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Abstract

Background Ages of 0-3 years are critical stages for children’s neurodevelopment. However, the impact of the home
nurturing environment on early childhood neurodevelopment remains unclear.

Objective To explore the role of the home nurturing environment on early childhood neurodevelopment
and to provide evidence of an association between fostering quality home nurturing and achieving optimal
neurodevelopment.

Participants and setting An online cross-sectional survey using the stratified sampling method was conducted
from 16 June, 2021 to 18, February, 2022 in all 13 communities of Minhang District, Shanghai. A total of 2,402 children
aged 0-3 years with balanced sex distribution were included.

Methods The quality of home nurturing environments was measured using validated Child Home Nurture
Environment Scales. Neurodevelopment was measured using the Ages and Stages Questionnaire - Third edition (ASQ-
3). Generalized Linear Mixed Modeling was used to analyze the association between the quality of home nurturing
environments and neurodevelopment.

Results Among children aged 0-1, neglect or restriction was reported as the most prevalent problem (8.02%)
among home nurturing environment dimensions, and was associated with an increased risk of suspected fine motor
development delay (OR=2.82,95% Cl: 1.18-6.69, P=0.019). Among children aged 1-3, inadequate parental warmth,
as the foremost (16.10%) problem, was associated with an increased risk of suspected gross motor development delay
(OR=4.12,95% Cl: 1.35-12.53, P=0.013) and suspected personal-social development delay (OR=12.50, 95%Cl: 1.48-
105.36, P=0.020).
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Conclusions Poor home nurturing environments were associated with an increased risk of suspected early
childhood neurodevelopment delay. There exists a need for services to guide for establishing a quality home

nurturing environment.

Keywords Home nurturing environment, Early childhood, Neurodevelopment

Background

The ages of 0-3 years are characterized as the most active
stages for the neurodevelopment of children, during
which milestone developments in language, motor, cog-
nition, and social-emotional dimensions are achieved [1].
Within this period, the parenting behaviors, which are
fundamental to parent-child relationships, significantly
influence early childhood neurodevelopment and over-
all mental well-being [2]. It is widely acknowledged that
parenting practice is one of the most crucial components
of the home nurturing environment. Home nurturing
environment, considered as the primary environment
for child survival, refers to the collection of physical and
psychosocial factors provided by the family while the
child interacts with the surrounding environment [3, 4].
In Jiangsu Province which is near Shanghai and shares a
similar cultural environment with Shanghai, the rate of
poor home nurturing environment in children aged 1-3
was around 4% [5]. For children aged 0-3, a supportive
and positive home nurturing environment is believed to
facilitate the maturation of the hippocampus, thus pro-
moting neurodevelopment in children’s sensory systems,
language acquisition, and motor coordination [6-8].
Compared to distal factors like socioeconomic status,
the home nurturing environment was considered a more
effective factor in shaping young children’s neurodevel-
opment [9]. Evidence from randomized controlled tri-
als demonstrated the benefits of a good home nurturing
environment, cultivated by parents’ positive parenting
skills and emotional support, on children’s social adapt-
ability and emotional functioning [10, 11]. Conversely,
exposure to maltreatment and neglect can elevate stress
levels, leading to a higher risk of neurodevelopmen-
tal disorders (NDDs) or suspected developmental delay
(SDD) in children [12—-14].

SDD is defined as developmental deficits like subopti-
mal performance in cognition, communication, or motor
functions [6]. Findings from various countries such as
China, the USA, and Korea, revealed that the prevalence
of SDD in at least one domain of neurodevelopment
reached around 10%, indicating a large number of chil-
dren might suffer from SDD-related problems [15-17].
A study covered more than 20 provinces/autonomous
regions/municipalities in China has also indicated that,
the prevalence of SDD in Chinese urban children aged
0-3 was around 12% [18]. Studies also noted that chil-
dren living in families with lower socio-economic status
(SES) and living in rural areas were more likely to suffer

from SDD, which was considered to be closely associated
with malnutrition [19, 20]. However, few studies have
analyzed the impact of home nurturing environment on
children’s neurodevelopment in urban areas where nowa-
days malnutrition is uncommon.

Since the home nurturing environment reflects an inte-
gration of caregivers’ parenting practices, it always serves
as a mediator bridging parenting practices and children’s
development [21, 22]. However, the majority of existing
studies had been focused on a single specific parenting
behavior, such as parent-child interaction, neglect, etc.,
or with a relatively small sample size [23]. By now, very
few studies have been conducted to comprehensively
assess the home nurturing environment and understand
its role in shaping early childhood neurodevelopment.
Therefore, to fill in the knowledge gap in this field, we
carried out this study to explore the role of the home
nurturing environment on young children’s neurode-
velopment, thereby contributing to cultivating effective
interventions for quality home nurturing and achieving
optimal neurodevelopment in early childhood.

Methods

Settings

Minhang District is one of the 16 administrative districts
in Shanghai, China. This district lies in the southwest of
Shanghai, and ranks second for population size and third
for GDP among the 16 districts in 2022 [24].

A cross-sectional online survey was carried out from
16 June, 2021 to 18 February, 2022 in Minhang District,
Shanghai, China. The main caregivers of children aged
0-3 years from all 13 communities in Minhang District,
Shanghai, were invited. The inclusion criteria of caregiv-
ers included the ability to communicate both orally and
in writing. Caregivers of children with severe congenital
abnormalities and caregivers of twins were excluded. On
the first page of the survey, a brief introduction, includ-
ing the purpose and contents of the questionnaire as
well as the estimated time to complete the whole survey,
was provided. Participants could either choose to start
to answer the questionnaire, which implied informed
consent to this study according to the introduction, or
close the page to exit the survey. In addition, they were
informed the right to quit at any time during the survey.
The characteristics of participating children and fami-
lies were collected, such as parents’ educational levels,
employment status, household income, marital status,
child’s age and sex, number of children in the family,
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family harmony, and challenges encountered in acquiring
parenting relevant information.

This study had obtained ethical approval from Shang-
hai Minhang Maternal and Child Health Care Hospital
([2020]-KS-06).

Sample size

According to existing studies, we estimated that the rate
of SDD was around 25.0% in our study, and the rate of
poor home nurturing environment was around 10%, with
the odds ratio (OR) value as 1.3 [25-27]. PASS 15.0 was
used to calculate the sample size. A number of 1,602 chil-
dren were required at 0.95 confidence level and 0.95 con-
fidence interval. Assuming a valid response rate of 85%,
1,885 participants were required for the recruitment.

A stratified sampling method was utilized in this study.
Within each community of Minhang District, children
were proportionally selected in accordance with the chil-
dren’s number at 6 months, 12 months, 24 months, and
36 months. Notably, within each age group, there was a
balanced distribution between girls and boys.

Measures

Quality of home nurturing environment

The quality of home nurturing environments of children
aged 0-3 years was measured by the use of 0-1 years
and the 1-3 years versions of “Child Home Nurturing
Environment Scales” developed by Shousen He et al.
[28, 29]. The scales have been validated among Chinese
children, and the Cronbach’s alpha coefficient of 0-1
years and 1-3 years was 0.930 and 0.918, respectively.
Both construct and criterion-related validity were satis-
fied. Construct validity was demonstrated by moderate to
high correlations among the scale’s factors and between
the factors and the overall scale. Criterion-related valid-
ity was shown as significantly correlated with the child
development quotient (DQ) assessed using the 0—4 years
child nerve and mental development scale [28, 29]. The
scale for children aged 0-1 year includes a total of 32
items belonging to four dimensions, namely ‘cognition’
such as training on pronunciation, playing toys with
children; ‘emotion/parental warmth’ such as eye contact
or body contact with children; ‘neglect/restriction’ such
as unwilling to stay with children, restricting children’s
activities; and ‘interpersonal interaction/feeding’ such
as allowing children to play with others, adding comple-
mentary food appropriately [4, 29]. The scale for children
aged 1-3 years consists of a total of 41 items allocated to
four dimensions including ‘parental warmth’ such as tak-
ing children to outdoor activities, participating children
in early education, and responding to children’s needs
timely; ‘social adaptation/self-care’ such as encourag-
ing children to do easy housework, guiding children to
do handcrafts; ‘language/cognition’ such as reading with
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children, training on children’s language; and ‘neglect/
punishment’ such as neglecting, punishing, or restricting
children [4, 28]. Each item in the two scales was scored
on a 5-point Likert scale ranging from 1 (never) to 5
(very often), while items in the neglect/restriction dimen-
sion (Items 3, 6, 13, 15, 26, 28, 30) in the scale for chil-
dren aged 0-1 year and items in the neglect/punishment
dimension (Items 2, 16, 25, 29, 35, 38, 40) in the scale for
children aged 1-3 years were inversely keyed. The total
scores and percentiles of scores for each dimension were
calculated. Based on the norms for the Chinese Child
Home Nurturing Environment Scales, a score above the
80th percentile of normative Chinese population scores
was classified as indicative of a good home nurturing
environment, while a dimension whose score at or below
to 20th percentile suggested a poor environment. Scores
falling between the 20th and 80th percentiles were con-
sidered to reflect a medium environment [30].

Early childhood neurodevelopment

Early childhood neurodevelopment was assessed by the
Chinese version of the Ages and Stages Questionnaire -
Third edition (ASQ-3) [31]. The ASQ-3 scales contained
21 different questionnaires for children of different ages
ranging from 1 to 66 months [32]. The questionnaire
of ASQ-3 at 1,2 and 3 years comprised 5 dimensions of
communication, gross motor, fine motor, problem-solv-
ing, and personal-social skills with a total of 30 items
[33]. Each item was scored in 10, 5, and O points accord-
ing to the response options of “yes” (10 points), “some-
times” (5 points), and “not yet” (0 points) [34]. Children
were defined as SDD if their scores in one or more
dimensions were two standard deviations (SD) below the
normative mean in Shanghai [35-37].

Quality control

One question was added in the middle of the question-
naire to control the online survey quality: “This ques-
tion is to verify whether you have completed the survey
carefully. Please select ‘Always’ in this question” If a
participant failed to answer the question correctly, their
responses would be seen as invalid. Among all 2,601
participants in this survey, 2,402 participants returned a
valid response. The rate of valid questionnaires was 92.3%
(2,402/2,601).

Statistical analysis

Median and interquartile range (IQR) were used to
describe continuous variables with non-normal contri-
bution, and proportion was used to describe categorical
variables. Independent samples t-test and Chi-square test
were used to compare the distribution of demographic
and family characteristics between different development
groups. Besides, Generalized Linear Mixed Modeling
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(GLMM) was used to analyze the association between
the quality of home nurturing environments and early
childhood neurodevelopment, while controlling for con-
founding factors including sex of the child, permanent
residence registration of the child (Shanghai or non-
Shanghai), household income per capita, educational
level of parents, employment status of parents, only child
or not, modes of conception and delivery, maternal age,
preterm birth or low birth weight of the child, the main
caregiver of the child, family harmony, and difficulties in
obtaining parenting knowledge of the caregiver. Notably,
family harmony was collected as a self-reported question
with the choice of “Good’; “Medium’, and “Poor’, and was
introduced as a confounding factor in the analysis. Each
community in Minhang was introduced into the model
as a random effect, while evaluation results of the home
nurturing environment scales and the above confound-
ing factors were introduced as fixed effects, with the rate
of SDD in each dimension in the ASQ-3 scales as the
dependent variable respectively. The significance level is
P<0.05, and data were analyzed by SPSS 28.0.

Results

Demographic characteristics

The median age of all 2,402 participating children
was 2.50 years (IQR: 1.00-3.42), among whom 47.75%
(1,147/2,402) were younger than 1 year old, and 52.25%
(1,255/2,402) were aged between 1 and 3 years old. The
sex distribution was almost equal, with boys account-
ing for 50.33% (1,209/2,402) and girls for 49.67%
(1,193/2,402). Less than half of the children (42.09%,
1,011/2,402) had permanent residence registration in
Shanghai. Among caregivers who participated in the
survey, 63.91% (1,535/2,402) were parents, while 36.09%
(867/2,402) were other caregivers, such as grandpar-
ents. Most parents investigated in our survey had a col-
lege and above educational level, 76.10% among mothers
and 75.81% among fathers. And the majority of parents
were employed, 79.14% of mothers and 98.13% of fathers
(Supplementary Table 1). All children were Han Chinese
in this study. The largest number of children came from

Table 1 Number of children enrolled in different communities in
Minhang District (n=2,402)

Community Number of Community Number of

children children

n (%) n (%)
Gumei 142 (5.91%) Pujin 139 (5.79%)
Honggiao 122 (5.08%) Qibao 188 (7.83%)
Huacao 159 (6.62%) Xinzhuang 273 (11.36%)
Jiangchuan 164 (6.83%) Wujing 128 (5.33%)
Magiao 155 (6.45%) Xinhong 67 (2.79%)
Meilong 247 (10.28%) Zhuangiao 336 (13.99%)
Pujiang 282 (11.74%)
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the Zhuanqgiao community (13.99%, 336/2,402), while the
smallest number of children came from Xinhong com-
munity (2.79%, 67/2,402), which had the most and least
numbers of children among all communities respectively
(Table 1).

Quality of home nurturing environment and early
childhood neurodevelopment among children aged 0-3
years

Among all children aged 0-3 years in our study, 3.08%
(74/2,402) children’s home nurturing environments were
assessed as poor, 38.26% (919/2,402) as medium, and
58.66% (1,409/2,402) as good. The quality of home nur-
turing environments significantly differed between chil-
dren aged 0-1 and those aged 1-3 (Supplementary Table
1).

Among children aged 0-1 year, the overall poor home
nurturing environment rate was 3.49% (40/1,147), while
the rate of poor home nurturing environment in the
dimension of cognition, emotion or parental warmth,
neglect or restriction, and interpersonal interaction or
feeding was 4.62% (53/1,147), 6.45% (74/1,147), 8.02%
(92/1,147), and 7.24% (83/1,147), respectively (Supple-
mentary Table 2). Among children aged 1-3 years, the
overall rate of poor home nurturing environment was
2.71% (34/1,255), while the rate of poor home nurturing
environment in the parental warmth dimension, social
adaptation or self-care dimension, language or cognition
dimension, and neglect or punishment dimension was
16.10% (202/1,255), 3.58% (45/1,255), 1.59% (20/1,255),
and 0.32% (4/1,255), respectively (Supplementary Table
3).

Furthermore, the total rate of SDD in at least one
dimension in children aged 0-1 and 1-3 was 16.22%
(186/1,147) and 13.23% (166/1,255), respectively. The
rates of SDD in at least one dimension differed between
children aged 0-1 and those aged 1-3 (Supplementary
Table 1). Supplementary Table 2 showed the details of
early childhood neurodevelopment of different dimen-
sions among boys and girls aged 0-3. The rate of SDD
in the five dimensions was 5.16% (124/2,402), 5.54%
(133/2,402), 4.29% (103/2,402), 3.83% (92/2,402), and
3.29% (79/2,402), respectively. Among both children
aged 0-1 and 1-3, the Chi-square test showed that chil-
dren experiencing poor overall home nurturing environ-
ments were more likely to suffer from SDD in at least one
dimension of neurodevelopment (Supplementary Tables
2 & 3).

The association between home nurturing environment
and neurodevelopment in children aged 0-3

Generalized Linear Mixed Modeling (GLMM)
showed, among children aged 0-1, comparing to good
home nurturing environment, an overall poor home
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nurturing environment was associated with a sig-
nificantly higher risk of SDD in the communication
(Odds Ratio (OR)=6.51, 95% Confidence Interval (CI):
2.12-19.94, P=0.01), gross motor (OR=8.63, 95% CI:
2.90-25.67, P<0.001), fine motor (OR=7.42, 95% CL
2.44-22.56, P<0.001), problem-solving (OR=8.19, 95%
CI: 2.41-27.82, P=0.001), and personal-social develop-
ment (OR=4.49, 95% CIL: 1.63-12.35, P=0.004), while
the medium overall home nurturing environment was
associated with a significantly higher risk of SDD in the
fine motor (OR=2.88, 95% CI: 1.56-5.31, P=0.001) and
problem-solving (OR=2.83, 95% CI: 1.36—5.89, P=0.005)
development as well. Additionally, poor overall home
nurturing environment (OR=4.61, 95% CI: 1.98-10.71,
P<0.001), poor home nurturing in emotion or paren-
tal warmth (OR=2.45, 95% CI: 1.21-4.96, P=0.013) and
interpersonal interaction or feeding (OR=3.28, 95% CI:
1.75-6.12, P<0.001) was associated with a significantly
higher risk of SDD in at least one dimension. Simi-
larly, medium home nurturing environment in overall
(OR=1.62, 95% CI: 1.13-2.33, P=0.009) and emotion or
parental warmth (OR=1.73, 95% CI: 1.18-2.55, P=0.005)
were also associated with a significantly higher risk of
SDD in at least one dimension. Furthermore, poor home
nurturing in the dimension of cognition (OR=6.65, 95%
CI: 2.30-19.22, P<0.001), emotion or parental warmth
(OR=4.61, 95% CI: 1.70-12.52, P=0.003), and inter-
personal interaction or feeding (OR=6.78, 95% CI:
2.99-15.35, P<0.001) was associated with a significantly
higher risk of SDD in gross motor development. More-
over, poor home nurturing in the dimension of emo-
tion or parental warmth (OR=5.70, 95% CIL: 2.20-14.76,
P<0.001), neglect or restriction (OR=2.82, 95% CI: 1.18—
6.69, P=0.019), and interpersonal interaction or feed-
ing (OR=5.37, 95% CI: 2.33-12.36, P<0.001), medium
home nurturing in cognition (OR=1.99, 95% CI: 1.10—
3.62, P=0.024), emotion or parental warmth (OR=2.49,
95% CI: 1.28-4.88, P=0.008), and interpersonal interac-
tion or feeding (OR=1.81, 95% CI: 1.01-3.25, P=0.047),
was associated with a significantly higher risk of SDD in
early childhood fine motor development. Moreover, poor
home nurturing in the dimension of emotion or paren-
tal warmth (OR=6.88, 95% CI: 2.11-22.43, P=0.001)
and interpersonal interaction or feeding (OR=4.64, 95%
CL: 1.72-12.52, P=0.002), medium home nurturing in
cognition (OR=2.19, 95% CI: 1.08—4.45, P=0.030), emo-
tion or parental warmth (OR=3.56, 95% CI: 1.45-8.76,
P=0.006), and interpersonal interaction or feeding
(OR=2.16, 95% CI: 1.07-4.34, P=0.031) was also associ-
ated with a significantly higher risk of SDD in the prob-
lem-solving development among children aged 0-1 year
(Supplementary Table 4).

Among children aged 1-3, similarly, comparing to
good home nurturing environment, an overall poor
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home nurturing environment was associated with a
significantly higher risk of SDD in the communica-
tion (OR=9.56, 95% CIL: 3.09-29.62, P<0.001), gross
motor (OR=10.50, 95% CI: 3.57-30.86, P<0.001), fine
motor (OR=4.13, 95% CI: 1.44-11.83, P=0.008), prob-
lem-solving (OR=5.48, 95% CIL: 1.51-19.88, P=0.010),
and personal-social development (OR=9.63, 95% CI:
2.23-41.58, P=0.002), while the medium home nurtur-
ing environment was also associated with a significantly
higher risk of SDD in communication (OR=2.21, 95% CI:
1.17-24.17, P=0.015), gross motor (OR=3.27, 95% CI:
1.81-5.91, P<0.001), and personal-social development
(OR=4.81, 95% CI: 2.13-10.85, P<0.001). Furthermore,
poor home nurturing in overall (OR=10.11, 95% CI:
4.11-24.87, P<0.001), parental warmth (OR=2.83, 95%
CL 1.32-6.07, P=0.007), social adaptation or self-care
(OR=5.41, 95% CI: 2.28-12.84, P<0.001), language or
cognition (OR=13.40, 95% CI: 4.42-40.57, P<0.001), and
neglect or punishment (OR=15.62, 95% CI: 2.49-98.17,
P=0.003) was associated with a significantly higher risk
of SDD in at least one dimension. Medium home nurtur-
ing in overall (OR=3.24, 95% CI: 2.03-5.15, P<0.001),
social adaptation or self-care (OR=1.74, 95% CIL: 1.17—
2.58, P=0.006), and language or cognition (OR=2.04,
95% CI: 1.25-3.33, P=0.004) also showed this associa-
tion. The results demonstrated that poor home nurtur-
ing in the dimension of social adaptation or self-care
(OR=10.78, 95% CIL: 3.64-31.94, P<0.001; OR=3.01,
95% CI: 1.04-8.66, P=0.041) and language or cognition
(OR=12.16, 95% CIL: 3.39-43.57, P<0.001; OR=5.34,
95% CI: 1.59-18.00, P=0.007) was associated with a sig-
nificantly higher risk of SDD in both the communica-
tion and fine motor development, while medium home
nurturing in the social adaptation or self-care dimension
(OR=2.37, 95%CI: 1.31-4.28, P=0.004) also showed a
significantly higher risk of SDD in the communication
development comparing to good home nurturing. Addi-
tionally, poor home nurturing in the dimension of paren-
tal warmth (OR=4.12, 95% CI: 1.35-12.53, P=0.013),
social adaptation or self-care (OR=4.50, 95% CI: 1.48—
13.71, P=0.008), language or cognition (OR=7.55, 95%
CIL: 2.04-27.99, P=0.003), and neglect or punishment
(OR=16.27, 95% CI: 1.22-217.50, P=0.035), medium
home nurturing in the social adaptation or self-care
(OR=1.81, 95% CI: 1.06-3.10, P=0.031) and language
or cognition dimension (OR=2.73, 95% CI: 1.45-5.13,
P=0.002), was associated with a significantly higher
risk of SDD in the gross motor development. Only poor
home nurturing in the neglect or punishment dimen-
sion (OR=32.38, 95% CI: 2.24—468.00, P=0.011) showed
significant association with a higher risk of SDD in the
problem-solving development, while the poor home nur-
turing in the parental warmth dimension (OR=12.50,
95%CI: 1.48-105.36, P=0.020) medium home nurturing
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in the social-adaptation/self-care dimension (OR=2.40,
95%CI: 1.12-5.12, P=0.024), and both poor and medium
home nurturing in the language or cognition dimen-
sion (OR=6.60, 95% CI: 1.24—35.16, P=0.027; OR=2.92,
95%CI: 1.24-6.92, P=0.015) all showed significant asso-
ciation with a higher risk of SDD in early childhood per-
sonal-social development (Supplementary Table 5).

Discussion

Through the survey involving all communities of one dis-
trict of Shanghai, it was demonstrated that around 3% of
children were faced with a poor home nurturing envi-
ronment, which indicated the service needs of parent-
ing intervention. Furthermore, a significant association
between the quality of home nurturing environments and
early childhood neurodevelopment was identified in this
study, suggesting the important role of the home envi-
ronment in terms of optimal neurodevelopment in the
first three years of life. Among all dimensions of home
nurturing environments examined in this study, the rate
of neglect or restriction was found to be the highest in
children aged 0-1 year, while lack of parental warmth
nurturing was the most prominent problem for children
aged 1-3 years.

Among children aged 0-1, the total rate of SDD was
16.22%, which was similar to previous research con-
ducted in urban China [18]. The rate of poor home
nurturing environment in the dimension of neglect or
restriction was around 8% measured by the Child Home
Nurturing Environment Scales. Although there were
other scales like the IT-HOME scales assessing home
nurturing environment through observations during
home visits, but this had high requirements for adequate
human resources [38]. Considering the limited health
staff in communities, we applied the Child Home Nur-
turing Environment Scales which had good reliability
and validity and collected information via self-reported
approach in this study. This finding was similar to a sys-
tematic review that reported approximately 10% of chil-
dren being emotionally maltreated or neglected [39].
Adverse impacts of neglect or restriction on infants’
neurodevelopment had been evidently shown in various
studies [40—-42]. Globally, around 80% of maltreatment
victims under the age of 5 suffered from neglect, and
infants exhibited an even higher vulnerability to neglect
[43, 44]. The negative effects of neglect, particularly the
lack of responsiveness to infants’ needs, could cause
impaired cerebellum function and, consequently, harm
infants’ fine motor development [45]. Effective interven-
tion strategies such as home visits that equip parents
with skills to foster stimulating and cooperative activities,
could be adopted to enhance the overall home nurturing
environment [46—48]. Longitudinal studies have proved
the effects of the home visiting program in mitigating
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child neglect and promoting early childhood neurodevel-
opment [49]. Other interventions such as co-parenting,
especially engaging fathers in parenting, could effectively
prevent harsh parenting and child abuse like physical
punishment, and play important roles in building a warm
and cooperative home nurturing environment for chil-
dren [50].

Among children aged 1-3 years, the rate of poor home
nurturing environment in the dimension of parental
warmth was around 16% and was the highest among all
dimensions of the home nurturing environment. This was
the same with the results of another Chinese research
conducted in Jiangsu [51]. Moreover, our study identi-
fied an association between inadequate parental warmth
and a significantly higher risk of delayed development
in gross motor and personal-social skills. Previous stud-
ies have indicated that the absence of parental warmth
could lead to an increased risk of abnormal gross motor
development among preschool-aged children [52-54].
The absence of parental warmth was more commonly
aligned with the overuse of smartphones, which was an
emerging issue in both parents and children [55-57] and
could lead to decreased face-to-face intimate communi-
cation and subsequently reduced emotional interactions
[58, 59]. Interactive interventions such as eye contact and
interactive playing to improve parental care and warmth,
were encouraged [60, 61]. Studies also have shown paren-
tal involvement in children’s early education is critical for
cultivating a good environment for children to learn new
skills and facilitate neurodevelopment in gross motor [62,
63]. Since parental warmth was always characterized by
healthy parent-child interaction, it was suggested that the
home environment with frequent and effective parent-
child interaction could help child develop a good mindset
during activities, which is significant for the development
of motor skills among children under three years [64,
65]. Furthermore, responsive parenting practices could
further stimulate children’s early motor development
and personal-social development by providing paren-
tal encouragement and the subsequent reinforcement
of familial bonds [66-68], since a secure and positive
attachment relationship could facilitate children’s feelings
of connection and empathy, therefore promoting their
regulation of emotions, which could foster social friend-
liness and personal-social development in children aged
around 3 [69, 70].

The strength of our study included the use of the Child
Home Nurturing Environment Scales which were specifi-
cally designed to assess parental nurturing environment
for children aged 0-3, and allowed the assessment of
both the overall quality of the home nurturing environ-
ment and specific dimensions. We used stratified random
sampling to obtain a representative sample for study pop-
ulation, and the use of GLMM for multifactorial analysis
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reduced potential bias. However, our study only recruited
children living in Shanghai, which might limit the gen-
eralizability of research findings. Moreover, the cross-
sectional design could not allow for causal inferences. In
addition, the measurements of the home nurturing envi-
ronment, as well as children’s neurodevelopment, were
both reported by parents, which could introduce report-
ing bias or recall bias to this study. Furthermore, the sam-
ple size of children with abnormal ASQ performance in
poor home nurturing environments was inadequate in
some dimensions, which could lead to a lack of adequate
statistical power to detect the differences between the
groups.

Conclusions

Poor home nurturing environments were associated with
increased risks of delayed early childhood neurodevelop-
ment. However, future studies using prospective study
design, sufficient sample size for each child neurodevel-
opment outcome and more reliable information collec-
tion methods were needed to further confirm the role of
home nurturing environment. It was essential for parents
to establish a quality home nurturing environment to
achieve children’s optimal neurodevelopment, especially
in the first three years of life.
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