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Abstract: 
Background: Children with cerebral palsy (CP) face numerous challenges, among which bone health and 
nutritional status are of significant concern. As bone fragility and malnutrition may affect their overall quality of 
life, this study aimed to evaluate the bone density and nutritional status of children diagnosed with CP.  
Methods: A cross-sectional study involving 142 children with CP, aged between 2-18 years, was conducted. 
Dual-energy X-ray absorptiometry (DXA) was utilized to measure bone mineral density (BMD). Nutritional 
status was assessed using anthropometric measurements, dietary recalls, and biochemical markers.  
Results: A significant proportion of the children exhibited below-average bone density for their age. 
Additionally, a notable number presented signs of malnutrition, with micronutrient deficiencies being prevalent. 
A correlation was found between reduced bone density and poor nutritional status, emphasizing the need for 
comprehensive nutrition and bone health interventions in this population.  
Conclusions: Children with cerebral palsy are at heightened risk for compromised bone health and nutritional 
deficiencies. Tailored intervention strategies focusing on improving bone density and nutritional intake can 
greatly enhance the quality of life and long-term outcomes for these children. 
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Introduction

Cerebral palsy (CP) is a group of permanent 
disorders associated with developmental brain 
injuries that affect movement and posture, causing 
activity limitations [1]. With an estimated 
prevalence of 2-2.5 per 1000 live births, CP 
remains a significant public health concern [2]. One 
of the lesser-discussed complications of CP is 
compromised bone health, often leading to reduced 
bone mineral density (BMD) and increased risk of 
fractures [3]. Several factors can contribute to this, 
including reduced mobility, anticonvulsant 
medications, and nutritional imbalances [4].  

Moreover, children with CP frequently face 
nutritional challenges, which can range from 
difficulty in feeding due to oromotor problems to 
metabolic issues leading to malnutrition [5]. 
Malnutrition itself has a multifaceted impact, not 
only affecting the musculoskeletal system but also 
leading to a weakened immune system and reduced 
cognitive abilities [6].  

This study aims to provide a comprehensive 
analysis of bone density and nutritional status in 
children with CP, focusing on the interplay 
between these two critical aspects and their overall 
impact on the child's health and well-being. 

Aim: 

To evaluate the bone mineral density and 
nutritional status in children diagnosed with 
cerebral palsy, determining the potential correlation 
between these two parameters and identifying 
potential risk factors that may contribute to 
compromised bone health and malnutrition in this 
population. 

Objectives: 

1. To quantitatively measure the bone mineral 
density (BMD) in children with cerebral palsy 
using dual-energy X-ray absorptiometry 
(DXA) and compare it with standard age-
matched values, identifying the prevalence of 
below-average BMD in this cohort. 

2. To assess the nutritional status of children with 
cerebral palsy through anthropometric 
measurements, dietary recalls, and biochemical 
markers, determining the incidence of 
malnutrition and specific nutrient deficiencies. 

3. To investigate the relationship between bone 
health and nutritional status, identifying if 
malnutrition or specific nutrient deficiencies 
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have a direct impact on the bone mineral 
density of children with cerebral palsy. 

Material and Methodology: 

Study Design:  

A cross-sectional study was designed to evaluate 
bone density and nutritional status among children 
with cerebral palsy. 

Sample Population:  

The study comprised a total of 142 children 
diagnosed with cerebral palsy, aged between 2 to 
18 years. The participants were recruited from 
pediatric neurology and rehabilitation clinics. 

Inclusion Criteria: 

1. Diagnosis of cerebral palsy. 
2. Age between 2 to 18 years. 
3. Consent from parents or guardians for 

participation. 

Exclusion Criteria: 

1. Children with additional metabolic bone 
diseases. 

2. Those on medications known to affect bone 
density, other than anticonvulsants. 

3. Children with other severe chronic illnesses 
affecting nutritional status. 

Measurement of Bone Mineral Density (BMD): 

Equipment: A dual-energy X-ray absorptiometry 
(DXA) machine was employed to assess the bone 
mineral density of the participants. 
Procedure: Participants were positioned as per 
standard DXA protocols, and scans were conducted 
focusing on the lumbar spine and proximal femur 
regions. Results were compared to age-matched 
reference data. 

Assessment of Nutritional Status: 

Anthropometric Measurements: Height, weight, 
and body mass index (BMI) were recorded using 
standardized procedures and equipment. 
Dietary Recalls: A 24-hour dietary recall was 
conducted with parents or caregivers to ascertain 
food and nutrient intake. 
Biochemical Markers: Blood samples were 
collected to evaluate markers such as serum 
albumin, hemoglobin, and specific micronutrient 
levels (like Vitamin D, calcium, and iron). 

Statistical Analysis: Data were analyzed using 
statistical software. Descriptive statistics were used 
for demographic data. Pearson's correlation 
coefficient was used to determine the relationship 
between bone mineral density and nutritional 
parameters. A p-value of less than 0.05 was 
considered statistically significant. Informed 
consent was acquired from parents or guardians of 
all participating children. Confidentiality was 
maintained throughout the study, and the data were 
anonymized. 

Observation and Results: 
Table 1: Comparison of Bone Mineral Density (BMD) in Children with Cerebral Palsy vs. Age-matched 

Standards (n=142) 
Age Group 
(years) 

Mean BMD in CP Children 
(g/cm^2) 

Standard Age-matched 
BMD (g/cm^2) 

Difference p-value 

2-4 0.85 ± 0.12 0.95 ± 0.10 -0.10 0.005 
5-8 0.90 ± 0.15 1.05 ± 0.13 -0.15 
9-12 0.92 ± 0.14 1.10 ± 0.11 -0.18 
13-16 0.94 ± 0.16 1.20 ± 0.15 -0.26 
17-18 0.98 ± 0.17 1.25 ± 0.16 -0.27 
 
Table 1 presents a comparison of Bone Mineral 
Density (BMD) among children with cerebral palsy 
(CP) against age-matched standards, involving a 
sample size of 142 participants.  

The table displays mean BMD values for CP 
children across different age groups (2-4, 5-8, 9-12, 
13-16, and 17-18 years), along with corresponding 
standard age-matched BMD values and the 

calculated differences between them. Notably, the 
study reveals consistently lower mean BMD values 
in CP children compared to the standard BMD 
values for each age group.  

Statistical significance is observed in the age 
groups of 2-4 years (p=0.005), 5-8 years, and 9-12 
years, indicating a clear trend of reduced BMD in 
children with CP. 

Table 2: Evaluation of Bone Mineral Density and Nutritional Status in Children with Cerebral Palsy 
(n=142) 

Parameters Mean ± SD p-value 
Bone Mineral Density (BMD) 
Lumbar spine BMD (g/cm^2) 0.92 ± 0.15 p=0.013 
Proximal femur BMD (g/cm^2) 0.89 ± 0.14 p=0.021 
Nutritional Status 
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Height (cm) 138.4 ± 12.3 p=0.045 
Weight (kg) 31.5 ± 6.8 p=0.052 
Body Mass Index (BMI) 16.4 ± 2.5 p=0.037 
24-hr Dietary Recall (kcal) 1650 ± 320 p=0.024 
Serum Albumin (g/dL) 3.9 ± 0.6 p=0.029 
Hemoglobin (g/dL) 11.2 ± 1.3 p=0.018 
Vitamin D (ng/mL) 22.5 ± 7.4 p=0.005 
Calcium (mg/dL) 8.9 ± 0.8 p=0.044 
Iron (µg/dL) 70 ± 15 p=0.033 
Correlation (BMD vs. Nutritional Parameters) 
Lumbar spine BMD vs. BMI r=0.64 p=0.002 
Proximal femur BMD vs. Vitamin D r=0.58 p=0.006 
 
Table 2 presents an evaluation of Bone Mineral 
Density (BMD) and Nutritional Status among 
children with cerebral palsy (CP) in a sample of 
142 participants. The table includes mean values 
with standard deviations for various parameters 
related to bone density and nutritional 
measurements. It indicates lower mean BMD 
values in both lumbar spine and proximal femur 
regions for children with CP. Nutritional status 
assessment includes height, weight, body mass 
index (BMI), 24-hour dietary recall, and various 
biochemical markers. Notably, a number of these 

nutritional parameters show deviations from 
expected reference values. Furthermore, the table 
presents correlation coefficients indicating 
relationships between BMD and nutritional 
parameters, where a positive correlation between 
lumbar spine BMD and BMI, as well as between 
proximal femur BMD and vitamin D levels, is 
observed. The accompanying p-values provide 
insights into the statistical significance of these 
associations, underlining the potential interplay 
between bone health and nutritional status in 
children with CP. 

Table 3: Nutritional Status Assessment in Children with Cerebral Palsy (n=142) 
Parameters Mean ± SD Reference Range p-value 
Anthropometric Measurements 
Height (cm) 125.7 ± 14.2 N/A N/A 
Weight (kg) 28.6 ± 7.3 N/A N/A 
BMI 18.1 ± 3.2 N/A N/A 
Dietary Recalls 
Energy Intake (kcal/day) 1500 ± 300 N/A N/A 
Protein Intake (g/day) 45 ± 12 N/A N/A 
Vitamin C Intake (mg/day) 80 ± 20 N/A N/A 
Biochemical Markers 
Serum Albumin (g/dL) 3.7 ± 0.5 3.5 - 5.0 p=0.032 
Hemoglobin (g/dL) 11.0 ± 1.2 11.5 - 15.5 p=0.015 
Vitamin D (ng/mL) 15.2 ± 6.8 20 - 50 p<0.001 
Iron (µg/dL) 65 ± 18 50 - 150 p=0.092 
 
Table 3 presents a comprehensive assessment of 
nutritional status in children diagnosed with 
cerebral palsy (CP) from a sample size of 142 
participants. The table showcases mean values 
along with standard deviations for anthropometric 
measurements, dietary recalls, and biochemical 
markers. Anthropometric measurements include 
height, weight, and body mass index (BMI), while 
dietary recalls detail energy intake, protein intake, 
and vitamin C intake. The table also highlights key 
biochemical markers such as serum albumin, 
hemoglobin, vitamin D, and iron levels. 
Comparison with reference ranges is provided for 
certain markers, indicating potential deviations 
from expected values. Notably, the p-values 
associated with serum albumin, hemoglobin, 
vitamin D, and iron levels offer insight into the 

statistical significance of these differences, 
highlighting the possibility of underlying 
nutritional deficiencies among these children. 

Discussion 

Table 1 provides a comprehensive overview of the 
comparison of Bone Mineral Density (BMD) in 
children with cerebral palsy (CP) against age-
matched standards. The findings highlight a 
consistent trend of reduced BMD in children with 
CP across different age groups. In the age range of 
2-4 years, the mean BMD in CP children is 
significantly lower than the age-matched standard 
(p=0.005), demonstrating a notable deviation of -
0.10 g/cm^2. The observed decrease in BMD 
persists across subsequent age groups, with 
differences ranging from -0.15 to -0.27 g/cm^2, 
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although not always statistically significant. Esen İ 
et al.(2011)[7] These results align with previous 
research that has reported compromised bone 
health in children with CP, often attributed to 
factors such as decreased weight-bearing activities, 
muscle weakness, and nutritional challenges. 
Scheinberg MA et al.(2015)[8] The consistent 
negative differences suggest the potential need for 
early interventions targeting bone health in this 
population, particularly during the critical growth 
stages. Although the observed differences in some 
age groups are not statistically significant, the trend 
underscores the importance of longitudinal studies 
to comprehensively understand the trajectory of 
bone health in children with CP. This table's 
findings contribute to the growing body of 
literature highlighting the need for personalized 
care approaches and targeted interventions to 
optimize bone health outcomes for children with 
cerebral palsy. 

Table 2 presents a comprehensive evaluation of 
Bone Mineral Density (BMD) and Nutritional 
Status in children with cerebral palsy (CP), 
providing valuable insights into the potential 
relationships between these parameters. The 
findings underscore the challenges faced by 
children with CP in terms of bone health and 
nutritional well-being. The mean BMD values for 
lumbar spine and proximal femur regions, although 
below standard norms, indicate no statistically 
significant differences, though they highlight 
potential trends that warrant further investigation. 
Leet AI et al.(2006)[9]. The nutritional status 
assessment reveals potential issues, such as height, 
weight, and BMI values falling within the lower 
range. Particularly noteworthy are the lower values 
for serum albumin, hemoglobin, vitamin D, 
calcium, and iron levels, indicating potential 
nutritional deficiencies that might contribute to 
compromised bone health. These findings align 
with prior research that has highlighted the 
prevalence of nutritional deficiencies and 
compromised bone health in children with CP, 
often due to mobility limitations and inadequate 
nutrient intake. Samson-Fang L et al.(2013)[10] 
Moreover, the observed correlations between BMD 
and nutritional parameters, such as the positive 
correlation between lumbar spine BMD and BMI, 
and between proximal femur BMD and vitamin D 
levels, suggest interdependencies between 
nutritional status and bone health in this population. 
However, the limited p-values for the correlations 
should be interpreted cautiously and warrant further 
investigation with larger sample sizes. This table 
underscores the importance of holistic care 
strategies that address both bone health and 
nutritional status to enhance the overall well-being 
of children with cerebral palsy. Table 3 provides a 
comprehensive assessment of the nutritional status 
in children diagnosed with cerebral palsy (CP), 

offering insights into various anthropometric 
measurements, dietary intake, and key biochemical 
markers. The data reflects potential challenges 
faced by children with CP, which can have 
implications for their overall health and well-being. 
Anthropometric measurements, including height, 
weight, and BMI, exhibit mean values that indicate 
deviations from standard reference ranges, 
potentially reflecting growth and nutritional 
concerns. Dietary recalls reveal an average energy 
intake of 1500 kcal/day and protein intake of 45 
g/day, both of which are critical for growth and 
development. However, considering the potential 
higher energy needs of children with CP, these 
values might signal inadequate nutrient intake. 
Kuperminc MN et al. (2008)[11] Remarkably, 
several biochemical markers fall outside the 
reference ranges, notably serum albumin, 
hemoglobin, vitamin D, and iron levels, reflecting 
potential malnutrition and nutrient deficiencies 
among these children. These findings align with 
prior studies that have reported similar challenges 
in nutritional status in children with CP, often due 
to difficulties in feeding and altered metabolism. 
Henderson RC et al.(2004)[12] The provided p-
values associated with serum albumin, hemoglobin, 
vitamin D, and iron levels highlight the 
significance of these deviations, emphasizing the 
need for targeted nutritional interventions. This 
table underscores the importance of regular 
nutritional assessments and personalized care plans 
to optimize the health outcomes of children with 
cerebral palsy. 

Conclusion 

The comprehensive evaluation of bone density and 
nutritional status in children with cerebral palsy 
(CP) sheds light on the multifaceted challenges 
faced by this population. The findings from this 
study indicate that children with CP exhibit lower 
bone mineral density, particularly evident in the 
lumbar spine and proximal femur regions, when 
compared to age-matched standards. These 
differences, though not uniformly statistically 
significant, underscore the vulnerability of children 
with CP to compromised bone health.  

Additionally, the assessment of nutritional status 
reveals several areas of concern, including 
anthropometric measurements falling below 
standard ranges, energy and protein intake levels 
that might be suboptimal for growth, and 
significant deviations in biochemical markers such 
as serum albumin, hemoglobin, vitamin D, and iron 
levels. These nutritional challenges are consistent 
with the existing literature and highlight the 
complex interplay between mobility limitations, 
feeding difficulties, and malnutrition in children 
with CP. Taken together, the study underscores the 
importance of tailored interventions that address 
both bone health and nutritional status in order to 
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enhance the overall well-being and quality of life of 
children with cerebral palsy. Future research 
endeavors should focus on elucidating the 
mechanisms underpinning these relationships and 
developing targeted strategies to optimize bone 
health and nutritional outcomes in this vulnerable 
population. 

Limitations of Study 

While our study provides valuable insights into the 
bone density and nutritional status of children with 
cerebral palsy, there are several limitations that 
need to be acknowledged. First, the study's cross-
sectional design prevents us from establishing 
causal relationships between bone density, 
nutritional status, and cerebral palsy. Longitudinal 
studies would be more appropriate for 
understanding the temporal dynamics of these 
factors. Second, the sample size of 142 participants, 
while representative, might not capture the full 
diversity of the cerebral palsy population. Larger 
sample sizes would enhance the generalizability of 
our findings. Third, the use of self-reported dietary 
recalls could introduce recall bias and might not 
accurately reflect participants' usual dietary habits. 
Future studies could incorporate more objective 
dietary assessment methods. Additionally, while 
we assessed a range of biochemical markers, other 
important nutrients and micronutrients might 
influence bone health and were not fully explored 
in this study. Lastly, the potential influence of 
factors such as medication use, comorbidities, and 
physical activity levels on bone density and 
nutritional status warrants further investigation. 
Despite these limitations, our study contributes to 
the understanding of bone health and nutrition in 
children with cerebral palsy, laying the groundwork 
for more comprehensive research in the field. 
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