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ABSTRACT
Purpose: Malnutrition in children with cerebral palsy (CP) is a significant factor affecting 
their adequate growth and development. This study aimed at conducting surveys and 
evaluating the dietary intake of children with CP according to their BMI classification and to 
thereby highlight the dietary factors affecting the nutritional status of these children.
Methods: A total of 16 children were enrolled between the age of four and twelve. These 
subjects were further classified into three groups, namely underweight, normal and obese, 
with 6, 8, and 2 children in each group, respectively. The general characteristics, motor 
disturbances, body composition, feeding problems, eating habits, nutritional intake, dietary 
variety, and food frequency for children with CP were evaluated.
Results: It was observed that motor disturbances tended to increase in underweight 
children with CP. A significant decrease (p < 0.05) in disturbances related to oral feeding was 
observed with an increase in obesity. The pattern of eating habits revealed that subjects in the 
underweight group consumed unbalanced meals, while those in the obese group tended to 
consume larger meals at a faster pace. The feeding disturbance data revealed that those in the 
underweight group could not prepare their meals while the obese group had the problem of 
overeating and consuming an unbalanced diet (p < 0.05).
Conclusion: It is necessary for both children with CP, who have a high degree of disability, 
and their caregivers to take lessons on adequate nutrient intake to prevent malnutrition. 
Moreover, it is necessary for the caregivers and children with CP having a low degree of 
disability to take lessons on providing and consuming a balanced diet and to focus on the 
intake of sufficient calcium in order to prevent obesity.
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INTRODUCTION

Cerebral palsy (CP) is a series of permanent non-progressive disturbances that occurs in 
the developing fetus or infant brains causing abnormal motor or sensory functions [1,2]. 
Disturbances to the motor centers of the brain such as motor cortex, basal ganglia, brain 
stem, cerebellum or cerebral structures causes disorders of cognition, communications, 
behavior or perceptions, seizures and sensations [3,4]. An English orthopedic surgeon 
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William little was the first person to coin the term “cerebral paralysis” about 170 years ago, 
by studying the correlation of a difficult labor and neonatal hypoxia with limb spasticity and 
musculoskeletal deformities [5]. Despite of advancement in medicines, the availability of 
neonatal intensive care units, high technology diagnostics and therapeutic methods, the 
incidence of CP has tended to increase due to increased survival rate of premature infants 
with neurological impairment. Depending upon various risk factors CP is estimated to be in 
range between 1.5 and 3.0 per 1,000 live births [6].

In previous times children having ataxic movements due to suffocation, that is movements 
due to muscle tensions, had been reported while recently increase in the number of children 
with low movement forms of CP due to contracture of rigid joints after premature birth have 
been reported to elevate [7]. Normal development of basic sensory and motor functions 
of the oral organs provides the basis of feeding ability that is polished and refined with 
growth during adulthood [8]. Moreover balanced food and nutrient intake is essential 
in early and late childhood to maintain normal growth and development of brain and 
body [9]. Therefore, disorders of feeding ability or disabilities of self-feeding adversely 
effects the adequate diet and nutrient intake in CP affected children. Among the physical 
characteristics of children with CP, eating disorders occurs in 68–94.5% of subjects due 
to abnormal muscle movements and delayed normal development while 3–10% of these 
subjects are on the verge of serious conditions. Eating disorders in children with CP appear 
according to the characteristics of children, but largely manifested disorders are of basic 
oral and physical function [10].

Children with CP, mainly with sensory impairment, have difficulties in recognizing oral 
sensations, because the threshold of oral stimulation is too low to clearly recognize stimuli 
in the mouth and tongue [11], this decrease in sensation is due to drooling in the form of 
aspiration pneumonia. In case of children with severe spastic CP difficulties in involuntary 
movements such as chewing and swallowing food are observed due to decreased oral muscle 
function and they also have sensory impairment due to drooling in the form of aspiration 
pneumonia. CP affected children with spastic paralysis of the arms and legs, finds it difficult 
to eat food on their own, such as to move hands and feet to pick up food with spoon [12,13]. 
These eating disorders can ultimately lead to poor growth due to malnutrition [13].

Environmental, cultural and social factors regulate ones food preferences and eating habits 
preferred to as ones dietary habits [14,15]. Dietary habits predicts ones nutritional and health 
status [16]. Inappropriate dietary habits affect normal growth and development. Consequently, 
it leads to adverse impacts on intellectual, social and economic life of an individual. 
Nutritional evaluation is necessary for management of health, malnutrition and obesity in CP 
affected children [17]. Accordingly, several previous studies tried to overcome this problem 
through evaluation according to various classification methods that appeared in children 
with CP, ranging from basic classification of CP to functional classification. CP functional 
disability categories are more informative for prognostic purposes than the clinical types. 
The most common etiological factors documented by radiological and pathological study are 
periventricular leukomalacia and middle cerebral artery infractions [18,19].

According to Rogozinski et al. [20], the prevalence of obesity in children with CP in US was 
7.7% in 1994–1995 and it increased to 16.5% in 2003–2004 reporting that it has been doubled 
in the past 10 years. It has also been reported that the risk of obesity in CP affected children 
is higher than in general patients. According to their study, the prevalence of obese children 
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with CP was observed to increase steadily for 10 years. According to Park et al. [21], the 
prevalence of CP was 2.6 per 1,000 children and the lifetime medical cost of its treatment in 
South Korea was $ 26,383 that is about 1.8 times higher than the medical cost of a general 
population. Of them, spastic CP had the highest medical cost, followed by dyskinetic and 
ataxic CP.

Inadequate food intake either leads to least amount of energy compared to the high demand 
of the body due to increased metabolism during growth or inadequate food intake causes 
less intake of nutrients than the recommended amount [22]. Poor growth and nutritional 
disorders are common comorbidities in CP subjects as reported in previous studies. 
According to a study conducted by Lopes et al. [23], out of 100 children with disabilities, 
25%, 11% and 9% were underweight, mildly underweight and severely underweight 
respectively, suggesting that subjects with CP have nutritional abnormalities due to 
disabilities [24]. The percentages of characteristics mentioned were mainly based on having 
hemiplegia, diplegia and tetraplegia within the same ethnic group of Brazil. However, 
other study [25] has reported that Asians have a reduced risk CP compared with the Whites. 
The low risk profiles of CP in the Asian subgroups can be attributed to the maternal age, 
educational attainment and birth weight. After adjusting for these factors the risk of CP 
remained lower in the East Asians, Filipinos, Indians, Pacific Islanders and Southeast Asians 
compared with the Whites [25].

Matsuo and Palmer [26] together with Andrew et al. [27] highlighted the association between 
secondary disabilities and feeding problems. While there have been a volume of studies 
evaluating the dietary habits and food intake in children with disabilities, least information is 
available for disable subjects with CP.

Unlike most of other studies that focused on obesity in children, little information is available 
on nutritional status and obesity in CP affected children. Previous literature on CP subjects 
having physical disabilities in which food intake is not possible without assistance, general 
physical dysfunctioning and motor dysfuctioning shows malnutrition and compromised 
growth due to eating disorders and insufficient nutrient intake. Therefore, this study aimed 
at nutritional evaluation of children with CP having diverse phenotypes from underweight to 
obese subjects and consequently to design a personalized nutritional management plan for 
children with CP.

METHODS

Subjects and classification of group
Sixteen children with CP (13 boys and 3 girls) aged 4–12 years attending rehabilitation 
centers for the disabled and one daycare center in Changwon were enrolled in the study after 
agreement to the purpose of study. Study was conducted from January 5 to March 31, 2015. 
According to Korean children's and adolescent development standards, based on the body 
mass index (BMI) percentile, the underweight group was classified as percentile below 5th, 
the normal group with percentile above the 5th percentile and below the 95th percentile 
while the obese group with 95th or higher percentile. This study was conducted after 
obtaining approval from the Changwon National University Clinical Trial Committee (IRB 
No.1040271-201411-HR-016).
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General characteristics and degree of movement disorders survey
The general evaluation of the study subjects includes age, gender and degree of movement 
disorders. In order to find out the degree of disability in children with CP, primarily by 
referring to the existing research of Lopes et al. [23], that consisted of the Gross Motor 
Function Classification System (GMFCS) children were classified as stage I (walks without 
restrictions; limitations in more advanced gross motor skills), stage II (walks without 
assistive devices; limitations walking outdoors and in the community), stage III (walks with 
assistive mobility devices; limitations walking outdoors and in the community), stage IV 
(self-mobility with limitations; children are transported or use power mobility outdoors and 
in the community), stage V (self-mobility is severely limited even with the use of assistive 
technology). Moreover, the degree of disability was classified into mild (stage I and II), 
moderate (stage III) and severe (stage IV and V).

Anthropometric measurement and body composition analysis
In order to assess the anthropometric measurement of the study subjects, height and weight 
were measured directly using measuring tape and scale. In addition to determine the exact 
body composition evaluation was done using In body S10 (In body Co. Ltd., Seoul, Korea).

Eating disorders and eating habits survey
In order to investigate the eating disorders the study subjects, a questionnaire was prepared 
with reference to the existing study of Arvedson [28]. The contents of a set of 10 items to 
evaluate the physical and oral functions related to food intake. A Likert 5-point scale [29] was 
used to evaluate physical function, the lowest score assigned was 10 points and the highest 
score was 50 points, lower the score better was the eating function.

A questionnaire based on the work of Kim et al. [30] was developed to analyze the eating 
habits of the study subjects. The questionnaire was composed of a total 12 items to study 
the subject's general eating habits, eating attitudes, food preferences, problems with eating 
meals, and snack intake.

Nutrients intake analysis
The 24-hour recall method was conducted for a total of 3 days (including 2 weekdays and 1 
weekend). As children with CP have difficulties in performing surveys and writing down the 
questionnaire on their own coupled with similar problems in eating and feeding themselves. A 
constant support is needed by these children in order to carry out their daily life activities like 
walking, cleaning and eating, etc. Therefore, they are provided with constant care and support 
by the parents or caregivers. Being their supervisors for every activity parents and caregivers can 
be a reliable source to obtain the information related to the CP subjects and hence the required 
information was collected from them. The type of the food, the amount of intake and variety of 
ingredients consumed were all recorded. For accurate investigation, ‘a flat model of food and its 
container’, which is the data provided by the National Health and Nutrition Survey of the Korea 
Health Industry Development Institute of the Ministry of Health and Welfare, and one-on-one 
interviews were conducted with guardians. Nutrient intake of study subjects was analyzed using 
a nutritional evaluation program (Computer Aided Nutritional Analysis for Professionals. Ver 
5.0; Korean Nutrition Society, Seoul, Korea).

Food intake frequency analysis
In the case of food intake frequency survey, a preliminary survey was conducted on 3 children 
with CP using the food intake frequency table (2008) developed by the National Health and 
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Nutrition Survey of the Ministry of Health and Welfare. Based on previous work done by Ahn 
[31], the survey was completed by modifying the foods with a high intake rate. According to 
the type of food group, the items of intake survey consisted of a total of 30 types of grains, 
fish, meat, vegetables, dairy, nuts, and fruits. The study subjects' food intake patterns were 
analyzed using a Likert 9-point scale.

Food intake patterns and dietary diversity score (DDS) analysis
Referring to the existing study of Kant and Graubard [32], the average number of food groups 
consumed in a day was evaluated through the DDS, which calculates each food group as 1 
point. The lowest score was 0 points and the highest score was 6 points. Higher the score 
more balanced the dietary intake was.

Statistical analysis
Results analysis based on the collected data was applied as a statistical analysis method and 
statistical processing was analyzed using SPSS Statistics version 21.0 (IBM Corporation, 
New York, NY, USA). The general characteristics, eating habits, and intake patterns by 
food group were expressed as frequency and percentage, and differences according to the 
BMI percentiles of children with CP were post-tested by Duncan's multiple range test. In 
addition, the mean and standard deviation of physical characteristics, eating disorder, 
food diversity score, intake pattern by food, and nutrient intake were expressed as the BMI 
of children with CP. Differences according to percentiles were post-tested by Duncan's 
multiple range tests. Evaluation was performed using χ2 test with utilization of Fisher's 
exact test. Statistical tests of all data processing and statistical analysis were verified at the 
significance level p < 0.05.

RESULTS

General characteristics and degree of movement disorders in children 
with CP
Among 16 children with CP, 66.7% (6 children) were assigned to the underweight group, 
87.5% (8 children) to the normal group, and 100.0% (2 children) were in the obese group 
on the basis of their BMI percentiles (Table 1). Of these subjects there were 4 boys (66.7%) 
in the underweight group, 7 boys (87.5%) in the normal group and 2 boys (100.0%) in the 
obese group, showing a higher proportion of boys than girls in each group with no significant 
difference among the groups.
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Table 1. General characteristics and degree of movement disorders in children with CP
Characteristics and 
movement disorders

Underweight (n = 6) Normal (n = 8) Obesity (n = 2) χ2

Sex 1.504
Male 4 (66.7) 7 (87.5) 2 (100.0)
Female 2 (33.3) 1 (12.5) 0 (0.0)

Age (yrs) 7.33 ± 2.58 8.50 ± 1.60 8.00 ± 1.41
GMFCS 2.667

Mild (stage I, II) 0 (0.0) 0 (0.0) 0 (0.0)
Moderate (stage III) 2 (33.3) 4 (50.0) 2 (100.0)
Severe (stage IV, V) 4 (66.7) 4 (50.0) 0 (0.0)

Values are presented as number (%) or mean ± standard deviation. Data were analyzed using analysis of 
variance, and χ2 test with utilization of Fisher's exact test.
CP, cerebral palsy; GMFCS, Gross Motor Function Classification System.



In the degree of movement disorder divided by the GMFCS criteria, 66.7% (4 persons) of 
children were with severe movement disorders and 33.3% (2 persons) in the underweight 
group were found in the order of moderate movement disorder, and the normal group 
showed 50% (4 persons) of severe and 50% (4 persons) of moderately affected children. The 
100% (2 persons) of children in the obese group were too moderately affected. As obesity 
increased, movement disorders tended to decrease, and there was no significant difference 
among the 3 groups.

Anthropometric data and body composition in children with CP
Table 2 shows the anthropometric data and body composition of subjects. Average weight 
percentile of underweight, normal, and obese children with CP were 2.5%, 28.6%, and 
95.0%, respectively. Average BMI percentile of underweight, normal, and obese children with 
CP were 1.0%, 48.1%, and 100.0%, respectively.

Analyzing the body composition of the subjects, body fat content for the underweight 
group was found to be 2.33 ± 2.25 kg and 8.38 ± 2.25 kg for the normal group. In the case of 
the obese group, it was found to be 18.00 ± 2.83 kg, and the amount of body fat increased 
significantly (p < 0.05) as the degree of obesity increased. The body fat percentage was 12.50 
± 9.35% for the underweight group and 32.13 ± 8.98% for the normal group while in the case 
of the obese group it was found to be 44.50 ± 3.54% and it increased significantly with the 
increase in obesity level (p < 0.05). The lean mass for the underweight group was 13.00 ± 
4.20 kg, 16.75 ± 3.11 kg for the normal group and 22.00 ± 0.00 kg in the obese group. Lean 
body mass also tended to increase with the increase in obesity (p < 0.05). The basal metabolic 
rate was 651.83 ± 85.54 kcal for the underweight group and 733.75 ± 66.44 kcal for the normal 
group while for the obese subjects it was found to be 850.50 ± 4.95 kcal. Similar increase in 
basal metabolic rate was found with the increase in obesity levels (p < 0.05).

Eating disorders in children with CP
The degree of impairment in physical function was 10.00 ± 4.00 in the underweight group, 
8.00 ± 3.74 in the normal group and 2.93 ± 0.71 in the obese group (Table 3). The tendency 
of impairment in physical function relatively was found to increase in the underweight group 
but there was no significant difference among the 3 groups. The impairment score for oral 
functioning was 21.17 ± 6.49, 12.38 ± 4.44 and 10.50 ± 2.12 for the underweight, normal 
and obese group respectively. The degree of oral function impairment was found to be 
significantly higher in the underweight group (p < 0.05).
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Table 2. Anthropometric data and body composition in children with CP
Body Composition Underweight (n = 6) Normal (n = 8) Obesity (n = 2)
Weight (kg) 15.33 ± 5.91a 24.88 ± 4.16b 40.00 ± 2.83c

Height (cm) 108.92 ± 16.40a 122.00 ± 6.26ab 130.00 ± 0.00b

BMI (kg/m2) 12.50 ± 1.05a 16.88 ± 1.25b 24.00 ± 1.41c

Weight percentile (%) 2.50 ± 3.67a 28.63 ± 21.15b 95.00 ± 7.07c

Height percentile (%) 3.17 ± 3.71a 23.75 ± 31.45ab 57.50 ± 45.96b

BMI percentile (%) 1.00 ± 0.00a 48.13 ± 18.31b 100.00 ± 0.00c

Fat (kg) 2.33 ± 2.25a 8.38 ± 2.67b 18.00 ± 2.83c

PBF (%) 12.50 ± 9.35a 32.13 ± 8.98b 44.50 ± 3.54b

FFM (kg) 13.00 ± 4.20a 16.75 ± 3.11ab 22.00 ± 0.00b

BMR (kcal) 651.83 ± 85.54a 733.75 ± 66.44a 850.50 ± 4.95b

Values are presented as mean ± standard deviation. Data were analyzed using analysis of variance followed by 
the Duncan's multiple range test.
CP, cerebral palsy; BMI, body mass index; PBF, percent body fat; FFM, fat free mass; BMR, basal metabolic rate.
a,b,cValues with different superscript letter are significantly different at p < 0.05.



General eating habits and eating attitudes in children with CP
In order to evaluate the average number of meals per day, when the frequency was ‘3 meals/day’, 
the underweight group had a 66.7% (4 persons), the normal group had 100.0% (8 patients) 
and the obese group had 100.0% (2 patients) in total which was highest among the 3 groups, 
whereas the underweight group did not consumed a balanced diet while there was no 
significant differences (Table 4).
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Table 3. Eating disorders in children with CP
Eating Disorders Underweight (n = 6) Normal weight (n = 8) Obesity (n = 2)
Dietary physical function1)

Hard to sit alone 3.67 ± 2.07 2.00 ± 1.41 2.00 ± 1.41
Only breathe with mouth 1.83 ± 1.60 1.75 ± 1.16 1.50 ± 0.71
Not vomit it takes in the neck 1.50 ± 0.55 2.13 ± 1.36 1.50 ± 0.71
Shed the food at meal 3.00 ± 1.41 2.13 ± 1.13 2.50 ± 0.71
Sub total 10.00 ± 4.00 8.00 ± 3.74 2.93 ± 0.71

Oral dietary intake function2)

The tongue moves freely 3.50 ± 0.84a 1.88 ± 1.13a 2.00 ± 0.00ab

The mouth moves freely 3.17 ± 0.75 1.88 ± 1.13 2.00 ± 0.00
Alone suck through a straw 3.50 ± 1.64 2.13 ± 1.36 1.50 ± 0.71
Alone drink from a cup 3.50 ± 1.76 2.13 ± 1.36 1.50 ± 0.71
Alone spoon up 4.17 ± 1.17a 2.75 ± 1.49ab 2.00 ± 0.00b

Chew the food alone 3.33 ± 1.63a 1.63 ± 0.52ab 1.50 ± 0.71b

Sub total 21.17 ± 6.49a 12.38 ± 4.44b 10.50 ± 2.12b

Total 31.17 ± 9.22a 20.38 ± 6.99ab 18.00 ± 1.41b

Values are presented as mean ± standard deviation. Data were analyzed using analysis of variance followed by 
the Duncan's multiple range test.
CP, cerebral palsy.
1)1 = strongly agree, 2 = agree, 3 = generally, 4 = disagree, 5 = strongly disagree. 2)1 = strongly disagree, 2 = disagree, 
3 = generally, 4 = agree, 5 = strongly agree.
a,bValues with different superscript letter are significantly different at p < 0.05.

Table 4. General eating habits and eating attitude in children with CP
Eating Behaviour Underweight (n = 6) Normal (n = 8) Obesity (n = 2) χ2

Meal times 3.810
1 time/day 0 (0.0) 0 (0.0) 0 (0.0)
2 times/day 2 (33.3) 0 (0.0) 0 (0.0)
3 times/day 4 (66.7) 8 (100.0) 2 (100.0)

Table time used 4.000
< 15 min 0 (0.0) 1 (12.5) 1 (50.0)
15–30 min 3 (50.0) 4 (50.0) 1 (50.0)
> 30 min 3 (50.0) 3 (37.5) 0 (0.0)

Amount of intake 7.056
Little 2 (33.3) 1 (12.5) 0 (0.0)
Normal 2 (33.3) 5 (62.5) 0 (0.0)
A lot of 2 (33.3) 1 (12.5) 1 (50.0)
Not adjustable 0 (0.0) 1 (12.5) 1 (50.0)

Eating attitudes 5.500
Eat with words 2 (33.3) 3 (37.5) 1 (50.0)
Normal 0 (0.0) 3 (37.5) 0 (0.0)
Eaten quietly 2 (33.3) 1 (12.5) 1 (50.0)
Moving and eat 2 (33.3)) 1 (12.5) 0 (0.0)

Feelings about the meal time 3.722
Delight 3 (50.0) 7 (87.5) 2 (100.0)
Not appeal 1 (16.7) 0 (0.0) 0 (0.0)
Boring 2 (33.3) 1 (12.5) 0 (0.0)

Values are presented as number (%). Data were analyzed using χ2 test with utilization of Fisher's exact test. There 
was no difference between the groups.
CP, cerebral palsy.



In case of meal intake frequency, higher the degree of obesity, lower was the ability to control 
meals and there was frequent tendency to increase the amount of food intake, while there 
were no significant differences among the groups. In the question of attitude toward meal 
time, higher the obesity level, the more enjoyable meal time was and vice versa whereas there 
was no significant difference found.

Nutrients intake status in children with CP
In the case of average energy intake, the underweight group with lowest degree of obesity 
showed a tendency to have low energy intake and there were no significant differences 
found among the groups (Table 5). In the case of average protein intake, all 3 groups were 
consuming more than twice the average required amount with no significant differences. 
The average vitamin D intake was not significant in the underweight group than the required 
intake, and average calcium intake was also not significant in the normal and obese group. 
The average intake of vitamin B12 in all 3 groups was more than 4 times the sufficient intake 
and a significant difference (p < 0.05) was observed among the groups. In the case of average 
magnesium intake, it was found that all 3 groups had a lower intake than the recommended 
amounts (Table 5).

Food intake frequency in children with CP
Table 6 shows that noodles, bread, and pizza (grain intakes) by the normal group were 
consumed more than the other groups similarly for hamburger, sandwich and rice cake, the 
intake frequency of the normal group was significantly higher than that of the underweight 
group and obese group (p < 0.05). Whereas for cereal, the intake frequency tended to increase 
with the increase in obesity, while no significant difference among the groups was observed.

For meat group the intake of pork and fish, increased with the increase in obesity, whereas no 
significant difference was found among the groups. Among the vegetable group (salad, raw 
vegetables), intake frequency significantly increased as the obesity level increased (p < 0.05). 
Similarly, intake of namul, sam, and kimchi, also increased with increase in obesity level with 
no significant differences.
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Table 5. Nutritional intakes status in children with CP
Nutritional intakes Underweight (n = 6) Normal (n = 8) Obesity (n = 2)
Energy EER % 84.31 ± 26.84 101.40 ± 24.17 92.49 ± 10.81
Protein EAR % 255.55 ± 138.43 264.12 ± 121.74 253.31 ± 79.42
Vitamin A EAR % 196.95 ± 107.04 201.48 ± 79.57 170.45 ± 25.93
Vitamin D AI % 66.82 ± 31.74 77.24 ± 22.50 102.02 ± 41.93
Vitamin C EAR % 225.79 ± 130.87 216.46 ± 156.46 235.17 ± 95.49
Niacin EAR % 154.38 ± 91.54 178.02 ± 95.66 155.99 ± 29.96
Vitamin B6 EAR % 152.37 ± 58.34 154.56 ± 48.14 153.24 ± 33.07
Folate EAR % 170.67 ± 93.14 191.24 ± 74.73 205.30 ± 6.62
Vitamin B12 EAR % 402.26 ± 113.49a 390.13 ± 98.80a 633.71 ± 240.34b

Calcium EAR % 107.34 ± 35.10 87.60 ± 40.26 75.18 ± 25.82
Phosphorus EAR % 166.81 ± 67.52 153.69 ± 46.39 151.79 ± 53.38
Magnesium EAR % 59.08 ± 24.25 38.12 ± 11.35 48.32 ± 20.82
Zinc EAR % 175.51 ± 92.42 183.09 ± 92.20 169.55 ± 37.75
Values are presented as mean ± standard deviation. Data were analyzed using analysis of variance followed by 
the Duncan's multiple range test.
CP, cerebral palsy; EER, estimated energy requirements; EAR, estimated average requirements; AI, adequate intake.
a,bValues with different superscript letter are significantly different at p < 0.05.



Food intake patterns and DDS in children with CP
Subject's food intake pattern highlighted that nuts intake frequency was highest in the 
underweight group (Table 7). The DDSs out of 6 were 5.17 ± 0.41 for the underweight group, 
5.75 ± 0.46 for the normal and 5.50 ± 0.71 for the obese group and there were no significant 
differences found among the groups.
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Table 6. Food consumption frequency in children with CP
Food Group Underweight (n = 6) Normal (n = 8) Obesity (n = 2)
Grains1)

Bap 8.67 ± 0.52 8.88 ± 0.35 9.00 ± 0.00
Noodles 2.83 ± 2.23 4.13 ± 0.35 2.00 ± 1.41
Bread 3.00 ± 1.79 4.38 ± 1.77 2.50 ± 2.12
Pizza 1.67 ± 1.21 2.13 ± 1.13 1.00 ± 0.00
Hamburger, sandwich 1.17 ± 0.41a 2.50 ± 1.07b 1.00 ± 0.00a

Rice cake 1.83 ± 1.33ab 3.38 ± 1.60b 1.00 ± 0.00a

Cereal 1.83 ± 1.60 2.75 ± 1.98 4.00 ± 4.24
Meat, fish, eggs, etc.

Bean curd 4.83 ± 1.17 6.25 ± 1.04 5.00 ± 0.00
Bean 3.33 ± 2.25 4.88 ± 2.70 4.50 ± 2.12
Eggs 5.00 ± 1.79 6.88 ± 1.81 5.50 ± 0.71
Pork 4.17 ± 1.47 4.88 ± 1.25 5.00 ± 0.00
Beef 3.17 ± 2.04 4.38 ± 2.20 4.00 ± 1.41
Chicken 4.00 ± 0.89 4.63 ± 1.41 3.50 ± 2.12
Fish 3.83 ± 0.98 4.50 ± 1.51 4.50 ± 0.71
Squid 1.50 ± 1.22 1.75 ± 1.49 1.00 ± 0.00

Vegetables
Vegetables (seasoning) 5.67 ± 2.34 6.38 ± 1.30 7.00 ± 2.83
Vegetables (stir-fry) 4.67 ± 2.88 6.38 ± 1.69 5.50 ± 3.54
Vegetables (raw, salad) 2.00 ± 1.26a 3.50 ± 3.02ab 6.00 ± 1.41b

Sesame, pepper 1.17 ± 0.41 2.50 ± 1.85 4.00 ± 4.24
Cabbage kimchi 5.50 ± 2.81 6.25 ± 2.76 8.50 ± 0.71

Dairy
Milk 6.33 ± 1.75 6.50 ± 2.51 7.00 ± 0.00
Liquid yoghurt 4.17 ± 1.83 5.38 ± 2.00 5.50 ± 0.71
Semisolid yoghurt 4.67 ± 2.34 5.88 ± 1.55 4.00 ± 1.41
Soymilk 3.17 ± 1.47 2.13 ± 2.23 3.00 ± 2.83
Cheese 3.33 ± 2.50 3.38 ± 2.72 3.00 ± 2.83

Nuts 1.33 ± 0.82 4.63 ± 3.07 2.00 ± 1.41
Fruit 6.83 ± 1.47 6.63 ± 1.19 7.00 ± 1.41
Values are presented as mean ± standard deviation. Data were analyzed using analysis of variance followed by 
the Duncan's multiple range test.
CP, cerebral palsy.
1)1 = hardly ever eating, 2 = 1 time/month, 3 = 2–3 times/month, 4 = 1 time/week, 5 = 2–4 times/week, 6 = 5–6 
times/week, 7 = 1 time/day, 8 = 2 times/day, 9 = 3 times/day.
a,bValues with different superscript letter are significantly different at p < 0.05.

Table 7. Food intake patterns and DDS in children with CP
Food Intake and DDS Underweight (n = 6) Normal (n = 8) Obesity (n = 2) χ2

GMVDNF1) 4.667
111101 5 (83.3) 2 (25.0) 1 (50.0)
111111 1 (16.7) 6 (75.0) 1 (50.0)

DDS2) 5.17 ± 0.41 5.75 ± 0.46 5.50 ± 0.71 4.667
5 5 (83.3) 2 (25.0) 1 (50.0)
6 1 (16.7) 6 (75.0) 1 (50.0)

Values are presented as number (%) and mean ± standard deviation. Data were analyzed using χ2 test, ANOVA 
followed by the Duncan's multiple range test. There was no difference between the groups by χ2 test, ANOVA test.
CP, cerebral palsy; ANOVA, analysis of variance; GMVDNF, grain, meat, vegetable, dairy, nut and fruit food group; 
DDS, dietary diversity score.
1)1 = present of each food group, 0 = absent of each food group. 2)Counts the number of food groups (grain, meat, 
vegetable, dairy, nut and fruit) consumed.



DISCUSSION

In this study in order to evaluate the physical characteristics, swallowing disorder, eating 
habits and meal intake of children with CP they were divided into underweight, normal and 
obese groups and the body composition, eating habits, and meal intakes were compared. 
A survey was composed and conducted in order to suggest a nutritional management plan 
for children with CP and to provide basic data for the prevention of nutritional and health 
disorders for these subjects.

On the basis of GMFCS classification the results of our study showed that the degree of 
movement impairments decreases with the increase in weight. In a study by Kim et al. [33], 
children with GMFCS levels 3 to 5 (in this study evaluated as moderate and severe motor 
impairment) showed a serious decline in social participation such as mobility, education, and 
social activities. It has been reported that the restriction of movements significantly affects 
social participation and activities of daily life.

The body composition of children with CP in our study showed that the basal metabolic rate, 
protein, fat, lean body fat, and body fat increased with increase in obesity, and there was no 
difference in body water content and minerals among the 3 groups. The body fat percentage 
was 13% in the underweight group, 32% in the normal, and about 45% in the obese group. This 
was similar to previous literature by Jeong et al. [34], who investigated the body fat percentage 
of children in the preschool years of Korea and reported body fat percentage of 16%, 22%, and 
about 31% in the normal, overweight, and obese group, respectively for boys whereas it was 
about 17%, 24%, and 31% in the normal, overweight, and obese group for girls, respectively.

According to a study by Kim et al. [35], it is reported that in order to maintain a healthy state, 
it is necessary to have a body fat mass of 10–25% for boys and 18–30% for girls. When body 
fat is insufficient, it causes various diseases such as adult disease, in particular. Therefore 
children with CP should be aware of the increased risk of exposure to various diseases due to 
neurological disorders and eating disorders caused by lack of body fat [36].

In addition, Kim et al. [35] reports that children with disabilities have a higher degree of 
obesity than children without disabilities, which increases the risk of nutritional disorders 
in these subjects. In this study, the degree of eating disorder in children with CP was found 
to be higher in the underweight subjects and it was difficult for them to consume food on 
their own, so the help of parents and teachers was required. In a study by Yoon and Choi 
[37], children with spastic CP had mastication problems due to lack of trunk stability and 
abnormal muscle tone. These subjects had lower ability to use spoon for eating and cup for 
drinking purposes compared with other children.

Looking at the eating habits of children with CP in this study, it was observed that number 
and intake meals tends to be less balanced in the underweight group while the time required 
to eat decreased with the increase in obesity. For the underweight group meal intake was 
less, adequate for normal and high in case of the obese group. Subjects of underweight group 
had higher intake of snacks in order to fulfill their energy needs. Moreover, the degree of 
disability decreased with increase in obesity but it was difficult for subjects in this group 
to control their food intake. In the study of Ahn [31], it was reported that children with 
disabilities generally have difficulty in controlling their meal intake and that their intake is 
high thus increasing the risk of obesity.
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One of the important factor that was emphasized by all the 3 groups was the taste of the food, 
similar to the analysis reported by Yoon and Choi's study [37] in which the disabled children 
had a keen interest in the tasting, color and texture of food. In this study the nutritional 
requirements for the underweight group needed special attention in order to gain weight by 
making special dietary choices monitored and provided by the parents and caregivers of these 
subjects. In addition, the normal group in our study tended to pay special attention to smell of 
food unlike other groups.

Looking at the problems of eating habits in this study, the underweight group complained 
of ‘cannot eat on their own’ or ‘refusal to eat’, normal group subjects of ‘cannot eat by 
themselves’ and in case of obese groups ‘overeating’ was the main problem that increased the 
level of obesity. Although with this increase in obesity the cause of spastic CP, which makes 
it difficult to eat by own decreases but leads to inability of controlling the amount of food 
intake [38]. Irregular diet intake was high in the underweight group, lack of appetite, in the 
normal and obese group tended to eat regularly. In the case of the underweight group, the 
growth and development was slow due to decreased food intake because of low appetite [39].

Looking at snack intake in this study, the number of snack intakes tends to be higher in the 
underweight group. In addition, unlike in the normal and obese group, where most of them 
ate snacks for reason of ‘wanting to eat (appetite)’ and ‘hungry’, subjects of underweight 
group consumed snacks because they want to fulfill their nutritional requirements.

For the nutrient intake of study subjects the underweight group had low energy intake than 
normal and obese groups. A study by Kim et al. [40] reported that the caloric intake rate of 
children with CP was below the standard requirement. The average intake of vitamin D in this 
study was found to insignificant in the underweight and the normal group.

It was observed that obese group had sufficient intake and with the increase in obesity higher 
was the vitamin D intake. Whereas in a study by Park et al. [39], the intake of vitamin D was 
reported to be less than 50% of the recommended intake by disable subjects. In the case of 
average calcium intake, underweight group had sufficient intake while normal and obese 
groups were found to have insignificant intakes than the standard requirements. Moreover, 
with the increase in obesity level intake of calcium tended to decrease. Kim et al. [40] reported 
that the calcium intake of children with disabilities did not reach the recommended amount. 
Therefore, as this study shows in case of nutritional recommendations for children with CP, the 
intake of calories and vitamin D should be emphasized and maintained for the underweight 
group, while it is necessary to maintain standard calcium intake in the obese group. In the 
case of average magnesium intake, it was found that all 3 groups had a lower intake than the 
recommended amounts (110 mg/day for 4–8 years old children while 350 mg/day for children 
age 9 and up). Magnesium has been considered to help in alleviating muscle spasticity and 
constipation in CP affected children. Due to compromised diet in CP affected children, the 
levels of magnesium declines, and hence leads to worsening of disorders. Many studies 
previously have evaluated the beneficial effects of magnesium sulphate supplementation as a 
muscle relaxant either via oral or intravenous route. It causes pre-synaptic effect through the 
inhibition of acetylcholine that is released at the motor nerve terminals while some studies 
reported that increased concentrations of extracellular magnesium reduces acetylcholine 
evoked responses in mouse [41]. Adequate levels of magnesium given intravenously reduced 
painful leg cramps [42] and rigidity of muscle spasm in tetanus patients [43]. Therefore, its low 
levels can thus be associated with increased muscle spasticity in children with CP.
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As a limitation of this study, since it was conducted in a limited area targeting children at 
welfare centers in Changwon, there is a limitation in representing all children with CP in 
Korea. The sample size of our study was small however it can be related in accordance with 
many previously reported literatures [44-48] that by utilizing the same sample sizes have 
been able to present fruitful results. These studies have reported and analyzed the level 
of malnutrition, gastrointestinal disorders, growth, feeding and nutritional disorders in 
children by including a limited number of subjects that were affected by CP. Therefore, for a 
broader investigation, a study on children with CP across the country should be conducted. 
In addition, the limitations of the questionnaire survey included the limited varieties of food, 
assistance requirement for filling out the questionnaire, and in-depth interviews survey 
conduction was required to diversify the dietary life of children with CP. According to the 
results of this study, underweight children with CP have a very high degree of disability, 
so they consume less food. Since it is difficult to consume foods by their own, the role of 
parents and teachers is important. This study suggests that active nutrition education, for 
parents and teachers who are highly involved in the diet management of children with CP, is 
necessary in developing nutritional management plan for these children.

In addition, in the case of obese children with CP, it is very important to control their eating 
habits because they tend to eat faster and had less control over their food intake. To develop 
nutritional management plan for children with CP, it is important to conduct investigations 
on movement disorders, eating disorders, and obesity. Emphasis on the risk of malnutrition 
in case of the underweight subjects is required while for the obese group overeating and 
unbalanced diet intake should be focused in order to develop individually tailored nutritional 
treatment for these subjects.

SUMMARY

In summary, this study was designed to help develop individually tailored nutritional 
management plan to promote healthy and desirable dietary habits for children affected 
with CP living in Changwon, South Korea, by analyzing their physical characteristics, 
dietary intake, swallowing disorders, eating habits, and meal intake. It was concluded 
that the degree of disability increased in underweight subjects due to improper meals and 
low energy intake, causing an increased risk of malnutrition in these children. This study 
shows that in the case of nutritional recommendations for children with CP, the intake of 
calories and vitamin D should be emphasized and maintained for the underweight group, 
while it is necessary to maintain standard calcium intake in the obese group. Moreover, 
negative dietary habits were also observed in obese children with CP, where overeating was 
the main concern; however, the degree of disability was found to decrease in obese children 
compared to underweight children. This suggests that the disability problem and worsening 
of this can be prevented by proper meal and nutrient intake for underweight children. 
Our study results could be used to promote healthy eating and dietary habits in affected 
children by emphasizing the risk of malnutrition, overeating, and unbalanced diet intake to 
develop individually tailored nutritional treatments. According to the results of this study, 
underweight children with CP have a very high degree of disability, so they consume less 
food. Therefore, the role of parents and teachers is important to help maintain nutritional 
balance and a healthy lifestyle. This study suggests that active nutrition education for parents 
and teachers who are highly involved in the diet management of children with CP is required, 
and it is necessary to develop nutrient management plans for children with CP. The findings 
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of this study will contribute to the development of dietary strategies to help maintain a 
healthy state in CP-affected children living in South Korea.
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