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Purpose: The purpose of this study was to identify quantitative (BMI z-score and BMI percentile) and qualitative (BC) differences
between high functioning outpatient children with CP (GMFCS levels I/IT) vs TD children, using BIA. We hypothesized that: 1) BMI
z-score and BMI percentile will be lower in children with CP compared with their TD peers; and 2) body components (BC) directly
associated with muscle mass (including fat free mass (FFM%) and skeletal muscle mass (SMM) and predicted muscle mass (PMM)) in
children with CP will be lower than in their TD peers.

Patients and Methods: Ninety children with CP (GMFCS levels I/Il) aged 8—16 years were enrolled in this study. Due to the fact
that there is lack of normative values of particular body components in the pediatric population, ninety typically developing (TD) peers
were used as references. The examination consisted of two parts: 1) the height measurement and 2) body composition assessments,
both using the bioelectric impedance analysis (BIA).

Results: Average values for height, weight, BMI z-score, and BMI percentile in children with CP were significantly statistically lower
than in the reference group. BC’s directly associated with muscle mass (including FFM%, SMM, and PMM) in children with CP were
lower than those in their TD peers.

Conclusion: Altered body compositions were evident in children with CP.
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Introduction
Ambulatory children with cerebral palsy (CP) (Gross Motor Function Classification System I and II; GMFCS I/II) cannot
maintain the standing position as long as typically developing (TD) children. As a consequence, their musculoskeletal
system is not under full physiological axial compression, which may result in the inabilities to obtain adequate peak bone
mass and lead to muscle and fat mass deficiency.'” In addition, changes in motor control organization in children with
CP caused by early brain damage may modify the contractility and viscosity of muscle fibers, which may result in muscle
stiffness, contractures, or muscle fiber atrophy.®>”” Moreover, due to muscle paresis or/and spasticity, children with CP
require more energy input to perform daily activities, such as maintaining sitting or standing positions and walking.® In
addition, in CP, as in many other chronic diseases, fat-free mass (FFM) and predicted muscle mass (PMM) are reduced
due to poor physical activity.” These factors may explain the general body mass deficiency and malnutrition in some
children with CP.'*!!

Although several recent studies have confirmed that children with CP have deviations from normal growth para-
meters, according to the World Health Organization, and from the normative body mass and height values reported by the

Centers for Disease Control and Prevention in the United States,'>'?

they are based on body mass index (BMI)
calculation. Because BMI does not capture the high fat mass and low fat-free-mass in children with CP,"* there is no
literature review on the subject and consensus that the body weight-for-age (BMI-for-age) in children with CP differs

from TD peers.'*'® As BMI may not reflect the actual level of obesity or thinness in children with CP, an assessment of

aq: . 14-16
body composition (BC) is recommended.
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Gold standards for BC assessment include the doubly labeled water (DLW) and dual energy X-ray absorptiometry
(DEXA) methods. However, these methods are scarcely used in clinical practice due to long and complicated measure-
ment processes, high costs, and radiation levels involved.'” As an alternative to assessing BC in pediatric populations,
including children with CP, the bioelectric impedance analysis (BIA) has recently been introduced.®'? Although several
previous studies have reported altered BC in children with CP, these results were based on selected parameters of BC and
they related to mixed population of children with CP representing differential functional level.”-'®2!

Therefore, the purpose of this study was to identify quantitative (BMI z-score and BMI percentile) and qualitative
(BC) differences between high functioning outpatient children with CP (GMFCS levels I/IT) vs TD children, using BIA.
We hypothesized that: 1) BMI z-score and BMI percentile will be lower in children with CP compared with their TD
peers; and 2) body components (BC) directly associated with muscle mass (including fat free mass (FFM%) and skeletal

muscle mass (SMM) and predicted muscle mass (PMM)) in children with CP will be lower than in their TD peers.

Materials and Methods

The study was approved by the Bioethics Committee of our institution (KNW/0022/KB1/38/18). Before examinations,
parents or caregivers were informed of the confidentiality, purpose, and procedures of the study and all questions were
answered. Participation in the study was voluntary, and parents or caregivers were informed of the possibility to
withdraw from the study without reason. The children were tested after obtaining written parental informed consent.
This study was performed in accordance with the Code of Ethics of the World Medical Association (Declaration of
Helsinki). Before participant recruitment, a minimal sample size to obtain reliable results was estimated using G*Power
3.1.9.4 (power: 80%, alpha level [a] = 0.05), which showed that the required sample size, N, was 180.

Participants

One hundred children with CP who had participated in a 3-week rehabilitation program in John Paul II Pediatric Center
in Sosnowiec, Poland were enrolled in this study. The inclusion criteria were: 1) diagnosed and clinically confirmed CP
GMFCS levels I/I1, 2) age 8—16 years, 3) ability to maintain a standing position for 10 minutes, and 4) informed consent
given by parents or caregivers. The exclusion criteria were 1) severe or chronic diseases other than cerebral palsy and 2)
inability to understand and execute verbal commands. As 10 participants did not come to the tests, ninety children with
CP, who met the inclusion criteria were included in the study.

Due to the fact that there is lack of normative values of particular components in the total body mass in the pediatric
population, typically developing (TD) peers were used as references (reference group). The reference group consisted of
ninety TD children strictly matched for gender and age (in a 1:1 case-control manner) to the children from study group. They
were students of local primary and secondary schools. The inclusion criteria were: 1) no neurological postural and movement
disorders based on a medical booklet, 2) age from 8 to 16 years, 3) ability to maintain the standing position for 10 minutes,
and 4) a conscious consent given by parents/caregivers for the child’s participation in the study. The exclusion criteria from
the reference group were 1) severe or chronic diseases and 2) inability to understand and to execute commands.

Methods

The examination consisted of two parts: 1) the height measurement and 2) body composition assessments. Both
measurements were performed using the TANITA scale MC-780 S MA (TANITA Corporation, Japan in Tokyo (1-14-
2 Maeno-cho, Itabashi-ku, Tokyo 174-8630, Japan)).

During the measurements, participants wore underwear and stood upright on a scale in a relaxed position on the body
composition analyzer. All measurements were performed in the afternoon, after the participants had consumed a light
breakfast at approximately 9 o’clock and before dinner (ie, between 11 and 13:00). Based on body mass and height
measurements, the following indices were calculated: 1) BMI, calculated as weight divided by height squared (kg/m?2)
and 2) BMI z-score and BMI percentiles, calculated using the AnthroPlus application for age and sex, according to the
World Health Organization (WHO).?* Then the individual body composition parameters were calculated (Table 1).
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Table 1 Body Mass Composition Parameters

Abbreviation | Parameter Definition

WEIGHT Total Weight (kg) Total body weight.

BMR Basal Metabolic Rate (kJ) The total energy expended by body to maintain normal functions at rest such as respiration and circulation.

M Fat Mass (kg) Fat mass total weight of mass in the body.

FM% Fat Mass (%) Percentage of fat mass in total body weight.

FFM Fat Free Mass (kg) Fat Free Mass is comprised of muscle, bone, tissue, water, and all other fat free mass in the body.

FFM% Fat Free Mass (kg) Percentage of fat free mass in total body weight.

FFMI Fat Free Mass Index Fat Free Mass index, and is calculated by the following formula: Fat Free Mass (kg): Height (m?).

TBW Total Body Water (kg) Total body water / fluid content.

TBW% Total Body Water (%) Percentage of total body water / fluid.

PMM Muscle Mass (kg) Predictive muscle mass means bone-free lean tissue mass.

SMM Skeletal Muscle Mass (kg) The skeletal muscle mass obtained in BIA expressed in kg.

IMP Impedance (Ohm) Impedance reflects the body’s inherent resistance to an electrical current.

SMI Sarcopenic Index (kg/m?) Skeletal muscle index (SMI) calculated using the formula (SMM/height2), where SMM is the skeletal muscle mass
obtained in BIA expressed in kg (W>5,5kg/m? i M>7,25kg/m?).

BMI Tanita Body Mass Index Body Mass Index is a height to weight ratio, and is calculated by the following formula: Weight (kg): Height (m?).

BMI z-score Body Mass Index z-score Weight / height index calculated as weight divided by height squared (kg/m2) and calculated using the AnthroPlus
application for age and sex, respectively, in the WHO reference.

BMI percentile | Body Mass Index percentile | Weight / height index calculated as weight divided by height squared (kg/m?) and calculated using the AntrhoPlus
application for age and sex, respectively, in the WHO reference.

BONEM Bone Mass (kg) Predictable bone mineral mass.

PHASEANGLE | Phase angle (°) Index of the body’s nutrition and cell quality. Low phase angle (W<5° and M <6°) indicates the inability of cells to
store energy. High phase angle (W> 5 ° and M> 6 °) means a large number and high quality of cells.

Statistical Analysis

Normality of the data was assessed using Shapiro—Wilk tests. Basic descriptive statistics were calculated and presented in
the tables as means and standard deviations and minimum and maximum values for variables with normal distributions.
Non-normally distributed variables were reported as medians and upper and lower limits of confidence intervals.

A comparative analysis of the measured parameters was carried out between study and reference groups using the
Student’s #-test for normally distributed variables. To assess the effect of CP on body composition rates, aligned ranks
transformed multifactorial analysis of variance (ANOVA) was performed with a subsequent Bonferroni post hoc analysis.
To verify the effect of CP on predictable bone mineral mass (BONEM) and on basal metabolic rate (BMR) simulta-
neously with growth control, multivariable regression analyses were performed. To evaluate the correlation between body
composition rates and the age, height, and BMI of participants, Pearson’s correlation tests were conducted. Correlation
coefficients were interpreted according to Altman’s model as follows: Rs<0.2, poor; 0.21-0.4, low; 0.41-0.6, moderate;
0.61-0.8, high; and 0.81-1.00, very high.>> All statistical analyses were performed using RStudio 1.2.1. software, and the
level of significance was set at o = 0.05.

Results
Demographic and anthropometric data of the study and reference groups are presented in Table 2. Average values for
height, weight, BMI z-score, and BMI percentile in children with CP were significantly statistically lower than those in
the reference group (Table 2). To assess the number of children who were underweight or overweight, participants were
divided into the following three categories based on BMI percentiles: 1) underweight, 2) normal weight, and 3)
overweight and obesity (Figure 1). A significant number of children with cerebral palsy were underweight, 42 (47%),
while the number of children who were underweight in the reference group was 21 (23%). The number of children with
normal weights were similar between the children with CP (32%) and the reference group (28%). Details are presented in
Figure 1.

The inter-group comparative analysis of individual components of BC showed that the study group significantly
differed from the reference group in all assessed BC parameters, except for impedance (Table 3). The variables of body
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Table 2 Demographic and Antropometric Data of the Study and Reference Groups

Parameters Study Group (N=90) Reference Group (N=90) t P
Age (years); MSD, range 11.57£2.42 8-16 11.97£2.28 8-16 —-1.14 0.255
Height (cm); M1SD, range 143.62+13.63 | 119.50-170.00 | 153.62+12.34 | 128.00-182.50 | —5.16 | <0.001
Weight (kg); MSD, range 35.06%11.34 20.00-60.00 52.53+ 9.59 40.00-78.00 —11.16 | <0.001
BMI; M£SD, range 16.69+3.21 11.83-24.10 22.13£1.81 18.60-27.30 —14.00 | <0.001
BMI z-score; MSD, range —1.03%£33.96 —4.51-0,98 0.47+1.26 —1.60-3.42 —7.28 | <0.001
BMI percentile; M+SD, range | 35.53%33.96 0.10-97.90 59.72+33.85 2.20-99.90 —4.78 | <0.001
Girls; N (%) 47 (52) 48 (53) 2.76 0.096
Boys; N (%) 43 (48) 42 (47)

GMFCS level I; N (%) 18 (20) -

GMFCS level 2; N (%) 72 (80) -

Abbreviations: M, mean; SD, standard deviation; range, minimum-maximum value; t, Student’s t-test; p, p-value.

composition directly associated with muscle mass, such as fat free mass (FFM [kg]), percentage of fat free mass (FFM
%), fat free mass index (FFMI [kg/m?]), predicted muscle mass (PMM [kg]), skeletal muscle mass (SMM [kg]) and
skeletal muscle index (SMI [kg/m?]), were significantly lower in children with CP than in the control group (Table 3).
The remaining parameters, such as basic metabolic rate (BMR [kJ]), percentage of fat mass (FM%), and fat mass (FM
[kg]) were also significantly lower in children with CP, with the exception of percentage of total body water (TBW%),
which measured the body water content (Table 3).

To evaluate the influence of CP on body mass composition, in terms of the sex and age of the children, the
Aligned Rank Transform (ART) ANOVA was performed, with independent variables 1) diagnosis (the study group
vs the reference group), 2) sex (female/male), and 3) age of participants (younger children vs older children). The
dependent variables were BMI Tanita, BMI z-score, BMI percentile, as well as parameters of body composition. The
results of the main effects of group (study vs reference), gender (female and male), and ages (younger children and
older children) in each component of body mass and effect of interactions are presented in Table 4. The findings
confirmed that BMI z-scores and BMI percentiles in the study group were lower than those in the reference group
(main group effect; F =9.43; p<0.002; F =8.35; p<0.004, respectively) (Table 4), while no significant differences
were found in BMI (Table 4). Likewise, body components related to fat mass (FM [kg]; FM%) were lower in the
study group (main group effect; F =53.09; p<0.001; F =12.41, p<0.001 respectively) (Table 4). Also, the majority of
body components directly associated with muscle mass, including FFM (kg), PMM (kg), SMM (kg) and SMI (kg/
m?) was lower in children with CP compared with their TD peers (main group effects), with the exception of the
indices of fat free mass, including FFM% and FFMI (kg/m?) (Table 4). Additionally, several interaction effects

Study group Reference group
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Figure | Sex-specific BMI percentiles in both groups: thinness (<10c); normal (25-75c); overweight and obese (>75c).
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Table 3 Descriptive Characteristics of Individual Body Mass Components’ Parameters and Statistical Analysis

Parameter Study Group (N=90) Reference Group (N=90) t P 95% CI d Cohena
M SD M SD LL UL
BMR (k) 4755.17 540.23 5941.04 673.95 —13.02 | <0.001 —1365.54 | —1006.20 1.94
M (kg) 7.05 439 13.13 4.54 =9.11 <0.001 —-7.39 —4.76 1.36
FM% 19.38 791 24.08 5.53 —4.62 <0.001 —6.71 —2.69 0.69
FFM (kg) 27.71 8.04 3551 7.60 —6.70 <0.001 —=10.11 —5.51 1.00
FFM% 75.92 5.53 80.62 791 —4.62 <0.001 —-0.99 —-0.39 —0.69
FFMI (kg/m?) 13.14 1.97 1491 1.65 6.53 <0.001 0.66 1.28 1.82
TBW (kg) 19.93 7.64 26.35 5.24 —6.57 <0.001 —8.34 —4.49 0.98
TBW% 0.57 0.09 0.50 0.05 5.60 <0.001 0.04 0.08 0.84
PMM (kg) 26.39 8.31 3333 6.64 —6.18 <0.001 -9.15 —4.72 0.92
SMM (kg) 14.72 4.14 21.22 2.98 —12.10 | <0.001 —7.56 —5.44 1.80
IMP (Ohm) 720.63 55.46 716.54 89.62 0.37 0.713 —17.86 26.04 0.05
SMI (kg/m?) 4.60 0.76 5.65 0.38 -11.76 | <0.001 -1.23 —0.87 1.75
BMI Tanita 16.69 321 22.13 1.81 —14.00 | <0.001 —6.21 —4.67 2.09
BMI z-score —-1.03 1.49 0.47 1.26 —7.28 <0.001 -1.91 -1.10 1.09
BMI percentile 3553 33.96 59.72 33.85 —4.78 <0.001 —34.16 —14.21 0.71
BONEM (kg) 1.45 0.47 1.85 0.29 —6.93 <0.001 —0.52 —-0.29 1.03
PHASEANGLE (°) 5.00 0.33 5.33 0.50 —5.35 <0.001 —0.46 —0.21 0.80

Abbreviations: M, mean; SD, standard deviation; t, Student’s t-test; p, p value; 95% Cl, confidence interval; LL and UL, lower and upper limits of the confidence interval;
d Cohena, the size of the effect; BMR, basal metabolic rate; FM, fat mass; FM%, percentage of fat mass; FFM, fat free mass; FFM%, percentage of fat free mass; FFMI, fat free
mass index; TBW, total body water; TBW%, percentage of total body water; PMM, muscle mass; SMM, skeletal muscle mass; IMP, impedance; SMI, sarcopenic index; BMI
Tanita, body mass index; BONEM, bone mass; PHASEANGLE, phase angle.

Table 4 Rates of Three Factorial Variation Analysis Model

Dependent Variable Effect dfl df2 F P n?
M (kg) Main Sex | 172 4.54 0.035 0.03
Group | 172 53.09 <0.001 0.02
AGE | 172 371 0.056 0.24
Interaction Sex X group | 172 3.05 0.082 0.04
Sex X age | 172 7.84 0.006 0.02
Group X age I 172 4.71 0.031 0.03
Sex X group X age | 172 6.22 0.014 0.04
FM (%) Main Sex | 172 42.41 <0.001 0.20
Group | 172 12.41 <0.001 0.0l
Age | 172 1.34 0.248 0.07
Interaction Sex x group | 172 8.27 0.005 0.08
Sex X age | 172 15.57 <0.001 0.05
Group * age | 172 14.95 <0.001 0.08
Sex X group X age | 172 8.12 0.005 0.05
FFM (kg) Main Sex | 172 12.86 <0.001 0.07
Group | 172 35.76 <0.001 0.17
Age [ 172 41.18 <0.001 0.19
Interaction Sex x group | 172 0.04 0.849 <0.001
Sex X age [ 172 0.64 0.424 0.004
Group X age | 172 0.28 0.597 0.002
Sex X group X age | 172 0.41 0.525 0.002
(Continued)
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Table 4 (Continued).

Dependent Variable Effect dfl df2 F P n?
FFM (%) Main Sex | 172 42.40 <0.001 0.20
Group I 172 1.34 0.248 0.0l
Age | 172 12.41 <0.001 0.07
Interaction Sex X group | 172 15.57 <0.001 0.08
Sex X age | 172 8.27 0.005 0.05
Group X age | 172 14.95 <0.001 0.08
Sex X group X age | 172 8.12 0.005 0.05
FFMI (kg/m?) Main Sex | 172 1.99 0.160 0.0l
Group | 172 3.06 0.082 0.02
Age | 172 37.71 <0.001 0.18
Interaction Sex x group | 172 0.70 0.405 0.00
Sex x age | 172 0.62 0.431 0.00
Group X age | 172 6.95 0.009 0.04
Sex X group X age | 172 0.31 0.576 0.00
TBW (kg) Main Sex [ 172 7.58 0.007 0.04
Group | 172 29.34 <0.001 0.15
Age [ 172 44.39 <0.001 0.21
Interaction Sex X group | 172 1.44 0.231 0.01
Sex X age | 172 1.83 0.177 0.01
Group X age | 172 0.59 0.443 0.00
Sex X group X age | 172 0.07 0.797 <0.001
TBW (%) Main Sex | 172 5.94 0.016 0.03
Group 1 172 1.99 0.160 0.0l
Age | 172 18.99 <0.001 0.10
Interaction Sex X group | 172 1.64 0.202 0.0l
Sex X age | 172 0.44 0.506 0.00
Group X age | 172 0.22 0.642 0.00
Sex X group X age | 172 0.02 0.895 <0.001
PMM (kg) Main Sex | 172 0.71 0.398 0.004
Group | 172 41.62 <0.001 0.195
Age | 172 54.80 <0.001 0.241
Interaction Sex X group | 172 2.31 0.130 0.013
Sex X age [ 172 0.53 0.469 0.003
Group x age | 172 5.27 0.023 0.023
Sex X group X age [ 172 0.83 0.363 0.004
SMI (kg/m?) Main Sex [ 172 4.01 0.046 0.02
Group | 172 144.32 <0.001 0.46
Age | 172 13.55 <0.001 0.07
Interaction Sex % group [ 172 0.36 0.547 <0.01
Sex X age | 172 0.16 0.680 <0.01
Group X age | 172 8.57 0.003 0.05
Sex X group X age | 172 0.35 0.552 <0.01
(Continued)
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Table 4 (Continued).

Dependent Variable Effect dfl df2 F P n?
BMI Tanita Main Sex | 172 7.50 0.007 0.04
Group | 172 0.09 0.766 0.00
Age | 172 189.61 <0.001 0.52
Interaction Sex X group | 172 0.01 0.948 <0.001
Sex X age | 172 I.14 0.288 0.0l
Group X age I 172 21.94 <0.001 0.11
Sex X group X age | 172 0.29 0.592 0.00
BMI z-score Main Sex | 172 3.79 0.053 0.02
Group | 172 9.43 0.002 0.05
Age | 172 55.21 <0.001 0.24
Interaction Sex X group | 172 1.41 0.237 0.01
Sex X age | 172 9.32 0.003 0.05
Group X age | 172 8.26 0.005 0.05
Sex X group X age | 172 1.09 0.297 0.0l
BMI percentile Main Sex | 172 3.95 0.048 0.02
Group | 172 8.35 0.004 0.05
Age | 172 20.48 <0.001 0.15
Interaction Sex x group | 172 1.71 0.193 0.02
Sex x age [ 172 2.58 0.110 0.04
Group x age [ 172 11.94 <0.001 0.07
Sex X group X age | 172 2.90 0.090 0.02
PHASEANGLE(®) Main Sex | 172 4.85 0.029 0.03
Group | 172 0.40 0.526 0.00
Age | 172 22.56 <0.001 0.12
Interaction Sex x group | 172 1.22 0.271 0.01
Sex X age | 172 0.69 0.408 0.00
Group X age | 172 8.85 0.003 0.05
Sex X group X age | 172 2.09 0.150 0.01

Notes: dfl, df2, degrees of freedom; F, F-test statistic; p, value of the F-test; n? partial eta-square effect size; the statistically significant differences are printed in bold.
Abbreviations: FM(kg), fat mass; FM%, percentage of fat mass; FFM(kg), fat free mass; FFM%, percentage of fat free mass; FFMI(kg/m?), fat free mass index; TBW(kg), total
body water; TBW%, percentage of total body water; PMM(kg), muscle mass; SMi(kg/m?), sarcopenic index; BMI Tanita, body mass index; BMI z-score, body mass index
z-score; BMI percentile, body mass index percentile; PHASEANGLE(®), phase angle.

between groups and age in the parameter’s analysis were noted (Table 4). These effects showed that, in children
with CP, younger children generally had lower values of the abovementioned parameters compared with those that
were older. This difference was not observed among children in the reference group (Table 4).

To assess the influence of CP on BMR and Predictable bone mineral mass (BONEM) in relation to body height,
a multifactorial regression analysis with interactions was performed (Table 5). The results showed that, despite the
statistically significant difference in BMR between the study and reference groups (Table 4), there were no group
effects noted (Table 5). Moreover, in assessing the impact of CP on BONEM, poor interactions between group and
height were observed, indicating that a shorter height and CP are significant predictors of low BONEM (Figure 2,
Table 5). Analyses of the correlations among demographic and anthropometric parameters, such as age, height, BMI,
BMI percentile, and BMI z-score, with body composition parameters showed several positive correlations
(0.26<r<0.89; p<0.01) (Table 6).
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Table 5 Linear Regression Model Ratios

Response Variable Predictors B LLCI ULCI t p R?

BMR (k]) (Constant) 248.72 | —754.32 | 1251.75 | 0.49 0.625 0.72
Height 31.38 24.42 3833 891 <0.001
Group 76235 | —789.11 | 2313.81 0.97 0.334
Height*group 0.71 -9.65 11.07 0.14 0.892

BONEM (kg) (Constant) -2.12 -2.70 —1.53 —-7.18 0.625 0.64
Height 0.02 0.02 0.03 12.14 | <0.001
Group 1.18 0.28 2.08 2.59 0.334
Height*group | —0.01 —0.01 0.00 -2.19 | 0.030

Abbreviations: B, beta factor; LLCl and ULCI, lower and upper limits of the confidence interval; t, Student’s t-test; p,
p value; R%, the square of the correlation coefficient; the statistically significant differences are printed in bold; BMR(k]),
basal metabolic rate; BONEM(kg), bone mass.

Discussion

In the present study, both quantitative (BMI z-score and BMI percentile) and qualitative (individual body mass
components) differences between high-functioning ambulatory children with CP and their TD peers were assessed.
Although BMI z-score and BMI-for-age percentile growth charts are the most commonly used indicators, their value in
measuring the size and growth patterns of children is not fully recognized. Several recent studies have suggested that
children with CP, particularly those with GMFCS I and II, have high BMIs and are at risk of being overweight and
obese.'*'* In contrast, other studies have suggested that even high-functioning, ambulatory patients with CP are at risk of
malnutrition.'® Despite our study not resolving this particular discrepancy, our findings showed that children with CP had
lower body weight and/or height in comparison with those observed in the reference group. Moreover, their body mass
deficiencies were more prevalent compared with their TD peers.

Although, as reported in several previous studies,”**?* the BMI of children with CP did not differ from TD children,
the comparison of anthropometric characteristics in our study showed that the high-functioning, Polish children with CP
had significantly lower BMlIs, expressed by BMI z-score and BMI percentile. Thus, our first hypothesis was confirmed.

Moreover, our results were consistent with other recent studies that showed lower BMI z-scores and BMI percentiles
in children with CP.""'®*! For instance, both Finbraten et al as well as Henderson et al reported growth suppression in

children with CP, which resulted in shorter heights and decreased body mass in comparison with their TD peers.'!?
2.5
2 20+
=
%J — Study group
8 15- Reference group
1.0 1
0.5 T T T T
120 140 160 180
height [cm]
Figure 2 Regression line for a variable BONEM in a group division.
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Table 6 Pearson’s r Correlations Between Age, Height, and BMI and Individual Quantitative Body
Composition Measures Without Group Breakdown

Parameter Age Height BMI BMI Percentile BMI z-Score
r p r p r p r p r p
BMR (KJ) 0.26 0.00 0.70 0.00 0.73 0.00 0.46 0.00 0.55 0.00
FM (%) 0.06 0.41 0.20 0.0l 0.64 0.00 0.70 0.00 0.66 0.00
FM (kg) 0.29 0.00 0.53 0.00 0.79 0.00 0.68 0.00 0.67 0.00
FFM (kg) 0,57 0.00 0,88 0.00 0.65 0.00 0.40 0.00 0.45 0.00
FFM (%) —0.06 | 0.41 —0.20 | 0.0l —0.64 | 0.00 —-0.70 0.00 —0.66 0.00
FFMI (kg/m?) 0.23 0.00 0.44 0.00 0.75 0.00 0.70 0.00 0.76 0.00
TBW (kg) 0,51 0.00 0,84 0.00 0,67 0.00 0.43 0.00 0.47 0.00
TBW (%) 0.06 0.46 0.05 0.54 | -0.31 0.00 —0.10 0.19 —0.08 0.28
PMM (kg) 0,61 0.00 0,89 0.00 0.62 0.00 0.38 0.00 0.40 0.00
SMM (kg) 0,36 0.00 0,58 0.00 0.70 0.00 0.32 0.00 0.40 0.00
IMP (Ohm) 0,03 070 | -0,06 | 0.4l —0,20 | 0.0I —0.43 0.00 —0.35 0.00
SMI (kg/m?) 0.26 0.00 0.50 0.00 0.78 0.00 0.45 0.00 0.57 0.00
PHASEANGLE (°) 0.02 0.80 0.24 0.00 0.28 0.00 0.25 0.00 0.27 0.00

Abbreviations: BMR(KJ), basal metabolic rate; FM(kg), fat mass; FM%, percentage of fat mass; FFM(kg), fat free mass; FFM, percentage of
fat free mass; FFMI(kg/m?), fat free mass index; TBW(kg), total body water; TBW%, percentage of total body water; PMM(kg), muscle
mass; SMI(kg/m?), sarcopenic index; BMI Tanita, body mass index; BMI z-score, body mass index z-score; BMI percentile, body mass index
percentile; PHASEANGLE(®), phase angle.

Also, Feeley et al reported the occurrence of lower body mass in ambulatory American patients with CP, which suggested
that even high-functioning patients with CP may be at risk of malnutrition.'® Given that over half of the participants in
our study group were children with spastic diplegia, who are often children prematurely born and with low birth weights,
their growth retardation may seem justified here. However, due to concerns with the reliability of BMI measurements in
children, these results may be insufficient. As both malnutrition and high BMI are often diagnosed in children with CP
when based solely on BMI, assessing body mass in this population with more reliable measures is necessary.**%’

To dispel these doubts in our study, quantitative body mass assessments based on BMI were extended through the use
of qualitative assessments of individual body components. Advanced statistical analyses including both inter-group
comparative analysis and Aligned Rank Transform (ART) ANOVA, as well as a multifactorial regression analysis with
the interactions, revealed altered BC in children with CP. In our study we found lower levels in the individual body
components directly associated with muscle mass in the children with CP compared with the TD children. Although
several previous studies confirmed altered BC in children with CP, these results were based on selected parameters of BC
(mainly fat mass and low free-fat-mass) and they related to mixed population of children with CP including GMFCS
levels from I to V.%!3182921 Both research teams of Walker et al and Oftedal et al reported significantly lower fat-free
mass levels in children with CP with GMFCS levels III, IV, and V compared with TD children.®?° Similarly, Wigch at al
recognized lower levels of FFM (kg), muscle mass (MM [kg]), and body cell mass (BCM [kg]) in children with CP
GMECS levels III, IV, and V.'"® Whitney at al also noted lower FFM (kg) and FFM% levels in children with CP."* The
results of our study also confirmed our second hypothesis that body mass components directly associated with muscle
mass (including FFM%, SMM, and PMM) in children with CP were lower than those in their TD peers. Additionally,
children with CP had lower FFM (kg) and SMI (kg/m?) values. These findings can have a significant impact on the
general health and functional abilities of children with CP, even those that may be high-functioning.

Limitations

Although presented findings may be promising, our study had several limitations. First, our study analyzed the body
composition of children with CP, however the obtained results were compared with a reference group of TD equivalents
as opposed to reference values. This was due to the lack of available reference data in pediatric populations. Second,
although we assessed the participants according to age and sex, their stage of puberty, which can influence body mass and
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composition, was not assessed. Third, although the study population included high-functioning children with CP, they
were heterogeneous in CP types and included both unilateral and bilateral CP.

Conclusion
Considering the limitations, we concluded:
1. the usage of bioelectric impedance may assist in identifying both quantitative and qualitative differences in body
mass in children with cerebral palsy compared with their healthy peers.
2. Altered body compositions were evident in children with CP.
3. To confirm the importance of these results, further studies are needed to identify associations between FFM and
SMM in homogeneous samples of children, separately analyzing those with unilateral and bilateral CP.
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