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ABSTRACT

Background: Cerebral palsy (CP) is commonly complicated by respiratory disease, and pneumo-
nia is a major cause of hospitalization and mortality. The contribution of gross motor impairment
to recurrent pneumonia-related hospitalization remains uncertain. This study aimed to determine
the association between gross motor function and recurrent pneumonia-related hospitalization in
children with CP.

Subjects and Method: This cross-sectional study was conducted at the Pediatric Neurology Out-
patient Clinic of Dr. Moewardi Regional General Hospital, Surakarta, Indonesia, from May to July
2025. Seventy-seven children aged 1-18 years with CP and a history of pneumonia-related hospita-
lization were recruited by consecutive sampling. Gross motor function was classified using the
Gross Motor Function Classification System (GMFCS). Recurrent pneumonia-related hospitaliza-
tion was the dependent variable. Bivariate analysis used Chi-square or Fisher exact tests, followed
by multivariable binary logistic regression.

Results: Gross motor function and gastrointestinal disorders levels III-V was associated with
recurrent pneumonia-related hospitalization in children with cerebral palsy (OR= 4.50; 95% CI=
1.01 t0 20.09; p= 0.049).

Conclusion: More severe gross motor impairment (GMFCS III-V) is associated with recurrent
pneumonia-related hospitalization in children with cerebral palsy. GMFCS may help identify
children who require closer respiratory monitoring.
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BACKGROUND

Cerebral palsy (CP) is a group of permanent
disorders of movement and posture that
cause activity limitations in children. The
prevalence of CP is estimated at approxi-
mately 2—3 cases per 1,000 live births

(Hallman-Cooper and Cabrero, 2024).
Children with CP frequently experience

e-ISSN: 2549-0257

multisystem complications that can affect
their daily activities, quality of life, and
long-term health outcomes.

Respiratory complications are among
the most important health problems in
children with CP. Approximately half of
individuals with CP may experience
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respiratory complications, and respiratory
disease is a major cause of morbidity and
mortality in this population (Blackmore et
al., 2016b). Children with CP are particular-
ly vulnerable to respiratory tract infections
and may require hospitalization because of
the severity of these complications (Kuo et
al., 2020). Pneumonia is an important
cause of hospitalization and is also a major
cause of death among individuals with CP
(Blair et al., 2019).

Pneumonia-related morbidity in
children with CP may be related to several
mechanisms. Motor impairment can affect
respiratory muscle function, cough effecti-
veness, and the ability to clear airway secre-
tions. Difficulties with swallowing and
gastrointestinal function may also contri-
bute to aspiration and respiratory infect-
ions. In Indonesia, aspiration pneumonia
has been reported in approximately 19% of
children with CP (Hafifah et al., 2018).
These factors may interact and contribute
to recurrent respiratory problems and
repeated hospitalization.

Several clinical characteristics have
been associated with respiratory complica-
tions in children with CP. These include
impaired gross motor function, gastrointes-
tinal disorders, airway abnormalities, mal-
nutrition, and epilepsy (Blackmore et al.,
2018; Blackmore et al., 2020). Children
with more severe motor impairment may
have greater functional limitations and may
also have other clinical problems that
contribute to respiratory morbidity.
However, the relationship between gross
motor function and pneumonia-related
hospitalization may be influenced by these
coexisting conditions.

Gross motor function is commonly
classified using the Gross Motor Function
Classification System (GMFCS), which
describes functional mobility in children
with CP. Previous studies have reported an
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association between greater motor impair-
ment and respiratory complications; how-
ever, it remains unclear whether gross
motor function itself is independently asso-
ciated with recurrent pneumonia-related
hospitalization after considering other
relevant clinical characteristics (Blackmore
et al., 2016a; Hafifah et al., 2018). This
question is particularly relevant because
children with severe motor impairment
may also have gastrointestinal, nutritional,
airway, and neurological comorbidities.
Therefore, further evaluation of the
association between gross motor function
and recurrent pneumonia-related hospitali-
zation is needed. Understanding this asso-
ciation may help identify clinical charac-
teristics associated with repeated hospitali-
zation among children with CP who have
previously experienced pneumonia-related
hospitalization. This study aimed to deter-
mine the association between gross motor
function and recurrent pneumonia-related
hospitalization in children with cerebral

palsy.

SUBJECTS AND METHOD

1. Study Design

This cross-sectional study was conducted at
the Pediatric Neurology Outpatient Clinic of
Dr. Moewardi Regional General Hospital,
Surakarta, Indonesia, from May to July
2025. The study aimed to assess the asso-
ciation between gross motor function and
recurrent pneumonia-related hospitaliza-
tion in children with cerebral palsy. Gross
motor function and the assessed comorbi-
dities were evaluated during the study
period, whereas pneumonia-related hospi-
talization data were retrospectively
obtained from electronic medical records
for the period 2022—-2025.

2. Population and Sample

The target population was children with
cerebral palsy. The source population
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comprised children aged 1—18 years with
cerebral palsy who attended the Pediatric
Neurology Outpatient Clinic and had expe-
rienced at least one previous pneumonia-
related hospitalization. Thus, all partici-
pants had a history of pneumonia-related
hospitalization at study entry. Children
with congenital heart disease were
excluded. Participants were recruited using
consecutive sampling. The minimum
sample size was initially estimated using a
rule of thumb of 10 subjects per indepen-
dent variable. Based on seven prespecified
variables, a minimum sample size of 70
subjects was required; 77 children were
enrolled.

3. Study Variables

The independent variable was gross motor
function level. The dependent variable was
recurrent pneumonia-related hospitaliza-
tion. Potential confounding variables
included sex, cerebral palsy type, nutri-
tional status, gastrointestinal disorders,
airway abnormalities, and epilepsy.

4. Operational Definition of Variables
Gross motor function was assessed
during the study period from May to July
2025 using the Gross Motor Function
Classification System (GMFCS) and catego-
rized as GMFCS levels I-II or GMFCS
levels III-V. The nutritional status, gastro-
intestinal disorders, airway abnormalities,
and epilepsy, were evaluated during the
same study period using clinical assess-
ments, interviews, and electronic medical
records.

Pneumonia-related hospitalization
was retrospectively assessed using electro-
nic medical records at Dr. Moewardi Regio-
nal General Hospital during 2022-2025.
Each separately documented pneumonia-
related hospitalization episode was counted
as one hospitalization. Participants were
categorized as having non-recurrent hospi-
talization if they had one hospitalization
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episode and recurrent hospitalization if
they had more than one hospitalization
episode during the observation period.
Cerebral palsy type was categorized as
spastic or other.

Gastrointestinal disorders were
defined by the presence of drooling,
dysphagia, or constipation.

Nutritional status was categorized as
malnutrition or no malnutrition.

Airway abnormalities included struc-
tural airway or lung pathology.

Epilepsy was defined according to Inter-
national League Against Epilepsy criteria.

5. Study Instruments

Gross motor function was classified using
GMFCS. Drooling was assessed using the
Thomas-Stonell and Greenberg scale,
dysphagia using the Eating and Drinking
Ability Classification System (EDACS), and
constipation using Rome criteria. Nutritio-
nal status was assessed from anthropo-
metric measurements using the WHO 2006
growth chart for children up to 5 years and
the CDC 2000 growth chart for children
aged 5-18 years. Knee height was used to
estimate height when standing height could
not be measured. Data were obtained from
history taking, physical examination, and
electronic medical records.

6. Data Analysis

Baseline characteristics were summarized
as frequencies and percentages. Bivariate
associations with recurrent pneumonia-
related hospitalization were assessed using
the Chi-square test or Fisher exact test, as
appropriate. Variables with p<o0.250 in
bivariate analysis were entered into a
multivariable binary logistic regression
model. Associations are reported as odds
ratios (OR) with 95% confidence intervals
(CI), with p<0.050 considered statistically
significant. No missing data were identified
among the variables.
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~. Research Ethic

Ethical approval was obtained from the
Health Research Ethics Committee of Dr.
Moewardi Regional General Hospital before
study initiation. Informed consent was
obtained from the participants’ parents or
guardians, and participant confidentiality
was maintained. The ethical clearance
approval number was 918/IV/HREC/2025.

RESULTS

1. Sample Characteristics

A total of 77 children with cerebral palsy
were included. The mean age was 5.09
years (SD= 4.14; range 1-17 years).
Recurrent pneumonia-related hospitaliza-
tion occurred in 34 of 77 children with CP
(44.2%) in this study. GMFCS levels I1I-V
were present in 71.43% of participants.
Most participants were male (62.34%) and
had spastic cerebral palsy (89.61%). Mal-
nutrition was present in 66.23%, gastro-
intestinal disorders in 72.73%, airway
abnormalities in 10.39%, and epilepsy in
59.74%. The detailed characteristics of the
study participants are presented in Table 1.

Table 1. Sample Characteristics of Participants

Variable n %
Sex
Male 48 62.34
Female 29 37.66
Type of cerebral palsy
Spastic 69 89.61
Hypotonic 8 10.39
Gross motor function
GMFCS level I1I-V 55 71.43
GMFCS level I-11 22 28.57
Nutritional status
Malnutrition 51 66.23
No malnutrition 26 33.77
Gastrointestinal disorder
Present 56 72.73
Absent 21 27.27
Airway abnormalities
Present 8 10.39
Absent 69 89.61
Epilepsy
Present 46 59.74
Absent 31 40.26
2, Pretest and Posttest Knowledge Gastrointestinal  disorders were also

Scores
Gross motor function and gastrointestinal
disorders were associated with recurrent
pneumonia-related hospitalization.
Children with GMFCS levels III-V had
higher odds of recurrent hospitalization
than those with GMFCS levels I-II (OR=
8.18; 95% CI= 2.17 to 30.90; p= 0.001).
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associated with recurrent hospitalization
(OR= 7.44; 95% CIl= 1.97 to 28.10; p=
0.001). Sex (p= 0.130), cerebral palsy type
(p= 1.000), nutritional status (p= 0.472),
airway abnormalities (p= 0.454), and
epilepsy (p= 0.208) were not statistically
associated with recurrent hospitalization.
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The results of the bivariate analysis are

presented in Table 2.

Table 2. Bivariate analysis of factors associated with recurrent pneumonia-
related hospitalization in children with cerebral palsy

Hospitalization 95% CI
Variables Recurrent Notrecurrent Lower Upper P OR
(n=34) (n=43) limit limit

Sex
Male 18 (52.9%) 30 (69.8%) 0.19 1.24 0.130 0.49
Female 16 (47.1%) 13 (30.2%)

Type of cerebral palsy
Spastic 31(91.2%) 38 (88.4%) 0.30 6.17 1.000 1.36
Hypotonic 3 (8.8%) 5 (11.6%)

Gross motor function
GMFCS level III-V 31 (91.2%) 24 (55.8%) 2.17 30.90 0.001 8.18
GMFCS level I-11 3(8.8%) 19 (44.2%)

Nutritional status
Malnutrition 24 (70.6%) 27 (62.8%) 0.54 3.73 0.472 1.42
No malnutrition 10 (29.4%) 16 (37.2%)

Gastrointestinal

dlsgg:g;f 31 (91.2%) 25 (58.1%) 1.97 28.10  0.001 7.44
Absent 3(8.8%) 18 (41.9%)

Airway abnormalities
Present 5 (14.7%) 3 (7%) 0.51 10.40  0.454 2.30
Absent 29 (85.3%) 40 (93.0%)

Epilepsy
Present 23 (67.6%) 23 (53.5%) 0.72 4.62 0.208 1.82
Absent 11 (32.4%) 20 (46.5%)

* Note: GMFCS = Gross Motor Function Classification System; OR = Odds Ratio; 95% CI = 95% confidence

interval; SD = Standard Deviation.

3. Multivariate Analysis

After adjustment for sex, gastrointestinal
disorders, and epilepsy, GMFCS levels III-V
remained independently associated with
recurrent pneumonia-related hospitaliza-
tion (OR= 4.50; 95% CI= 1.01 to 20.09; p=
0.049). Sex (OR= 0.39; 95% CI= 0.13 to

1.16; p= 0.091), gastrointestinal disorders
(OR= 4.06; 95% CI= 0.88 to 18.76; p=
0.073), and epilepsy (OR= 1.49; 95% CI=
0.51 to 4.33; p= 0.463) were not statisti-
cally significant in the adjusted model. The
results of the multivariate logistic regress-
ion analysis are presented in Table 3.

Table 3. Multivariate analysis of factors associated with recurrent pneumonia-
related hospitalization in children with cerebral palsy

. 95% CI
Independent Variables OR Lower limit Upper limit P
Sex
Male 0.39 0.13 1.16 0.091
Female
Gross motor function
GMFCS level I11I-V 4.50 1.01 20.09 0.049

GMFCS level I-11
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Independent Variables OR

95% CI

Lower limit Upper limit p

Gastrointestinal disorders
Present 4.06
Absent

Epilepsy
Present 1.49
Absent

0.88 18.76 0.073

0.51 4.33 0.463

*Note: GMFCS = Gross Motor Function Classification System; OR = Odds Ratio; 95% CI = 95% confidence

interval.

DISCUSSION

Cerebral palsy is a permanent, non-
progressive neurodevelopmental disorder
characterized by motor and postural
impairment that restricts daily activities
(Hallman-Cooper and Cabrero, 2024).
Cerebral palsy is a heterogeneous condition
characterized by diverse etiologies, clinical
manifestations, comorbidities, manage-
ment approaches, and outcomes. Respira-
tory symptoms, including cough, choking,
changes in voice, and feeding-related regur-
gitation, are common in children and young
people with CP and may reflect swallowing
dysfunction and aspiration (Blackmore et
al., 2016a; Ismael and Soetomenggolo,
2022).

Respiratory illness is an important
cause of morbidity, mortality, hospitalize-
tion, and reduced quality of life in children
with CP, particularly among those with
severe impairment (Marpole et al., 2020).
Population-based data have also shown that
respiratory causes, particularly pneumonia,
account for a substantial proportion of
deaths among people with CP, including
deaths occurring during childhood (Blair et
al., 2019).

Recurrent pneumonia-related hospi-
talization occurred in 34 of 77 children with
CP (44.16%) in this study. This finding is
consistent with previous reports reporting a
substantial burden of respiratory-related
hospitalization in CP, with pneumonia
accounting for 91% of admissions in a
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Turkish cohort and a respiratory-related
readmission rate of approximately 41% in
an Australian cohort (Blackmore et al.,
2018; Cakar and Cinel, 2021). Male subjects
predominated in this study, accounting for
62.3% of the subjects, which is consistent
with the higher prevalence of CP reported
among males (Chiang et al., 2019; Kuo et
al., 2020).

However, sex was not significantly
associated with recurrent pneumonia-
related hospitalization in either the biva-
riate or multivariate analysis. A large cohort
study also reported that severe pneumonia
was more common in male children with
CP than in females. This increased suscep-
tibility has been attributed to biological
differences in airway development and
immune responses between sexes. How-
ever, these factors may not be sufficient to
independently influence the risk of recur-
rent pneumonia-related hospitalization
(Kuo et al., 2020). The lack of association
observed in this study may reflect the
stronger influence of other clinical factors,
particularly gross motor impairment and
gastrointestinal disorders, on the risk of
recurrent hospitalization.

Most subjects had spastic CP
(89.61%). This finding reflects the predomi-
nance of the spastic subtype in the general
CP population, which has been attributed to
the vulnerability of upper motor neurons in
the pyramidal tract during the perinatal

period (Hallman-Cooper and Cabrero,
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2024; Ismael and Soetomenggolo, 2022;
Marcdante and Kliegman, 2023). Cerebral
palsy type was not significantly associated
with recurrent pneumonia-related hospita-
lization in the present study. Although
previous studies have reported increased
hospitalization rates among children with
triplegic and quadriplegic spastic CP sub-
types, evidence specifically linking CP type
to recurrent pneumonia-related hospitali-
zation remains limited (Fortin et al., 2021).
The absence of an association in this study
may be explained by the small number of
non-spastic cases and the inability of broad
CP subtype classification to capture diffe-
rences in disease severity and functional
impairment.

Severe gross motor impairment was
common in this cohort, with 71.43% of
subjects classified as GMFCS levels III-V.
Multivariate analysis showed that severe
motor impairment was independently asso-
ciated with recurrent pneumonia-related
hospitalization, with the odds of recurrence
being approximately 4.5 times higher
among patients with severe motor impair-
ment. This finding is supported by prior
studies demonstrating a higher burden of
recurrent respiratory-related hospitaliza-
tion among children with greater functional
limitations (Meehan et al., 2025; Hafifah et
al., 2018). However, some studies have
reported that the association between
GMFCS level and respiratory hospitaliza-
tion attenuates after adjustment for other
clinical factors, suggesting that gross motor
impairment may interact with additional
comorbidities (Blackmore et al., 2018;
Blackmore et al., 2020).

The observed association may reflect
the broader clinical consequences of severe
motor impairment, including respiratory
muscle weakness, ineffective cough,
impaired airway clearance, and skeletal
complications such as scoliosis, which may
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contribute to respiratory morbidity (Peneva
et al., 2023; Mcleod et al., 2024). However,
the single-center design and limited sample
size may have introduced selection bias and
reduced the precision and generalizability
of the findings. The cross-sectional design
also limits assessment of temporality and
causality. Therefore, these findings indicate
an independent association between severe
motor impairment and recurrent pneumo-
nia-related hospitalization, rather than a
causal or predictive relationship.

Malnutrition was present in 66.23%
of subjects, ranging from overweight to
underweight and severe underweight. How-
ever, no significant association was found
between nutritional status and frequency of
pneumonia-related hospitalization. While
some studies have identified malnutrition
as a risk factor for respiratory morbidity in
children with CP, our findings are in line
with other reports showing no significant
association (Hafifah et al., 2018; Leonard et
al., 2019). This discrepancy may be
explained by differences in outcome defini-
tions, limited sample size, and the classi-
fication of all forms of malnutrition into a
single category, which may have obscured
the effect of severity. Malnutrition in
children with CP is often caused by feeding
difficulties, including dysphagia, gastro-
esophageal reflux, constipation, poor feed-
ing posture, and dependence on caregivers
for feeding. In turn, infections can worsen
nutritional status by reducing appetite and
increasing metabolic demands, creating a
cycle that ultimately impairs treatment
effectiveness and quality of life (Leonard et
al., 2019; Foster et al., 2020; Kirolos et al.,
2021).

More than two-thirds of the subjects
(72.73%) exhibited gastrointestinal
disorders, including drooling, dysphagia, or
constipation. These conditions were
combined into a single composite variable
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to maintain model parsimony, as analyzing
them separately would increase the number
of predictors and require a larger sample
size than was available in this single-center
study. Although gastrointestinal disorders
were significantly associated with recurrent
pneumonia-related hospitalization in the
bivariate analysis, the association was no
longer significant after adjustment for other
variables. Previous studies have identified
dysphagia and gastroesophageal reflux as
important risk factors for respiratory
morbidity in children with CP, primarily
through chronic aspiration (Blackmore et
al., 2018). Another previous study found
that swallowing difficulties were highly
prevalent among hospitalized children with
CP but were not significantly associated
with hospitalization frequency. Similarly,
constipation showed no significant asso-
ciation with hospitalization, and delayed
nutritional intervention was proposed as a
contributor to aspiration-related pulmo-
nary damage (Cakar and Cinel, 2021). This
finding should be interpreted cautiously
because the composite classification may
have obscured condition-specific associa-
tions, particularly as dysphagia and drool-
ing may have a more direct relationship
with aspiration risk than constipation.
Future studies with larger samples and
standardized assessment of individual con-
ditions are needed to clarify their indepen-
dent associations with recurrent pneumo-
nia-related hospitalization.

Laryngomalacia was the only airway
abnormality identified, affecting 10.39% of
the subjects. Despite its presence, airway
abnormalities did not significantly influ-
ence the risk of recurrent pneumonia-
related hospitalization (Peneva et al.,
2023). Previous studies suggest that laryng-
omalacia may increase the risk of respira-
tory-related  hospitalization, especially
among children with neurological comor-

www.thejmch.com

bidities. However, swallowing dysfunction
and chronic aspiration are generally
considered the primary contributors to
recurrent pneumonia in children with CP
(Kim et al., 2026).

Epilepsy was present as a comorbidity
in 59.74% of subjects but was not signi-
ficantly associated with recurrent pneumo-
nia-related hospitalization. This finding
differs from previous studies that identified
epilepsy as a risk factor for respiratory
morbidity and hospitalization in children
with CP (Blackmore et al., 2020; Kuo et al.,
2020). Seizures may increase the risk of
respiratory complications through impaired
airway protection, aspiration during seizure
episodes, and the sedative and sialogenic
effects of antiepileptic medications such as
benzodiazepines (Blackmore et al., 2018;
Marpole et al., 2020). The lack of associa-
tion observed in this study may be related
to the relatively smaller sample size
compared with previous studies and the
absence of detailed data on seizure severity,
frequency, and the antiepileptic regimen.

This study has several limitations.
First, the cross-sectional design limits the
ability to establish a causal relationship
between gross motor function and
recurrent pneumonia-related hospitaliza-
tion. Second, including only children with a
history of pneumonia-related hospitaliza-
tion may have introduced selection bias and
limited the generalizability of the findings
to the broader population of children with
cerebral palsy. The single-center design,
relatively small sample size, and wide
confidence interval for GMFCS level III-V
also indicate limited representativeness,
statistical power, and precision of the
estimates. Third, gastrointestinal disorders
were analyzed as a composite variable, and
the severity of individual conditions such as
dysphagia, drooling, and constipation was
not fully assessed. Finally, retrospective
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electronic medical records may have
resulted in incomplete or misclassified
data.

In conclusion, GMFCS levels III-V
were independently associated with higher
odds of recurrent pneumonia-related hospi-
talization in children with cerebral palsy.
The findings suggest that GMFCS level may
be clinically relevant when assessing
children with cerebral palsy who have a
history of pneumonia-related hospitaliza-
tion. Children with GMFCS levels III-V may
therefore warrant closer respiratory moni-
toring and multidisciplinary assessment of
associated feeding, nutritional, and airway
problems. However, this should be
considered a potential clinical considera-
tion, as the study did not assess the impact
of GMFCS-based monitoring on outcomes.
Prospective multi-center studies are needed
to validate these findings and determine
their clinical utility.
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