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of risk factors with the classification, GMFCS
level and comorbidities with cerebral palsy:
a retrospective study
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Abstract

Objective The objective was to explore the characteristics of risk factors in children with cerebral palsy (CP), focusing
on the effects of single risk factors and the number of risk factors on the classification, GMFCS level, and comorbidities
of children with CP.

Methods The medical records of children with CP hospitalized from 2015 to 2023 were reviewed. The effects of nine
risk factors, such as hyperbilirubinemia, asphyxia, and HIE, on the classification, GMFCS level and comorbidities of chil-
dren with CP were studied.

Results In Part 1, among the 536 children with CP, 476 (88.8%) had obvious risk factors. Preterm birth and/or low
birth weight were the most common risk factor (243 cases (45.3%)). CP combined with two risk factors was the most
common, with 147 cases (27.4%). In Part 2, neonatal seizures were associated with epilepsy, and HIE and hyperbili-
rubinemia were associated with intellectual disability. Asphyxia was associated with high GMFCS levels and mixed
CP. Preterm birth and/or low birth weight was associated with spastic diplegia, and hyperbilirubinemia was associ-
ated with involuntary movement. In Part 3, the number of risk factors in children with CP with epilepsy and/or hear-
ing impairment seemed to be lower, but those with spastic quadriplegia were more likely to have more risk factors
(=4). In the six groups with 1-6 risk factors, intellectual disability and a GMFCS level > level IV were more common

in the various risk factor groups, but spastic hemiplegia and ataxia were less common.

Conclusion Most children with CP have apparent risk factors, and the combination of two risk factors is relatively
common. Preterm birth/low birth weight is the most common risk factor. The analysis of single risk factors revealed
that the risk factors were related to the classification, GMFCS level and comorbidities. This correlation is consistent
with the current research. Risk factors were more common in children with severe CP, high GMFCS levels, spastic
quadriplegia, and intellectual disability.
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Introduction
Cerebral palsy (CP) is a group of persistent motor and
postural developmental disorders and limited activity syn-
dromes caused by nonprogressive brain damage in devel-
oping foetuses or infants [1, 2]. In children with CP, motor
disorders are often linked with sensory, perceptual, cogni-
tive, communication, and behavioural disorders, as well as
epilepsy and secondary musculoskeletal problems [1, 2].
On the basis of population-based studies conducted
globally, CP is estimated to have a prevalence of 0.1% to
0.4% [3]. In 12 provinces and cities in China, the preva-
lence of CP among children aged 1-6 years is reported
to be 2.46 cases per 1000 children, leading to significant
familial and social burdens, as well as increased utilization
of medical resources [4]. Currently, the complex causes
and development of CP remain unclear. The high-risk fac-
tors for CP are diverse and multifaceted [5]. These risk
factors can occur before, during, or after birth over an
extended period. Additionally, these risk factors interact
with each other, forming a complex network that contrib-
utes to the development of the condition [6]. Regrettably,
previous research on the risk factors for CP in children
has been somewhat limited in scope, often focusing solely
on birth and foetal factors [7]. For example, one study
highlighted that preterm birth, asphyxia, and hyperbili-
rubinemia significantly increase the risk of CP, with peri-
natal and maternal factors frequently being overlooked
[8]. Additionally, the Gross Motor Function Classifica-
tion System (GMFCS) level in children with CP directly
impacts their quality of life and daily functioning [2].
Before conducting this study, we gathered cross-sec-
tional data on comorbidities in CP patients in China
and performed a meta-analysis. The analysis revealed
that 79.7% of CP patients had one or more comorbidi-
ties. Specifically, 17.9% of the CP patients had epilepsy,
58.0% had an intellectual disability, 48.0% had a language
disability, 17.2% had a hearing disability, and 23.1% had
a visual disability [9]. The relationships between comor-
bidities and the characteristics, severity, and risk fac-
tors for brain injury are important in the medical field.
Identifying or updating the risk factors for paediatric CP
can help in the development of preventive interventions.
There are few studies on the risk factors for CP in chil-
dren in China, especially in Northeast China, which is
relatively cold and economically underdeveloped. Addi-
tionally, there is a lack of research on how the number of
risk factors affects CP classification, the GMFCS level,
and comorbidities. To address this gap, we conducted a

retrospective analysis to examine the influence of indi-
vidual risk factors and the number of risk factors on the
classification, GMFCS level, and comorbidities of chil-
dren with CP in a special children’s hospital in Heilongji-
ang Province. We calculated the odds ratio (OR) and 95%
confidence interval (CI) to provide a scientific basis for
preventing and managing infantile CP.

Methods

Participants

The Jiamusi University Affiliated No. 3 Hospital, located
in Jiamusi (47°N, 130°E), Heilongjiang Province, is one of
the largest hospitals specializing in children’s rehabilita-
tion in Northeast China. Most children with CP in Hei-
longjiang Province receive rehabilitation treatment at our
hospital, which is representative of the prevalence of CP
in children in this area. The sample collection period was
from January 2015 to June 2023. We retrospectively col-
lected data on the risk factors recorded before and dur-
ing the children’s hospitalizations. These risk factors were
recorded in medical records on the basis of patient/fam-
ily self-reports or previous medical records. This study
was approved by the Ethics Committee of Jiamusi Uni-
versity (No. jmsukf-2023012). Owing to the retrospective
design and deidentification of the data, patient consent
was not needed for this study.

Inclusion criteria

The age range of the patients with CP was from 0 to
18 years. The cases of repeated admission were based on
the medical records from the last hospitalization. The
medical records had to include detailed primary, perina-
tal, maternal, and pregnancy data. From these records,
9 major risk factors in children with CP were identified.
They were:

(a) Preterm birth or low birth weight (gestational
age < 37 weeks, weight <2500 g);

(b) Comorbidities or risk factors during pregnancy
(such as upper respiratory tract infection, intrau-
terine infection, threatened abortion, hypertension,
diabetes, nephritis, renal cyst, hepatitis, hyper-
thyroidism or hypothyroidism, cytomegalovirus
infection, threatened abortion, vaginal bleeding,
long-term exposure to industrial chemical reagents,
smoking, poor medication adherence, intellec-
tual disability, anaemia, malnutrition and maternal
age > 34 years);
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(c) Asphyxia;

(d) hypoxic-ischaemic encephalopathy (HIE);

(e) Placental abnormalities (placental dysplasia, ageing,
previa or abruption), umbilical cord abnormalities
(umbilical cord around the neck, torsion, a cord
that is too short or too thin), amniotic fluid abnor-
malities (amniotic fluid turbidity, premature rup-
ture, and too little fluid);

(f) Hyperbilirubinemia;

(g) Multiple gestation;

(h) Traumatic brain injury/intracranial haemorrhage;

(i) Neonatal seizure.

Diagnostic criteria for CP

The diagnostic criteria for CP had to adhere to the 2015

Guidelines for CP in China [10]. These criteria include (a)

persistent central dyskinesia, (b) abnormal movement and

posture development, (c) abnormal muscle tension and
strength, and (d) abnormal reflex development. The guide-
lines reference the 2006 edition of the International Stand-

ard for the Definition, Classification, and Grading of CP [1].

Classification and GMFCS of CP

In the 2015 Chinese guidelines for CP, the classifica-
tion of CP included spastic diplegia, spastic hemiplegia,
spastic quadriplegia, dyskinesia, ataxia, and the mixed
type. The Gross Motor Function Classification System
(GMECS) includes grades I-V, with grades I and II indi-
cating the ability to walk, grade III indicating the use of
mobile devices, and grades IV and V indicating the need
for a wheelchair for mobility. Generally, as the GMFCS
level increases, the severity of CP also increases.

Diagnostic criteria of comorbidity
Diagnostic criteria for comorbidities:

Epilepsy: The diagnosis of epilepsy was based on
the criteria established by the International League
Against Epilepsy (ILAE) in 2014. These criteria
include the following:

1) Experiencing at least two unprovoked (or reflex)
seizures with an interval of more than 24 h
between them.

2) Experiencing one unprovoked (or reflex) seizure
and having a likelihood of further seizures simi-
lar to the general recurrence risk (at least 60%)
within the next ten years.

3) Diagnosis of an epilepsy syndrome.

Intellectual disability: The diagnostic criteria are as
follows:
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1) For children under three years of age, the Gesell
Development Scale was used, with adaptability as
an indicator of intelligence.

2) For children aged 4—6 years, the Wechsler Intelli-
gence Scale for Children (WPPSI) was employed.

3) For children aged 6—16 years, the Wechsler Intel-
ligence Scale for Children (WISC-R) was used.
The severity levels of intellectual disability were
categorized as mild (IQ=50-69), moderate
(IQ=35-49), or severe (IQ <35).

Hearing impairment: The diagnostic criteria for hear-
ing impairment were based on brainstem auditory evoked
potential (BAEP) tests. Specifically, hearing impairment
was confirmed when the V wave was not elicited, using
the standard of more than 30 dB nHL (decibel normal-
ized hearing level).

Statistical analysis

This study was divided into three parts. Part I: Fig. 2 was
produced in R v3.6.2. (R Foundation for Statistical Com-
puting, Vienna, Austria) via the R package UpSetR v. 1.4.0
(https://cran.r-project.org/web/packages/UpSetR/index.
html). This figure reflects the quantitative characteristics
of risk factors in children with CP. In addition, we also
conducted a descriptive analysis of the characteristics of
children with CP under different individual risk factors.
We used the likelihood ratio x2 test to compare the inter-
group characteristics of children with CP under different
single risk factors. The count data are expressed as [n(%)],
and P<0.05 was considered statistically significant. Part
II: Univariate logistic regression was used to analyse the
influencing factors affecting the characteristics of CP
classification, the GMFCS level and comorbidities, and
multivariate logistic regression was used to adjust for
confounding factors. In Part III, a proportional histogram
was used to describe the number of risk factors in the
classification, GMFCS level and comorbidities of children
with CP, and univariate logistic regression was used to
analyse the influencing factors affecting the classification,
GMECS level and comorbidities. Statistical analysis was
performed via SPSS v25 (IBM Corp., Armonk, NY, USA).

Results

Clinical characteristics of children with CP

Among the 1146 children whose medical records were
reviewed from January 2015 to June 2023, 536 children
with CP met the inclusion criteria after children with
repeated admissions and individuals who did not meet
the diagnostic criteria for CP classification were excluded.
As indicated in Fig. 1, among these 536 CP patients, 243
(45.3%) were born prematurely or had low birth weights,
212 (39.6%) had comorbidities and/or risk factors during
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Total number of medical records(N=1146)

2015(N=291); 2016 (N=192): 2017(N=176):

2018(N=123); 2019 (N=131); 2020 (N=70);
2021(N=84); 2022-2023.6 (N=79)
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Fig. 1 Flow chart of participant screening

gestation, 152 (28.3%) experienced asphyxia, 151 (28.2%)
had HIE, 142 (26.5%) had hyperbilirubinemia, 46 (8.6%)
were from multiple gestations, 45 (8.4%) had experienced
brain trauma or intracranial haemorrhage, and 43 (8.0%)
experienced neonatal seizures.

Among the children with CP and a single risk factor,
the highest prevalence (6.7%) was observed for those
with comorbidities or risk factors during gestation. For
children with CP and two risk factors, the highest prev-
alence (4.1%) was found in those with preterm birth or
low birth weight and pregnancy-related risk factors or
comorbidities. Among children with CP and three risk
factors, the highest prevalence (2.2%) was noted for
those with a combination of preterm birth or low birth
weight, asphyxia, and HIE. Children with CP and four
risk factors, including preterm birth or low birth weight,
pregnancy-related risk factors or comorbidities, umbili-
cal cord, placental, or amniotic fluid abnormalities, and
hyperbilirubinemia exhibited the highest prevalence
(1.3%) (Fig. 2).

The table presents the characteristics of children with
CP under different risk factors. The x? test revealed that
risk factors had no significant association with sex or the
method of birth (P>0.05). The number of individuals
treated between 2019.01 and 2023.06 decreased to half

containing GMFCS, epilepsy, level of

intelligence and hearing excluded.

that treated between 2015 and 2018, likely because the
population shifted to southern China because of better
economic development. This led to a significant decrease
in the population in the northeast region. Addition-
ally, due to COVID-19, many parents may have refused
to visit the hospital for rehabilitation treatment to avoid
contracting the virus. In terms of seasons, the risk fac-
tors and comorbidities during pregnancy in the relatively
cold spring and winter in Northeast China were sig-
nificantly greater than those in the other two, relatively
warm seasons (P=0.028), possibly because cold weather
may increase the likelihood of adverse risk factors and
comorbidities during pregnancy. Furthermore, the num-
ber of risk factors and comorbidities during pregnancy,
as well as multiple gestations, may increase the risk of
preterm birth and low birth weight (P<0.001). In terms
of classification, most risk factors were more common
in patients with spastic quadriplegia and mixed types
than in patients with other types. Preterm birth and low
birth weight were more common in patients with spastic
diplegia, whereas risk factors and comorbidities during
pregnancy were more common. Hyperbilirubinemia was
more common in patients with the dyskinetic type. Con-
cerning the GMFCS level, we observed that the incidence
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Fig. 2 UpSet diagram of risk factors for CP. Note: A: Premature birth and/or low birth weight; B: High-risk factors and/or maternal comorbidities
during pregnancy; C: Asphyxia; D: HIE; E: Placental/umbilical cord/ amniotic fluid abnormalities; F: Hyperbilirubinemia; G: Multiparous; H: Intracranial
haemorrhage; I: Neonatal seizures. In the top-panel bar chart, the first bar represents 36 individuals with only Factor B (high-risk factors and/

or maternal comorbidities during pregnancy), and the fourth bar represents individuals with only Factors A and B. The highest bar in the bottom
panel, located in the left corner, indicates approximately 243 individuals with Factor A (premature birth and/or low birth weight)

of asphyxia gradually increased with increasing grade
(P=0.019) (Table 1).

Effects of individual risk factors on classification,
the GMFCS level and comorbidities in children with CP
Logistic regression analysis (Table 2) revealed that
asphyxia was positively correlated with epileptic dis-
charges (adjusted odds ratio [OR]=2.108 [1.11 ~4.001],
P=0.023), whereas neonatal seizures were significantly
associated with epilepsy (adjusted OR=12.402 [4.83—
31.848], P<0.001). Ordered logistic regression analysis
was employed for assessing intelligence levels, with the
results indicating significant correlations. Specifically,
HIE (adjusted OR=1.791 [1.130-2.838], P=0.013) and
hyperbilirubinemia (adjusted OR=2.328 [1.516-3.575],
P <0.001) were found to be linked to variations in intel-
ligence levels. With respect to hearing impairment, chil-
dren with CP born prematurely presented a reduced
likelihood of hearing disabilities (adjusted OR=0.372
[0.1840.75], P=0.006). Conversely, the presence of
umbilical cord/placenta/amniotic fluid abnormalities
(adjusted OR=2.314 [1.224.389], P=0.01) and neonatal
seizures (adjusted OR=5.206 [1.98 ~13.683], P=0.001)
were positively associated with hearing disabilities.

Given that the GMFECS level did not meet the require-
ments for ordered logistic regression analysis, we opted

for binary logistic regression analysis. We categorized the
GMECS level into two groups: Levels I to III (represent-
ing mild to moderate) and Levels IV and V (indicating
severe impairment). In this analysis, asphyxia (adjusted
OR=1.619 [1.052-2.49], P=0.028) and neonatal sei-
zures (adjusted OR=1.998 [1.048-3.811], P=0.036) were
found to be associated with higher GMFCS levels.

Risk factors and/or comorbidities during pregnancy
were significantly associated with preterm birth and/
or low birth weight. In patients with spastic diplegia,
the ORs for preterm birth and/or low birth weight and
related pregnancy risk factors and comorbidities were
consistently less than 1. These findings suggest that pre-
term birth and/or low birth weight are significant risk
factors for patients with spastic diplegia, with a more
pronounced effect in patients with spastic hemiplegia
and dyskinetic types (adjusted OR<0.5, P<0.01).

Compared with patients with spastic diplegia, hyper-
bilirubinemia was more prevalent in patients with the
dyskinetic type (adjusted OR=3.589 [2.037~6.322],
P<0.001), whereas patients with mixed-type CP had
a higher likelihood of experiencing asphyxia (adjusted
OR=5.429 [2.184~13.494], P<0.001) and neonatal sei-
zures (adjusted OR=3.703 [1.237~11.082], P=0.019).
The possibility of ataxia occurring in conjunction with
risk factors was lower (Crude OR < 1).
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Fig. 3 The characteristics of the number of risk factors according to CP classification, GMFCS level, intellectual disability, epilepsy and hearing

impairment

Effects of the number of risk factors on the classification,
GMFCS level and comorbidities of children with CP

The distribution of the number of risk factors was as fol-
lows: 60 patients (11.2%) had no risk factors, 123 patients
(22.9%) had one risk factor, 147 patients (27.4%) had two
risk factors, 109 patients (20.3%) had three risk factors,
58 patients (10.8%) had four risk factors, 28 patients
(5.2%) had five risk factors, and 10 patients (1.9%) had
six risk factors. One child with CP had a combination of
seven risk factors, but for ease of analysis, we included
this child in the six-risk factor group.

As shown in Fig. 3, our observations revealed that in
terms of comorbidities, the majority of children with CP
who had epilepsy and hearing impairment appeared to be
more concentrated within the group with <3 risk factors.
When considering the GMFCS, Grade I had the highest
incidence of risk factors>4, followed by Grades IV and
V. In the CP classification, children with spastic quad-
riplegia accounted for the highest proportion of cases
with >4 risk factors, whereas those with spastic hemiple-
gia accounted for the highest proportion of cases with no
identified risk factors.

For logistic regression analysis (Table 3), we used ordi-
nal logistic regression analysis to analyse the level of
intelligence (parallel line test P=0.114>0.05, model fit-
ting information=0.0051). Nevertheless, the difference
was statistically significant for only the combination
of 1-4 risk factors (P<0.05). We used ordered logistic
regression analysis for the GMFCS level (parallel line

test P=0.21>0.05, model fitting information=0.0381),
but the difference was significant only for the presence of
one or two risk factors (P<0.05). Compared with spastic
diplegia, spastic hemiplegia and ataxia CP were less com-
mon in children with various risk factors (crude OR< 1),
spastic hemiplegia was more statistically significant in
those with 1—4 risk factors (P<0.05), spastic quadriplegia
was more common in those with >4 risk factors (crude
OR>1), and the mixed type was more common in those
with most risk factors (crude OR>1, excluding 4 risk
factors).

Discussion

Clinical characteristics of CP

Prenatal risk factors

The causes of CP in children are multifaceted. Accord-
ing to epidemiological studies, 70% to 80% of CP cases
are associated with prenatal factors such as comorbidi-
ties or risk factors during pregnancy; abnormalities in
the placenta, umbilical cord, or amniotic fluid; and mul-
tiple gestation [11]. In our research, we observed that
39.6% of children with CP had one or more risk factors
during gestation. The highest number of children (6.7%)
with CP had only one risk factor, and preterm birth and
low birth weight were common risk factors in children
with spastic diplegia. Additionally, our study revealed
that the occurrence of comorbidities or risk factors
during gestation was significantly greater in the colder
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seasons (P=0.028) in Northeast China, possibly because
of increased viral infections, particularly influenza, dur-
ing the winter. Importantly, pregnant women are particu-
larly vulnerable to infections during the second trimester
[12]. Furthermore, a study conducted in a region similar
to Jiamusi, California, reported a slight increase in CP
risk among children conceived in winter and spring, sug-
gesting a potential association between seasonal vari-
ations in environmental factors and CP aetiology [13].
Griffiths et al. [14] reported that when a stillbirth occurs
in twin pregnancies, the incidence of CP in the surviv-
ing foetus increases by approximately 11%, and amniotic
fluid contamination is also a high-risk factor leading to
CP. Karimzadeh et al. [14] analysed the influence of II-III
degree amniotic fluid contamination on the incidence of
neonatal HIE through case—control studies. The results
showed that amniotic fluid contamination of the II and
III degree increase the incidence of HIE in CP patients.
Comprehensive monitoring of various risk factors and
timely intervention can significantly reduce the risk of
HIE.

Risk factors during birth

Neonatal asphyxia during delivery and premature deliv-
ery are high-risk factors for CP. Epidemiological inves-
tigations have shown that preterm infants account for
approximately 7% of all surviving newborns, but CP in
preterm newborns accounts for approximately 40% of all
CP cases [15].

A previous study revealed a significant correlation
between preterm birth and CP in children [16]. In our
study, 243 individuals (45.3%) were born premature or
had a low birth weight, which are the most common risk
factors for spastic diplegia. Preterm delivery increases
the risk of CP by 7.11 times because the organs of pre-
mature infants are still immature. Their ability to tolerate
hypoxia is poor, which can cause developmental defects
in the nervous system, especially in the periventricular
white matter area, leading to periventricular white matter
damage [17].

Neonatal asphyxia often occurs as a result of distress
during childbirth. Asphyxiating brain injury is caused
by events such as reduced blood flow, a lack of oxygen,
and the restoration of blood flow after resuscitation [18].
The underlying mechanisms involve oxidative stress from
inflammatory reactions, the formation of free radicals,
and the death of vulnerable areas in the brain, leading to
injury, particularly in premature infants.

Risk factors after birth

When neonatal hyperbilirubinemia occurs, free biliru-
bin can pass through the blood-brain barrier and com-
bine with brain cells, causing neurotoxicity and resulting
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in brain cell damage. The site of central nervous system
injury caused by bilirubin is located mainly in the extrap-
yramidal system, which is more common in patients
with dyskinetic CP [19]. A study revealed that 142 cases
(26.5%) of hyperbilirubinemia were found in patients
with dyskinetic CP, which is consistent with the find-
ings of Saini et al’s report [20]. In premature infants at
high risk for CP, neonatal intracranial haemorrhage is a
primary neurological comorbidity. The pathophysiologi-
cal mechanisms include the inherent fragility of germi-
nal stromal blood vessels, fluctuations in cerebral blood
flow, and coagulation disorders, all of which contribute to
brain injury in premature infants [21]. According to stud-
ies by Mert et al. [22], children with CP who have experi-
enced neonatal seizures are 3.3 times more likely to have
a poor prognosis than are those without a history of neo-
natal seizures. This may be due to the negative impact of
neonatal seizures on neurodevelopment, leading to brain
lesions that can contribute to cognitive, behavioural, or
seizure issues later in life [23].

Effects of individual risk factors on CP

Classification

The occurrence of spastic diplegia is more likely in babies
who are born prematurely or have low birth weight.
These findings suggest that premature birth significantly
increases the risk of spastic diplegia. Sukhov et al. [24]
highlighted the significant impact of premature birth on
the development of CP. Furthermore, Hirvonen et al. [25]
reported that the incidence of CP in children decreases
nonlinearly with increasing gestational age.

Additionally, asphyxia (OR=5.429) and neonatal sei-
zures (OR=3.70) were more common in patients with
mixed CP. This may be because these risk factors often
lead to injury across multiple brain regions, such as the
cerebral cortex, medullary pyramids, and basal ganglia,
resulting in a mixed type of CP. Hyperbilirubinemia
is associated with a greater risk for the development of
dyskinetic CP (OR=3.589). Unbound bilirubin, when
combined with hyperbilirubinemia, can damage the
developing central nervous system, especially the basal
ganglia and thalamus. This can lead to conditions such
as acute and chronic bilirubin encephalopathy and bili-
rubin-induced neurological dysfunction [19]. Therefore,
it is crucial to predict the classification of CP early on the
basis of various risk factors to allow timely intervention
measures and prevent severe impairment of children’s
daily living ability.

GMFCS

CP is a condition related to upper motor neuron syn-
drome. It is caused by injury to the nerve centre or the
conduction system, leading to excessive release of lower
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motor neurons, muscle spasm, and overactivity. This is
often combined with weakness and low tension in the
antagonistic muscles, resulting in an imbalance of mus-
cle activity. The main symptoms are difficulty initiating,
adjusting, and maintaining precise movements in the
limbs during exercise [26].

The pathological changes in patients with CP are per-
manent, but motor control disorders can progress,
leading to delayed motor development and abnormal
postures [27]. The GMEFCS is a useful tool for evaluat-
ing motor function in individuals with CP. In this study,
binary logistic regression analysis was used to assess the
correlation between the GMFCS level and risk factors.
The study revealed that asphyxia (OR=1.619) and neo-
natal convulsions (OR =1.998) were correlated with more
severe motor function impairment (GMFCS level >1V).
These findings suggest that these factors can be used
to predict the degree of motor function impairment in
children with CP. A study from India also indicated that
hemiplegic and diplegic CP, as well as a GMFCS classi-
fication of <III, predicted less concurrent impairment,
but the number of comorbidities increased with greater
dysfunction [28]. However, a study from China revealed
that [29] there was no relationship between the risk fac-
tors for CP in children and the GMECS level. This may be
because the study focused mainly on children registered
with the Disabled Persons’ Federation. Therefore, further
research is needed in the future.

Comorbidities

Studies have shown that neonatal seizures are associated
with epilepsy (OR=12.402). HIE (OR=1.791) and hyper-
bilirubinemia (OR=2.328) are related to intelligence
level, usually due to abnormal bilirubin metabolism,
resulting in brain cell damage and intellectual disability
[20]. With respect to hearing, preterm children with CP
have a low likelihood of hearing disability (OR=0.372).
The foetus is in the stage of brain nerve centre develop-
ment in the middle and late stages of pregnancy, and pre-
term can easily cause central nerve damage. Moreover,
premature infants may also have delayed external audi-
tory canal and cochlear nerve development due to con-
genital malnutrition, resulting in hearing disability [30].

Effect of the number of risk factors on CP

Approximately 11.2% of children with CP seem to have
no known risk factors for CP onset, which is a relatively
large portion of the population. This might be due to
improved medical care and a decrease in obvious risk
factors. However, early intervention can still reduce
the occurrence of CP. For these children with CP but
no apparent risk factors, genetic mutations may be the
cause. This phenomenon is increasingly observed in
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clinical settings through characteristics such as distinct
facial features and unexplained movement disorders,
which are often identified through genetic testing. Data
indicate that approximately one-third of individuals with
CP have an underlying genetic cause, which may overlap
with other neurodevelopmental disorders, such as intel-
lectual disability, epilepsy, speech and language disorders,
and autism [31]. As shown in Fig. 3, a greater proportion
of children with CP who also had epilepsy and intellec-
tual disabilities have no risk factors, which may be due to
genetic factors. In the future, we plan to conduct genetic
testing on these children to further investigate the factors
that impact children with CP.

Studies have shown that CP can be caused by a com-
bination of factors rather than just one single risk factor.
It is important to differentiate between associated or risk
factors and known causes [32]. For some children with
CPD, it appears that a series of events, rather than a single
occurrence, lead to the development of CP. This concept
is known as a "causal path," which refers to a series of
interconnected events that ultimately result in the devel-
opment of a disease. To date, no studies have explored
the relationships between the number of risk factors and
the classification of CP, the Gross Motor Function Clas-
sification System (GMFCS) level, or cooccurring condi-
tions. However, our study indicates that for individuals
with three or fewer risk factors, CP is more likely to be
associated with both hearing impairment and epilepsy.
This could be due to these comorbidities being caused
by specific risk factors. On the other hand, in those with
more than three risk factors, severe forms of CP (such as
spastic quadriplegia and mixed CP), higher GMFCS lev-
els, and intellectual disability were more prevalent. This
could be because children with multiple risk factors are
more likely to experience extensive brain injury and more
severe brain injury.

Advantages

This study is the first to analyse the risk factors associated
with CP in children in Northeast China. It also explored
the relationships between the number of risk factors and
the classification of CP, the GMFCS level, and comorbidi-
ties. The study utilized UpSet diagrams and proportional
histograms to illustrate the risk factors present in 536
children with CP. Additionally, logistic regression analy-
sis was employed to investigate potential risk factors that
could impact the classification of CP, GMFCS level, and
comorbidities.

Limitations

Initially, we gathered data on the basis of the medi-
cal records of numerous individuals in different groups.
However, because this was a retrospective study, there
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might be incomplete medical record information and a
lack of documentation for other risk factors. For example,
neonatal hypoglycaemia is linked to CP, which impacts
executive ability and visual and motor integration [33].
Perinatal ischaemic stroke leads to unilateral brain injury,
resulting in spastic hemiplegia [34], which is rarely
recorded in our medical and clinical records. Second, as
this is a study was conducted in a hospital, it is impor-
tant to note that the number of children with CP was
relatively small. The findings of our study suggest that
although hyperbilirubinemia is associated with a 1.635-
fold increased risk of hearing disability, this association is
not statistically significant [35]. Therefore, further large-
scale population-based studies are needed to explore the
risk factors for CP in children in Northeast China.

Conclusion

The majority of children with CP have identifiable risk
factors, with the most common being preterm birth or
low birth weight. The combination of two risk factors is
more prevalent. Analysis of individual risk factors indi-
cated that the risk factors were associated with clas-
sification, the GMFCS level, and comorbidities, which
aligns with available research. Risk factors are more
prevalent in children with severe CP, high GMFCS lev-
els, spastic quadriplegia, and intellectual disability.
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