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Summary

Detailed measures of infant body composition are needed for understanding the impact of genes 

and environment on growth early in life. The purpose of this study was to compare the accuracy 

and bias of body composition in infants from dual energy X-ray absorptiometry (DXA) using MRI 

as the criterion method. The depots measured were total fat mass (FM), total fat-free mass (FFM) 

and trunk FM and FFM using DXA and MRI in 14 infants. None of the regression lines between 

DXA and MRI significantly deviate from the line of identity for any of the depots studied. 

However, Bland-Altman analyses revealed bias for trunk FM and trunk FFM. Our data showed 

DXA to be accurate (regression not significantly deviating from the line of identity), with high 

agreement (indicated by high R2) and without bias (non-significant Bland-Altman) when 

estimating total FM and FFM. This could not be said for trunk estimates.
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Approximately 12% of children under the age of 2 years are obese [1], with 70% remaining 

so into adulthood [2]. Further, overweight/obese children are five times more likely to be 

overweight/obese as adults [3]. The strong link between obesity and future health risk 

precipitates the need for accurate tools for measuring and tracking body composition early in 

life.

Magnetic resonance imaging (MRI) is currently considered the most accurate technique for 

measurement of body composition in children and adults, but is not validated in neonates 

and infants [4]. However, MRI can be technically challenging and expensive, or 

inappropriate for many studies. Dual energy X-ray absorptiometry (DXA) is a commonly 

used alternate approach to measure body composition in children starting at birth [5]. Like 

MRI, DXA provides estimates of regional body composition but costs less and is easier to 

operate. To our knowledge, there are no published studies that have validated measures of 

infant body composition by DXA against a criterion standard like MRI. Therefore, the 
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purpose of this study was to examine the accuracy and bias for measurements of whole body 

and trunk composition acquired using DXA compared to the same measurements acquired 

using MRI.

Fourteen healthy infants (3 girls, 11 boys; gestational age 38.8 ± 0.8 wks; birth weight 

3,570.1 ± 768.1 g; birth length 49.2 ± 2.8 cm; 34.2 ± 5.0 days old at time of testing) were 

enrolled. The study was approved by the University of Oklahoma Health Sciences Center 

and Tribal IRB's. DXA and MRI scans were performed on the same day typically within 2-3 

hours of each other.

Whole (less head) and regional (trunk) body composition was determined by DXA using a 

Lunar i DXAv11-30.062 (Infant whole body analysis enCore 2007 software, GE, Fairfield, 

CT) scanner as described by our group previously [5]. The effective radiation exposure 

associated with this scan is 0.22 mR. Further, total (less head) and regional (trunk) body 

composition were measured by MRI (Hitachi Aris II, 0.3 Tesla; slice thickness 5 mm; no 

spacing between slices) as described previously [6, 7]. Scans were analyzed by image 

segmentation and the Dixon method was used to quantify regional tissue fat content [8]. The 

Image Reading Center, Inc (New York, NY) read and interpreted all MRI scans.

The utility of DXA to determine whole body and trunk composition was assessed using MRI 

as the criterion method. Linear regression analysis was used to calculate the slope of the 

regression line between MRI and DXA for each depot. The coefficient of determination was 

assessed by the (R2) and the standard error of the estimate (SEE) was used as a measure of 

the accuracy in the prediction.

Potential bias between DXA and MRI for each depot was evaluated using the Bland-Altman 

analysis [9], which examines the difference between measures as a function of their means. 

All statistical analyses were performed using SPSS 20 with statistical significance set at p ≤ 

0.05.

A summary of the total FM, FFM and trunk FM and FFM for both DXA and MRI are 

reported in Table 1, with DXA consistently underestimating the mass for each depot by 

17-25%. Further, weight-for-age-length, weight-for-age and BMI-for-age z-scores are 

presented.

The calculated accuracy of measurement in each depot is shown in Figure 1 panels A-D with 

the regression line presented at the top right hand corner with none of the regressions 

deviating from the line of identity.

Total FM and FFM Bland-Altman analysis revealed no bias across the range of measured 

values while a significant negative bias for DXA-based measurements of trunk FM and 

trunk FFM compared to the measurement with MRI.

To our knowledge, this study is among the first to cross-validate body composition by DXA 

against MRI in such a young cohort. Our principal finding was DXA measures of total FM 

(18%) and FFM (20%) though lower than MRI estimates did not deviate from the line of 

identity using regression analysis. Furthermore, Bland-Altman analysis revealed no bias 
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across the range of measured values in our cohort. Therefore, a high coefficient of 

determination and lack of bias of DXA is sufficiently high to recommend its use to track the 

growth and development of infants longitudinally or perform comparison studies among 

groups of infants. In agreement with our findings, Karlsson et al [10] reported a high 

correlation (r=0.95) and lack of bias between measures of total body FM in 5-year old 

children using DXA versus MRI. Collectively, DXA appears to be an appropriate alternative 

method to MRI for measurements of total body composition in infants.

We found estimates of total body FM and FFM by DXA to be valid, though they may 

underestimate the total of each by approximately 18% - 20%. The reason for the lower 

estimates by DXA is unclear, but perhaps reflects dimensionality differences between DXA 

(two dimensions) and MRI (three dimensions) [11].

In contrast to the results for whole body FM, we found the measurement of trunk FM by 

DXA to have a lower R2 while demonstrating bias. Bland-Altman analyses for trunk FM 

showed that the magnitude of underestimation with DXA increased as trunk FM increased. 

This methodological limitation of DXA was previously cited by Micklesfield and 

colleagues, “DXA is limited by its projectional nature and consequently visceral fat cannot 

be directly measured by DXA because subcutaneous fat lies above and below it” [11]. 

However, the inability of DXA to distinguish subcutaneous from visceral fat cannot be the 

sole explanation for the poor correlation because 70-90% of the trunk fat in a one-month-old 

is subcutaneous, not visceral. [12-14].

Our study demonstrated large absolute differences between the methods (17-25%) based 

upon the depot of interest. However, the sample size is small, and precludes a deeper 

understanding of these differences. Regression and Bland-Altman analyses demonstrated 

DXA to be accurate, without bias when estimating total body FM and FFM. This was not so 

for trunk estimates. The explanation for the poor relationships between DXA and MRI 

measures of trunk FM and FFM are unclear. Our data is a first step in better understanding 

both the strengths and weaknesses of using DXA in infants.
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Figure 1. 
Regression comparison of FM and FFM content measured with DXA and MRI in one-

month old infants: A) total body FM, B) total body FFM, C) trunk FM and D) trunk FFM. 

Solid line is regression. Dashed line is line of identity.
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Table 1

Mean and standard deviation for each depot measured using DXA, MRI and skinfolds. Additionally, weight-

for-length, weight-for-age and BMI-for-age-z scores are reported.

Variable z-score MRI DXA % diff

% total body fat 26.8 ± 4 26.2 ± 4

Total fat mass (g) 1,170 ± 327 939 ± 275 19.7

Total fat-free mass (g) 3,213 ± 412 2,640 ± 364 17.8

Trunk fat mass (g) 497 ± 187 372 ± 122 25.2

Trunk fat-free mass (g) 2,179 ± 325 1,807 ± 250 17.1

WHO WLZ 0.38 ± 1.1

WHO WAZ 0.39 ± 1.2

WHO BMIZ 0.48 ± 1.1

Values for total fat and fat-free mass do not include the head for either method.

% diff is the difference between MRI and DXA.

WHO WLZ (Weight-for-age-length z-score; z-scores based on WHO 2006 growth charts).

WHO WAZ (Weight-for-age z-score; z-scores based on WHO 2006 growth charts).

WHO BMIZ (BMI-for-age z-score; z-scores based on WHO 2006 growth charts).
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