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Abstract

Background: Individuals with cerebral palsy (CP) are at increased risk for obesity and obesity-

related complications. Studies of total body fat in those with CP are inconsistent and studies of 

abdominal fat are lacking in children with CP. The objective of this study was to determine if 

ambulatory children with spastic CP have greater central adiposity compared to typically 

developing children.

Methodology: Eighteen ambulatory children with spastic CP (n=5 girls; 8.6 ± 2.9 years) and 18 

age-, sex- and race-matched typically developing children (controls; 8.9 ± 2.1 years) participated 

in this cross-sectional study. Children with CP were classified as I or II using the Gross Motor 

Function Classification System. Dual-energy x-ray absorptiometry assessed body composition, 

including total body, trunk and abdominal fat mass, fat-free mass, fat mass index (FMI) and fat-

free mass index (FFMI).

Results: There were no group differences in fat mass, fat-free mass, FMI, and FFMI in the total 

body, fat mass, fat-free mass and FFMI in the trunk, or fat mass, visceral fat mass and 

subcutaneous fat mass in the abdomen (p > 0.05). Compared to controls, children with CP had 

higher trunk FMI, abdominal FMI and visceral FMI (p < 0.05). Although marginally insignificant 

(p = 0.088), children with CP had higher subcutaneous FMI.
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Conclusions: Ambulatory children with spastic CP have elevated central adiposity, especially in 

the visceral region, despite no differences in measures of total body fat. How this relates to 

cardiometabolic disease progression in those with CP requires further investigation.
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Introduction

Cerebral palsy (CP) results from damage or malformation of the developing brain, and is the 

most common physical disability of childhood (3.1 per 1,000) (1). Compared to typically 

developing children, children with CP have a very low level of physical activity (2, 3), which 

is associated with an increased accumulation of body fat (4), as well as poor 

cardiorespiratory fitness (5) and an underdeveloped musculoskeletal system that is infiltrated 

with fat (2, 3). As children with CP transition into and throughout their adult years, an 

additional decline in mobility has been observed (6), which further increases their risk for 

developing excess body fat. Furthermore, there is an alarming prevalence of obesity-related 

complications in the CP population (7, 8). Prior to the 3rd decade of life, young adults with 

CP have a 2-fold greater odds of cardiometabolic diseases compared to young adults without 

CP (7). By middle age (40–60 years), the multimorbidity prevalence is approximately 58%, 

which is 1.5–2.9 times higher than the general population of middle-aged adults (8). These 

findings may help to explain why cardiovascular-related mortality is higher in those with CP 

compared to the general population (9).

Despite a physical activity level consistent with an increased risk for developing obesity and 

obesity-related complications, indices commonly used to assess obesity status, such as body 

mass index (BMI), suggest that the obesity prevalence of children with mild to moderate CP 

(10) is similar to the general population of children (11). However, the accuracy of BMI as 

an indicator of obesity is limited in children with CP (12, 13). Furthermore, there have been 

inconsistent findings on the degree of total body fat (2, 3, 14).

The prevalent cardiometabolic complications coupled with inconsistent findings of total 

body fat have led our team and others to investigate regional fat depots in individuals with 

CP. Using in vivo imaging, we observed that ambulatory (3) and nonambulatory (2) children 

with spastic CP have elevated musculoskeletal fat infiltration of the lower extremities, but no 

differences in the surrounding subcutaneous fat depot or BMI compared to typically 

developing children. Further, adults with CP have a higher degree of abdominal fat 

compared to neurotypical adults (15). These findings (2, 3, 15) suggest a unique fat 

distribution pattern in those with CP that may go unnoticed when assessing total body fat 

using standard methods. Moreover, studies of the non-CP population have reported an 

association between abdominal fat and cardiometabolic disease risk factors independent of 

total body fat (16, 17). However, to date, abdominal fat distribution has not been assessed in 

children with CP. Identifying obesity indices in childhood may allow early detection of 

cardiometabolic disease risk in this population. Accordingly, the primary objective of this 

study was to determine if there is a higher level of abdominal fat in ambulatory children with 
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spastic CP than typically developing children. We hypothesized that ambulatory children 

with spastic CP would have higher degree of central adiposity compared to age-, sex- and 

race-matched typically developing children.

Methods

Participants

Eighteen ambulatory children with mild spastic CP and 19 typically developing children 

(controls), some of whom had participated in a previous study with details regarding study 

enrollment (3), that were between 4 and 12 years of age were included in this cross-sectional 

study. Of the 19 controls, 18 were matched to children with CP for age (± 1.5 years), sex and 

race. The study procedures were approved by the Institutional Review Board. Prior to 

testing, written consent and assent were obtained from the parents and the participants, 

respectively.

Anthropometrics

Height and body mass were measured while the child was in a t-shirt and shorts. Height was 

measured to the nearest 0.1 cm using a stadiometer (Seca 217; Seca GmbH & Co. KG., 

Hamburg, GER). Body mass was measured to the nearest 0.2 kg using a digital scale 

(Detecto, 6550, Cardinal Scale, Webb City, MO). Normative graphs published by the 

Centers for Disease Control and Prevention (18) were used to determine age- and sex-based 

percentiles of height, body mass and BMI.

Tanner staging

Sexual maturity was assessed by a physician assistant using the Tanner staging technique 

(19). The technique is based on a 5-point scale, with I indicating no development and V 

indicating full development. Pubic hair and breast development were assessed in girls. Pubic 

hair and testicular/penile development were assessed in boys.

Gross motor function classification system

A physician assistant determined the gross motor function of children with CP using the 

gross motor function classification system (GMFCS) (20). This scale ranges from I to V: 

GMFCS I and II reflect gross motor independence, such as walking and running, but with 

limited ability of speed, balance and coordination; GMFCS III reflects the use of assistive 

walking devices; and GMFCS IV and V reflect wheelchair-empowered mobility. Children 

with CP classified as GMFCS I or II were included in this study, and are considered 

“ambulatory” as they do not require assistive walking devices.

Dual-energy X-ray absorptiometry

Whole body dual-energy X-ray absorptiometry (DXA) scans were acquired using standard 

imaging and positioning protocols (Discovery W, Pediatric Whole Body Analysis; Hologic 

Inc., Bedord, MA), software version 12.7.3.1. To limit motion during the scan, children with 

CP were secured from the waist down using the BodyFIX (Medical Intelligence Inc, 

Schwabmunchen, Germany) and a modified procedure, as previously described (21). The 
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modified BodyFIX procedure has no effect on body composition estimates from DXA in 

children (22). Abdominal fat mass was obtained based on the manufacturer’s instructions. 

Briefly, the android fat region was determined by an automatically defined region of interest 

box that was placed just above the iliac crest. The automatically determined height of the 

region of interest box was 20 % of the distance from the top of the iliac crest to the base of 

the skull while in the supine position. Abdominal fat was estimated within the android 

region based on the manufacturer’s automated software. Visceral fat mass was estimated 

within the visceral cavity and excluded the transverse abdominis. Subcutaneous fat mass was 

estimated by subtracting visceral fat mass and transverse abdominis fat mass from total 

abdominal fat mass. Studies have shown a moderate to strong correlation between 

abdominal fat measured using DXA and the gold standard, computed tomography, 

suggesting that DXA provides an accurate estimate of abdominal fat (23, 24).

To account for differences in body height, fat mass index (FMI) and fat-free mass index 

(FFMI) from the total body (excluding the head), trunk and abdominal regions were 

determined by dividing tissue mass (kg) by height (m) squared as follows:

FMI  = fat mass  kg /height  m 2

FFMI  = fat‐free mass (kg)/height (m)2

Statistical analysis

Data were analyzed using SPSS version 24.0 (IBM Corp, Armonk, NY). All variables were 

checked for normality by examining skewness, kurtosis and the Shapiro-Wilk test. Group 

differences (CP vs. controls) were determined using an independent (unpaired) t test if the 

data were normally distributed or a Mann-Whitney U test if the data were non-normally 

distributed. One sample t tests were used to determine if height, body mass or BMI 

percentile were different from the 50th age- and sex-based percentiles in children with CP 

and controls. Values are presented as mean ± SD unless stated otherwise. Alpha level was 

set at 0.05. All tests were two-tailed. The magnitude of the effects were determined using 

Cohen’s d (d = mean difference between groups / pooled SD), with 0.2, 0.5 and 0.8 

representing small, moderate and large effect sizes, respectively (25). We chose to analyze 

group differences using unpaired rather than paired statistical analyses because it is the more 

statistically conservative method in this context (26).

Results

Descriptive characteristics of the 18 age-, sex- and race-matched participants included in the 

study are presented in Table 1. Of the children with CP, seven were classified as GMFCS I 

and eleven were classified as GMFCS II. Compared to controls, children with CP had lower 

height percentile (p < 0.01), but there were no differences in age, Tanner stage pubic hair or 

testicular-penile/breast, body mass, body mass percentile, BMI or BMI percentile (all p > 

0.05). Although marginally insignificant (p = 0.054), children with CP had lower height 

compared to controls. Furthermore, height, body mass and BMI percentile were not different 
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from the 50th age- and sex-based percentiles in the controls (p > 0.70). While body mass and 

BMI percentile were not different from the 50th age- and sex-based percentiles in children 

with CP (p > 0.10), children with CP did have lower height percentile compared to the 50th 

age- and sex-based percentile (p < 0.001).

Body composition measures of the total body and trunk regions are presented in Table 2. 

There were no group differences in total body fat mass or fat-free mass, trunk fat mass or 

fat-free mass, total body FMI or FFMI, or trunk FFMI (all p > 0.05). Compared to controls, 

children with CP had higher trunk FMI (p = 0.019).

Body composition measures of the abdominal region and its visceral and subcutaneous 

subregions are shown in Figure 1. There were no group differences in abdominal fat mass (d 
= 0.449, p = 0.217), visceral fat mass (d = 0.508, p = 0.193) or subcutaneous fat mass (d = 

0.312, p = 0.193) (Figure 1A). However, compared to controls, children with CP had higher 

abdominal FMI (d = 0.587, p = 0.002) and visceral FMI (d = 0.670, p = 0.001). Although 

marginally insignificant (d = 0.330, p = 0.088), children with CP had higher subcutaneous 

FMI compared to controls (Figure 1B).

Discussion

To our knowledge, this is the first study to report greater central adiposity in children with 

CP compared to typically developing children. This is particularly important because adults 

with CP present with a high prevalence of cardiometabolic diseases and multimorbidity, 

which is associated with obesity status (7, 8). While an abundance of body fat in children 

without CP is associated with increased cardiometabolic morbidity and mortality in 

adulthood (27, 28), excess abdominal fat accretion may have a unique and more profound 

influence on cardiometabolic processes (16, 17). Therefore, showing that children with CP 

have greater central adiposity compared to typically developing children is clinically 

important. The finding is especially worrisome because it was observed in ambulatory 

children with CP, a relatively high functioning group. It is possible that the elevated central 

adiposity in children with CP is even more profound in children with CP who are 

nonambulatory (12).

The observation that ambulatory children with spastic CP have higher abdominal fat 

compared to typically developing children is consistent with previous studies in adults with 

CP (15, 29). Moreover, to date, there have been inconsistent findings on the degree of total 

body fat in children with CP (2, 3, 14). These inconsistencies may be due in part to 

inappropriate methodological approaches and misinterpretation of results. Children with CP 

are shorter and have low fat-free mass (2, 3, 14), which influences commonly used methods 

and formulas that estimate body fat, such as BMI and % body fat. In the current study, we 

found no differences in the absolute mass of total body, trunk or abdominal fat depots 

between groups. After we accounted for height and excluded fat-free mass by assessing 

FMI, we found that ambulatory children with spastic CP had a higher proportion of trunk, 

abdominal and visceral fat compared to typically developing children.
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The elevated trunk and abdominal fat in children with CP observed in the current study may 

be driven by the visceral and subcutaneous fat regions. Although the elevated subcutaneous 

fat in children with CP was marginally insignificant (p = 0.088), these findings have 

important clinical implications for cardiometabolic disease risk in those with CP. Studies 

have found that both visceral and subcutaneous fat regions are associated with multiple 

cardiometabolic disease risk factors, even after adjusting for total body fat or other measures 

of obesity (16, 17). However, visceral fat may have a stronger association with 

cardiometabolic disease risk factors compared to subcutaneous fat (17). Moreover, visceral 

fat, but not subcutaneous fat or measures of total body fat, is associated with incident pre-

diabetes and type 2 diabetes mellitus in obese patients (30).

The difference in associations between visceral and subcutaneous fat with cardiometabolic 

disease risk may have to do with the functional differences and anatomical distribution of the 

fat depots. Visceral fat has different adipocyte characteristics (31) and a higher inflammatory 

profile compared to subcutaneous fat (32). Visceral fat surrounds abdominal organs, such as 

the liver and pancreas, whereas subcutaneous fat is superficial to the abdominal cavity. 

Therefore, if elevated or metabolically altered, visceral fat may have a stronger impact on 

interference of important physiological processes, including insulin resistance and metabolic 

syndrome (31). Characterizing the abdominal fat depots in those with CP is needed to better 

understand the potential impact of these fat depots on cardiometabolic disease risk. Taken 

together, these findings and others (2, 3, 12) underscore the importance of understanding the 

unusual body composition profiles in children with CP. This becomes clinically important 

because of a recent recommendations to assess body fat and nutritional status using skinfold 

thickness (33, 34), which quantifies subcutaneous fat rather than visceral fat.

The present study has several strengths. First, we used DXA to assess body composition and 

abdominal fat distribution in children with CP. DXA provides many measures of body 

composition with just one or a few scans, has relatively fast scanning times and does not 

require labor-intensive analysis procedures like computed tomography or magnetic 

resonance imaging. This is important when working with children with spastic CP because 

they can have involuntary spasms and a difficult time holding still which can negatively 

affect image quality and reduce the amount of time available for scanning. Second, DXA is 

measuring tissue distribution within a region of the abdomen rather than at a single slice, 

which is widely used with in vivo imaging of abdominal fat distribution (15, 35, 36). 

Research has shown inconsistencies with a single slice in predicting volumetric regions of 

visceral and subcutaneous fat and their relationships with cardiometabolic disease risk 

factors (37, 38). These differences are likely due to variations of tissue distribution within 

the abdomen. Therefore, larger regions are more representative of tissue distribution and are 

more sensitive to detect differences in younger, smaller or leaner children (23), and in 

populations with a unique body composition, such as children with CP. Lastly, great care 

was taken to obtain a representative sample of typically developing control children. 

Specifically, typically developing children that were matched to children with CP for age, 

sex and race. In addition, the controls were not different from the 50th percentile for height, 

body mass and BMI.

Whitney et al. Page 6

J Clin Densitom. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The limitations of this study must also be discussed. One limitation is the small sample size 

and results should therefore be interpreted with caution. The region where visceral and 

subcutaneous fat mass were obtained may have included the inferior part of the liver. 

Elevated fat of the liver has been reported in populations with higher abdominal fat 

distributions, such as obese adolescents (39). Using the DXA method in the present study, it 

is not possible to segment out the liver, such as in other in vivo imaging techniques. 

Furthermore, it is unknown if children with CP have elevated fat infiltration of the liver. 

However, capturing a small portion of the liver would likely have little influence on the 

visceral fat measure due to its small volumetric contribution to the abdominal region of 

interest. Lastly, markers of cardiometabolic health were not assessed. It is unknown if the 

higher visceral fat in ambulatory children with CP is associated with a higher inflammatory 

profile or altered adipokine release, and therefore requires further attention.

Conclusion

Compared to typically developing children, ambulatory children with spastic CP have 

elevated abdominal fat, especially in the visceral region. The finding is consistent with the 

elevated risk for initiating or accelerating the development of obesity-related complications, 

which may not be captured by measures of total body fat in this pediatric population. Future 

studies are needed to track the development of obesity indices throughout growth and 

development, and to identify effective treatment strategies to limit the excess accumulation 

of fat within the abdominal region in children with CP.
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Figure 1. 
Bar graphs represent (A) fat mass and (B) fat mass index (FMI) of abdominal, visceral, and 

subcutaneous regions for ambulatory children with spastic cerebral palsy (CP; black bar) and 

typically developing children (Con; white bar). Values are means ± SE. *Different from 

controls, p < 0.05.
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Table 1.

Descriptive characteristics of children with cerebral palsy (CP) and typically developing children (Con).

CP(n = 18) Con (n = 18) p d

GMFCS (I/II) 7/11 -

Age (y) 8.6 ± 2.9 8.9 ± 2.1 0.654 0.153

Sex female, n (%) 5 (28 %) 5 (28 %)

Tanner stage (I/II/III)

 Pubic hair 12/5/1 13/3/2 0.445

 Testicular-penile/breast 15/2/1 13/4/1 0.788

Height (m) 1.23 ± 0.16 1.33 ± 0.12 0.054 0.675

Height (%) 19 ± 23 51 ± 29 <0.001 1.242

Body mass (kg) 28.2 ± 11.4 29.4 ± 6.4 0.694 0.138

Body mass (%) 36 ± 34 50 ± 29 0.179 0.459

BMI (kg/m2) 17.9 ± 4.4 16.6 ± 2.2 0.562 0.387

BMI (%) 55 ± 34 47 ± 31 0.487 0.235

GMFCS, gross motor function classification system; BMI, body mass index. Differences between children with CP and Con were determined using 
independent t test or Mann-Whitney U test. Values are means ± SD. d = the effect size of group differences. Significant differences are bolded.
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Table 2.

Body composition of children with cerebral palsy (CP) and typically developing children (Con).

CP (n = 18) Con (n = 18) p d

Mass

 Total body fat (kg) 8.3 ± 5.2 7.2 ± 3.1 0.474 0.250

 Total body fat-free (kg) 16.1 ± 6.5 18.6 ± 4.0 0.189 0.461

 Trunk fat (kg) 3.5 ± 2.4 2.9 ± 1.4 0.606 0.316

 Trunk fat-free (kg) 8.7 ± 3.3 9.7 ± 1.9 0.267 0.391

Mass index

 Total body FMI (kg/m2) 5.2 ± 2.7 4.1 ± 1.7 0.133 0.478

 Total body FFMI (kg/m2) 10.2 ± 2.0 10.4 ± 0.9 0.151 0.169

 Trunk FMI (kg/m2) 2.2 ± 1.3 1.7 ± 0.8 0.019 0.512

 Trunk FFMI (kg/m2) 5.5 ± 1.0 5.5 ± 0.4 0.847 0.067

FMI, fat mass index; FFMI, fat-free mass index. Differences between children with CP and Con were determined using independent t test or Mann-
Whitney U test. Values are means ± SD. d = the effect size of group differences. Significant differences are bolded.
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