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Abstract

Background: Emerging studies suggest that exposure to the COVID-19 pandemic may have heightened the risks of
neurodevelopmental disorders in infants (0-1-year-old); however, population-based studies investigating these associations in
Chinese contexts remain scarce, particularly including the postpandemic phase.

Objective: Theaim of this study was to characterize the dynamic changes in neurodevel opment among infants in eastern China
during distinct phases of the COVID-19 pandemic and to identify the critical risk factors associated with infant neurodevel opmental
delays.

Methods: This cross-sectional study analyzes 17,621 Peabody Developmental Motor Scales-1l (PDMS-11) assessments and
7877 Bayley Scales of Infant Devel opment-Chinese Cities Revised (BSID-CR) scores of infants who visited a tertiary maternal
and children hospital for routine neurodevel opment assessment from January 2019 to July 2023. Multivariate logistic regression
models were used to eval uate the associations of COV1D-19 pandemic phases (stage |: prepandemic, January 2, 2019, to January
22, 2020; stage I1: pandemic, January 23, 2020, to December 18, 2022; and stage I1: postpandemic, December 19, 2022, to July
31, 2023), seasonal variations, and perinatal variables (eg, delivery mode, birth weight, gender) with the neurodevel opmental
outcomes.

Results: Infants assessed at stage 11 of the COVID-19 pandemic had a higher risk of neurodevelopmental delay compared to
infants assessed at stage | (total motor quotient: odds ratio [OR] 2.84, 95% Cl 2.17-3.72; fine motor quotient: OR 2.71, 95% ClI
1.99-3.68) and stage |11 (total motor quotient, OR 2.52, 95% CI 1.79-3.55; gross motor quotient: OR 1.65, 95% CI 1.21-2.25;
fine motor quotient: OR 3.40, 95% CI 2.36-4.92). Infants assessed at stage |11 had the highest risk of mental development delay
(OR 2.54, 95% CI 1.91-3.36). In addition, cesarean delivery, male gender, and low birth weight were independent risk factors of
neurodevelopmental delay (P<.05).

Conclusions: The COVID-19 pandemic exacerbated neurodevelopmental vulnerabilities in infants, persisting into the
postpandemic period. Public health strategies should mitigate the long-term effects through early interventions.
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Introduction

The early childhood period represents a critical window of
heightened neuroplasticity. However, globally, 8%-15% of
children younger than 5 years have neurodevel opmental delays,
which has been increasing annually [1,2]. In the United States,
the prevalence rate of neurodevel opmental delay increased from
16.2% to 17.8% between 2009 and 2017 [3], while in rural
China, around 30% of the infants experienced motor delays,
and approximately half of the children aged 0-3 years exhibited
cognitive, language, and socioemotional delays [4]. Early
neurodevelopmental delay constitutes a major global public
health challenge, with profound lifelong consequences such as
increased risks of academic underperformance and cognitive
impairment during adolescence. Longitudinal studies
demonstrate that 38% of the affected children exhibit reduced
labor productivity in adulthood, contributing to 1.2%-2.6%
annual gross domestic product lossin low- and middle-income
countries [5]. Alarmingly, 34.7% of children younger than 5
years in low-income regions failed to attain developmental
potential due to intersecting poverty and neurodevel opmental
impairments [5].

Early neurodevel opmental screening is a crucial public health
intervention, providing children with timely access to support
services [6]. Previous research consistently demonstrates that
early intervention, particularly before the age of 3 years, can
significantly improve outcomesfor children with devel opmental
disorders[7,8]. Neurodevel opment is influenced by a complex
interplay of genetic, environmental, and social factors [9],
although somefactors, including perinatal factors, are amenable
to intervention [10-12]. In addition, emerging evidence from
high-income countries suggests that the COVID-19 pandemic
has had a significant macrosocial impact on early childhood
development [13,14]. Large-scale population-based data from
low-income countries are also necessary due to the differences
in relevant epidemic prevention policies among various
countries. However, athough one study from Guangzhou, China,
in 2021 has demonstrated that the COVID-19 pandemic
adversely affected infant neurodevel opment [15], more evidence
is needed to fully understand the pandemic’'s effects on
children’s neurodevel opment [16].

Since 2018, the city of Yiwu, located in Zhejiang Province,
China, has rolled out a comprehensive, publicly funded
neurodevelopmental screening program targeting al children
aged 0-3 years. Thisinitiativeisremarkable becauseit provides
free screening servicesto around 3000 children each year. Such
a large-scale and long-running program presents a distinctive
opportunity for conducting real-world research with extensive
data. Therefore, we conducted this study by using the screening
data as mentioned above and aimed to evaluate the trends and
characteristics of infant neurodevelopment after the
implementation of such a screening program. Moreover, we
aimed to identify the key associated factors for infants
neurodevelopment and assess the influence of the COVID-19
pandemic. Findings from this study will contribute substantial
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evidence, which can be used to inform the formulation of public
health policies and the design of interventions. These policies
and interventions are crucia for promoting optimal child
development in China.

Methods

Study Population

This cross-sectional study retrospectively analyzesinfantswho
underwent routine neurodevelopmental assessments at Yiwu
Maternity and Children’s Hospital (atertiary grade A hospital)
between January 2019 and July 2023. Yiwu, ametropolitan hub
in central Zhejiang provincewith 1.86 million residents, served
as the study setting, representing urban populations in the
high-income eastern area of China. Data were extracted from
2 dectronic hedlth systems: (1) Neurodevelopmental Assessment
System—providing evaluation scores, assessment dates, and
living address and (2) Child Healthcare System—containing
sociodemographic (eg, parental age, education) and perinatal
variables (delivery mode, birthweight, gestational age at birth,
date of birth, and infant’s sex).

Ethical Considerations

This study was conducted in accordance with the Declaration
of Helsinki [17] and was approved by the ethics committee of
Yiwu Maternity and Children Hospital (approval
2024-Research-07). Because it utilizes a secondary analysis of
pre-existing anonymized data, which had no privacy threatsto
individuals, and the unique ID used to link different data is
actually deidentified, and the matching work was performed by
the stall of data management department to ensure data security,
the informed consent was waived. Given that the study did not
include direct engagement with participants, no monetary
compensation was offered.

M easurements of the General and Clinical
Char acteristics

We extracted children's demographic data (eg, infant’s sex,
date of birth, residence) and neurodevelopmental assessment
data from the Neurodevelopmental Assessment System and
linked it to the Child Healthcare System via a unique ID to
obtain general parental characteristics (eg, age, educational
level, parity) and child birth characteristics (eg, gestational age
at birth, birth weight, delivery mode, date of birth).

Parental age when the child was born was determined by
subtracting the parents’ birthdays from the child's birthday.
Given the limited sample size for parity exceeding 4 times, we
grouped these cases as “ 4 times and above.” Preterm birth was
defined asthe gestational age of lessthan 37 weeks at delivery.
Birthweight was categorized into 3 groups: low birth weight
(<2500 g), normal birth weight (2500-3999 g), and macrosomia
(=4000 g). Seasonswere divided into spring (March, April, and
May), summer (June, July, and August), autumn (September,
October, and November), and winter (December, January, and
February). Based on the living address, the residence of the
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participants was categorized into urban and town/rural areas.
We categorized the timeline into 3 stages of the COVID-19
pandemicin Zhejiang, China: stage | (prepandemic: January 2,
2019, to January 22, 2020), stage Il (pandemic: January 23,
2020, to December 18, 2022), and stage Il (postpandemic:
December 19, 2022, to July 31, 2023).

Assessment of Neurodevelopment

In 2018, Yiwu was one the first municipalities in Zhejiang
Provinceto implement aregional early childhood development
screening program for infants aged 0-3 years, incorporating
standardized devel opmental assessments into routine pediatric
care at the Yiwu Maternity and Children's Hospital.
Neurodevelopmental evaluations were routinely administered
to infants starting from January 2019. Therefore, we included
the data starting from January 2019. Two validated instruments
were administered: Peabody Developmental Motor Scales||
(PDMS-11) and Bayley Scales of Infant Development-Chinese
Cities Revised (BSID-CR). PDMS-1I was employed to assess
the gross motor quotient (GMQ) and fine motor quotient (FMQ)
for infants aged 2-6 months. The total motor quotient (TMQ)
is caculated as (GMQ + FMQ)/2. BSID-CR was applied to
assess the development in infants aged 8-12 months, and it
encompasses 2 subscales. mental development index (MDI)
and psychomotor development index (PDI) to measure
cognitive/language abilities and gross/fine motor skills,
respectively. There were no data of repeated measurements for
the same kind of assessment. All assessments followed
standardized protocols: (1) being conducted in distraction-free
rooms after 10-minute infant acclimation, (2) performed by
pediatric professionals certified in developmental assessment
tools (interrater reliability k>0.85), (3) double-checked data
entry to minimize recording errors, and (4) corrected age was
used for preterm infants.

Developmental outcomeswere classified using validated cutoff
criteria aligned with Chinese norms for early childhood
assessment, with scores below 90 on any indicator defined as
neurodevelopmental delay [18]. For the PDMS-II, scores of
TMQ<90 were classified as total motor delay, encompassing
both gross motor delay (GMQ<90) and fine motor delay
(FMQ<90). For the BSID-CR, scores of MDI<90 indicated
below-average cognitive and language development, defined
as mental development delay, and scores of PDI<90 signified
motor skill deficits, particularly in coordination and object
manipulation, defined as psychomotor development delay.
Composite neurodevelopmental delay was defined as having
either MDI or PDI below 90.

https://publichealth.jmir.org/2025/1/€76431
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Statistical Analysis

First, we conducted adescriptive analysis. Continuous variables
were assessed for normality by using Shapiro-Wilk tests.
Normally distributed data were expressed as mean (SD), while
nonnormally distributed datawere summarized asmedian (IQR).
Categorical variables were described using numbers and
percentages. Second, we assessed the differencesin the general
characteristics between groups with and  without
neurodevelopmental delay. Two-sample independent t tests
wereapplied for normally distributed data, while Mann-Whitney
U tests were performed for nonnormally distributed data
Chi-sguare tests were used for categorical variables or Fisher
exact testswhen expected cell countswere <5. For multivariable
analyses, variables showing significance indicated by P<.01in
univariate analyseswere entered into logisti ¢ regression models.
Lastly, we conducted multivariable logistic regression models
to examine the potential risk factors associated with
neurodevelopmental delay (defined as scores <90 on BSID-CR
[MDI/PDI] or PDMS-I [TMQ]). All statistical analyses were
performed using R software (version 4.2.3; The R Foundation).
The statistical significance was set at P<.05 (2-tailed).

Results

Basic Characteristics of the Study Participants and
Comparisons Between Groups

In this study, we included a total of 17,621 PDMSHI
assessments and 7877 BSID-CR assessments. Table 1 presents
the general characteristics of the parents and children. For
infants assessed withthe PDM S-11, 64.1% (11,294/17,621) were
born during COVID-19 pandemic stage Il. Among infants
assessed with the BSID-CR, 64.4% (5074/7877) were born
during COVID-19 pandemic stage I1. Table S1 of Multimedia
Appendix 1 shows the comparison of the general and clinical
characteristics between infants with and  without
neurodevelopmental delay assessed by PDMS-I1. There were
statistically significant differences observed in the maternal age,
paternal age, maternal education, assessment age, delivery mode,
preterm status, birth season, COVID-19 pandemic stages, and
residence between infants with or without neurodevel opmental
delay when assessed by PDMSHI. Similarly, significant
differenceswerefound in maternal age, paternal age, assessment
age, birthweight, gestational age, delivery mode, gender, preterm
status, birth season, COV1D-19 pandemic stages, and residence
between infants with and without neurodevelopmental delay
when assessed by BSID-CR (Table S2 in Multimedia A ppendix
1).
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Table 1. Genera characteristics of the study population.
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Variable

PDMS-12 (n=17,621)

BSID-CR® (n=7877)

Parental characteristics
Maternal age (y), mean (SD)
Paternal age (y), mean (SD)
Parity, n (%)
1
2
3
24

Maternal education, n (%)
Junior high school and below
Senior high school
College and above
Unknown

Paternal education, n (%)
Junior high school
Senior high school
College and above
Unknown

Infants' characteristics
Age at check (d), mean (SD)
Gestational age (wk), mean (SD)
Birthweight (g), mean (SD)

Low birth weight, n (%)
Normal birth weight, n (%)
Macrosomia, n (%)
Delivery mode, n (%)
Vaginal delivery
Cesarean delivery
Unknown
Child’s sex, n (%)
Girl
Boy
Preterm birth, n (%)
No
Yes
Birth season, n (%)
Spring
Summer
Autumn
Winter
COVID-19 pandemic stages, n (%)
Stage |

30.27 (4.48)
31.92 (4.98)

10,771 (61.1)
6252 (35.5)
552 (3.1)

46 (0.3)

964 (5.5)
6333 (35.9)
9854 (55.9)
470 (2.7)

945 (5.4)
6920 (39.3)
9249 (52.5)
507 (2.9)

109.99 (20.51)
38.58 (1.54)
3290.42 (479.57)
848 (4.8)

15,607 (89.2)
1032 (5.9)

9329 (52.9)
8081 (45.9)
211 (1.2)

8038 (45.6)
9583 (54.4)

16,323 (92.7)
1287 (7.3)

3928 (22.3)
4136 (23.5)
4904 (27.8)
4653 (26.4)

3804 (22.1)

30.06 (4.47)
31.71 (4.95)

5337 (67.8)
2303 (29.2)
220 (2.8)
17 (0.2)

393 (5)
3181 (40.4)
4102 (52.1)
201 (2.6)

395 (5)
3496 (44.4)
3764 (47.8)
222 (2.8)

271.04 (29.82)
3857 (1.64)
3279.58 (488.58)
432 (5.5)

6969 (88.9)

439 (5.6)

4231 (53.7)
3541 (45)
105 (1.3)

3551 (45.1)
4326 (54.9)

7226 (91.8)
648 (8.2)

1803 (22.9)
2060 (26.2)
2262 (28.7)
1752 (22.2)

1094 (13.9)
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Variable PDMSH-12 (n=17,621) BSID-CR® (n=7877)
Stage Il 11,294 (64.1) 5074 (64.4)
Stage 11 2433 (13.8) 1709 (21.7)
Residence, n (%)
Town 6210 (35.2) 2649 (33.6)
City 11,411 (64.8) 5228 (66.4)

3PDM S-11: Peabody Developmental Motor Scales-I.
bBSID-CR: Bayley Scales of Infant Development-Chinese Cities Revised.

Infant Neurodevelopment Trend From 2019 to 2023

Asillustrated in Figure 1 and Figure 2, the neurodevel opmental
levels of infantsin Yiwu, assessed by BSID-CR and PDM S,
exhibited fluctuations from January 2019 to July 2023.
Specifically, TMQ, GMQ, and FMQ, evauated by PDMS-II,
demonstrated a downward trend from October 2019 to October
2020. Figure 1 shows that since January 2021, there has been
acyclical fluctuation with an approximate 1-year cycle, wherein

TMQ showed lesser variability. Figure 2 shows that both boys
and girls followed similar patterns. However, in terms of the
mental and psychomotor development indices, as measured by
BSID-CR, boys performed worse than girls.

Figure 3 shows the prevalence of neurodevelopment delay at
different stages of the COVID-19 pandemic. Across all
evaluation indices (TMQ, GMQ, FMQ, MDI, PDI), stage |
showed the lowest prevalence of neurodevel opmental delay.

Figure 1. Trends in infant neurodevelopment levelsin Yiwu city assessed using the Peabody Developmental Motor Scales-11 from January 2019 to

July 2023: (A) mental development index and (B) psychomotor index.
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Figure 2. Trendsin infant neurodevelopment levels, that is, (A) total motor quotient, (B) gross motor quotient, and (C) fine motor quotient in Yiwu
city, assessed using the Bayley Scales of Infant Devel opment-Chinese Cities Revised from January 2019 to July 2023.
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Figure 3. Prevalence of neurodevelopment delay ininfantsin Yiwu detected by (A) PDMS-I1 and (B) BSID-CR at different stages of the COVID-19
pandemic. BSID-CR: Bayley Scales of Infant Development-Chinese Cities Revised; FMQ: fine motor quotient; GMQ: gross motor quotient; MDI:
mental development index; PDI: psychomotor development index; PDMS-I1: Peabody Developmental Motor Scales-11; TMQ: total motor quotient.
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Factor s Associated With Infant Neur odevelopment
Delay

Table 2 and Table 3 present the results of logistic regression
analyses in terms of the associated factors of infant
neurodevelopmental delay assessed by PDM S-I1 and BSID-CR,
respectively. Infants assessed at stage Il had a higher risk of
neurodevelopmental delay compared to infants assessed at stage
I, even after adjusting for other variables (TMQ: oddsratio [OR]

https://publichealth.jmir.org/2025/1/€76431
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2.84, 95% Cl 2.17-3.72; FMQ: OR 2.71, 95% CI 1.99-3.68)
and stage Il (TMQ: OR 2.52, 95% Cl 1.79-3.55; GMQ: OR
1.65, 95% Cl 1.21-2.25; FMQ: OR 3.40, 95% Cl 2.36-4.92).
Infants assessed at stage 111 had the highest risk of mental
development delay (OR 2.54, 95% CI 1.91-3.36). In addition,
theresultsindicated that cesarean delivery, infant’ssex asmale,
preterm birth, LBW, and residing in town/rural areas were
significantly associated with neurodevel opmental delay (P<.05).

JMIR Public Health Surveill 2025 | vol. 11 | €76431 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Cui et a
Table 2. Association between the influence factors and neurodevel opmental delay assessed by PDMS-12,
Variable TMQP<90 GMQ®<90 FMQ%90
ORE (95% Cl) P value OR (95% CI) P value OR (95% ClI) P value
COVID-19 pandemic stages
Stage | Reference Reference Reference Reference Reference Reference
Stage Il 2.84(2.17-3.72) <.001 1.11 (0.86-1.43) 43 2.71(1.99-3.68) <.001
Stage Il 2.52 (1.79-3.55) <.001 1.65 (1.21-2.25) .001 3.40 (2.36-4.92) <.001
Maternal age (y) 1.00 (0.97-1.03) 95 1.01 (0.97-1.04) 78 1.03 (0.99-1.06) 18
Paternal age (y) 1.01 (0.98-1.04) 38 1.00 (0.97-1.03) 95 0.99 (0.96-1.02) 58
Parity
1 Reference Reference Reference Reference Reference Reference
2 1.13 (0.93-1.37) 21 0.95 (0.76-1.18) 64 1.07 (0.86-1.32) 55
3 1.51 (0.99-2.30) .06 1.22 (0.75-1.99) 43 1.39(0.87-2.23) 7
24 1.38 (0.32-5.90) .66 _f — 0.75(0.10-5.68) .78
Maternal education
Junior high school Reference Reference Reference Reference Reference Reference
Senior high school 0.82 (0.58-1.15) 25 0.69 (0.47-1.01) .06 0.81 (0.55-1.20) 29
College and above 0.77 (0.55-1.08) 13 0.73 (0.50-1.05) .09 0.83 (0.57-1.21) 33
Unknown 0.94 (0.46-1.90) 86 1.12 (0.56-2.25) 74 1.29 (0.63-2.63) 49
Age at check (d) 1.03 (1.03-1.03) <.001 1.01 (1.01-1.02) <.001 1.03 (1.03-1.04) <.001
Delivery mode
Vaginal delivery Reference Reference Reference Reference Reference Reference
Cesarean delivery 1.33(1.12-1.58) .001 1.33(1.10-1.61) .003 1.42 (1.17-1.73) <.001
Unknown 1.57 (0.67-3.70) .30 1.10 (0.40-3.05) 85 2.04 (0.86-4.86) 11
Gender
Girl Reference Reference Reference Reference Reference Reference
Boy 1.11(0.94-1.32) 22 1.24 (1.02-1.49) .03 1.23 (1.02-1.49) .03
Preterm
No Reference Reference Reference Reference Reference Reference
Yes 0.10 (0.05-0.22) <.001 0.34 (0.20-0.56) <.001 0.14 (0.07-0.27) <.001
Birthweight
Low birth weight 1.64 (0.96-2.80) 07 2.79 (1.80-4.31) <.001 2.44 (1.45-4.11) <.001
Normal birth weight Reference Reference Reference Reference Reference Reference
Macrosomia 0.54 (0.35-0.83) .004 0.62 (0.39-0.99) .04 0.50 (0.30-0.82) .006
Birth season
Spring Reference Reference Reference Reference Reference Reference
Summer 0.87 (0.69-1.10) 24 1.24(0.91-1.70) 17 1.11 (0.84-1.47) 46
Autumn 0.77 (0.61-0.97) 02 2.30(1.75-3.03) <.001 1.15 (0.88-1.49) 30
Winter 0.47 (0.36-0.61) <.001 1.04 (0.76-1.43) 79 0.54 (0.40-0.74) <.001
Residence
City Reference Reference Reference Reference Reference Reference
Town 1.29 (1.09-1.53) .003 1.09 (0.90-1.32) 37 1.47 (1.21-1.78) <.001

3PDMS-11: Peabody Developmental Motor Scales-I.
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bTm Q: total motor quotient.
°GMQ: gross motor quotient.
dFm Q: fine motor quotient.
€OR: odds ratio.
"Not available.
Table 3. Association between the influence factors and neurodevel opmental delay assessed by BSID-CR?,
Variable Total score<90 MDIP<90 PDI®<90
oRrd (95% CI) P value OR (95% CI) P value OR (95% ClI) P value
COVID-19 pandemic stages
Stage | Reference Reference Reference Reference Reference Reference
Stage 0.99 (0.84-1.17) .93 145(1.13-1.87)  .004 0.90 (0.76-1.06) .20
Stage Il 1.15 (0.95-1.39) 16 254(191-3.36)  <.001 1.00(0.83-1.21) .99
Maternal age (y) 0.99 (0.97-1.01) 35 0.99 (0.97-1.02) .67 0.99 (0.97-1.01) .56
Paternal age (y) 1.01 (0.99-1.03) 18 1.02(0.99-1.04) .15 1.01(0.99-1.03) .28
Age at check (d) 1.03 (1.03-1.03) <.001 1.03(1.03-1.03)  <.001 1.03(1.02-1.03)  <.001
Delivery mode
Vaginal delivery Reference Reference Reference Reference Reference Reference
Cesarean delivery 1.20 (1.07-1.34) .001 1.12(097-1.30) .13 1.23(1.10-1.37)  <.001
Unknown 1.48 (0.88-2.49) 14 1.02(048-221) .95 172(1.03-288) .04
Child’s sex
Girl Reference Reference Reference Reference  Reference Reference
Boy 1.34 (1.20-1.49) <.001 156 (1.35-1.81)  <.001 1.32(1.18-147)  <.001
Preterm birth
No Reference Reference Reference Reference Reference Reference
Yes 0.48 (0.37-0.61) <.001 0.44(0.31-0.64)  <.001 0.51(0.39-0.65)  <.001
Birthweight
Low birth weight 1.36 (1.02-1.82) .04 1.37(0.92-204) .12 1.39(1.04-1.86) .03
Normal birth weight Reference Reference Reference Reference Reference Reference
Macrosomia 0.94 (0.75-1.19) 61 0.79(057-1.10) .16 0.98(0.77-1.23) .84
Birth season
Spring Reference Reference Reference Reference Reference Reference
Summer 1.41 (1.22-1.64) <.001 1.36(1.11-1.67)  .003 143(1.23-1.66)  <.001
Autumn 0.82 (0.71-0.95) 007 1.31(1.06-1.62) .01 0.72(0.62-0.84)  <.001
Winter 0.48 (0.41-0.57) <.001 1.05(0.83-1.33) .69 0.41(0.35-049)  <.001
Residence
City Reference Reference Reference Reference Reference Reference
Town 1.05 (0.94-1.17) 42 1.00(0.86-1.16) .98 1.02(0.91-1.14) .69

3BSID-CR: Bayley Scales of Infant Development-Chinese Cities Revised.

MDI: mental development index is less than 90.
Psychomotor development index is less than 90.

40R: odds ratio.
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Discussion

Principal Findings

Thisstudy usesalarge-scale, retrospective dataset of apublicly
funded neurodevelopmental screening program among infants
since 2019 in Yiwu, China, to evaluate the early childhood
neurodevelopment after the implementation of this program.
Our study reveals that the COVID-19 pandemic may have
adverse effects on infant neurodevel opment, persisting into the
postpandemic period. The scores obtained via BSID-CR and
PDMS-11 assessments among infants consistently demonstrated
seasonal variations. Furthermore, infant’s age, sex, birthweight,
preterm birth, and mode of delivery were significantly associated
with the infants neurodevelopment. To the best of our
knowledge, this study bridges acrucial evidence gap on factors
influencing infant  neurodevelopment by  providing
population-level,  neurodevelopmental data  spanning
prepandemic, pandemic, and postpandemic periods.

This study shows that the levels of infant neurodevelopment
fluctuated, especially in 2020, which might be related to the
COVID-19 pandemic. Our study reveal sthat compared to infants
in the stage | of the COVID-19 pandemic, those in stage Il
demonstrated significantly higher risks of motor and mental
delay. One study from Guangzhou, China, in 2021 aso
demonstrated that the COV1D-19 pandemic adversely affected
infant neurodevel opment [ 15]. Another study conducted in New
York also indicated that infants exposed and unexposed to the
SARS-CoV-2 during the COV1D-19 pandemic had considerably
lower scores in gross motor, fine motor, and personal-social
subdomains compared to historical cohorts born prior to the
pandemic [19]. Thisadverse effect could be attributed to various
factors. First, the COVID-19 pandemic and related restrictions
likely limited infants opportunities for environmental
exploration and peer engagement, which could adversely impact
their neurodevelopmental outcomes [15]. Second, prolonged
mask-wearing may have reduced infants' exposure to facia
expression recognition and other crucial socia stimuli during
critical developmental periods [20]. Notably, infants assessed
at stage Il continued to demonstrate significantly lower
neurodevelopmental level compared to those in stage |. At
present, there is alack of relevant research to confirm. In our
study, these infants at stage |11 were born to mothers who not
only experienced pandemic-related stress during pregnancy but
aso had relatively high chance to be infected by the
SARS-CoV-2. Related stress factors during pregnancy should
be recognized as a potentia contributing mechanism to these
developmental delays [21,22]. Moreover, the infection itself
might have played arole. A meta-analysis published in 2022,
encompassing 8 studies with 21,419 infants, demonstrated that
maternal SARS-CoV-2 infection was associated with an
increased risk of fine motor impairment in offspring (OR 3.46,
95% Cl 1.43-8.38) [23].

Even after adjusting for the effects of different stages of the
COVID-19 pandemic on neurodevelopment, we still found
several factors related to neurodevelopmental delay. In our
study, we observed that boys exhibited poorer performance
compared to girls not only on BSID-CR but also on PDMS-I1.

https://publichealth.jmir.org/2025/1/€76431
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A cohort study conducted in Japan supported this finding,
revealing a higher risk of developmental delay among boys
younger than 2 years (OR 2.5, 95% CI 1.5-4.2) than girls[24].
Additionally, a 2024 review highlighted that boys are more
proneto malnutrition and stunting—factorsthat could potentially
impact neurodevelopment [25]. We hypothesized that these
disparities may be linked to sex-based differences in utero
exposure sensitivity. Guma and Chakravarty [26] also reported
that exposureto inflammationin utero or early life caninfluence
fetal neurodevel opment, with boys being more vulnerable than
girls due to sex hormone differences. Furthermore, early
language development exhibits sexual dimorphism due to
genetic and hormonal factors, with girls typically developing
faster than boys, leading to earlier social awvareness and superior
neurodevelopment levelsin girls[27-29].

Our study indicates that infants with LBW exhibited poorer
neurodevelopmental outcomes. This observation aligned with
that reported by Wu et a [30] demonstrating infants with
marginally LBW (ranging from 2000 to 2499 g) with a higher
risk of neurodevelopmental delays. This may result from
impaired brain connectivity and neuronal migration in LBW

infants [31], where high-quality family environmental
stimulation  can  partially mitigate the adverse
neurodevelopmental impacts [32]. Consequently, timely

parent-child interaction interventions should be prioritized for
LBW infants to improve neurodevelopmental outcomes.
Interestingly, our study shows that preterm birth appeared to
be a protective factor for infant neurodevel opment. This might
be a chance finding due to the limited sample size of infants
with preterm birth, especially very preterm birth, in our study.
Additionally, it was possible that the increased attention and
care received by premature infants could have contributed to
improved neurodevel opment by altering the methylation levels
[33]. We recommend that future studies replicate our protocol
to support or refute our findings.

We also identified cesarean delivery as arisk factor for infant
neurodevel opmental delay, consistent with prior epidemiol ogical
evidence [34]. The potential harm associated with cesarean
delivery may be linked to microbiome disturbances. A blinded
randomized controlled trial revealed that cesarean-born infants
who received vaginal microbiota transfer showed significantly
better neurodevelopment at 6 months compared to those who
received saline [35]. Therefore, we hypothesize that cesarean
delivery may impact infant neurodevelopment by altering the
microbiome disturbances.

Additionally, our study reveals seasonal variations in infants
neurodevel opment levels. We found that infants born in summer
had a higher risk of mental and psychomotor development delay.
This might be because most summer-born infants undergo the
BSID-CR assessment in winter, when they receive less sunlight
exposure. Similar to what we found, a comprehensive
multi-center study encompassing Denmark, Finland, Norway,
Sweden, and Western Australia has uncovered a seasonal trend
in the occurrence of autism spectrum disorder [36]. This trend
might be attributed to varying sunlight levels during early
childhood [35]. Furthermore, recent research indicates apositive
correlation between children's neurodevel opment and 25(OH)D
levels [37,38]. This suggests that vitamin D, closely linked to

JMIR Public Hedlth Surveill 2025 | vol. 11| e76431 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

sunlight exposure, could be a crucial factor for explaining the
seasonal disparity in the neurodevelopment of infants. Further
research and exploration of the underlying mechanism
relationships are still needed in the future.

Limitations

There are some limitations worthy of mention. First, as a
cross-sectional design, thisstudy could not establish causational
relationships. We recommend future longitudinal follow-ups
or birth cohort to replicate this study protocol in order to confirm
or to refuse our findings. Second, our data, derived from asingle
city, may not comprehensively reflect the situation in China. It
is worth noting that Yiwu serves as a pilot city for various
projects, including the National Rural Early Childhood
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Development Project and the National Rural Revitalization
Strategy-Grassroots Early Childhood Development Project,
thereby possessing a certain degree of theoretica
representativeness of areas with advanced child health care in
China

Conclusions

The COVID-19 pandemic exacerbated neurodevelopmental
vulnerabilities in infants, with effects persisting into the
postpandemic period. Public health strategies should focus on
comprehensive developmental monitoring and timely
interventions for all high-risk infants to mitigate the long-term
impacts.

We thank Yiwu Maternity and Children Hospital for significant support in the citywide infant neurodevelopmental screening.
We also appreciate the guidance from the Department of Children's and Adolescent Health, Public Health College of Harbin
Medical University, during manuscript preparation. In addition, wethank all the members of the Pediatric Evidence-based Medical
and Clinical Laboratory, Children’s Hospital, Zhejiang University School of Medicine (led by GB) for the interesting discussions
and significant contributions to the methodology in this study.

Funding

We acknowledge support from the Zhejiang Provincial Medical and Health Science and Technology Plan Project (2022ZH066,
2024XY 079) and the Social Development in Science and Technology Plan Project of Jinhua (2023-4-260).

Data Availability

The data presented in this study are available on request from the corresponding author. The data are not publicly available
because they contain information that could compromise the privacy of research participants.

Authors Contributions

Conceptualization: CS (lead) and MZ (equal)

Methodology: Y C (lead) and GB (equal)

Resources: HJ (lead) and Y C (equal)

Formal analysis: SS (lead), YC (equa), LZ (supporting), and MG (supporting)
Investigation: XC (lead) and Y C (equal)

Writing — original draft: Y C (lead), SS (equal), and LZ (supporting)

Writing — review and editing: CS (lead), GB (equal), and MZ (equal)
Visualization: YC (lead), SS (equal), and MG (supporting)

All authors have read and agreed to the published version of the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Comparison of the basic characteristics of the study popul ation with and without total motor devel opmental delay, assessed using
Peabody Developmental Motor Scales-II.
[DOCX File, 26 KB-Multimedia Appendix 1]

Multimedia Appendix 2

STROBE checklist.
[DOCX File, 31 KB-Multimedia Appendix 2]

References

https://publichealth.jmir.org/2025/1/€76431 JMIR Public Hedlth Surveill 2025 | vol. 11| e76431 | p. 11

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v11i1e76431_app1.docx&filename=3ad5380ab38b2e84cc9e5816e5f63dab.docx
https://jmir.org/api/download?alt_name=publichealth_v11i1e76431_app1.docx&filename=3ad5380ab38b2e84cc9e5816e5f63dab.docx
https://jmir.org/api/download?alt_name=publichealth_v11i1e76431_app2.docx&filename=7c6d4a5c0af32467ddabacbbd4914d05.docx
https://jmir.org/api/download?alt_name=publichealth_v11i1e76431_app2.docx&filename=7c6d4a5c0af32467ddabacbbd4914d05.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Cui et d

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Brown KA, Parikh S, Patel DR. Understanding basic concepts of developmental diagnosisin children. Trand Pediatr. Feb
2020;9(Suppl 1):S9-S22. [FREE Full text] [doi: 10.21037/tp.2019.11.04] [Medline: 32206580]

Kim S. Worldwide national intervention of developmental screening programsin infant and early childhood. Clin Exp
Pediatr. Jan 2022;65(1):10-20. [FREE Full text] [doi: 10.3345/cep.2021.00248] [Medline: 34592802]

Zablotsky B, Black LI, Maenner MJ, Schieve LA, Danielson ML, Bitsko RH, et al. Prevalence and trends of developmental
disabilitiesamong children in the United States: 2009-2017. Pediatrics. Oct 2019;144(4):e20190811. [FREE Full text] [doi:
10.1542/peds.2019-0811] [Medline: 31558576]

Zhong J, He'Y, Chen Y, Luo R. Relationships between parenting skillsand early childhood devel opment in rural households
in Western China. IJERPH. Feb 26, 2020;17(5):1506. [doi: 10.3390/ijerph17051506]

Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, Richter L, Strupp B. Developmental potential in thefirst 5 years
for children in devel oping countries. The Lancet. Jan 2007;369(9555):60-70. [doi: 10.1016/s0140-6736(07)60032-4]
Jackman M, Morgan C, Luke C, Korostenski L, ZawadaK, Juarez M, et al. The predictivevalidity of HINE, Bayley, genera
movements and MOS-R in infancy. Early Hum Dev. Apr 2025;203:106226. [doi: 10.1016/j.earlhumdev.2025.106226)]
[Medline: 40037150]

Del Tufo SN, Earle FS, Cutting LE. The impact of expressive language development and the left inferior longitudinal
fasciculus on listening and reading comprehension. J Neurodev Disord. Dec 16, 2019;11(1):37. [FREE Full text] [doi:
10.1186/s11689-019-9296-7] [Medline: 31838999]

Mulrine C, Kollia B. Speech, language, hearing delays: time for early intervention? J Fam Pract. Mar 2015;64:E1-E9.
[Medline: 25789352]

Morrel J, Dong M, Rosario MA, Cotter DL, Bottenhorn KL, Herting MM. A systematic review of air pollution exposure
and brain structure and function during development. Environ Res. Jun 15, 2025;275:121368. [FREE Full text] [doi:
10.1016/j.envres.2025.121368] [Medline: 40073924]

Eleftheriades A, Koulouraki S, Belegrinos A, Eleftheriades M, Pervanidou P. Maternal obesity and neurodevel opment of
the offspring. Nutrients. Mar 02, 2025;17(5):891. [EREE Full text] [doi: 10.3390/nu17050891] [Medline: 40077761]
Yang X, Li J, ZhuH, Guan S, Li J, Zhang Y, et al. Sex-specific effect of maternal pre-pregnancy BMI on neuropsychiatric
development of offspring. JAffect Disord. May 15, 2025;377:254-263. [doi: 10.1016/j.jad.2025.02.018] [Medline: 39971010]
LiuC, LuQ, Xi Q, Xiao S, Du J, Qin R, et a. Varying Bifidobacterium species in the maternal-infant gut microbiota
correlate with distinct early neurodevel opmental outcomes. J Genet Genomics. Oct 2025;52(10):1238-1245. [doi:
10.1016/j.j9g.2025.01.015] [Medline: 39923844]

Perrigo JL, Morales J, Jackson N, Janus M, Stanley L, Wong M, et al. COVID-19 pandemic and the developmental health
of kindergarteners. JAMA Pediatr. May 01, 2025;179(5):550-558. [doi: 10.1001/jamapediatrics.2024.7057] [Medline:
40063020]

Sato K, Fukai T, Fujisawa KK, Nakamuro M. Association between the COV1D-19 pandemic and early childhood
development. JAMA Pediatr. Sep 01, 2023;177(9):930. [doi: 10.1001/jamapediatrics.2023.2096]

Huang P, Zhou F, Guo Y, Yuan S, Lin S, Lu J, et a. Association between the COVID-19 pandemic and infant

neurodevel opment: a comparison before and during COVID-19. Front Pediatr. 2021;9:662165. [FREE Full text] [doi:
10.3389/fped.2021.662165] [Medline: 34692602]

Xiao H, LiuF, HeY, Da X, Liu Z, Jan W, et al. Unequal impact of the COVID-19 pandemic on paediatric cancer care:

a population-based cohort study in China. Lancet Reg Health West Pac. Feb 2022;19:100347. [doi:
10.1016/j.lanwpc.2021.100347] [Medline: 35005670]

World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical research
involving human participants. JAMA. Jan 07, 2025;333(1): 71-74. [doi: 10.1001/jama.2024.21972] [Medline: 39425955]
Yufeng Y. Rating Scales For Children's Developmental Behavior and Mental Health. Beijing, China. People's Medical
Publishing House; 2016.

Shuffrey LC, Firestein MR, Kyle MH, Fields A, Alcantara C, Amso D, et a. Association of birth during the COVID-19
pandemic with neurodevel opmental status at 6 monthsin infantswith and without in utero exposureto maternal SARS-CoV-2
infection. JAMA Pediatr. Jun 01, 2022;176(6):€215563. [ FREE Full text] [doi: 10.1001/jamapediatrics.2021.5563] [Medline:
34982107]

Tronick E, AlsH, Adamson L, Wise S, Brazelton TB. The infant's response to entrapment between contradictory messages
inface-to-faceinteraction. JAm Acad Child Psychiatry. 1978;17(1):1-13. [doi: 10.1016/50002-7138(09)62273-1] [Medline:
632477)

Van den Bergh BR, van den Heuvel M1, Lahti M, Braeken M, de Rooij SR, Entringer S, et al. Prenatal developmental
origins of behavior and mental health: the influence of maternal stressin pregnancy. Neurosci Biobehav Rev. Oct
2020;117:26-64. [doi: 10.1016/j.neubiorev.2017.07.003] [Medline: 28757456]

Vahratian A, Blumberg SJ, Terlizzi EP, Schiller JS. Symptoms of anxiety or depressive disorder and use of mental health
care among adults during the COVID-19 pandemic - United States, August 2020-February 2021. MMWR Morb Mortal
WKkly Rep. Apr 02, 2021;70(13):490-494. [FREE Full text] [doi: 10.15585/mmwr.mm7013e?] [Medline: 33793459]

https://publichealth.jmir.org/2025/1/€76431 JMIR Public Hedlth Surveill 2025 | vol. 11| e76431 | p. 12

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32206580
http://dx.doi.org/10.21037/tp.2019.11.04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32206580&dopt=Abstract
https://europepmc.org/abstract/MED/34592802
http://dx.doi.org/10.3345/cep.2021.00248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34592802&dopt=Abstract
https://europepmc.org/abstract/MED/31558576
http://dx.doi.org/10.1542/peds.2019-0811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31558576&dopt=Abstract
http://dx.doi.org/10.3390/ijerph17051506
http://dx.doi.org/10.1016/s0140-6736(07)60032-4
http://dx.doi.org/10.1016/j.earlhumdev.2025.106226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40037150&dopt=Abstract
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-019-9296-7
http://dx.doi.org/10.1186/s11689-019-9296-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31838999&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25789352&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0013-9351(25)00619-X
http://dx.doi.org/10.1016/j.envres.2025.121368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40073924&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu17050891
http://dx.doi.org/10.3390/nu17050891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40077761&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2025.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39971010&dopt=Abstract
http://dx.doi.org/10.1016/j.jgg.2025.01.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39923844&dopt=Abstract
http://dx.doi.org/10.1001/jamapediatrics.2024.7057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40063020&dopt=Abstract
http://dx.doi.org/10.1001/jamapediatrics.2023.2096
https://europepmc.org/abstract/MED/34692602
http://dx.doi.org/10.3389/fped.2021.662165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34692602&dopt=Abstract
http://dx.doi.org/10.1016/j.lanwpc.2021.100347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35005670&dopt=Abstract
http://dx.doi.org/10.1001/jama.2024.21972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39425955&dopt=Abstract
https://europepmc.org/abstract/MED/34982107
http://dx.doi.org/10.1001/jamapediatrics.2021.5563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34982107&dopt=Abstract
http://dx.doi.org/10.1016/s0002-7138(09)62273-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=632477&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2017.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28757456&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7013e2
http://dx.doi.org/10.15585/mmwr.mm7013e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33793459&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Cui et d

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Hessami K, Norooznezhad AH, Monteiro S, Barrozo ER, Abdolmaleki AS, Arian SE, et al. COVID-19 pandemic and infant
neurodevel opmental impairment: asystematic review and meta-analysis. AMA Netw Open. Oct 03, 2022;5(10):e2238941.
[EREE Full text] [doi: 10.1001/jamanetworkopen.2022.38941] [Medline: 36306133]

NishimuraT, Takel N, TsuchiyaKJ, Asano R, Mori N. Identification of neurodevelopmental trajectoriesin infancy and of
risk factors affecting deviant development: alongitudinal birth cohort study. Int J Epidemiol. Apr 2016;45(2):543-553.
[doi: 10.1093/ije/dyv363] [Medline: 26874928]

Moore SE. Sex differences in growth and neurocognitive development in infancy and early childhood. Proc Nutr Soc. Feb
08, 2024;83(4):221-228. [doi: 10.1017/50029665124000144]

Guma E, Chakravarty MM. Immune aterations in the intrauterine environment shape offspring brain development in a
sex-specific manner. Biol Psychiatry. Jan 01, 2025;97(1):12-27. [doi: 10.1016/j.biopsych.2024.04.012] [Medline: 38679357]
Adani S, Cepanec M. Sex differencesin early communication development: behavioral and neurobiological indicators of
more vul nerable communication system devel opment in boys. Croat Med J. Apr 30, 2019;60(2):141-149. [FREE Full text]
[doi: 10.3325/cm|.2019.60.141] [Medline: 31044585]

Carpenter M, Nagell K, Tomasello M, Butterworth G, Moore C. Social cognition, joint attention, and communicative
competence from 9 to 15 months of age. Monographs of the Society for Research in Child Development. 1998;63(4):1-6.
[doi: 10.2307/1166214]

Kang HJ, Kawasawa Y1, Cheng F, Zhu Y, Xu X, Li M, et a. Spatio-temporal transcriptome of the human brain. Nature.
Oct 26, 2011;478(7370):483-489. [FREE Full text] [doi: 10.1038/nature10523] [Medline: 22031440]

Wu S, Huang Y, Kao K, Lin Y, Tsai P, Chiu N, et a. Psychiatric disordersin term-born children with marginally low birth
weight: a population-based study. Child Adolesc Psychiatry Ment Health. Feb 08, 2024;18(1):23. [FREE Full text] [doi:
10.1186/s13034-024-00714-2] [Medline: 38331844]

Miller SL, Huppi PS, Mallard C. The consequences of fetal growth restriction on brain structure and neurodevel opmental
outcome. J Physiol. Jan 05, 2016;594(4):807-823. [doi: 10.1113/jp271402]

Upadhyay RP, Tangja S, Strand TA, Sommerfelt H, Hysing M, Mazumder S, et a. Early child stimulation, linear growth
and neurodevelopment in low birth weight infants. BMC Pediatr. Oct 08, 2022;22(1):586. [FREE Full text] [doi:
10.1186/s12887-022-03579-6] [Medline: 36209050]

FontanaC, MarascaF, Proviteral, Mancinelli S, Pesenti N, Sinha S, et al. Early maternal carerestores LINE-1 methylation
and enhances neurodevelopment in preterm infants. BMC Med. Feb 05, 2021;19(1):42. [EREE Full text] [doi:
10.1186/s12916-020-01896-0] [Medline: 33541338]

Zhang T, Brander G, Mantel ?, Kuja-Halkola R, Stephansson O, Chang Z, et al. Assessment of cesarean delivery and
neurodevelopmental and psychiatric disorders in the children of a population-based Swedish birth cohort. JAMA Netw
Open. Mar 01, 2021;4(3):€210837. [FREE Full text] [doi: 10.1001/jamanetworkopen.2021.0837] [Medline: 33666663]
Zhou L, Qiu W, Wang J, Zhao A, Zhou C, Sun T, et a. Effects of vaginal microbiotatransfer on the neurodevel opment
and microbiome of cesarean-born infants: a blinded randomized controlled trial. Cell Host Microbe. Jul 12,
2023;31(7):1232-1247.€5. [FREE Full text] [doi: 10.1016/j.chom.2023.05.022] [Medline: 37327780]

Lee BK, Gross R, Francis RW, Karlsson H, Schendel DE, Sourander A, et al. Birth seasonality and risk of autism spectrum
disorder. Eur J Epidemiol. Aug 2019;34(8):785-792. [FREE Full text] [doi: 10.1007/s10654-019-00506-5] [Medline:
30891686]

Aagaard K, Mgllegaard Jepsen JR, Sevelsted A, Horner D, Vinding R, Rosenberg JB, et a. High-dose vitamin D3
supplementation in pregnancy and risk of neurodevelopmental disordersin the children at age 10: a randomized clinical
trial. Am JClin Nutr. Feb 2024;119(2):362-370. [FREE Full text] [doi: 10.1016/j.ajcnut.2023.12.002] [Medline: 38072183]
Wang P, WuL, YinW, Tao R, Zhang Y, Li P, et al. Associations of cord blood meta-inflammation and vitamin D with
neurodevelopmental delay: a prospective birth cohort study in China. Front Immunol. 2022;13:1078340. [EREE Full text]
[doi: 10.3389/fimmu.2022.1078340] [Medline: 36685522]

Abbreviations

BSID-CR: Bayley Scales of Infant Development-Chinese Cities Revised

FMQ: fine motor quotient

GMQ: gross motor quotient

LBW: low birth weight

MDI: menta development index

OR: oddsratio

PDI: psychomotor development index

PDMS-11: Peabody Developmental Motor Scales-11

STROBE: Strengthening the Reporting of Observational studiesin Epidemiology
TMQ: total motor quotient

https://publichealth.jmir.org/2025/1/€76431 JMIR Public Hedlth Surveill 2025 | vol. 11| e76431 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/36306133
http://dx.doi.org/10.1001/jamanetworkopen.2022.38941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36306133&dopt=Abstract
http://dx.doi.org/10.1093/ije/dyv363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26874928&dopt=Abstract
http://dx.doi.org/10.1017/s0029665124000144
http://dx.doi.org/10.1016/j.biopsych.2024.04.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38679357&dopt=Abstract
https://europepmc.org/abstract/MED/31044585
http://dx.doi.org/10.3325/cmj.2019.60.141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31044585&dopt=Abstract
http://dx.doi.org/10.2307/1166214
https://europepmc.org/abstract/MED/22031440
http://dx.doi.org/10.1038/nature10523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22031440&dopt=Abstract
https://capmh.biomedcentral.com/articles/10.1186/s13034-024-00714-2
http://dx.doi.org/10.1186/s13034-024-00714-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38331844&dopt=Abstract
http://dx.doi.org/10.1113/jp271402
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-022-03579-6
http://dx.doi.org/10.1186/s12887-022-03579-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36209050&dopt=Abstract
https://air.unimi.it/handle/2434/824009
http://dx.doi.org/10.1186/s12916-020-01896-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33541338&dopt=Abstract
https://europepmc.org/abstract/MED/33666663
http://dx.doi.org/10.1001/jamanetworkopen.2021.0837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33666663&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1931-3128(23)00215-9
http://dx.doi.org/10.1016/j.chom.2023.05.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37327780&dopt=Abstract
https://europepmc.org/abstract/MED/30891686
http://dx.doi.org/10.1007/s10654-019-00506-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30891686&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9165(23)66298-7
http://dx.doi.org/10.1016/j.ajcnut.2023.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38072183&dopt=Abstract
https://europepmc.org/abstract/MED/36685522
http://dx.doi.org/10.3389/fimmu.2022.1078340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36685522&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Cui et d

Edited by A Mavragani; submitted 23.Apr.2025; peer-reviewed by C Alves, X Hong; commentsto author 09.0ct.2025; revised version
received 24.0ct.2025; accepted 10.Nov.2025; published 15.Dec.2025

Please cite as.

Cui Y, S S Bai G, JinH, Zhang L, Cao X, Gao M, ZouM, SunC

Neurodevelopment and Risk Factorsin Infants Before, During, and After the COVID-19 Pandemic in Eastern China: Cross-Sectional
Sudy

JMIR Public Health Surveill 2025;11:e76431

URL: https://publichealth.jmir.org/2025/1/€76431

doi: 10.2196/76431

PMID: 41217003

©Yuechong Cui, Shuting Si, Guannan Bai, Hongxing Jin, Libi Zhang, Xuying Cao, Meiying Gao, Mingyang Zou, Caihong Sun.
Originaly published in IMIR Public Health and Surveillance (https:.//publicheal th.jmir.org), 15.Dec.2025. Thisisan open-access
article distributed under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR
Public Health and Surveillance, is properly cited. The complete bibliographic information, alink to the original publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

https://publichealth.jmir.org/2025/1/€76431 JMIR Public Hedlth Surveill 2025 | vol. 11| e76431 | p. 14
(page number not for citation purposes)

RenderX


https://publichealth.jmir.org/2025/1/e76431
http://dx.doi.org/10.2196/76431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41217003&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

