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Introduction: The change in Chinese fertility policy brings new challenges and
considerations for children’'s health outcomes; however, very little is known
about the interaction between siblings, family socioeconomic status (SES), and
neurodevelopment in the Chinese preschool-age population. Therefore, this study
aimed to develop a new explanatory pathway from sibling effect to early childhood
development and explored the mediation effect of family SES in the pathway.

Methods: From April 2018 to December 2019, we conducted a national
retrospective cohort study in 551 cities in China, and a total of 115,915 preschool-
aged children were selected for the final analysis. Children’s neurodevelopment,
including Communication, Gross motor, Fine motor, Problem-solving, and
Personal-social, was assessed with the Ages & Stages Questionnaires, Third Edition
(ASQ-3). Hypothesis tests and multilevel regression models were used to assess the
associations and their strength between sibling effect and neurodevelopmental
delay. Pathway analysis was used to verify the mediation effect of SES.

Results: The results showed that there were significant risk effects of a sibling
on preschoolers’ overall neurodevelopment including communication, gross
motor, fine motor, and problem-solving delay. The adjustment of family SES,
however, brought a reversal of this association. The results of the mediation model
illustrated a direct, protective effect of one-sibling status (PASQ-delay=—0.09;
BASQ-scores=0.07; p<0.001), and an indirect, risk effect from one-sibling status
through family SES to neurodevelopment outcomes (BASQ-delay =0.12; BASQ-
scores=—0.12; p<0.001). The total sibling effect was weakened but remained
negative (BASQ-delay =0.03; BASQ-scores=—0.05; p<0.001).

Discussion: This study concluded that family SES mediated the negative
effects of one sibling on early child development. To enhance the positive
influence of sibling addition, we suggested providing more resources and
instructions to the families with less educated and poorer employed parents
under the coming multi-child era.
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Introduction

The effects of sibling presence on child development have
been well examined; however, the results have been mixed. The
resource dilution model suggested a negative association between
family size and child development because more children in a
family can lower the resources each child gets (Blake, 1981;
Downey, 2001; Jaeger, 2009; Kalmijn and van de Werthorst, 2016).
Meanwhile, evidence has also highlighted that positive sibling
interactions facilitate the neurodevelopment of children (Brody,
2004; Zhou et al., 2016; Du et al., 2020). For example, Zajonc and
Markus’s Confluence Model theorized that a child’s development
could benefit from a child-to-child teaching environment (Zajonc
and Markus, 1975). More recently, an integrative model was
proposed and emphasized the reciprocal and dynamic
development of the sibling effect, which could be either negative
or positive but constantly changing with age (Hou et al., 2020).
Still, other studies find no relationship between child quantity and
quality (Pennington and Harpending, 1988; Draper and Hames,
2000; Jamison et al., 2002; Tada et al., 2002; Hesketh et al., 2003).

Previous studies may be inconsistent for different reasons. On
the one hand, naturally occurring teaching and caregiving
experiences between older and younger siblings can benefit
cognitive, language, and psychosocial development in both
children (Brody, 2004). Also, parents’ experiences with older
children can lead to effective child-rearing strategies for the
subsequent child (Whiteman and Buchanan, 2002). On the other
hand, more children in a family can also dilute available parental
resources per child (Wu, 2015). As suggested by the resource
dilution model, there are universal signs of the trade-off between
child development and family size, but the trade-off may only
be prominent when the family resources are limited (Gillespie
etal,, 2008), or the family socioeconomic status (SES) is low.

The complicacy of family SES makes it a unique context for
children’s development. It was widely reported that family SES
disadvantage could negatively affect neurodevelopment from
infancy to school-aged children (Bradley and Corwyn, 2002;
Tong et al., 2007; Schady, 2011; Ronfani et al., 2015). Some
researchers suspected that the actual causal relation between
sibling effect and child development may involve family SES as
a confounder rather than a mediating factor (Steelman, 1985).
That is, parents in low SES families are more likely to have more
children, and SES influence is not adequately adjusted for a
statistical effect of a sibling on development. However, in
modern developed countries, more children per family do not
necessarily mean more labor force but rather more parental care
responsibilities, and parents’ fertility decisions may be affected
by family SES in a different way (Tong and Gong, 2020). In that
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case, the sibling effect on child development might be more
prominent because the influence of family SES has been
mediated. Therefore, the role of the family SES in the association
of the presence of siblings with child development needs to
be further clarified.

However, most of the work in this field has been based on
families from Western countries. Due to China’s 35 years of
one-child restrictions, limited studies have focused on the
association between sibling status and early childhood
development. Moreover, the one-child policy has significantly
affected China’s social and family structure, people’s life
patterns, and parenting styles (Cheng, 2005; Ding and
Hesketh, 2006; Cheng, 2013). The persistent son preference in
the Chinese culture and sex-selective birth (Hua et al., 2016;
Huang et al,, 2016; Liu et al,, 2017) may pose additional
challenges to clarify the sibling effect given that unobserved
factors may jointly determine the decision to have a second
child and the potential unequally allocated resources
among children.

There are several reasons why it is particularly important
to investigate the sibling effect on child development in the
context of relaxing the child control policy in China. First, the
low-fertility rate in China (both under the one-and two-child
policy) has been mainly driven by government regulations
instead of personal decisions, and the parents who decided to
have a second child under a relaxed child policy may reflect
different sociodemographic characteristics distinct to those in
other countries (Hua et al., 2016). Second, because of the
longstanding one-child culture in China before 2016, parents
who decided to have a second child under the newly relaxed
child policy in China may be the ones who are more eager or
ready for a second child (Chen, 2020). If only those parents
who can maintain the level of family resources in the existing
child decide to have another child, then a second child may
not affect the access to family resources because of
self-selection.

To our knowledge, there is no national population-based
study after China relaxed its child control policy in 2016. The
current study, therefore, had two aims. First, with a national
representative sample, we were aiming to address the
understudied question of whether the presence of a sibling is
associated with neurodevelopment in Chinese preschoolers
aged 3-5years old under China’s newly relaxed two-child
policy. Second, we would like to examine the specific role of
family SES in the association between sibling status and
neurodevelopment. We hypothesized that the presence of a
sibling had a negative effect on neurodevelopment, while the
family SES could mediate the negative effect in the pathway.
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142,064 children from 2011 public kindergartens of 551 cities in China wer

e recruited in the study
« | 2,449 children were excluded due to missing covariates
- (child, family and maternal characteristics)

20,445 children over 66-month-old were excluded because
> they exceeded the age limits of ASQ-3
« | 3,255 children were excluded because they have two or
“ |more siblings
\ 4
115,915 children with complete questionnaires were included in the final analysis
FIGURE 1

Flowchart of the study population.

Materials and methods
Participants

A national retrospective cohort study was conducted in China
from April 2018 to December 2019. The recruitment followed a
cluster sampling plan that covered all administrative districts in
mainland China, including 4 direct-controlled municipalities, 5
autonomous regions, and 22 provinces to ensure a representative
study sample of the Chinese population. A total of 142,064
preschoolers from 2011 public kindergartens in 551 cities of
China were enrolled using area, gender, age, and SES as
stratification variables. Children with normal intelligence and no
physical disabilities, who had parents with sufficient proficiency
in completing the online questionnaire, were eligible for the study.
After excluding the children aged over 66 months, with two or
more siblings,' or with missing values of their investigation,
115,915 children were selected for the final analysis (see Figure 1).

The study protocol was approved by the Ethics Committee of
Shanghai First Maternity and Infant Hospital (KS18156). For
ethical concerns and information safety, all the data collected were
kept confidential and only accessible to the researchers.

1 Before May. 2019, the two-child limit was enforced on urban residents.
But in rural area, or in minorities, or for some special medical reasons,

couples may have three or more children.
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Procedure

We developed an electronic questionnaire system to collect
and manage large data. All selected cities have their independent
Quick Response (QR) codes to access the questionnaires. Local
kindergartens were informed to complete the investigation and
supervised by the government-supported maternity and children’s
health care center in each city. Class teachers were responsible for
distributing the notification and QR code to the parents to fill out
the questionnaire. Researchers’ contact information was provided
if parents had queries about the study or about how to answer
the questionnaires.

QOutcomes

Children’s neurodevelopment was assessed using the Ages &
Stages Questionnaires, Third Edition (ASQ-3), a parent-completed
questionnaire. It is a developmental screening tool targeted at
children between the ages of 1 to 66 months across five domains:
Communication, Gross motor, Fine motor, Problem-solving, and
Personal-social. Six items with three options (YES=10,
SOMETIMES=5, NOT YET=0) in each area pinpoint the
developmental progress of children. The ASQ scores are added
and compared with cutoffs resulting in two kinds of outputs:
0=typical development (scores higher than 2.0 SD below the
mean), 1 =suspected developmental delay (scores <2.0 SD below
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mean). Both continuous and binary outcomes were analyzed. In
the study, we use the Chinese language version which has reported
a reliability coefficient of 0.8 (p <0.001; Wei et al., 2015).

Predictor and mediators

Sibling number was reported by parents. Children with more
than two siblings were not included in the current study. The
predictor was binary: 0=no sibling, 1 =one sibling.

Five indicators were included in the current study for family SES
to describe a more thorough description of the family social-
economic status: higher education of mother, higher education of
father, mother’s occupation, father’s occupation, and family annual
per-capita income (RMB). Individuals reported their education by
selecting one of six options ranging from having no formal education
to having a master or PhD degree. Parents with a college degree or
above were defined as being higher educated. Occupation status was
divided into the two categories of employed or unemployed. The
self-reported family annual per-capita income (RMB) was compared
with the national average of the year before the survey time.

Covariates

We included the child, family, and maternal health characteristics
as potential confounders. Most of these variables were categorical;
Body mass index (BMI) is an indicator of nutritional condition
which is based on height and weight (BMI =weight(kg)/height(m))
according to the world health organization (WHO) BMI
classification (WHO Expert Consultation, 2004); maternal age at
birth was classified into three age bands: ‘<30; 30-34’ and >34’ per
the literature (Teng et al., 2020); and gestational age (weeks) was
divided into three groups: ‘<37, 37-41"and >41.

Data analysis

All statistical analysis was performed using R Statistical Software
(v4.1.2; R Core Team, 2021). The childrens neurodevelopment
outcomes (ASQ total scores, Communication, Gross motor, Fine
motor, Problem-solving, and Personal-social) and family SES were
compared, respectively, between single-child and one-sibling status
by t-test and Pearson’s Chi-square test. We conducted a simple mixed
model on a kindergarten level and individual level utilizing a random
intercept for calculating the intraclass correlation coefficient (ICC).
Then multilevel linear and logistic regression models were used to
assess the associations and their strength between China’s two-child
family status and children’s neurodevelopmental delay in each
domain of ASQ-3 when the SES were considered or not considered.

We used a mediation model with a structural equation
modeling (SEM) approach to estimate the direct and indirect
effects of a sibling. The ASQ scores and family SES were modeled
as latent variables. Path models were estimated using weighted
least squares (WLS) for binary outcomes and maximum
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likelihood (ML) for continuous outcomes. We used backward
stepwise selection and model fit statistics (comparative fit index
[CFI], Tucker-Lewis index [TLI], root-mean-square error of
approximation [RMSEA], standardized root mean square
residual [SRMR], Akaike Information Criteria [AIC], and
Bayesian Information Criteria [BIC]) to determine best-
fitting models.

Results
Sample characteristics

In the sample of 115,915 preschoolers, 50,613 (43.66%) were
from two-child families and 65,302 (56.34%) were from one-child
families. Over half of the total population (52.40%), single-child
family population (53.40%), and two-child family population
(51.10%) were male. There were significant differences between
single-child and two-child families in the distribution of BMI,
gender, gestational age, and maternal age at birth (p<0.001). Age
and delivery mode, however, were similar between children in two
kinds of family size statuses (p > 0.05, see Table 1).

Neurodevelopment outcomes

Table 1 also shows the difference in ASQ-3 scores between
preschoolers with or without a sibling. Children with one sibling
demonstrated lower outcomes in total score (258.29+45.31),
communication (53.55+10.15), gross motor (49.71+12.21), fine
motor (47.69+13.20), and problem-solving (53.15+10.34)
compared to the single child (p <0.001). The personal-social score,
however, was similar between the two statuses (p=0.140). The
associations between children’s neurodevelopment outcomes and
their families’ SES are presented in Table 2.

Socioeconomic status was significantly associated with
preschoolers’ ASQ total score, communication, gross motor, fine
motor, problem-solving, and personal-social development
(p<0.001). All mean scores significantly increased when either
mother or father had higher education. Compared to the father,
the mother with a bachelor’s degree or above brought more
increments in children’s total scores from 248.02 to 269.07,
communication from 51.70 to 55.72, gross motor from 47.00 to
52.23, fine motor from 44.88 to 50.53, problem-solving from 51.37
to 55.45, and personal-social from 53.05 to 55.13. Having an
employed parent contributed to improving children’s
neurodevelopment, while children with an unemployed father
have lower scores in every ASQ-3 area than those with an
unemployed mother. Differences between children from families
with different incomes also exist. Children whose family annual
per-capita income (RMB) is equal to or above the national average
have significantly higher scores in total (261.77+43.34),
communication (54.34+9.63), gross motor (50.44+11.79), fine
motor (48.56+12.84), problem-solving (54.01+9.81), and

personal-social (54.42+8.89).
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TABLE 1 The general characteristics and ASQ scores of preschool
students (N=115,915).

Total Single- One- p
child status  sibling
status

General characteristics
Age; Mean (SD)* 421100075) 4.2076(0.75) 4.2153 (0.74) 0.079
BMI; Mean (SD)* 15.6704(2.11) 15.6376(2.11)  15.7126(2.12)  <0.001
Gender N (%)"

Male 60,735(52.40) 34,873(53.40)  25,862(51.10)  <0.001

Female 55,180(47.60)  30,429(46.60)  24,751(48.90)
Gestational age (weeks) N (%)"

<37 10,091(8.71) 5,337(8.17) 4,754(9.39)  <0.001

37-41 101,660(87.70)  57,521(88.08)  44,139(87.21)

>41 4,164(3.59) 2,444(3.74) 1720(3.40)
Maternal age at birth N (%)"

<30 87,460(75.45) 54,803(83.92)  32,657(64.52)  <0.001

30-34 21,108(18.21) 8,728(13.37) 12,380(24.46)

>35 7,347(6.34) 1771(2.71) 5,576(11.02)
Delivery mode
N(%)®

Vaginal birth 60,530(52.22) 33,984(52.04)  26,546(52.45) 0.168

Cesarean 55,385(47.78) 31,318(47.96)  24,067(47.55)

section
ASQ; Mean (SD)?
Total score 259.93(44.15) 261.20(43.19)  258.29(45.31)  <0.001
Communication 53.98(9.83) 54.31(9.56) 53.55(10.15) <0.001
Gross motor 49.96(12.01) 50.16(11.89) 49.71(12.21) <0.001
Fine motor 48.08(13.06) 48.37(12.94) 47.69(13.20) <0.001
Problem-solving 53.68(1.00) 54.10(9.70) 53.15(10.34) <0.001
Personal-social 54.23(90.22) 54.26(8.91) 54.18(9.16) 0.14

‘Independent-sample ¢-test; "Pearson’s Chi-square.

One-sibling effects

There were no gender or age differences in the association
between sibling effect and neurodevelopment (p>0.05). The crude
and SES-adjusted coefficients of the predictor in our multilevel
linear regression models are shown in Table 3. In the crude model,
one-sibling status was significantly associated with every domain
of ASQ. There were negative sibling effects on total score (f=—1.31,
p<0.001), communication (f=-0.50, p<0.001), gross motor
(p=-0.15, p<0.05), fine motor (f=—0.33, p<0.001), and problem-
solving (f#=-0.63, p<0.001) outcomes. However, one-sibling
status benefited children’s personal-social performance ($=0.17,
p<0.01). After family SES was adjusted, the positive association
between sibling effect and personal-social was enhanced (f#=0.48,
p<0.001). Furthermore, the adjustment of family SES converted
the sibling effect on ASQ total score (f=1.43, p<0.001), gross
motor ($=0.54, p<0.001), and fine motor (#=0.45, p<0.001) from
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negative to positive. The correlations between one-sibling status
and communication or problem-solving outcomes, however, lost
their significance (p>0.05).

Figure 2 displays the crude and adjusted odds of ASQ-3 delay,
given single-child status compared to one-sibling status. Regardless
of any SES factor, the crude odds ratios showed significant risk
effects of a sibling on children’s ASQ total score (OR=1.12; 95%CI:
1.10, 1.14; p<0.001), communication (OR=1.15; 95% CI: 1.11,
1.18; p<0.001), gross motor (OR=1.06, 95% CI: 1.04, 1.08,
p<0.01), fine motor (OR=1.08; 95% CI: 1.05, 1.11; p<0.05), and
problem-solving (OR=1.22, 95% CI: 1.18, 1.26, p <0.001) delay. At
the same time, we observed no association between one-sibling
status and personal-social development in the crude model
(p>0.05). Once family SES was adjusted, the risk effect of a sibling
on ASQ total score, communication, and problem-solving
performance was missing (p>0.05). By contrast, the sibling effect
on motor development was inverse. Both odds of gross motor
(Adjusted OR=0.93, 95% CI: 0.92, 0.95, p <0.001) and fine motor
(Adjusted OR=0.92, 95%CI: 0.90, 0.95, p <0.05) decreased to less
than 1 and remained significant in the adjusted model. The
protective effect of one-sibling status was present in the personal-
social area (Adjusted OR=0.93, 95% CI: 0.90, 0.96, p<0.05).

The mediation effect of family SES

Mediation analysis was conducted for binary outcomes (ASQ
delay) and continuous outcomes (ASQ scores) separately. The path
diagrams of the best-fitting models are included in Figures 3A,B. All
the standardized regression coefficients shown in Figure 3 were
statistically significant (p<0.001). Family SES was modeled as a
latent variable by only three factors: higher education of the mother,
higher education of the father, and the mother’s occupation,
according to the backward elimination process and model fit
statistics. In the binary outcomes model, the CFI, TLI, RMSEA, and
SRMR were 0.995, 0.989, 0.015, and 0.014, respectively (AIC or BIC
was not reported as they were not available for WLS estimation).
Correspondingly, the CFI, TLI, AIC, BIC, RMSEA, and SRMR of the
continuous outcomes model were 0.998, 0.995, 4456900.237,
4457180.395, 0.022, and 0.012. The results of the two models were
similar, which illustrated a direct, protective effect of one-sibling
status (Basq-detay = —0.09; Pasq-scores=0.07; p<0.001), and an indirect,
risk effect from one-sibling status through family SES to ASQ
outcomes (Basq-delay=0.125 Pasqscores=—0.12; p<0.001). The total
sibling effect on childrens neurodevelopment was weakened but
remained negative (Bysq-detay = 0.03; Pasq-scores = —0.05; p<0.001).

Discussion

To our knowledge, this was one of the largest national
retrospective cohort studies in China to explore various health
outcomes in children (Zwicker, 2021). In this analysis, we found
the presence of a sibling resulted in high risks of multiple
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TABLE 2 The mean scores of ASQ-3 in children with different socioeconomic characteristics (N=115,915).

Total score Communication Gross motor Fine motor  Problem-solving Personal-social
M(SD)# M(SD)##* M(SD)## M(SD)## M(SD)##* M(SD)#*
Higher education of mother
No 248.02(47.66) 51.70(10.87) 47.00(13.10) 44.88(13.85) 51.37(11.11) 53.05(9.80)
Yes 269.07(38.86) 55.72(8.56) 52.23(10.57) 50.53(11.85) 55.45(8.64) 55.13(8.26)
Higher education of father
No 249.21(47.38) 51.95(10.76) 47.33(12.98) 45.21(13.78) 51.59(11.02) 53.13(9.74)
Yes 268.60(39.27) 55.62(8.67) 52.09(10.71) 50.40(11.95) 55.37(8.73) 55.12(8.29)
Mother’s occupation
Unemployed 252.42(46.89) 52.39(10.66) 48.21(12.65) 46.13(13.68) 52.30(10.76) 53.38(9.69)
Employed 261.38(43.45) 54.28(9.63) 50.30(11.86) 48.45(12.90) 53.95(9.82) 54.39(8.88)
Father’s occupation
Unemployed 245.60(55.91) 50.74(12.61) 46.52(14.32) 45.08(14.76) 50.85(12.41) 52.42(11.25)
Employed 260.32(43.72) 54.07(9.73) 50.06(11.93) 48.16(13.00) 53.76(9.91) 54.28(8.95)
Family annual per-capita income (RMB)
Below 254.37(46.06) 52.87(10.34) 48.53(12.56) 46.61(13.59) 52.71(10.48) 53.64(9.37)
Above or equal to 261.77(43.34) 54.34(9.63) 50.44(11.79) 48.56(12.84) 54.01(9.81) 54.42(8.89)

##%p<0.001.

TABLE 3 The association between sibling effect and ASQ-3 scores in
preschoolers (n=115,915).

Single-child One-sibling status®

status
Crude f°(95%  Adjusted [
CI) (95% CI)
ASQ total score Reference —1.31%%% (=158, 1.43%%% (1.17,
—~1.04) 1.70)
Communication  Reference —0.50%** (—0.56, 0.04 (—0.02, 0.10)
—0.44)
Gross motor Reference —0.15% (—0.23, 0.54%%*%* (0.47,
—0.08) 0.61)
Fine motor Reference —0.33%%* (=0.41, 0.45%%*%* (0.37,
—0.25) 0.53)
Problem-solving  Reference —0.63%%* (=0.69, —0.11 (=0.17,
—-0.57) —0.05)
Personal-social Reference 0.17%%(0.11,0.22)  0.48%** (0.42,
0.53)

p<0.05, #*p<0.01, *¥¥p<0.001; hAdjusting for children’s general characteristics;
Adjusted for children’s general characteristics and socio-economical characteristics.

neurodevelopmental delays. But the negative sibling effect was
reversed when family SES was controlled. By path analysis, the
mediation effect of SES on the paths from one-sibling status to
children’s neurodevelopment was evident in our models. The
sibling effect was directly protective against worsening
but led to
neurodevelopmental disorders through SES. Our results suggested

neurodevelopment indirectly suspected
that the risk of sibling effect on neurodevelopment existed when
family resources were too limited to be shared.

We observed a negative sibling effect on neurodevelopment
among Chinese preschoolers. The presence of a sibling increased

the prevalence of suspected communication, gross motor, fine
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motor, and problem-solving delays. Our finding keeps in line with
the prior national population-based studies set in China (Li et al.,
2008; Wu, 2015). Notably, however, the adjustment of family SES
brought a reversal of this association, which indicated the risk was
conditional. Our results supported the hypothesis that considers
sibling a spurious effect. That is, the negative effect of divided
resources of siblings would reveal when the disadvantage of
parents’ lower SES could not be fully modified. The findings
provide a probable explanation for the inconsistent outcomes
from previous studies in rural (Zhong et al., 2019) and urban (Wu
etal.,, 2022) China.

Our results emphasized the importance of general parenting
resources in early development, which is consistent with the
Resource Dilution Model (Blake, 1981; Downey, 2001; Kalmijn
and van de Werfhorst, 2016). Furthermore, we observed that
“parenting resources” could be well predicted by the family SES
(education, vocation, and income status). Both parental education
and occupation were associated with better parenting and home
resources, which is highly consequential for neurodevelopment,
especially during the earliest years of children’ lives. A parent with
a higher educational level is better able to adapt parenting abilities
and maximally utilize family or community resources (DeGarmo
et al., 1999). Ultimately, young children’s development is highly
dependent upon parental inputs (Shonkoff et al., 2012). Following
our study results, we deem parents’ education, vocation, and
income as the source of these inputs which can be partitioned by
the addition of a sibling. Crucially, if the overall pool of resources
is sufficient for the children’s wellbeing, there will be no limitation,
but rather benefit for two-child families. However, for families in
low SES situations, the extra sibling might occupy the parenting
resources and a negative sibling effect could occur.

Family SES functioned as a mediator linking sibling effect
to neurodevelopment. Path analysis of psychological processes
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FIGURE 2
The association between sibling effect and risk of neurodevelopmental delays in preschoolers. ?Adjusted for children’s general characteristics;
PAdjusted for children’s general characteristics and socio-economical characteristics.

helped us break down the association into components to
better understand the possible causal mechanisms (Shrout and
Bolger, 2002). We determined that the presence of a sibling had
a negative total effect on neurodevelopment which consequently
explained the apparent correlation in crude models. Numerous
researchers have reported lower SES is inversely associated with
early development (Ursache and Noble, 2016; Vukojevi¢ et al.,
2017; Takeuchi et al., 2021). This study adds support to the few
existing studies on the relation between family SES and the
number of children in China, providing evidence that sibling
addition was related to lower SES. For model optimization,
we removed the father’s occupation and family incomes from
the models. Parental education, specifically the mother’s higher
education level brought the most disparity in all five domains
among preschoolers. Our results theoretically support the
previous national research finding that the negative effect of an
additional sibling is mainly driven by the family with a low
educated mother (Chen, 2020). In Chinese family values,
mothers typically perform the child-rearing role while fathers
tend to be responsible for making money. More educated
mothers were more likely to introduce healthy rearing
behaviors while working mothers provide families with
better resources.

Our sample was generally born around the year 2016 and
raised in the two-child policy era, which gave us a comprehensive
review of the unique Chinese fertility influence. According to a
survey released by the All-China Women’s Federation (ACWTE,
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2017), the two-child policy has brought severe pressure to the
healthcare and education systems, and the competition for the
limited resources may lead to an even worse situation for lower
SES families. The negative association between the sibling effect
and early development becomes relatively stronger especially
when there is little social support for children (Park, 2008).
Therefore, providing more external resources to preschoolers in
lower SES families is an urgent concern, especially social support
on health education and surveillance of family planning and
children’s development. Decision-makers might consider a
targeted preschool childcare service as complementary stimulation
for cognitive development outside the home environment during
early childhood.

The main limitation of our study is the lack of adjustment for
some variables of the parenting style with Chinese characteristics,
i.e., children raised by grandparents, and some variables potentially
associated with the neurodevelopment outcomes, i.e., birth order. In
addition, this result was based on a cross-sectional design that could
not completely control for some potential effects shared between
siblings over time. Therefore, further analysis of the longitudinal
development data would better provide a casual prediction.

Conclusion

This study was conducted to explore the interaction between
siblings, family socioeconomic status, and neurodevelopment in the
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FIGURE 3

The mediation model diagrams: (A) binary outcomes (ASQ delay); (B) continuous outcomes (ASQ scores).

Chinese preschool-age population. The results confirm that family
SES mediated the effects of one sibling on the neurodevelopment of
preschoolers under China’s newly relaxed child policy. Our nationally
representative results have significant theoretical implications for
both healthcare workers and decision-makers.

It was the first time to use SES to build up a cross-bridge between
sibling effect and childrens neurodevelopment outcomes. In
particular, children with a sibling would be at risk of multiple
neurodevelopmental delays if they belonged to low SES families. As
the change in Chinese fertility policy will bring new challenges and
considerations for children’s health outcomes, we suggest providing
more resources and instructions to families with less educated and
poorer employed parents under the coming multi-child era.
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