonable for most women, many C-section
deliveries in our study were performed because
the mother had a previous C-section. The issue of
repeat C-section delivery is particularly relevant in
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China since the end of the one-child policy; more
families are choosing to have a second child.*” Our
data suggest that many mothers or their physicians
ignore or are unaware of current guidelines. To
control the high rate of repeat C-section deliveries,
additional efforts are needed to inform women
and physicians that repeat C-section deliveries are
typically unnecessary.

Although  painless  childbirth methods
including pharmacological (systemic analgesia) and
nonpharmacological methods (hypnosis) have been
developed and widely applied in the past decade,®
4.3% of C-section deliveries in this study were
performed because the mother feared pain. Other
studies have shown that women have an intense fear
of vaginal delivery.**° Although this fear contributed
to a small percentage of C-section deliveries in our
study, our finding suggests that women generally
have minimal information about what to expect
during delivery and how to cope with labour pain.
This lack of information may cause women to feel a
lack of control, which can increase their anxiety and
cause some women to develop a catastrophic fear of
labour.**? In contrast, communication and support
between pregnant women and their physicians
can greatly improve women’s perceptions and
experiences of childbirth.*** Physicians also play a
key role in performing a C-section delivery when it is
medically unnecessary. Physicians may recommend
that women deliver by C-section to avoid the
medical risks (and accompanying litigation) of
vaginal delivery.*® However, we could not explore
this possibility because of data limitations.

In this study, medically unnecessary C-section
delivery was negatively associated with full-term
gestational age. These findings are consistent with
past studies in which gestational age was negatively
associated with the rate of C-section delivery (not
stratified according to medical need)."*** Importantly,
our study showed that C-section delivery had

# Unnecessary caesarean sections in China #

C-section delivery could have an impact on early
childhood development.

To our knowledge, this is the first study
to examine the relationship between medically
unnecessary C-section delivery and full-term
gestational age. This is also the first study to
link medically unnecessary C-section delivery
and gestational age to childhood developmental

TABLE 4. Reasons for caesarean section delivery (n=1006)"

Frequency

Medically unnecessary reasons
Mother feared pain/wanted faster delivery
Mother was aged >35 years
Exceeded expected date of delivery
Amniotic sac was broken
Premature rupture of membranes
Twins or in vitro fertilisation
Repeat caesarean section
Presumed very large fetus (birth weight <4000 g)
Possibly medically necessary reasons
Improper fetal position

Poor maternal health (high blood sugar/hypertension/
heart disease)

Mother was overweight or underweight
Excessive/insufficient amniotic fluid

Amniotic fluid contamination

Presumed very large fetus (birth weight =4000 g)
Small pelvic bone

Cord around neck

Insufficient cervical dilation

Reason unknown/physician preference

Medically necessary reasons

428 (42.5%)

43 (4.3%)
22 (2.2%)
58 (5.8%)
53 (5.3%)

2 (0.2%)
13 (1.3%)

204 (20.3%)

33 (3.3%)

446 (44.3%)

94 (9.3%)
66 (6.6%)

4(0.4%
60 (6.0%
15 (1.5%
21 (2.1%
7(0.7%
43 (4.3%
16 (1.6%)

)
)
)
)
)
)

120 (11.9%)
132 (13.1%)

} . Dystocia/failure to progress 82 (8.2%)
reduced full-term gestational age without a clear _ o
. L. c . Uterine/placental complications 14 (1.4%)
medical need. Moreover, the significant association
. . 0,
between full-term gestational age and childhood Poor fetal health 36 (3.6%)
development suggested that medically unnecessary ° Data are shown as No. (%)
TABLE 5. Relationships between gestational age and medically unnecessary caesarean section delivery”
No. Gestational age Gestational
k
37 Weeks <38 Weeks <39 Weeks <40 Weeks age, weeks
Percentage P value Percentage P value Percentage P value Percentage P value
Medically unnecessary 428 7% +26% 0.29 25% + 43% <0.1 65% +48% <0.01 89% +32% 0.19 -0.18f
caesarean section
All other births 2337 6% +24% 21% +41% 55% + 50% 86% + 34%

" Data are shown as mean + standard deviation. All regressions controlled for BSID-IIl tester (enumerator) fixed effects. A t test was used to test whether
the mean proportion of medically unnecessary caesarean section deliveries significantly differed according to gestational age.

T P<00l
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TABLE 6. Relationships between gestational age and medically unnecessary caesarean section delivery”f

Gestational age

37 Weeks

<38 Weeks

<39 Weeks

<40 Weeks

Gestational age

Medically unnecessary caesarean 0.01 (-0.02 to 0.04)

section delivery (Ref: No)
Sex (Ref: Male)
Has siblings (Ref: No)

Mother is primary caregiver (Ref:
No)

Maternal age (Ref: <25 years)

Maternal education level (Ref:
<12 years)

Paternal education level (Ref:
<12 years)

Family asset index

0 (-0.02 to 0.03)
0.025 (0.01-0.04)
-0.01 (-0.03 to 0.01)

0 (-0.02 to 0.02)
-0.01 (-0.03 to 0.01)

0.01 (-0.01 to 0.04)

0 (-0.01 to 0.01)

0.04 (-0.01 to 0.09)

-0.02 (-0.04 to 0.01)
0.03$ (0.00-0.06)
-0.03 (-0.07 t0 0.01)

-0.045 (-0.08 to -0.00)
-0.01 (-0.05 to 0.03)

0.02 (-0.02 to 0.06)

0.01 (-0.01 to 0.03)

0.11% (0.05-0.16)

-0.06* (-0.10 to -0.02)
0.07# (0.04-0.11)

-0.065 (-0.11 to -0.01) -0.05¢ (-0.08 to -0.02)

-0.02 (-0.06 to 0.02)
0 (-0.05 to 0.05)

0.02 (-0.03 to 0.07)

0 (-0.02 to 0.02)
0.22* (0.06-0.38)

0.02 (-0.01 to 0.05)

-0.025 (-0.05 to 0.00)
0.04* (0.01-0.07)

-0.02 (-0.05 to 0.01)
-0.01 (-0.06 to 0.03)

0.02 (-0.02 to 0.05)

0 (-0.01 to 0.02)
0.77* (0.58-0.97)

-0.16% (-0.29 to -0.02)

0.10¢ (0.01-0.19)
-0.16 (-0.24 to -0.08)
0.17* (0.06-0.27)

0.085 (-0.01 to 0.18)
0.04 (-0.08 to 0.15)

-0.09 (-0.20 to 0.02)

-0.02 (-0.07 to 0.03)
39.93¢ (39.37-40.49)

Constant 0.06 (-0.10t0 0.22)  0.07 (-0.08 to 0.23)
Observations 2765 2765
Adjusted R-squared 0.01 -0.00

2765
0.03

2765
0.01

2765
0.01

Data are shown as ordinary least squares coefficient (95% confidence interval), based on village-level analysis

T All regressions controlled for BSID-IIl tester (enumerator) fixed effects, children and household characteristics, including caesarean section delivery (1,
yes; 0,no), sex (I, female; 0, male), has siblings (I, yes; 0, no), mother is primary caregiver (1, yes; 0, no), maternal age (I, >25 years; 0, =25 years), maternal
education level (I, =12 years; 0, <|2 years), and paternal education level (I, =12 years; 0, <I2 years). Asset index was determined using polychoric
principal components based on the following variables: tap water, flushing toilet, water heater, refrigerator, washing machine, computer, internet, and
transportation (motorcycle, car; or truck)

# P<0.0I
§ P<0.05

246

outcomes. Our findings highlight the importance of
avoiding C-section delivery for non-medical reasons,
especially before 39 weeks of gestation.

Physicians should carefully consider the
implications of our findings before they recommend
or agree to perform C-section delivery. Moreover,
physicians should understand the consequences of
performing C-section deliveries at lower full-term
gestational ages; our study and previous literature”®
suggest that these consequences include worse
developmental outcomes. In particular, physicians
should consider whether a woman has reached
39 weeks of gestation because the ACOG strongly
discourages medically unnecessary C-section
delivery before 39 weeks.”* Considering that repeat
C-section is the most common reason for medically
unnecessary C-section delivery, physicians and
pregnant women should be informed that vaginal
delivery after a previous C-section is a safe and
feasible option for women without other medical
reasons to deliver by C-section. Finally, given that
some women request C-section delivery because
they fear pain, we recommend that physicians and
hospitals establish consultation and support systems
to help pregnant women understand what to expect
during delivery and to provide guidance concerning
labour pain relief. Increased communication and
support from physicians and nurses has been

shown to reduce the fear of childbirth that leads
some women to request C-section delivery*; such
approaches may also be effective in China.

There were four main limitations in this study.
First, because the recorded reasons for C-section
delivery were based on caregiver recall, we could
not rule out the potential for recall bias. Second,
although we included adjustment for potential
confounding factors, many other potential
confounding factors might have influenced the
findings. Third, our survey sample comprised
villages in one low-income region of rural China.
Although we attempted to sample villages that
differed in terms of household income, population
size, distance from the county seat, and geographic
location, our sample might not be representative
of all households in rural China. Finally, our study
sought to improve the understanding of medically
unnecessary C-section delivery and its associations
with gestational age and childhood developmental
outcomes—we could not regard these as causal
associations because of the cross-sectional nature
of our dataset. Therefore, in the absence of further
analysis, we could not determine whether medically
unnecessary C-section delivery was associated with
suboptimal childhood developmental outcomes,
and we could not characterise the mechanisms that
underlay associations identified in our study. Future
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research is needed to clarify the pathophysiological
mechanisms by which medically unnecessary
C-section delivery among children born at full
term is negatively associated with early childhood
developmental outcomes.

Conclusion

Among children born at full term, levels of cognitive,
language, and motor development increased with
increasing gestational age. However, C-section
delivery was negatively associated with gestational
age. A considerable proportion of deliveries in rural
China involved medically unnecessary C-section.
Therefore, the rate of medically unnecessary
C-section delivery, especially when this delivery
method is chosen based on a desire for repeat
C-section, should be reduced. Physicians should
carefully consider the potential consequences
when they recommend or agree to perform C-
section delivery; they should also provide detailed
information that helps pregnant women to gain
greater knowledge about childbirth.
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