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Abstract

Background—Body composition prediction equations using skinfolds are useful alternatives to 

advanced techniques, but their utility across diverse pediatric populations is unknown.

Aim—To evaluate published and new prediction equations across diverse samples of children with 

health conditions affecting growth and body composition.
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Subjects and Methods—Anthropometric and dual-energy x-ray absorptiometry (DXA) body 

composition measures were obtained in children with Down syndrome (n=59), Crohn disease 

(n=128), steroid-sensitive nephrotic syndrome (n=67), and a healthy reference group (n=835). 

Published body composition equations were evaluated. New equations were developed for ages 3 

to 21y using the healthy reference sample and validated in other groups and national survey data.

Results—Fat mass [FM], fat-free mass [FFM] and percent body fat [%BF]) from published 

equations were highly correlated with DXA-derived measures (r=0.71 to 0.98), but with poor 

agreement (mean difference: 2.4kg, −1.9kg, and 6.3% for FM, FFM and %BF). New equations 

produced similar correlations (r=0.85 to 1.0) with improved agreement for the reference group 

(0.2kg, 0.4kg, and 0.0% for FM, FFM and %BF, respectively), and in sub-groups.

Conclusions—New body composition prediction equations show excellent agreement with 

DXA, and improve body composition estimation in healthy children and those with selected 

conditions affecting growth.
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Introduction

Skinfold thickness measures are used to estimate body composition, and have the advantage 

of being relatively accurate, reproducible, mobile, inexpensive, and safe (Durnin and 

Womersley, 1974, Durnin and Rahaman, 1967, Slaughter et al., 1988, Zemel et al., 1997, 

Stomfai et al., 2011, Freedman et al., 2013b). A set of prediction equations, published in the 

1960’s and 1970’s used four skinfolds (biceps, triceps, subscapular, and suprailiac skinfolds) 

to estimate percent body fat (%BF), fat mass (FM) and fat-free mass (FFM) for children ≥ 

1y of age. Brook (Brook, 1971) and Durnin et al. (Durnin and Rahaman, 1967, Durnin and 

Womersley, 1974) developed the equations using sample sizes of 23 and 191 respectively, 

stratified by sex. Subsequently, Slaughter and colleagues (Slaughter et al., 1988) developed 

other prediction equations that used 2-skinfolds (triceps and subscapular) and developed 

prediction equations that incorporated pubertal development and population ancestry based 

on a sample size of 242 subjects, for ages 8 to18 years. Both sets of prediction equations 

were developed with underwater weighing or stable isotope techniques as reference methods 

and with samples of healthy children with typical growth. Only a few studies with small 

sample sizes have evaluated equation validity in children with health conditions that affect 

growth and body composition (Wells et al., 2008, Gurka et al., 2010).

Presently, dual-energy x-ray absorptiometry (DXA) is widely used in research for assessing 

%BF, FM and FFM in children and adults (Kendler et al., 2013). DXA methodology for 

body composition assessment varies by manufacturer and software version, but it does not 

require training in anthropometric technique and may be less subject to inter-observer and 

intra-observer variability. Moreover, DXA measures form the basis of national reference 

data for body composition and adiposity in the U.S. (Weber et al., 2013, Ogden et al., 2011). 

Here we use DXA-based body composition to evaluate published prediction equations, to 

develop new equations based on a large sample of healthy reference children, and to test the 
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validity of these new equations using a strategic random sample of children from the U.S. 

with data from the National Health and Nutrition Examination Survey (NHANES), and in 

children with Down syndrome, Crohn disease, and steroid-sensitive nephrotic syndrome. 

These three conditions typify pediatric conditions that often affect growth and body 

composition through genetic factors, delayed maturation, disease processes (such as 

malabsorption and inflammation) or treatment effects (such as glucocorticoids) 

(FitzSimmons et al., 1990, Styles et al., 2002, Anneren et al., 1990, Arnell et al., 1996).

We hypothesised that published body composition prediction equations have a strong 

correlation, but poor agreement with DXA measures of FFM, FM and %BF, and that newly 

developed equations using DXA as the reference method would accurately estimate body 

composition in the U.S. population and in children with Down syndrome, Crohn disease, 

and nephrotic syndrome.

Subjects and Methods

Design and Participants

Data were used from multiple prospective observational studies conducted at The Children’s 

Hospital of Philadelphia (CHOP). These included two studies of children with Down 

syndrome, a large study of healthy children, and studies of children with Crohn disease and 

nephrotic syndrome, as described in multiple publications (Lee et al., 2015, Tsampalieros et 

al., 2013a, Wetzsteon et al., 2009, Tsampalieros et al., 2013b, Thayu et al., 2010, Dubner et 

al., 2009, Thayu et al., 2007, Hill et al., 2013, Leonard et al., 2010, O’Neill et al., 2005) and 

summarised in Table 1. Healthy, typically developing children from the Reference Project on 

Skeletal Development and healthy sibling participants from the Energy Balance in Children 

with Down Syndrome Study were combined to form the healthy reference group (n=835). 

All studies were conducted in the CHOP Clinical and Translational Research Center 

Nutrition Core Laboratory using the same methods.

Publically available data from NHANES (National Center for Health Statistics, 2008b) were 

used as an independent sample for validation purposes. Between 1999 and 2004 NHANES 

collected whole body DXA data on children and adolescents, ages 8 and above, using a 

strategic random sampling strategy that oversampled non-Hispanic “blacks”, Mexican 

Americans and low-income “whites”.1 Whole body scans were acquired using a Hologic 

QDR 4500A densitometer (Hologic Inc). (National Center for Health Statistics, 2008a) and 

analysed centrally by the University of California, San Francisco, Radiology department 

using Hologic Discovery Software, version 12.1 (Hologic Inc). The NHANES data set used 

a multiple imputation algorithm for missing values to address the potential biases of 

nonrandom missing DXA data (10% of males and 13.5% of females). The average of the 

imputed values was used in this analysis. Full details of the methods and rationale for 

multiple imputation are described in the NHANES DXA technical documentation files 

(National Center for Health Statistics, 2008b). Participants with weights greater than 130kg 

were excluded from DXA assessment due to the weight limit of the DXA device. Triceps 

1NHANES sample weights were not used in the analyses because the study focused on correspondence in body composition estimated 
by different methods rather than accurate representation of body composition in the U.S. population.
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and subscapular skinfold thicknesses were also acquired as part of the physical examination 

(National Center for Health Statistics, 2007).

Data Collection Methods

Height was measured using a wall-mounted stadiometer (Holtain, Crymych, UK) without 

shoes, weight was measured with an electronic scale (Scaletronix, White Plains, NY), and 

skinfold thickness measurements were collected in triplicate using Holtain skinfold calipers 

(Holtain, Crymych UK) by research anthropometrists and averaged. All anthropometrists 

were trained by an expert anthropometrist (BSZ) and with established inter-rater reliability. 

The triceps and biceps skinfold measurements were obtained at the mid-point of the right 

upper arm, halfway between the acromion and the olecranon. The subscapular skinfold was 

measured at a 45° angle just below the inferior angle of the scapula. The suprailiac 

measurement was obtained approximately 2 cm anterior and medial to the anterior superior 

iliac spine.

Four skinfolds were measured in the Down syndrome and healthy reference samples. Only 

triceps and subscapular skinfolds were collected in the children with Crohn disease and 

nephrotic syndrome. Age- and sex-specific z-scores for height, weight and BMI were 

generated based on CDC 2000 growth charts (Kuczmarski et al., 2000). Pubertal stage was 

also assessed for all participants using a validated self-assessment questionnaire (Morris and 

Udry, 1980, Schall et al., 2002) or by physician exam (see Table 1). Tanner’s stages of breast 

development for girls and genital stage for boys were used to categorise pubertal stage 

(Tanner, 1962). Whole body DXA scans were acquired (Hologic 4500/Delphi/Discovery 

densitometers, Hologic Inc., Bedford, MA) and analysed using software versions 12.3, 12.4 

or 13.3 without the “NHANES body composition” option. The DXA software body 

composition algorithm was the same across all software versions. The combined DXA body 

composition data were subsequently corrected for overestimation of lean body mass 

(Schoeller et al., 2005), as was done for the National Health and Nutrition Examination 

Survey (NHANES) (Ogden et al., 2011).

Whole body FM, FFM, and %BF were estimated with previously published equations. Four 

skinfolds (triceps, biceps, subscapular and suprailiac) were used for the Brook equations for 

ages 1 to 11y (Brook, 1971), Durnin and Rahaman for ages 12 to 16y (Durnin and Rahaman, 

1967), and Durnin and Wormsley for ages 16 to 21y (Durnin and Womersley, 1974). Two 

skinfolds (triceps and subscapular) were used for the Slaughter et al. equations for ages 8–

18y (Slaughter et al., 1988). The resulting values were compared to DXA body composition 

measurements as the reference method.

Data Analysis

Body composition estimates based on two sets of published prediction equations (Brook, 

1971, Durnin and Rahaman, 1967, Durnin and Womersley, 1974, Slaughter et al., 1988) 

were calculated. For the NHANES data set, Tanner stage was not collected, but is required 

for estimating body composition in males using the equation of Slaughter. Consistent with 

another publication (Golec et al., 2014), males were categorised as prepubertal for age<12 

years, peripubertal for ages 12 to 14 years, and pubertal for age>14 years.
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Body composition estimated from skinfold prediction equations and DXA were compared 

by Spearman correlation (due to non-normal distributions) and a Bland-Altman agreement 

analysis (Bland and Altman, 1986) that compares the difference between DXA and skinfold 

body composition measures to the mean of both methods. Results were reported as the mean 

difference between methods, and the limits of agreement (mean difference ± 1.96*SD) 

(Bland and Altman, 1986). Differences between study groups in growth z-scores were 

compared by one-way ANOVA using the Scheffe post-hoc test of significance.

New prediction equations were developed using the healthy reference sample to predict 

DXA %BF, because %BF was the outcome measure predicted in previous equations. First, 

we conducted exploratory analysis using all possible subsets regression analysis 

(“allpossible” option in Stata 13.0) similar to the approach used by Sun et al. (Sun et al., 

2003), which permits rapid comparison of R-square values for combinations of variables 

(Cox, 2002). The variables in the all possible subset analysis included those used in previous 

equations: skinfold thickness, sex, age, pubertal stage, and African American ancestry. We 

also included height, hypothesising that height will improve body composition estimation in 

children with atypical growth patterns. Consistent with previous equations of Brook and 

Durnin et al., we used the natural log of the sum of skinfolds to reduce skewness and non-

linearity of associations; the log of height was also used. Based on these results, we 

compared the simpler models (i.e., fewer independent variables) to more complex models 

using the likelihood ratio test to assess whether the model was significantly improved by the 

addition of more variables. We repeated the final regression models using bootstrapping with 

100 repetitions of random samples with replacement drawn from the subsets of healthy 

males and females (separately) to obtain robust estimates of the final models. Two- and 

three-way interaction terms with African American ancestry and pubertal stage were tested. 

We also estimated simpler prediction models that did not require determination of pubertal 

stage.

Equations predicting %BF were created using 2- or 4-skinfolds. FM and FFM were 

calculated as follows:

The new prediction equations were then tested using Spearman correlations and Bland 

Altman agreement analysis in independent data sets; the two skinfold method was used for 

the NHANES, nephrotic syndrome and Crohn disease samples for whom we only had two 

skinfolds, and the two- and four-skinfold equations for the Down syndrome sample. We had 

80% power (p=0.05) to detect a significant mean difference in %BF between DXA 

measured vs skinfold predicted values of 0.86±3.2 in our smallest group (children with 

Down syndrome, n=59) and 0.245±2.6 in our largest group (healthy reference sample, 

n=835).
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Results

Sample characteristics

Descriptive statistics for three of the four studies have been published previously (Lee et al., 

2015, Tsampalieros et al., 2013a, Wetzsteon et al., 2009, Tsampalieros et al., 2013b, Thayu 

et al., 2010, Dubner et al., 2009, Thayu et al., 2007, Hill et al., 2013, Leonard et al., 2010, 

O’Neill et al., 2005) and are presented for all children in Table 2. The healthy reference 

group was comprised primarily of children of European or African ancestry. Consistent with 

contemporary children in the U.S., the healthy reference group was close to the median 

height for U.S. children, and had weight and BMI Z-scores that reflect the overweight of 

U.S. children. The distribution of height, weight and BMI Z-scores for the Down syndrome, 

Crohn disease and nephrotic syndrome groups reflect the expected trends in growth and 

adiposity for these health conditions. The NHANES, Down syndrome, Crohn disease, and 

nephrotic syndrome groups all had lower height Z-scores than the healthy reference group 

(p<0.001). The NHANES, Down syndrome and nephrotic syndrome groups had higher BMI 

Z-scores (p<0.001) and the Crohn disease group had lower BMI Z-scores (p<0.001) than the 

reference group, as previously described. All pubertal stages were represented in all study 

groups. Four skinfold (triceps, biceps, subscapular and suprailiac) measurements were 

collected for 59 children with Down syndrome, ages 3 to 21 years, and 835 healthy 

reference children, ages 3 to 19 years. Triceps and subscapular skinfold thickness 

measurements were collected for 128 children with Crohn disease, 67 with nephrotic 

syndrome, ages 5 to 22 years, and 9,826 children in the NHANES dataset. The NHANES 

sample included 32% “non-Hispanic Black”, 27% “non-Hispanic White”, 33% Mexican 

American, and 8% “other”.

Comparison of published prediction equations with DXA body composition

Body composition (FM, FFM, and %BF) was calculated for all groups from published 

equations using 2- and, when available, 4-skinfolds (SF2 and SF4). There was excellent 

correlation with values obtained from DXA for %BF (Figure 1), FM (Figure 2) and FFM 

(Figure 3). There was a large difference between measures (DXA – skinfold) and wide limits 

of agreement using the published equations (Figure 4 for 2-skinfold analysis and Figure 5 

for 4-skinfold analysis). DXA measures of FM and %BF were significantly greater 

(p<0.001) than that estimated by published body composition prediction equations.

Equation development and validation

We developed separate sets of equations to predict DXA %BF with the sum of 2-skinfolds 

(triceps and subscapular) and the sum of 4-skinfolds (triceps, biceps, subscapular and 

suprailiac) using data from the healthy reference group, stratified by sex. The all possible 

subsets analysis showed that after including the natural log of the sum of skinfolds, height 

was the most significant factor to add to the model, improving the R-squared value by 22 to 

39%.

Interactions of African American ancestry and pubertal stage were tested in separate 

regression analyses for males and females; final models using bootstrapping with 100 

replications were used to derive the prediction equations. For the new 2-skinfold prediction 
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equation for males, there was a significant three-way interaction between African American 

ancestry, pubertal stage (Tanner stages 4 and 5, vs Tanner stages 1 to 3) and the log of height 

(p=0.035), so separate equations were tested for African American vs. Non-African 

American males. Pubertal stage and the interaction of pubertal stage and height remained 

significant (p<0.05) for African American males only. In other words, the negative effect of 

height on prediction of percent body fat for a boy in early puberty was less than the effect of 

height on percent body fat for a boy in later puberty. For the new 4-skinfold prediction 

equation for males, the two-way interaction of African American ancestry and the sum of 4 

skinfolds was significant (p=0.006). The full prediction models, as well as simplified models 

that do not require pubertal stage are shown in Table 3. These new prediction equations for 

males explained 81 to 86 percent of the variability in percent body fat. User-friendly 

equations are provided in Table 4.

For females, height, African American ancestry and the sum of skinfolds were significant 

predictors of percent body fat for both the 2-skinfold and 4-skinfold models. For the new 4-

skinfold model, there was a significant interaction (p=0.02) between African American 

ancestry and height, such that the negative effect of height on percent body fat was less for 

African American as compared to non-African American females. The full prediction 

models, as well as simplified models that do not require pubertal stage are shown in Table 3. 

These new prediction equations for females explained 74 to 85 percent of the variability in 

percent body fat. User-friendly equations are provided in Table 4.

Application of new prediction equations in children with atypical growth

The new prediction equations produced body composition estimates that correlated highly 

with DXA data without the bias evident with the published equations (Figures 1 – 3). For the 

NHANES, Down syndrome, Crohn disease and nephrotic syndrome groups, the difference 

between DXA and new skinfold predicted measures was greatly reduced and the limits of 

agreement improved compared to previous equations (Figure 4 and 5). Results were similar 

for the new equations using 2- and 4-skinfolds. Bland Altman plots for percent body fat 

(difference between DXA vs predicted percent body fat compared to the average of DXA 

and predicted percent body fat) show that at highest levels of body fat, the values from the 

new prediction equations are less than the values measured by DXA (Figure 6).

Discussion

Accurate body composition measurements are important in the clinical and research 

evaluation of children’s health status, and of even more importance in children with altered 

growth patterns due to genetic syndromes or medical conditions. As a measure of adiposity, 

skinfold thickness is a valuable tool in both the clinical and research settings. Here we 

showed poor agreement in body composition outcomes between published prediction 

equations and DXA measurements in healthy children, as well as in children with health 

conditions that frequently affect growth and body composition. To address this concern, new 

equations using a large, diverse sample of healthy children across a large age range were 

developed, and the generalisability of these equations was demonstrated among children 
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with altered growth patterns, as well as in an independent sample of children measured in a 

national survey.

DXA is used to measure body composition in adults and children in the research setting. It is 

more widely available, time and cost efficient, and feasible than other methods of body 

composition assessment. However, DXA results vary by manufacturer and by model and 

software version within the same manufacturer (Toombs et al., 2012). The gold standard 

four-compartment body composition method has been used to evaluate DXA body 

composition measures from GE Lunar and Hologic devices (see review in Toombs et al., 

2012). For example, for the older Lunar DPX-L model, DXA overestimated percent body fat 

for lean adults and underestimated percent body fat with increasing adiposity (Van Der 

Ploeg et al., 2003). Among children, the Lunar Prodigy overestimated fat mass in children; 

the bias was relatively small (0.86kg), but the limits of agreement increased with increasing 

fatness (Wells et al., 2010a). Similarly, Williams et al. (Williams et al., 2006) showed that 

the Lunar Prodigy DXA underestimated percent body fat in obese boys (1.41±2.59) and girls 

(1.03±3.50) and underestimated percent body fat in non-obese boys (−1.74±3.52), but did 

not differ for children with cystic fibrosis or glycogen storage disease. Schoeller et al. 

(Schoeller et al., 2005) combined data on 1195 subjects, ages 19 to 82 years, from 7 studies 

that used the Hologic QDR4500A device. They showed DXA overestimated fat-free mass 

compared to the four-compartment model. Accordingly, they recommended a reduction in 

fat free mass estimate of 5% and a corresponding increase in fat mass by that same amount. 

This correction was applied to all DXA body composition data from NHANES and is now 

the standard in contemporary Hologic software (as was used in this study). Presently, there 

are no published studies validating this new adjustment factor in DXA body composition 

assessment in children. Nevertheless, compared to other methods such as isotope dilution 

and underwater weighing, DXA has the advantage of measuring bone mass and density of 

soft tissue, so it is less prone to errors due to assumptions of the composition of fat-free 

mass. In addition, DXA is a widely accepted frame of reference because of the published 

NHANES reference ranges for percent body fat, lean mass index, and fat mass index for 

children ages 8 to 20 years (Ogden et al., 2011, Weber et al., 2013).

The new skinfold prediction equations presented here show improved agreement with DXA 

body composition compared to previous prediction equations. Numerous studies have also 

shown inadequacies in published prediction equations. In particular, the 2 skinfold 

prediction equation of Slaughter et al. (1988) underestimated percent body fat in Chilean 

children (Aguirre et al., 2015) and in 12 year old children in the U.S. (Bray et al., 2002) 

compared to multicompartment models. Compared to the GE Lunar DPX and DPX-L 

models, the Slaughter 2 skinfold prediction equations overestimated body fat, especially 

among those with high skinfold thicknesses (Freedman et al., 2013a).

We found that the inclusion of height in the skinfold prediction models significantly 

improved the explained variance. The importance of height in body composition assessment 

was recognised by Van Itallie et al. (VanItallie et al., 1990), and led to the wider use of lean 

mass index and fat mass index as nutritional status indicators. Our prediction equations also 

included African American ancestry and pubertal status variables. Pubertal stage is 

important, as it is well-recognised that body composition changes as a child progresses 
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through puberty (Forbes, 1964, Rolland-Cachera, 1993). There are also differences in the 

timing of pubertal development between African American and non-African American 

children which may account for differences in body composition between the two groups 

(Ramnitz and Lodish, 2013). All prediction equations were stratified by sex because of the 

known sex differences in body composition even in early infancy (Butte et al., 2000). Body 

composition prediction equations that are stratified by sex and include height are particularly 

important in the assessment of children with altered patterns of growth or delayed pubertal 

development. We found the effect of pubertal status on body composition varied according 

to sex and African American ancestry. However, our simplified models provide estimates 

that did not include pubertal status and also had good explanatory power.

The equations of Slaughter et al. (Slaughter et al., 1988) were only validated for children 

ages 8–18 years, so do not meet the needs of studies that include younger children, such as 

ours. Additionally, reference methods for the previously published equations used 

underwater weighing to determine body density or the isotope dilution method to determine 

total body water. Both of these methods involve assumptions about the hydration of and 

bone mineral content in FFM. These characteristics of FFM change as children age, and may 

be different for children with chronic diseases that also affect growth, maturation and body 

composition (Wells et al., 2010b, Bianchi et al., 2014, Wells et al., 2006).

The new prediction equations performed well in children with Down syndrome, Crohn 

disease and nephrotic syndrome, conditions that can affect growth and body composition. 

Individuals with Down syndrome are shorter than their peers in the general population and 

commonly overweight, especially during adolescence (FitzSimmons et al., 1990, Styles et 

al., 2002, Arnell et al., 1996). Crohn disease, an inflammatory bowel disease, is associated 

with malabsorption, poor growth in height and weight, and delayed maturation (Sentongo et 

al., 2000). Children with steroid-sensitive nephrotic syndrome, a kidney disease with urinary 

protein loss, treated with prolonged, high dose glucocorticoids, typically have excess weight 

gain and are short for their degree of obesity (Foster et al., 2004). These conditions were 

selected for investigation because of their contrasting effects on growth and body 

composition. Our findings suggest that the new equations adequately predict body 

composition, even in these contrasting conditions, and thus make the development of disease 

specific equations unnecessary. Moreover, development of disease-specific body 

composition prediction equations for each group would require large numbers of subjects to 

encompass the age, sex, pubertal maturation and population ancestry effects on body 

composition.

Our study had several limitations. First, while the new equations show improved correlation 

with DXA body composition measures and reduced bias, some bias remains among those 

children with extremely high %BF. This effect likely arises secondary to reduced precision, 

accuracy and feasibility of skinfold thickness measurements in children with severe obesity 

and is an unavoidable limitation of the skinfold prediction method. The precision of DXA 

for measuring percent body fat ranges from 0.8 to 2.7% (Toombs et al., 2012), but 

agreement of DXA with the 4 compartment model “gold standard” worsens with increasing 

body fat (Van Der Ploeg et al., 2003, Wells et al., 2010a). Second, it is not possible to 

measure skinfold thicknesses in very obese individuals, and those with weight above the 
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allowable limit for DXA devices would not be included in this analysis. Therefore, there is 

inherent bias in the sample due to the non-randomness of missing data. Third, the skinfold 

measurements were completed by research anthropometrists with excellent inter-observer 

reliability; the reproducibility of results outside the research setting is unknown. Our 

analysis of an independent data set from NHANES, that had multiple anthropometrists, 

showed a similar mean difference between DXA and predicted percent body fat, but larger 

limits of agreement than that found in our healthy reference sample. Importantly, the limits 

of agreement for the new skinfold prediction equations for percent body fat, fat mass and fat 

free mass were smaller than those for the published prediction equations in all groups 

evaluated in this study. Nevertheless, the limits of agreement are such that it is preferable to 

use the new prediction equations for group comparisons rather than body composition 

determination for an individual. Finally, the reference method used was DXA which has not 

been validated across all diseases and age ranges (Williams et al., 2006).

Our study also had numerous strengths. The prediction equations were developed on a large, 

multi-ethnic sample of healthy children ages 3 to 21 years, using standardised procedures. 

The equations using 2-skinfolds performed nearly as well as with 4-skinfolds, and both are 

presented. While the best prediction was achieved using equations that included African 

American ancestry and puberty, we present additional simplified equations that include only 

height and skinfolds which can be used when pubertal stage or ancestry information is 

unavailable.

In conclusion, this study demonstrates that the newly developed prediction equations can be 

used for both children with typical growth patterns as well as those with altered growth 

patterns such as children with Down syndrome, Crohn disease, and nephrotic syndrome. 

Future studies are needed to validate these equations in children with other diagnoses who 

are at-risk for growth faltering and abnormal body composition.
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Figure 1. 
Correlation plot of percent body fat by body composition prediction equations vs. DXA in 

males and females in the healthy reference sample. The line of identity is included. A. 2-

skinfold equations of Slaughter et al (1988) (2SF) and new prediction equations (New 2SF). 

The Spearman correlation coefficient (rho) for both is shown; B. 4-skinfold equations from 

published sources (Brook, 1971, Durnin and Rahaman, 1967, Durnin and Womersley, 1974) 

(4SF) and new prediction equations (New 4SF). The Spearman correlation coefficient (rho) 

for both is shown.
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Figure 2. 
Correlation plot of fat mass by body composition prediction equations vs. DXA in males and 

females in the healthy reference sample. The line of identity is included. A. 2-skinfold 

equations of Slaughter et al (1988) (2SF) and new prediction equations (New 2SF). The 

Spearman correlation coefficient (rho) for both is shown; B. 4-skinfold equations from 

published sources (Brook, 1971, Durnin and Rahaman, 1967, Durnin and Womersley, 1974) 

(4SF) and new prediction equations (New 4SF). The Spearman correlation coefficient (rho) 

for both is shown.
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Figure 3. 
Correlation plot of fat free mass by body composition prediction equations vs. DXA in 

males and females in the healthy reference sample. The line of identity is included. A. 2-

skinfold equations of Slaughter et al (1988) (2SF) and new prediction equations (New 2SF). 

The Spearman correlation coefficient (rho) for both is shown; B. 4-skinfold equations from 

published sources (Brook, 1971, Durnin and Rahaman, 1967, Durnin and Womersley, 1974) 

(4SF) and new prediction equations (New 4SF). The Spearman correlation coefficient (rho) 

for both is shown.
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Figure 4. 
Agreement (DXA – 2 skinfold prediction equations) for percent body fat, fat mass, and fat-

free mass in the healthy reference sample, the NHANES dataset, and in children with Down 

syndrome, Crohn disease, or steroid-sensitive nephrotic syndrome. Box represents mean 

difference between measures and error bars show the limits of agreement (1.96*SD). %BF, 

percent body fat; FFM, fat-free mass; FM, fat mass; SF2, published equations (Slaughter et 

al., 1988); New SF2, proposed equations.
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Figure 5. 
Agreement (DXA – 4 skinfold prediction equations) for percent body fat, fat mass, and fat-

free mass in the healthy reference sample and in children with Down syndrome. Box 

represents mean difference between measures and error bars show the limits of agreement 

(1.96*SD). %BF, % body fat; FFM, fat-free mass; FM, fat mass; SF4, published equations 

(Brook, 1971, Durnin and Rahaman, 1967, Durnin and Womersley, 1974); New SF4, 

proposed equations.
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Figure 6. 
Percent body fat agreement plot showing: A. the difference between DXA and 2 skinfold 

body composition prediction of percent body fat compared to the mean of DXA and 

predicted percent body fat in the healthy reference sample and in children with Down 

syndrome, Crohn disease, and steroid-sensitive nephrotic syndrome; B. the difference 

between DXA and 4 skinfold body composition prediction of percent body fat compared to 

the mean of DXA and predicted percent body fat in the healthy reference sample and in 

children with Down syndrome; C. the difference between DXA and 2 skinfold body 
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composition prediction of percent body fat compared to the mean of DXA and predicted 

percent body fat in the NHANES data set.
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