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Objective: This study aimed to analyze the social-emotional behaviors of Chinese toddlers
with cerebral palsy and to identify the risk factors associated with these behaviors.
Methods: A total of 300 Chinese toddlers and their parents were recruited in this study.
A Chinese version of the Infant-Toddler Social-Emotional Assessment was used to assess the
children and basic information and clinical data were collected using an author-designed
questionnaire. The patients were also assessed using a coping style questionnaire and the
hospital anxiety and depression scale. Multiple logistic regression analysis was performed to
identify risk factors.

Results: The scores of the externalizing and competence domains for Chinese toddlers with
cerebral palsy at different ages were lower compared to healthy children of the same age and
gender (p<0.05). For the boys with cerebral palsy aged between 12—17 and 18-23 months,
the scores of the internalizing and dysregulation domains were significantly lower compared
to the national normal (p<0.01). The effect of perinatal factors on the externalizing and
competence domains was more significant compared to other domains, whilst the coping
style of the parents significantly affected the dysregulation domain (p=0.001). Multivariate
analysis showed that the parental emotional state, education level, coping style and perinatal
factors were closely associated with the social-emotional problems of children with cerebral
palsy.

Conclusion: Children with cerebral palsy are more likely to have behavioral, emotional, and
psychiatric issues that are mostly ignored. These children may benefit from early screening
and intervention for risk factors to improve rehabilitation and long-term prognosis.
Keywords: cerebral palsy, social-emotional development, Chinese children, cross-sectional

study

Introduction

Cerebral palsy (CP) describes a group of lifelong conditions that are characterized
by abnormal tone, posture and movements. CP occurs in two to three infants per
1,000 live births and is clinically classified based on the predominant motor
syndrome including spastic hemiplegia, spastic diplegia, spastic quadriplegia, and
extrapyramidal or dyskinetic."” The prevalence of cerebral palsy in China is
2.07%o, and the prevalence of CP is higher in males compared to females and is
also higher in rural areas compared with urban areas.® The disability rate caused by
CP is 42-45%. Severe disabilities in children have huge economic and social
impacts on patients, families and caregivers.* Many previous reports have focused
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on identifying risk factors for CP and developing
approaches for early diagnosis, and rehabilitation of
motor functions.”® Recently, the abnormal psychological
and behavioral problems displayed by children with CP
have attracted significant research attention.’

Up to one in four children with CP have behavioral or
emotional issues.® Many children also meet the criteria for
comorbid psychiatric diagnoses such as attention-deficit
/hyperactivity disorder, conduct disorders, anxiety, and
depression, which can lead to decreased well-being in
children and can compromise the quality of life for family
In these children, the
a particularly important factor that affects and limits the

members.’ disease itself is
social development of their emotions. Physical activity
dysfunction and associated cognitive decline, audio-
visual disorders, logopathy, and perceptual disorders may
impede the normal development of emotional sociality in
children with CP.'® Unfortunately, most social-emotional
problems in children with CP during childhood are
neglected."' Also, when social-emotional problems occur
earlier, children often have more significant problems that
directly affect the efficacy of clinical rehabilitation ther-
apy. Therefore, the early evaluation of these conditions is
recommended to assure early access to resources and
associated treatments.

Previously it has been shown that more than 40% of
preschool children with CP have significant psychological
and behavioral issues at a frequency of three times the rate of
normal children.'?> However, there is a lack of detailed,
comprehensive and scientific evidence on the emotional
problems in toddlers with CP in China and around the
world. This study aimed to provide comprehensive theore-
tical support to understand the current situation and factors
affecting toddlers with CP in China. Moreover, we aimed to
develop a novel strategy to detect the early warning signs of
emotional problems in children with CP and to inform the
implementation of targeted interventions and treatments.

Materials and Methods
Study Participants

This cross-sectional study was conducted in the Neurology
and Rehabilitation Department of the Xi’an Children’s
Hospital from June 2015 to December 2018 using
a convenience sampling method. Children with CP aged
between 1-3 years and their parents were enrolled in this
study. The inclusion criteria for children with CP were: 1)
compliance with the diagnostic criteria for CP discussed

and approved in the 2014 China National Conference on
Rehabilitation of Children with CP and illustrated in the
China CP Rehabilitation Guidelines (2015): Part I;* ii)
Children with a Developmental Quotient >55 evaluated
using the Gesell scale; iii) Children without serious genetic
or metabolic diseases; iv) Children without organic lesions
in important organs such as heart, liver, or kidneys; v)
Children without serious limb deformities and other ser-
ious organic diseases such as visual impairment or hearing
disorders; vi) Parents who can read and independently
complete questionnaires; vii) Parents signed informed con-
sent and volunteered to participate in the study. The exclu-
sion criteria for the subjects were: i) Children whose
parents refused to cooperate during the study; ii)
Children with other complications who could not partici-
pate in the survey; iii) Children whose family suffered
from other serious incidents resulting in the inability to
complete the questionnaire.

Before the questionnaire survey, the parents were fully
informed of the purpose and significance of this study and
written informed consent was obtained. To reduce the bias
resulting from the differences in understanding of the
questionnaire content due to differences in the education
levels of parents, the survey contents were explained in
detail before completion. All data were anonymized before
analysis. This study was conducted in accordance with the
Declaration of Helsinki, and the study design and the
proposal implementation were approved by the Medical
Ethics Committee of the Children’s Hospital of Xi’an
Jiaotong University (approval number: 201503).

Measures
The
a measurement tool for child subjects in this study that

General Information Survey was used as
was designed by our investigators for this study. This was
mainly used to collect data on the demographics (eg, age,
sex, whether the only child, parent’s age, parent’s educa-
tion level, provider payment, parental rearing style, care-
activity)

characteristics (general condition of gestation period,

giver, entertainment and clinical medical

birth status, type of cerebral palsy, concomitant symptom,
auxiliary examination, rehabilitation therapy) of the sub-
jects. The standardized Chinese Version of Infant Toddler
Social-Emotional Assessment (CITSEA) based on the ver-
sion from Yale University and standardized for
Chinese children was used to assess a broad range of
and  behavioral and

social-emotional problems

competencies from 12 to 36 months of age.'’> The
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CITSEA social-emotional items addressed four behavioral

domains (subdomains in parentheses), specifically,

Externalizing (activity-impulsivity, aggression/defiance,
and peer aggression), Internalizing (depression/withdra-
wal, separation distress, general anxiety, and inhibition to
novelty), Dysregulation (sleep, eating, negative emotion-
ality, and sensory sensitivity), and Competence (compli-
ance, attention, imitation/play, empathy, prosocial peer
interactions, and mastery motivation). Primary caregivers
rated 166 items according to the degree to which their
children exhibited certain behavior and emotional charac-
teristics during the last month, using a three-point scale
ranging from 0 = Not true/rarely, 1 = Somewhat true/
sometimes, to 2 = Very true/often. Also, nine items had
a N = No opportunity code to account for instances when
the primary caregiver had no opportunity to observe the
particular behavior. A three-level scoring method was used
in the scale to calculate the initial total score of each
dimension which was then converted to the average raw
score of each domain into a normal standard T-score where
the mean was 50 and the standard deviation is 10. Each
domain of the social-emotional development score was
classified as negative and positive according to the critical
value of the T-score. For the problem domain (externaliz-
ing behavior, internalizing behavior and dysregulation
domains), a T-score > 63 was determined as positive,
where the higher T-score indicated the worse problem.
A T-score < 37 for the competence domain is positive
and lower scores indicated worse problems.

The coping style questionnaire was used as a self-
reported behavioral assessment scale that is based on the
existing theory and scale of foreign countries. This was
combined with the cultural and social background to cap-
ture the actual situation in China.'* The coping style
questionnaire assessed 6 factors, specifically i) Problem
solving, ii) Self-blame, iii) Seeking help, iv) Fantasy, v)
Retreat, and vi) Rationalization. According to the score for
each factor, the coping style was divided into three types;
mature (Problem-solving — Seeking help), immature (Self-
blame — Fantasy - Retreat) and mixed (Rationalization).

The hospital anxiety and depression scale (HADS) is
a tool that was originally proposed by Zigmond and Snaith
in 1983 for the rapid screening of emotional disorders such
as anxiety and depression in patients displaying symptoms
of physical illness."” In this study, anxiety and depression
were measured in parents using a Chinese version of the
HADS (C-HADS) that has become widely used in
China.'®'” The scale is divided into an anxiety subscale

(C-HADS-A) and a depression subscale (C-HADS-D),
each of which contains 7 sub-items and a total of 14
items. The items are presented in the form on a 4-point
Likert scale ranging from 0 to 3. The recommended cutoff
score is >8 and the scores are classified as follows: 0-7
was considered asymptomatic, 8—10 indicated suspicious
symptoms and 11-21 indicated confirmed symptoms.

Data Collection and Statistical Analysis
The procedures used in this study under strict quality
control as shown in Additional File 1. EpiData Software
3.0 was used for data entry and management. Trained
investigators were responsible for collecting and inputting
all of the questionnaire data. Statistical analysis was per-
formed using IBM SPSS Statistics for Windows software,
version 21.0 (IBM Corp, Armonk, NY). Data are
expressed as the means with standard deviations, medians
with interquartile ranges, or frequency with percentages,
depending on the distribution of the data. The statistical
differences between the sample and the normal data were
compared using a one-sample #-test and the differences
between two subject groups were compared using an
unpaired #-test. Statistical comparisons across multiple
groups were conducted using a one-way analysis of var-
iance followed by an LSD #-test for pairwise comparisons.
The measurement data were analyzed using a chi-square
test or Fisher exact test. The univariate analysis indicators
with significant differences were included as independent
variables in the multiple logistic regression model. Three
methods (enter model, backward elimination method, and
forward elimination method) were used to screen the risk
factors associated with the positive results of each domain.
At each step of the selection process, the variables with
p<0.05 were included in the equation and the variables
with p>0.10 were excluded until all of the included vari-
ables conformed to the demand for model establishment.
Then, the model was evaluated for goodness of fit.
Statistical significance was defined as p-values of <0.05.

Results
Participants and Demographic

Characteristics

Based on the inclusion and exclusion criteria, a total of
322 children with CP were investigated in this study and
22 invalid questionnaires were excluded. The final study
included 300 children aged 1-3 years, amongst whom 192
were male (64.0%) and 108 were female (36.0%). Among
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these children, 148 (49.3%) were aged 12—17 months, 68
(22.7%) were aged 18-23 months, 64 (21.3%) were aged
24-29 months and the remaining 20 (6.7%) children were
aged 30-36 months. The birth weight of the children
ranged from 1.10 kg to 5.30 kg with a mean of (3.15
+0.66) kg. There were 68 premature infants (22.7%) and
28 infants born with asphyxia (48.8%). Spastic tetraplegia
was the main type of clinical classification observed in
45.3% of the children. 196 (65.3%) children had compli-
cations of which 168 (56.0%) had dysfluency. 36 cases
(12.0%) presented with EEG abnormalities. Also, 10.7%

of the children had visual and auditory evoked potential
abnormalities. The demographic characteristics of the sub-
jects recruited in this study are shown in Table 1.

Comparison of the Scores of
Social-Emotional Development in
Children with CP Compared to the

National Normal
The scores from the CITSEA showed that amongst the 300
subjects, the positive rate in the externalizing behavior

Table | Basic Information on Children with Cerebral Palsy (n=300)

Baseline Characteristics Classifications Number of Participants (n) Proportion (%)
Gender Male 192 64.0
Female 108 36.0
Age(months) 12~17 148 49.3
18~23 68 22.7
24~29 64 213
30~36 20 6.7
The only child Yes 156 52.0
No 144 48.0
Gestational age Full-term 204 68.0
Premature 68 227
Late-term 28 9.3
Delivery mode Normal childbirth 216 72.0
Caesarean section 84 28.0
Postpartum asphyxia Yes 252 84.0
No 48 16.0
Type of cerebral palsy Spastic tetraplegia 136 453
Spastic diplegia 8 2.7
Spastic Hemiplegia 32 10.7
Dyskinetic 60 20.0
Ataxia 4 1.3
Mixed 60 20.0
Complication None 104 347
Epilepsy 4 1.3
Logopathy 168 56.0
Visual disorder 20 6.7
Audio disorder 4 1.3
Electroencephalogram Normal 264 88.0
Abnormal 36 12.0
Auditory evoked potential Normal 268 89.3
Abnormal 32 10.7
Visual evoked potential Normal 268 89.3
Abnormal 32 10.7
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domain was 16.0% (48 cases), the rate in the internalizing
behavior domain was 8.0% (24 cases), the rate in the
dysregulation domain was 10.7% (32 cases) and the rate
in the competence domain was 13.3% (40 cases). Our
results showed that the scores of the externalizing behavior
and the competence domains for the boys and girls with
CP in different age groups were significantly lower com-
pared to healthy children of the same age and gender. For
the scores in the internalizing and dysregulation domains,
no significant difference was observed in the girls with CP
in all age groups based on the national normal.
Furthermore, the scores of the boys with CP aged 12 and
23 months were significantly lower than the normal which
was not found in those aged 24-36 months (Figure 1).

Analysis of the Clinical Features Affecting
the Social-Emotional Development of the
Children with CP

The -test or the one-way analysis of variance showed that the
gender difference in the children with CP affected the scores
in the internalizing and dysregulation domains, ie the scores
for the girls were significantly higher compared to boys
(»<0.001 and p=0.011, respectively). Also, a trend of increas-
ing scores was observed in older children. The clinical clas-
sification and the birth gestational age significantly affected
the four domains of the social-emotional development in
children with CP. Preterm infants with CP had higher scores
in the problem domain and lower scores in the competence
domain compared to full-term and late-term infants. The
children with CP who suffered from postpartum asphyxia
had lower scores in the externalizing and competence
domains. Amongst the children with CP, those with abnormal
electroencephalograms had significantly higher scores in the
dysregulation domain compared to children with normal
electroencephalograms (=—5.14, p<0.001) (Table 2).

The Effect of the Family-Social
Demographic Characteristics on the

Social-Emotional Development of the
Children with CP

In this study, a one-way analysis of variance followed by an
LSD #-test was used to evaluate the effect of the family-
social demographic characteristics on the social-emotional
development scale for children with CP. Our results showed
that parental age and education level, parenting style, recrea-
tional activity, and the caregiver of the children could

significantly affect the scores in the externalizing domain
of the child subjects. Statistically significant differences in
the scores of the internalizing domain were observed
amongst the groups of caregivers, maternal age and paternal
educational level. A significant difference was found in the
scores of the dysregulation domain between each group for
the maternal education level. The parental coping style and
the frequency of children’s participation in social entertain-
ment activities could significantly affect the scores in the
competence domain (Table 3).

Correlation analysis between the scores of the parental
coping style and the four domains of social-emotional devel-
opment in the subjects was performed using a chi-square
test. The coping styles were mature in 76 (25.3%) parents,
immature in 168 (56.0%) parents and mixed in 56 (18.7%)
parents. Data analysis showed that the parental coping style
significantly affected the positive detection rate in the dys-
regulation domain (p=0.001). The rate for parents who
showed a mixed coping style was significantly higher than
the other two groups whilst the effect on the rates of the
other domains was not statistically significant (Table 4).

The Effect of Parental Anxiety and
Depression on the Positive Detection

Rate of Social-Emotional Development in
the Children with CP

For 48 children with CP, the externalizing domain was
positive and in all cases the parents showed positive
symptoms of anxiety and depression. When the mothers
had anxiety, the positive detection rate in the internalizing,
dysregulation and competence domains for the child sub-
jects were 33.3% (8/24), 50.0% (16/32) and 50.0% (20/
40), respectively. The corresponding rates of maternal
depression were 66.6% (16/24), 68.8% (22/32) and
50.0% (20/40), respectively. When the fathers had psycho-
logical disturbances, the positive detection rates in each
domain were 33% (8/24), 25% (8/32) and 50% (20/40) for
paternal anxiety, respectively. The rates of paternal depres-
sion were 50% (12/24), 50% (16/32) and 50% (20/40),
respectively (Figure 2).

Multivariate Logistic Regression Analysis
of the Influencing Factors of

Social-Emotional Development
As shown in Table 5, amongst the independent variables,
the risk of externalizing behavior in children delivered by
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Figure | Comparison of the scores of each dimension of social-emotional development in children with cerebral palsy (CP) and the national normal. (A1-A4) Scores of
externalizing, internalizing, dysregulation, and competence domains for boys with CP and the national normal, respectively. (B1-B4) Scores for the externalizing,
internalizing, dysregulation, and competence domain for girls with CP and the national normal, respectively. All data are represented by mean + SD values. *Indicates
p < 0.05 and **p < 0.01.
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Table 2 The Effect of General Clinical Features of Children with Cerebral Palsy on the Score of the Social-Emotional Development

Scale

Clinical Features Externalizing Domain Internalizing Domain Dysregulation Domain Competence Domain

Gender t=0.988, p=0.032 t=—4.072, p<0.001 t=—2.570, p=0.011 t=—0.283, p=0.777
Male 0.403+0.230 0.423+0.249, 0.520+0.237 0.786+0.386
Female 0.377+0.231 0.547+0.259 0.600+0.293 0.798+0.341

Age(months) F=3.314, p=0.020 F=5.115, p=0.002 F=3.623, p=0.013 F=34.42, p<0.001
12~17 0.374+0.219 0.423+0.233 0.533£0.255 0.666+0.365
18~23 0.424+0.271 0.488+0.326 0.578+0.322 0.738+0.337
24~29 0.404+0.213 0.530+0.229 0.571£0.212 1.053+0.256
30~36 0.500+0.377 0.550+0.230 0.661+0.312 1.065+0.372

Type of cerebral palsy F=5.119, p<0.00I F=6.377, p<0.001 F=5.207, p<0.001 F=8.039, p<0.001
Spastic tetraplegia 0.443+0.250 0.496+0.292 0.554+0.288 0.757+0.323
Spastic diplegia 0.222+0.000 0.519+0.356 0.625+0.490 0.386+0.456
Spastic Hemiplegia 0.355+0.149 0.389+0.147 0.552+0.203 1.014+0.384
Dyskinetic 0.337£0.257 0.338+0.190 0.422+0.188 0.893+0.376
Ataxia 0.055+0.000 0.444+0.000 0.541+0.000 0.286+0.000
Mixed 0.407+0.161 0.570+0.224 0.653+0.204 0.791£0.370

The only child t=—0.190, p=0.854 t=0.719, p=0.473 t=—1.520, p=0.129 t=1.017, p=0.310
Yes 0.392+0.192 0.478+0.245 0.527+0.229 0.812+0.365
No 0.397+0.266 0.457+0.278 0.573£0.291 0.768+0.376

Gestational age F=4.940, p=0.008 F=21.26, p<0.001 F=11.02, p<0.001 F=7.038, p=0.001
Full-term 0.395+0.236 0.436+0.250 0.539+0.262 0.954+0.352
Premature 0.438+0.238 0.625+0.256 0.647+0.245 0.714+0.359
Late-term 0.277+0.074 0.317£0.135 0.387+0.189 0.734+0.444

Delivery mode t=—2.130, p=0.034 t=0.907, p=0.365 t=—2.420, p=0.016 t=—1.261, p=0.208
Normal childbirth 0.377+0.231 0.476+0.271 0.526+0.261 0.774+0.389
Caesarean section 0.439+0.223 0.446+0.227 0.607+0.253 0.834+0.314

Postpartum asphyxia t=2.778, p=0.006 t=0.775, p=0.439 t=0.717, p=0.474 t=3.425, p=0.001
Yes 0.410£0.237 0.473+0.269 0.554+0.263 0.822+0.377
No 0.310+0.167 0.441+0.205 0.524+0.255 0.626+0.282

EEG t=—0.497, p=0.620 t=—2.117, p=0.035 t=—5.140, p<0.001 t=—1.160, p=0.247
Normal 0.393+0.228 0.458+0.266 0.517£0.241 0.775£0.374
Abnormal 0.414+0.251 0.555£0.205 0.745£0.304 0.851£0.318

Notes: Differences between two groups were compared using an unpaired sample t-test, while differences between multiple groups were compared using a one-way
analysis of variance, followed by an LSD t-test.

caesarean section was 2.5 times higher compared to natu-
rally delivered children (OR=0.501, 95% CI:1.225~5.107).
Concerning the influence of caregivers, children who were
looked after by their grandparents, babysitters or relatives
showed a doubled risk of positive externalizing behavior
1.893, 95% CI:
0.977~3.667). Birth weight, gestational age, and maternal

compared to other subjects (OR =

education level were identified as protective factors for the
occurrence of externalizing behavior.

In the positive internalizing domain, the OR for the
time of final diagnosis was < 1 if other variables were

maintained under control. Earlier diagnosis had a lower
positive rate. Maternal education level is also an indepen-
dent risk factor affecting the ability of children to inter-
nalize emotions. Children whose mothers were educated to
high-school level or below had a one-fold increase in the
prevalence of the positive internalizing domain compared
to those with college degrees or above (OR=2.083, 95%
CI: 1.315~3.301). Paternal depression is another indepen-
dent variable related to the positive internalizing domain
that was responsible for a 1.37-fold higher risk compared
to children whose fathers had no signs of depression.
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Table 3 The Effect of Family Social Demographic Characteristics on the Score of Social Emotional Development for Children with

Cerebral Palsy

Characteristics Participants | Externalizing Internalizing Dysregulation Competence
(n) Domain Domain Domain Domain
Paternal age(years) F=13.25, p<0.001 | F=2.641, p=0.073 | F=1.039, p=0.355 | F=2.046, p=0.131
20-29 75 0.483+0.286 0.522+0.268 0.583+0.267 0.735+0.410
30-39 153 0.331%0.176 0.439+0.204 0.544+0.214 0.832+0.365
240 72 0.432+0.230 0.471+0.337 0.523+0.336 0.762+0.327
Maternal age(years) F=3.955, p=0.020 | F=3.991, p=0.020 | F=1.722, p=0.181 | F=2.420, p=0.091
20-29 120 0.413+0.261 0.504+0.250 0.538+0.238 0.741+0.415
30-39 174 0.375+0.197 0.423+0.211 0.553+0.255 0.833+0.318
240 6 0.267+0.111 0.415+0.401 0.441+0.307 0.869+0.374
Paternal education level F=5.679, p<0.001 | F=4.388, p=0.002 | F=1.545, p=0.189 | F=1.504, p=0.201
Junior high school 60 0.434+0.229 0.477+0.254 0.558+0.273 0.739+0.374
Senior high school/ | 60 0.466+0.300 0.565%0.276 0.614+0.312 0.842+0.363
vocational school
Junior college 88 0.374%0.191 0.473+0.273 0.541+0.240 0.744+0.420
Undergraduate 76 0.309+0.149 0.405+0.215 0.507+0.216 0.853+0.305
Postgraduate 16 0.487+0.230 0.343+£0.230 0.510+0.297 0.757+0.333
Maternal education level F=9.191, p<0.001 | F=1.803 p=0.128 | F=5.969, p<0.001 | F=1.787, p=0.131
Junior high school 88 0.472+0.295 0.525+0.274 0.640+0.313 0.738+0.395
Senior high school/ | 44 0.348+0.144 0.478+0.239 0.511+0.207 0.748+0.335
vocational school
Junior college 80 0.386+0.191 0.437+0.252 0.490+0.221 0.817+0.414
Undergraduate 80 0.313%0.173 0.430£0.255 0.509+0.239 0.821+0.312
Postgraduate 8 0.666+0.238 0.463%0.257 0.750+0.134 1.041+0.199
Parenting style F=7.339, p=0.001 | F=4.715, p=0.010 | F=0.703, p=0.496 | F=9.247, p<0.00I
Authoritative 272 0.379+0.221 0.463%0.258 0.549+0.253 0.792+0.371
Authoritarian 12 0.444+0.264 0.358+0.263 0.486+0.379 0.438+0.563
Permissive 16 0.597+0.273 0.639+0.222 0.604+0.308 1.029+0.269
Recreational activities F=0.163, p=0.849 | F=1.541, p=0.216 | F=1.800, p=0.167 | F=6.032, p=0.003
Frequently 76 0.406+0.197 0.424+0.230 0.522+0.210 0.902+0.321
Occasionally 132 0.392+0.271 0.490+0.271 0.581+0.268 0.785+0.374
Never 92 0.386+0.190 0.472+0.265 0.525+0.285 0.706+0.370
Primary caregiver F=8.183, p<0.001 | F=5.295, p=0.006 | F=0.244, p=0.784 | F=0.405, p=0.667
Parents 220 0.368+0.209 0.444+0.259 0.550+0.277 0.795+0.387
Grandparents 76 0.479+0.268 0.545+0.251 0.551+0.218 0.786+0.326
Babysitter or 4 0.222+0.041 0.296+0.036 0.458+0.045 0.629+0.058
relatives

With increasing age, the risk of detection in the dysre-
gulation domain was reduced (OR=0.406, 95% CI:
0.214~0.772) (p=0.006). Compared to children with spas-
tic quadriplegia, the prevalence of the positive dysregula-
tion domain in children with other types of CP was
low (OR=0.447, 95% CI: 0.297~0.673).
Interestingly, we found that maternal age was positively

relatively

correlated with the risk of detection, whilst an increase in
paternal age led to a relative reduction in risk. Also,

paternal anxiety and depression lead to a 0.04-fold and
2.7-fold increase in the positive rate of dysregulation
domain in the children, respectively.

Lastly, children with CP who experienced postnatal
asphyxia had a 2.6 times risk of disability compared to
those with no asphyxia. Compared to children who regu-
larly participate in social recreational activities, those with
occasionally or not involved in recreational activities had

a higher risk in the positive competence domain (OR =
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Table 4 The Relationship Between Parental Coping Styles and Positive Detection Rates

Coping Styles | Mature Immature Mixed Ve p-value
Dimensions (n=76) (n=168) (n=56)
Dysregulation domain
Negative 73 (96.0%) 152 (90.5%) 43 (76.8%) 12.50 0.001
Positive 3 (4.0%) 16 (9.5%) 13 (23.2%)
Competence domain
Negative 63 (82.9%) 149 (88.7%) 48 (85.7%) 1.39 0.455
Positive 13 (17.1%) 19 (11.3%) 8 (14.3%)
Internalizing domain
Negative 71 (93.4%) 157 (93.4%) 48 (85.7%) 3.65 0.158
Positive 5 (6.6%) 11 (6.6%) 8 (14.3%)
Externalizing domain
Negative 63 (82.9%) 137 (81.6%) 52 (92.9%) 3.86 0.129
Positive 13 (17.1%) 31 (18.4%) 4 (7.1%)

Notes: Mature (problem solving - seeking help); immature (self-blame - fantasy - retreat); mixed (rationalization).

2.418, 95% CI: 1.253~4.665). Moreover, maternal depres-

sion was positively related to children’s disabilities.

Discussion

In this study, we investigated the clinical features and the
related factors that may influence the social-emotional

A Paternal psychological state
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Anxiety

Depression

M Positive externalizing domain
Positive dysregulation domain

M Positive internalizing domain
Positive competence domain

behavior in children with CP. Our results showed that the
scores of externalizing behaviors and competence domains
in the children with CP were significantly lower compared
to healthy children of the same age and gender. These data
suggest that children with CP have low activity, weak
impulses and lower levels of aggression. The clinical

B Maternal psychological state
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Figure 2 The effect of parental anxiety and depression on the positive detection rate of social emotional development in children with cerebral palsy (CP). (A) Correlations
between paternal psychological state (anxiety and depression) and the positive detection rate of each domain for social emotional development in children with CP. (B)
Correlations between the maternal psychological state (anxiety and depression) and the positive detection rate of each domain for social emotional development in children

with CP.
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Table 5 Multivariate Logistic Regression Analysis of Independent Risk Factors for the Positive Domains of Children with Cerebral

Palsy
Variables Positive Externalizing Positive Internalizing Positive Dysregulation Positive Competence
Domain Domain Domain Domain
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Birth weight 0.43 (0.22-0.83) - - -

Delivery mode

Time of final diagnosis
Clinical classification of
cerebral palsy
Postpartum asphyxia
Caregiver

Gestational age

Age of children

Paternal age

Maternal age

Parental coping styles
Paternal depression
Maternal depression
Paternal anxiety
Maternal anxiety
Paternal education level
Maternal education level
Daily recreational activities

2.50 (1.23-5.11)
1.63 (0.98-2.71)
0.76 (0.61-0.94)

1.89 (0.98-3.67)
037 (0.17-0.84)

0.68 (0.51-0.92)

027 (0.10-0.77)

1.36 (1.14-1.90)

2.08 (1.31-3.30)

0.45 (0.30-0.67)

041 (0.21-0.77)
0.26 (0.08-0.81)
443 (1.37-14.35)
2.86 (1.42-5.74)
3.70 (0.95-14.39)
1.04 (1.01-1.08)

2.88 (1.55-5.37)

1.31 (1.07-1.60)

2.66 (1.04-6.76)

.94 (1.06-3.55)

1.08 (0.03-0.19)

0.74 (0.54-1.72)
2.42 (1.25-4.67)

Notes: Dash indicates that these variables were excluded from regression models during the selection process of variables; only the remaining variables were included in

the final logistic models.
Abbreviations: Cl, confidence interval; OR, odds ratio.

classification of CP and the gestational age of the children
significantly affected the scores in the four domains of
social-emotional development.

Social-emotional development establishes the basis for
young children to form healthy personality characteristics
and good social adaptability behaviors. The occurrence of
psychological behavior problems in children is related to
factors such as the home environment, the level of parental
education, parental mental disorders, and mental status
during pregnancy. The results from this study showed
that the gestational age significantly affected the four
domains of social-emotional development in the children
with CP. Preterm infants had higher scores in the problem
domains (including the externalizing, internalizing and
dysregulation domains) and lower scores in the ability
domain, compared TO healthy and post-term children.
Spittle et al'® reported that the scores of the internalizing
and dysregulation domains in the preterm infants were
significantly lower compared to healthy children but
were not significantly different in the externalizing
domain. Similarly, Cheong et al'® found that the social
ability scores of the preterm children were significantly

lower compared to healthy children. These observations
may be related to the low birth weight of preterm infants.
A previous multicenter study revealed that the risk of CP
was ten times higher in low birth-weight infants or fetal
macrosomia, compared to children with normal birth
weights.>” Compared to healthy newborns, preterm infants
are vulnerable to impaired white and gray matter in the
brain, periventricular leukomalacia, overactivated micro-
glial cells and opened astrocyte channels. These changes
in the brain result in the release of ATP and the activation
of purinergic receptors as well as the proliferation of pro-
inflammatory microglial cells associated with early
damage.?'** Moreover, significant differences in externa-
lizing, internalizing, and competence domain scores were
observed in different types of CP with no significant
differences in the dysregulation domain. Each domain
consists of different dimensions and the behavior related
to each dimension is controlled by different areas of the
brain. The classification of CP is related to the location of
brain injury. Children with hemiplegic CP are more likely
to have mixed gray matter and white matter abnormalities,
whilst children with spastic diplegia or ataxia CP are more
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likely to have white matter abnormalities.”> Children with
left-sided brain injury show significant delays in speech
and language functions whilst the children with right-sided
brain injury developed poor visual and spatial skills as
well as somatesthesia functions.**

We further screened the risk factors associated with the
positive domains for the social-emotional development
scale using a multivariate logistic regression method. Our
data showed that the parental emotional state and educa-
tion level were closely related to problems arising in
multiple dimensions of the children’s social emotions.
The effect of perinatal factors on the externalizing and
competence domains in children were more significant
than on other domains. Parental emotion and coping styles
had more significant effects on the internalizing and dys-
regulation domains. As the primary guardians of their
children, parents impart their own experiences, knowledge
and feelings to their children either consciously or uncon-
sciously in the interactive process of communication.?
A family raising a child with CP is always faced with
heavy mental burdens and huge economic pressures and so
family relationships are fragile. If the parents cannot effec-
tively release and dredge the long-term psychological
stress resulting from a gap between reality and ideals,
they are highly likely to struggle with anxiety and
depression.”® Previous studies have shown that maternal
anxiety and depression during pregnancy negatively
impact the intelligence and personality development of
children. Children who grown up in families with parental
psychological problems have a higher risk of social-
emotional behavior problems, even if parental psychologi-
cal problems are within the subclinical range.>” *° Parental
education level is related to a variety of social family
factors such as parenting style, family atmosphere and
economic conditions. These factors may have a greater
impact on the emotional issues of children. In this context,
we advocate an overall parenting model that helps to
create a positive family environment and atmosphere for
the children. Also, it is important to pay attention to
children and give appropriate language and information
stimulation as well as necessary guidance and assistance.
This approach can highly beneficial to children’s emo-
tional management and social development.

The externalizing and competence domains reflect the
ability of individuals to regulate and control emotions. In
this study, we found that the effects of perinatal factors on
the children’s positive problems of the externalizing and
competence domains were more prominent than on other

domains. The biological basis of emotional regulation in
children is the level of development of brain nerves in
which the excitation and inhibition of the parasympathetic
nerve play an important role in the perception and control
of emotions. The low-level inhibition of the vagus nerve is
a risk factor for emotional health and poor mood regula-
tion, whilst high-level inhibition is generally beneficial.*
Brain damage in children with CP caused by perinatal risk
factors makes it difficult for them to regulate their emo-
tions through biological processes. This leads to many
problems in emotional management making the children
susceptible to stimulation and impulsivity.*' Also, parental
emotional state and coping style have significant effects on
the internalizing and dysregulate domains. Stress manage-
ment in parenthood can be challenging, particularly for the
parents of children with CP. Previous studies have shown
that the long-term development of the children’s psychol-
ogy and sociality is closely related to the participation of
paternal parenting activities and the secretion of hormones
such as prolactin and oxytocin which correlate with mater-
nal care.’? In families with children who have CP, the
father’s family and social roles are particularly important.
Paternal anxiety and depression directly affect family and
social participation as well as the family atmosphere and
so influences the children’s emotional state, mentality and
behaviors.**** Therefore, in the parenting activities for the
children with CP, special attention should be paid to the
adjustment and intervention of the paternal psychological
state to help fathers cope with the difficulties in the chil-
dren’s growth. Also, the treatment of limb function recov-
ery should be coordinated with psychological counseling
for the children and their parents.>>~°

Whilst this study provides sound observations, it had
several limitations. Firstly, this was a single-center study
that had a relatively small sample size. All of the subjects
were from Northwestern China and so our data may not be
valid for other regions of China or other countries and so
further studies conducted in a larger multi-center cohort are
needed to validate our results. Secondly, information was
collected from parents only which limits the understanding
of children’s mental health status. However, we consider
parents to have the best understanding of a child’s mental
health status particularly when communication is limited,
however, a more objective assessment should also be consid-
ered. Thirdly, the entire cohort was included regardless of
functional levels. The clinical population based on the study
design resulted in non-uniform assessment methods of the
cognitive levels of half the population which reduces the
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strength of the study. Fourthly, small numbers were used in
this study which also lacked a control group. Finally, we only
screened the independent risk factors that affected the social-
emotional development of children with CP, while the effect
of early interventions for each factor requires further research.

Conclusions

This is the first study to investigate the clinical features
and risk factors associated with the positive domains for
social-emotional development in children with CP in
China. To our knowledge, children with CP are more
likely to have behavioral, emotional, and psychiatric issues
and most of these issues are ignored. The parental emo-
tional state, education level, coping style and perinatal
factors are closely associated with the social-emotional
issues of Chinese toddlers with CP. Our data have possible
implications for the management of CP during childhood
and suggest the need to avoid exclusive focus on motor
function goals. There is an urgent need to develop
a strategy for the early screening, diagnosis and treatment
of social-emotional issues in children with CP that will be
beneficial to their rehabilitation and long-term prognosis.
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