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Abstract
Consequences of epidemic quarantine on children’s well-being are not clear and there are scarce data about the short-term
impact of epidemic quarantine on children’s growth and development. The study aimed to explore and analyze the potential
impacts of the Omicron outbreak on children’s growth and development during the lockdown in Shanghai, China. Totally,
4565 children aged 1-36 months who had a routine physical examination in the child health departments of hospitals before
(June 1, 2021, to July 6, 2021) and after (June 1, 2022, to July 6, 2022) Shanghai’s lockdown were included in this study.
A population-based cross-sectional study was conducted by using the Infant Toddler Growth Development Screening Test
(ITGDST). The children’s growth and development in these two periods were compared with a propensity score matching
(PSM) approach. After 1:1 matching, a total of 2462 children aged 1-36 months were analyzed. After PSM, there was no
significant difference in terms of overall development, gross motor, fine motor, and language development for children before
and after the Omicron lockdown. However, statistically significant decrease of wasting was observed for children after the
lockdown (p <0.05). Further interaction analysis indicated older age group (OR =0.26, 95% CI 0.11-0.59) and the group of
second parity (OR=0.30, 95% CI 0.11-0.83) were favorable to language development during the lockdown.

Conclusion: Short-term quarantine had no significant adverse, but rather beneficial, effects on growth and development
of children aged 1-36 months during the Omicron epidemic in Shanghai, China.

What is Known:

o Consequences of epidemic quarantine on children’s well-being are not clear. Long-term psychological effects of coronavirus disease 2019
pandemic on children have been reported. However, there are scarce data about the short-term impact of epidemic quarantine on children’s
growth and development.

What is New:

o Short-term quarantine had no significant adverse, but rather beneficial, effects on growth and development of children aged 1-36 months dur-
ing the Omicron epidemic in Shanghai, China.
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Abbreviations

CI Confidence intervals

COVID-19 Coronavirus disease 2019

ITGDST Infant Toddler Growth Development Screen-
ing Test

OR Odds ratios

PSM Propensity score matching

SD Standard deviations

WHO World Health Organization

Introduction

Coronaviruses are a well-studied group of viruses in the
Coronaviridae family that are known for their ability to
infect a variety of hosts due to their capacity to evolve in
epidemiologic situations, including crossing species barri-
ers, mutagenesis, tissue tropism, and pathogenicity [1-3].
The coronavirus disease 2019 (COVID-19) pandemic has
caused marked changes across all layers of children’s social
ecologies, including family routines, schooling, media hab-
its, and the broader economy. Cross-national studies in the
early months of the pandemic identified the patterns of self-
reported lifestyle changes among adolescents and adults,
including more time spent physically inactive and using
screens [4—6]. Public health measures necessary to coun-
teract the COVID-19 pandemic have resulted in dramatic
changes in the physical and social environments within
which children grow and develop [6].

Millions of children have been affected worldwide by
quarantine and social distancing measures which have been
implemented by many countries to control the spread of
COVID-19. However, consequences of such procedures on
children’s well-being are not clear. In late February, 2022, a
wave of SARS-CoV-2 infection rapidly appeared in Shang-
hai, China [7]. The most striking change in children's daily
lives and routines was the lockdown to reduce transmission
of the highly contagious and more concealed Omicron vari-
ant in Shanghai, China. The lockdown started in Shanghai
on March 28, 2022. The epidemic was effectively brought
under control on May 16. On June 1, normal urban pro-
duction and life were restored. However, there are scarce
data about the short-term impact of epidemic quarantine on
children’s growth and development [8]. During the lock-
down, people were confined at home, with changes in family
routines during social distancing. Staying at home refers to
not leaving the house, not going out of the house to the cor-
ridor, underground garage, open-air area, and other outdoor
space activities in the community, such as walking, gather-
ing and talking, and walking pets. Residents who want to
pick up packages and throw away garbage can be assisted by
maintenance or volunteers. Therefore, this study investigated
the potential impacts of epidemic quarantine on growth and
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development of children aged 1-36 months within the con-
text of previous epidemics and the Omicron pandemic in
Shanghai, China.

Materials and methods
Study population

Children aged 1 to 36 months from the general popula-
tion had a routine physical examination in the child health
departments of hospitals before (June 1, 2021, to July 6,
2021) and after (June 1, 2022, to July 6, 2022) Shanghai’s
lockdown were selected in this study by using the Infant
Toddler Growth Development Screening Test (ITGDST).

Data collection

The ITGDST can be used to screen for abnormal growth
and development in children aged 1-36 months. In this
study, ITGDST was used for collecting children’s basic
information and evaluating children’s physical and neu-
ropsychological development. Head circumference, body
weight, and length/height were measured during physi-
cal examination. The physical development of infants and
young children was evaluated by Z-score recommended by
the World Health Organization (WHO). Normal head cir-
cumference (-2 <Z-score <2), macrocephaly (Z-score > 2),
and microcephaly (Z-score <-2) were defined according to
head circumference for age Z-score by the standard of WHO.
Children with malnutrition (Z-score < -2) were determined
according to weight-for-age, length/height-for-age, and
weight-for-height Z-score by the standard of WHO.

Parents and caregivers were asked to complete the neu-
ropsychological evaluation item by item with the anima-
tion demonstration and the doctors’ instruction. The sys-
tem also collected information about the perinatal period
and children’s families including age, gender, parity, birth
order, advanced maternal age, multiple birth, assisted
reproduction, cesarean section, gestational weeks, neona-
tal injury, family heredity history, body weight, and length
at birth. Their record of ITGDST evaluation results was
retrospectively collected.

The mean scores minus two standard deviations (SD)
were used for the cut-off scores in terms of overall develop-
ment, gross motor, fine motor, and language development for
all subject. Children with a score less than the mean score
minus 2 SD were regarded as a developmental delay, while
other children (i.e., a score equal to or greater than the mean
score minus 2 SD) were considered as normal.

All testers undertook unified on-site training and assess-
ment. The test was conducted in a separate and quiet room
with plenty of light. The room temperature was set at around
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25 °C. Children were awake and quiet. Children’s growth
(weight-for-age, length/height-for-age and weight-for-
height) and development (overall neurodevelopment, gross
motor, fine motor, and language development) during these
two periods were compared.

Statistical analysis

We used complete data and there was no imputation of data
to replace missing observations. Chi-squared tests were used
to assess the differences between groups for categorical vari-
ables, respectively before and after propensity score match-
ing (PSM). Qualitative data were expressed by frequency
and rate. The interaction between age and lockdown and
that between parity and lockdown was investigated by fur-
ther stratified analysis based on PSM and odds ratios (OR)
with their 95% confidence intervals (CI) were generated.
All analyses were conducted using IBM SPSS version 22.0
(IBM Corp., Armonk, NY, USA).

PSM is a balancing approach whereby a numerical value
is assigned for the probability of an intervention. To mini-
mize selection bias inherent in treatment group allocation,
PSM was used to match the two groups using a logistic
regression approach [9]. An absolute standard bias meas-
ure < 0.20 is considered small, and sufficient overlap is
required for the propensity scores. In our investigation, we
standardized the groups based on propensity and 14 covari-
ates were selected about the perinatal period and children’s
families (age, gender, parity, birth order, advanced maternal
age, multiple birth, assisted reproduction, cesarean section,
gestational weeks, neonatal injury, family heredity history,
head circumference at physical examination, birth weight,
and birth length).

Ethical issue

There was no particular concern on the ethical issue in the study.

Results

Totally, 4565 (of 4612) children participated in this study.
Participants with incomplete data were excluded. Among the
4565 children aged 1-36 months who were included in our
analysis, 2067 (45.3%) were girls and 2498 (54.7%) were
boys. Before matching, children after lockdown had a median
age of 10.6 months, while controls had a median age of
11.2 months. Sample characteristics are reported in Table 1.

Distribution of covariates was adequately balanced in
the matched data set. After 1:1 matching, a total of 2462
children were included in further analysis, before lock-
down (n=1231) and after lockdown (n=1231). After

PSM, median age was 10.2 months before lockdown and
11.0 months after lockdown.

We compared the growth of children at physical exami-
nation before and after lockdown. A statistically significant
difference of weight-for-height between the two periods was
observed (p <0.05) after PSM. No statistical difference was
obtained in children aged 1-36 months for the difference of
overall development, gross motor, fine motor, and language
development after PSM between these two periods. Com-
parisons according to lockdown grouping are detailed in
Table 2. However, there was a statistically significant inter-
action between age and lockdown for overall development
delay (OR=0.15, 95% CI 0.04-0.52) and language devel-
opment delay (OR =0.26, 95% CI 0.11-0.59) in the group
of 24-36 months by using stratified analysis after PSM
(Table 3). Also, there was a statistically significant interac-
tion between parity and lockdown for wasting (OR =0.33,
95% CI 0.12-0.90) in the group of first parity and that for
language development delay (OR =0.30, 95% CI 0.11-0.83)
in the group of second parity by using stratified analysis
after PSM (Table 4). No other statistical interaction between
age and lockdown and that between parity and lockdown was
observed for growth and the neural development.

Discussion

Science has shown that genetic predispositions are modi-
fied by environmental influences, such as those experienced
during a pandemic, and affect learning capacities, adaptive
behaviors, lifelong physical and mental health, and adult
productivity [8, 10]. There are several factors that influence
the physical and mental health of children experiencing
the stress inherent in a pandemic, such as isolation itself,
reduced social life and physical activities, changes to routine,
sleep difficulties, exposure to disharmony at home, exces-
sive screen use, unhealthy diet, and others [11]. Pandemics,
such as Omicron, produce potential risks to child develop-
ment due to protective confinement, social isolation, and
the increased stress level of parents and caregivers. Studies
to improve the understanding of the impact of pandemic
quarantine such as Omicron on children’s mental health and
development can help to guide strategies to prevent damage
to children’s growth and promote positive development [8].

Some of the teams looking into these issues around the
world are starting to publish their findings. Firm answers
are hard to come by [12]. Depending on levels and kinds of
support, high and continuous stress may either be tolerable
or become toxic to children [8]. Some babies born during the
past two years might be experiencing developmental delays,
whereas others might have thrived, if carers were at home
for extended periods and there were more opportunities for
siblings to interact [12]. Another study reported that there
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Table 1 Comparison before and after lockdown with respect to perinatal and gestation variables before and after PSM

Before PSM After PSM
Before lockdown After lockdown p-value Before lockdown After lockdown p-value
n (%) n (%) n (%) n (%)
Number of participants 1488 3077 1231 1231
Gender
Girls 670 (45.0) 1397 (45.4) 562 (45.7) 592 (48.1)
Boys 818 (55.0) 1680 (54.6) 0.873 669 (54.3) 639 (51.9) 0.407
Ages (1-36 months)
1-11 months 769 (51.7) 1664 (54.1) 0.298 662 (53.8) 651 (52.9)
12-23 months 506 (34.0) 901 (29.3) 0.007 403 (32.7) 388 (31.5) 0.594
24-36 months 213 (14.3) 512 (16.6) 0.065 166 (13.5) 192 (15.6) 0.169
Weight at birth
>2500 g 1376 (92.5) 2842 (92.4) 1159 (94.2) 1161 (94.3)
<2500 g 112 (7.5) 235 (7.6) 0.899 72 (5.8) 70 (5.7) 0.867
Length/height at birth
Z-score >-2 1436 (96.5) 2975 (96.7) 1198 (97.3) 1206 (98.0)
Z-score <-2 52 (3.5) 102 (3.3) 0.757 332.7) 25 (2.0) 0.293
Gestational weeks
Full term 1332 (89.5) 2806 (91.2) 1141 (92.7) 1156 (93.9)
Preterm 156 (10.5) 271 (8.8) 0.083 90 (7.3) 75 (6.1) 0.243
Advanced maternal age
No 1270 (85.3) 2605 (84.7) 1082 (87.9) 1087 (88.3)
Yes 218 (14.7) 472 (15.3) 0.575 149 (12.1) 144 (11.7) 0.770
Type of delivery
Vaginal 744 (50.0) 1563 (50.8) 647 (52.6) 647 (52.6)
Caesarian 744 (50.0) 1514 (49.2) 0.720 584 (47.4) 684 (47.4) 1.000
Assisted reproduction
No 1390 (93.4) 2874 (93.4) 1171 (95.1) 1165 (94.6)
Yes 98 (6.6) 203 (6.6) 0.989 60 (4.9) 66 (5.4) 0.593
Parity
First 1021 (68.6) 2374 (77.2) 928 (75.4) 937 (76.1)
Second 325 (21.8) 522 (17.0) <0.001* 256 (20.8) 239 (19.4) 0.445
Third or above 142 (9.6) 181 (5.9) <0.001* 47 (3.8) 55 (4.5) 0.428
Birth order
First 1160 (78.0) 2561 (83.2) 1025 (83.3) 1017 (82.6)
Second 295 (19.8) 478 (15.5) 0.001* 195 (15.8) 201 (16.3) 0.763
Third or above 33(2.2) 38(1.3) 0.013* 11 (0.9) 13 (1.1) 0.683
Multiple birth
No 1430 (96.1) 2946 (95.7) 1197 (97.2) 1200 (97.5)
Yes 58 (3.9) 131 (4.3) 0.576 34 (2.8) 31(2.5) 0.710
Neonatal injury
No 1478 (99.4) 3053 (99.2) 1224 (99.4) 1226 (99.6)
Yes 10 (0.6) 24 (0.8) 0.692 7 (0.6) 5(0.4) 0.564
Family heredity history
No 1467 (98.6) 3027 (98.4) 1222 (99.3) 1224 (99.4)
Yes 21 (1.4) 50 (1.6) 0.587 9(0.7) 7 (0.6) 0.617
Head circumference at physical examination
Normal 1402 (93.3) 2790 (90.7) 1176 (95.5) 1176 (95.5)
Macrocephaly 64 (4.2) 258 (8.4) <0.001* 46 (3.7) 52(4.2) 0.545
Microcephaly 22 (1.5) 29 (0.9) 0.108 9(0.7) 3(0.2) 0.083
“Significant at 0.05
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Table 2 Comparisop of growth Before lockdown  After lockdown
and development with respect to
lockdown before and after PSM n (%) n (%) p-value
Before PSM  Weight-for-age Z-score>-2 1468 (98.7) 3059 (99.4)
Z-score<-2  20(1.3) 18 (0.6) 0.008*
Length/height-for-age ~ Z-score>-2 1465 (98.5) 3052 (99.2)
Z-score<-2 23 (1.5) 25(0.8) 0.024*
Weight-for-height Z-score>-2 1461 (98.2) 3057 (99.4)
Z-score<-2 27 (1.8) 20 (0.6) <0.001*
Overall development Normal 1453 (97.6) 3033 (98.6)
Delay 3524 44 (1.4) 0.026*
Gross motor Normal 1432 (96.2) 3002 (97.6)
Delay 56 (3.8) 75 2.4) 0.013*
Fine motor Normal 1445 (97.1) 2981 (96.9)
Delay 43(2.9) 96 (3.1) 0.676
Language Normal 1406 (94.5) 2948 (95.8)
Delay 82 (5.5) 129 (4.2) 0.052
After PSM Weight-for-age Z-score>-2 1218 (98.9) 1226 (99.6)
Z-score<-2 13 (1.1) 5(0.4) 0.059
Length/height-for-age ~ Z-score>-2 1212 (98.5) 1220 (99.1)
Z-score<-2 19 (1.5) 11 (0.9) 0.144
Weight-for-height Z-score>-2 1210 (98.3) 1225 (99.5)
Z-score<-2 21 (1.7) 6 (0.5) 0.029*
Overall development Normal 1205 (97.9) 1212 (98.5)
Delay 26 (2.1) 19 (1.5) 0.297
Gross motor Normal 1191 (96.8) 1198 (97.3)
Delay 40 (3.2) 33 (2.7) 0.413
Fine motor Normal 1199 (97.4) 1185 (96.3)
Delay 322.7) 46 (3.7) 0.113
Language Normal 1164 (94.6) 1182 (96.0)
Delay 67 (5.4) 49 (4.0) 0.095
*Significant at 0.05

were long-term psychological effects of COVID-19 pan-
demic on Children in Jordan [13]. In our study, there were no
significant differences for children after Omicron lockdown
in terms of overall development, gross motor, fine motor,
and language development after PSM. However, statistically
significant interactions were obtained between age and lock-
down for overall development and language development in
the older group (24-36 months) based on PSM. It indicated
that older children benefited more in language development
during lockdown. Since in the older age group, children’s
language development is mainly manifested in language
expression rather than language comprehension. We also
observed a protective effect of interaction between parity
and lockdown for language development delay in the group
of second parity. More family members may lead to more
interaction that is beneficial to language development. Pos-
sibly due to the small sample size in the stratified analysis,
this interaction was found to be insignificant in the group
of third parity or above. Also, the mother’s parity of more

than three children may be linked with socioeconomic status,
which may limit adequate child care and nurturing [14]. A
statistically significant decrease of wasting was observed
for children after two months’ lockdown both before and
after PSM. By stratified analysis, lockdown appears to be
more favorable for physical development of the group of first
parity (Table 4). From an economic perspective, the burden
of raising an only child may be relatively low on the family
compared to that of a non-only child.

It is critical to consider how changes in the social, cul-
tural, economic, and physical environments resulting from
the pandemic could affect the development of children
[15]. During Omicron pandemic, effects on growth and
development may be related to children’s social confine-
ment recommended in an attempt to slow the progress of
Omicron, increased screen media usage [6] and changes in
family routines during social distancing [16, 17]. This situ-
ation becomes an adverse childhood experience and may
generate toxic stress, with consequent potential losses for

@ Springer
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brain development, individual and collective health [8].
From our study, it indicated that short-term quarantine had
limited impact on growth and development for younger
children aged 1-36 months during Omicron pandemic in
Shanghai, China. To some extent, short-term confinement
was beneficial to the physical and neurological development
of children. This may be related to the increase in parental
care and companionship during this period, as everyone was
not allowed to leave the house. Responsive interactions are
linked to improved psychosocial, cognitive, and physical
outcomes in children [18].

The results indicated the importance of persistent screen-
ing and developing preventative programs to minimize the
impact of the Omicron pandemic on children’s physical and
psychological well-being. One of the pillars for overcom-
ing adversity is interaction among people, which is com-
promised by isolation, leading to increased stress in both
parents and children [8]. Children are a product of their
environment and the measures what it’s going to take is to
stimulate them, play with them, and love them [12].

This study has three major strengths. First, detailed indi-
cators of growth and development are compared before and
after lockdown through a cross-sectional study of develop-
ment screening in Shanghai China. Second, all physical and
neuropsychological evaluation was conducted item by item
with the animation demonstration and the doctors’ instruc-
tion to ensure the screening accuracy. This study is, however,
also limited in several ways. First, children who participated
in this study were not randomly selected so the potential for
selection bias cannot be ruled out. Second, there may be
greater subjectivity of self-reported information that cannot
be measured on site and we did not consider the parental
characteristics, physical and economic factors. Also, a lon-
gitudinal study is required to better adjust for pre-tests to
measure the impact of lockdown on children’s growth and
development. In the stratified analysis for the interaction,
the smaller sample size may limit the interpretation of the
interaction between lockdown and third parity or above.

Conclusions

This study reveals that short-term quarantine had no signifi-
cant adverse, but rather beneficial, effects on growth and
development of children aged 1-36 months during Omi-
cron pandemic in Shanghai, China. Families need maintain
adequate care to children and interaction among people
to improve development and reduce wasting, even in the
absence of the pandemic.
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