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Abstract

Objective: The present study aimed to determine the validity of simple epidemiological and clinical methodsfor the assessment of body fatness in preschool children.
Methods: In 89 children (42 boys, 47 girls; mean age 4.1 SD 1.3y) measures of body fatness were made usingtotal body water (TBW), dual energy x-ray absorptiometry (DXA), air displacement plethysmography(BODPOD) and skinfold thickness. Methods were compared by Bland–Altman analysis using TBW as thereference method, and by paired comparisons and rank order correlations.
Findings: Bias for DXA was +1.8% body fat percentage units (limits of agreement +15.5% to -11.9%), bias forBODPOD was -3.5% (limits of agreement +18.9% to -5.9%) and bias for skinfolds using the Slaughterequations was -6.5% (limits of agreement +10.0% to –23.1%). Significant rank order correlations with TBWmeasures of fatness were obtained for DXA estimates of fatness (r=0.54, P=0.01), but not for estimates of fatby skinfold thickness (r=0.20, P=0.2) or BODPOD (r=0.25, P=0.1). Differences between both DXA and BODPODand the reference TBW estimates of body fatness were not significant (P=0.06 and P=0.1 respectively);however, the difference in estimated body fatness between skinfold thickness and TBW was significant(P<0.001).
Conclusion: Estimates of body fatness in preschool children were inaccurate at the level of the individualchild using all the methods, but DXA might provide unbiased estimates and a means of making relativeassessments of body fatness.
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IntroductionBody composition methodology is oftenconsidered as being central to obesity research,and important to many other aspects of publichealth nutrition and clinical nutrition[1-3]. Bodycomposition is an important topic in clinicalnutrition research, particularly in the case of

certain disease states as it can provide valuableinformation regarding the natural history of thesediseases, along with an improved understandingof the success of nutritional care[2,4-7]. There hasbeen increasing interest in the pediatric clinicalapplications of body composition[1], due partly tothe development of methods for estimating bodyfatness which are particularly suitable for use in
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pediatric clinical nutritional practice. Evenmethods traditionally considered to be limited tosmall-scale applications, such as dual energy x-rayabsorptiometry (DXA), are being used increasinglyin large-scale studies of nutritional epidemiology,such as birth cohort studies[12].One major concern over the use of bodycomposition methodology is accuracy. Thevalidation of body composition methods requiresthem to be compared against a reference methodof greater accuracy[9,10]. While ‘multi-component’models provide the highest accuracy[1,2], use ofmulti-component models in pediatric validationstudies presents practical problems and as a resulthas been very rare, and confined largely to smallstudies, with <20 participants per age/sexgroup[3]. Of the ‘two-component’ methods ofmeasuring body composition total body water(TBW) should, theoretically, have the greatestaccuracy[9], and this has been confirmed byempirical studies[9,11]. Therefore, measurements ofbody fatness derived from TBW can be used as areference method for the validation of other lessaccurate body composition methods, and thepractical utility of TBW measurement permitslarger sample sizes than have been achieved invalidation studies involving multi-componentmodels[3]. A literature search carried out prior tothe present study identified no validation studiesof body composition methods in preschoolchildren (3-5 year olds). The aim of the presentstudy was therefore to assess the accuracy ofseveral simple body composition methods inhealthy preschool children relative to the TBWmethod.
Subjects and MethodsA convenience sample of participating childrenwas recruited to the Rowett Assessment ofChildhood Appetite and Metabolism (RASCAL)study[12]. Verbal consent was obtained fromchildren to participate in the study, and theirparents gave informed written consent. Theresearch was approved by the Grampian ResearchEthics Committee. All measurements were takenby trained researchers at the Human NutritionUnit, Rowett Research Institute, Scotland, UK.

Measurements of body fatness were made usingfour body composition methods in all participatingchildren: Dual energy x-ray absorptiometry (DXA),total body water (TBW), air displacementplethysmography (BODPOD) and Skinfoldthickness. Body weight of the children weremeasured using a digital scale of high precision(OHAUS Corporation, Pine Brook, USA, model:CD11) to the nearest 0.1 kg. Height was alsomeasured using a standard stadiometer to thenearest 0.1 cm (Holtain Ltd, Crymych, Dyfed,Wales). For descriptive purposes, height, weightand BMI of children were converted into age andsex corrected BMI standard deviation scores(SDS), using the UK 1990 reference data[13].Body composition from TBW was used as thereference method. A fasting ‘baseline’ urinesample was collected, after which each childreceived an oral dose of 2 H labeled water basedon their weight. At 2, 4, and 6 hours after dosing,further urine samples were collected. Each samplewas analyzed in duplicate and the mean value wasused for analysis to determine the plateauenrichment of 2 H. Dilution space of 2 H wascalculated as described elsewhere[1] and TBW wasassumed to be 4% smaller than 2 H space. Fromthe measurement of TBW, fat free mass (FFM) andfat mass (FM) were calculated using age andgender specific constants for the hydration of fat-free mass in children[14].Total body FFM and FM were measured usingDXA with the Norland XR-26, Mark ІІ high speedpencil beam scanner equipped with dynamicfiltration, using version 2.5.2 of the Norlandsoftware (Norland Corporation, Fort Atkinson, WI,USA). For the duration of the scan, the subject layon a bed quietly and was scanned from head tofoot, which took around 15 minutes.Calibration of the volume of the BODPODchamber was carried out with a known standardand weighing scales were also calibrated against aknown weight of 20 kg, prior to measurements.The barometric pressure and relative humidity ofthe room were recorded, along with temperature(a constant temperature of 24-26°C). Theprocedure was fully explained to children and theywere asked to wear a swimsuit and bathing cap asclothing was found to have an effect on thevolume[15], and the cap helped minimizeisothermal air trapped within the hair[16]. Childrenentered the BODPOD and were asked to sit quietly
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and relaxed for two measurements of around 50seconds each; during this the subject’s raw bodyvolume was obtained. If agreement between thetwo measures of body volume was within 150 ml,the two trials were averaged, but if they were not,then a third trial was performed in attempt toobtain two trials with volume measures within150 ml. Bodpod software was used to provide theestimates of body fatness used in the presentstudy.Skinfold thickness measurements were made induplicate (or triplicate where necessary) at thebiceps and triceps site by a trained observer. Thebiceps and triceps site were used in conjunctionwith the ‘Slaughter’ equations[17], these equationshad highest accuracy relative to a referencemethod in older children[18]. The predictionequations used were as follows:Subjects with sum of two skinfolds < 35mm:% body fat Boys = 0.21 (sum of two skinfolds)–0.008(sum of two skinfolds 2)–1.7%% body fat Girls = 1.33 (sum of two skinfolds)–0.013(sum of two skinfolds 2)– 2.5.Subjects with sum of two skinfolds >35mm:% body fat Boys = 0.783 (sum of two skinfolds)–1.7% body fat Girls = 0.546 (sum of two skinfolds)+9.7Measures of body fat (%) obtained from theTBW measures were used as the referencemethod, and the estimates of fatness comparedagainst the TBW measured body fat (%) values.Validity of DXA, BODPOD and skinfold thicknessfor the estimation of body fatness was assessed bycalculating biases and limits of agreement(bias±t.SD) relative to the measures of fatnessprovided by the TBW method following themethod of Bland–Altman[16]. Bland-Altman focuseson the individual differences between methodsand aims to provide an assessment of agreementbetween two methods.

The differences between paired observations,was also assessed for statistical significance usingpaired t tests between the body fatness measureobtained from TBW and from each method.Finally, the ability of DXA, BODPOD and skinfoldthickness to make relative assessment of bodyfatness was assessed by using the Spearman’srank order correlations between estimates of bodyfatness (%) from each method and that providedby TBW. Rank order correlations are useful to testwhether approximate relative ranking is similarbetween the reference method and other methods,and may be particularly informative forepidemiological applications of body compositionmeasures in childhood[3].No power calculation was performed in thepresent study, but in previous validation studies ofbody composition in older children andadolescents samples of around 20-30 childrenhave been adequately powered to detectagreement at the individual level and the presenceof meaningful biases between methods, achievablebecause disagreement between methods is usuallyvery marked[3,9,18]. The present study thereforeaimed to recruit samples of at least 30 children foreach paired comparison of methods.
FindingsEighty nine Caucasian children, forty two boys andforty seven girls, mean age 4.1 y (SD 1.3)participated in the present study (Table 1). Allwere asked to take part in all of the bodycomposition measurement techniques. Somechildren refused to take part in some of themeasures, or did not comply adequately, and these

Table 1: Characteristics of Study Participants
Parameter Boys (SD) Girls (SD) Total (SD)
Age (years) 4.1 (1.5) 4.0 (1.2) 4.1 (1.3)
Weight (kg) 18.0 (5.1) 17.6 (5.0) 17.8 (5.0)
Height (m) 1.04 (0.1) 1.03 (0.1) 1.04 (0.1)
Body mass index (SDS) 0.15 (1.4) 0.14 (1.3) 0.15 (1.3)
dual energy x-ray absorptiometry Fat % 26.5 (6.1) 30.5 (7.1) 28.7 (6.9)*
Air displacement plethysmography Fat % 21.9 (10.3) 26.6 (10.4) 24.3 (10.4)
Total body water Fat % 25.3 (5.9) 27.7 (6.1) 26.5 (6.1)
Skinfolds Fat % 18.4 (5.7) 21.1 (6.9) 19.8 (6.5)* Gender difference ANOVA P<0.05; SD: Standard deviation
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were marked as missing/invalid data and not usedin the analyses shown here. Numbers(percentages) of missing/invalid data from eachmethod were as follows: TBW 22 (25%); DXA 34(38%); BODPOD 59 (66%); Skinfolds 29 (33%).The amount of missing and invalid data alsoprovides an indication of the practical utility of thevarious techniques in this age group. For theentire sample of children mean BMI SD score was+0.15 (SD 1.31), 11 children were obese (BMIabove the 95th percentile for UK 1990 referencedata), and 5 overweight (BMI between 85th and95th percentiles).Bland-Altman plots of the differences in bodyfatness (%) between measures derived from TBWand DXA, BODPOD, and skinfold thickness, areshown in Figures 1-3 respectively. With a meanfatness of 26.5% (SD 6.1) by TBW, bias for DXAwas+1.8% (limits of agreement+15.5% to -11.9%),bias for BODPOD was 3.5% (limits of agreement+18.9% to -25.9%) and bias for skinfolds was -6.6(limits of agreement +10% to –23.1%). The limitsof agreement between each method and thereference were generally wide (Fig. 1-3). Pairedcomparisons with the reference method (TBW)were also made for each method and thesignificance of differences assessed by paired t-test. Differences between DXA and TBW andbetween BODPOD and TBW estimates of bodyfatness were not statistically significant (DXA:95% CI for the paired difference –0.1 to +3.7;
P=0.06 BODPOD: 95% CI for the paired difference+0.7 to-7.8%; P=0.1). The difference betweenestimates of fatness from skinfolds and TBW wasstatistically significant (95% CI for the paireddifference –8.7 to –4.4%; P<0.001).Rank correlations with the reference method(TBW) were positive and significant for DXA(r=0.54, P<0.001). However, estimates of fatnessfrom BODPOD (r=0.25, P=0.2) and skinfoldthickness (r=0.20, P=0.1) measures were notsignificantly rank correlated with measures byTBW.
DiscussionTo our knowledge the present study was the firstvalidation study of body composition methods

r=-0.20, P=0.1

Fig. 1: Bias (solid line) and limits of agreement (broken lines)between total body water measures of body fatness and dualenergy x-ray absorptiometry estimates of fatness in youngchildren (n=55).

r=0.53, P=0.002

Fig. 2: Bias (solid line) and limits of agreement (broken lines)between total body water measures of body fatness and airdisplacement plethysmography estimates of fatness in youngchildren (n=32).

r=0.06, P=0.6

Fig. 3: Bias (solid line) and limits of agreement (broken lines)between total body water measures of fatness and skinfoldthickness estimates of fatness in young children (n=60).
which employed a reference method in pre-schoolchildren. The present study suggests thatestimates of body fatness from the methods which
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were used were fairly inaccurate at the level of theindividual child, with wide limits of agreementbetween each method and the reference. Thereare no directly comparable studies in preschoolchildren, however validation studies in olderchildren and adolescents report broadly similarfindings: relatively wide limits of agreement arecommon, indicating poor accuracy ofepidemiological and clinical body compositionmethods at the level of the individual child oradolescent[3,9-11,18,20-22]. The present studytherefore adds evidence from young children to agrowing body of evidence which suggests thatmost body composition methods are inadequate interms of accuracy for individuals in most pediatricpopulations. The significant rank ordercorrelations for estimates of fatness from DXAwith TBW measures of fat observed in the presentstudy provide some support for the use of thecombination of DXA hardware and software usedin the present study in providing relativeassessments of fatness in preschool children.Skinfold thickness and BODPOD estimates offatness were not significantly rank correlated withmeasures of fatness from TBW. Combined with theevidence from the Bland-Altman analysis, thepresent study suggests that BODPOD commercialhardware and software, and skinfolds using theSlaughter equations, are probably not useful forproviding quantitative assessments of bodyfatness in individual young children.The present study suggests that caution isrequired when making estimates of body fatnessusing simple clinical and epidemiological methodsin healthy young children, and errors in estimationof body fatness in disease states might be expectedto be even greater, because violations in bodycomposition model assumptions are usuallygreater in individuals with chronic disease[20,23].The present study had a number of weaknesses. Itwas focused on the accuracy of estimation of bodyfatness, however other concepts[24] such asprecision are also important when deciding whento, or whether to use body composition methods.Nevertheless, the findings in relation to accuracyof the various methods are sufficiently clear forinforming choice of method. Compliance with thedifferent body composition methods by thepreschool children in the present study variedsubstantially between the methods. Non-adherence to the measurement protocols, or

refusal to participate in certain methods, mayreflect the inherent difficulty in obtaining bodycomposition measures in young children, evenwhen recruiting a convenience sample in aresearch setting. Non-adherence and/or refusalmight be even more of a problem among morerepresentative samples, or in clinical settings.Access to all of the different potentially usefulclinical and epidemiological methods of estimatingbody fatness in children was not available in thepresent study. Of particular note, bioelectricalimpedance (BIA) was not used. This may bepotentially important as BIA is a particularlypractical method for epidemiological and clinicaluse with children, though validation studies inolder children tend to suggest poor agreementbetween different variants of BIA and referencemethods[9,11,20]. It is also possible that use ofdifferent variants of DXA, or skinfolds, or BODPOD,by using different prediction equations, or by notrelying on manufacturer’s software, might haveimproved the accuracy of the estimates observedfrom the various techniques in the present study.However, the observations of relatively largeerror at the level of the individual child in thepresent study are consistent with evidence fromolder children and adolescents[2,3,9-11,20-22], and insome studies even larger biases have beenobserved for the techniques tested in the presentstudy, so there is no indication that biases andindividual errors are specific to preschool bodycomposition studies[3]. The results of recentpublished systematic review indicated that themost equations are suitable for population-basedresearches; however some concerns still arise onan individual basis[25]. In addition, DXA haveseveral limitations in assessment of bodycomposition in young children includingdifficulties in bone edge detection during scananalysis, and difficulties in the accurateinterpretation of DXA data in children as bonesize, pubertal stage, skeletal maturation, ethnicityand body composition are needed to beconsidered[26-28].
ConclusionThe present study found that the practical utilityof four widely used epidemiological and clinical
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body composition methods was limited in youngchildren, and the accuracy of three of the methodswas poor at the level of the individual child. Of thethree methods tested against TBW derivedmeasures of fatness, the present study is probablymost supportive of DXA. However, the presentstudy suggests that all body composition methodsshould be used with caution in young children.Further research aimed at improving the accuracyand practical utility of these simple clinical andepidemiological methods of body composition inyoung children, or research aimed at developingnew methods, would be desirable.
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