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Background & aims: Childhood obesity is a global public health threat, with an alarming rise in incidence.
Obesity at young age has short-term and long-term morbidity. It is, therefore, important to accurately
assess body composition throughout infancy and childhood to identify excess adiposity. However,
reference values for age 2e5 years, needed to interpret measurements and identify young children at
risk, are lacking. Our primary objective was to fill the current gap in reference values by constructing sex-
specific body composition reference values and charts for fat mass (FM), fat mass percentage (FM%), fat
mass index (FMI), lean body mass (LBM), lean body mass index (LBMI) and total body less head bone
mineral density (BMDTBLH) for children aged 2e5 years using Dual-Energy X-ray Absorptiometry (DXA).
Methods: We performed 599 accurate DXA-measurements in 340 term-born children aged 2e5 years,
using Lunar Prodigy with Encore software (V14.1). Using GAMLSS, sex-specific reference values and
charts were created for FM, FM%, FMI, LBM, LBMI and BMDTBLH.
Results: Sex-specific body composition reference values and charts for age 2e5 years were constructed.
In boys and girls, FM and LBM increased from age 2e5 years (all p � 0.001), but body size-corrected FM%
and FMI decreased (all p � 0.023). LBMI remained similar between 2 and 5 years of age. Girls had higher
FM, FM% and FMI and lower LBM and LBMI compared to boys. BMC and BMDTBLH increased with age
between 2 and 5 years of age (all p < 0.001) and were similar for boys and girls.
Conclusions: We present sex-specific reference values and charts for body composition and total body
bone mineral density measured by DXA, based on a large cohort of healthy children aged 2e5 years.
These longitudinal references can be used for clinical practice and research purposes to monitor body
composition and bone mineral density development and identify children at risk for excess adiposity.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Childhood obesity is a global public health threat [1]. Excess
adiposity at young age has not only short-term, but particularly
long-term morbidity, such as cardiovascular disease, insulin resis-
tance and type 2 diabetes [1,2]. In general, BMI is mostly used to
determine adiposity. However, BMI is poorly associated with true
body composition and BMI SD-scores have low specificity to
identify changes in fat mass percentage (FM%) [3,4]. It is important
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to monitor true body composition longitudinally during childhood
to identify children who are at risk for developing excess adiposity.

Several methods can be used to determine body composition in
infants and young children. Until the age of 6months and/orweight
of 8 kg, air displacement plethysmography (ADP) by PEAPOD can be
used to determine body composition [5,6]. Dual-Energy X-ray Ab-
sorptiometry (DXA) can also be used in infancy and is often used to
determine body composition in older children [7]. DXA is reported
to be accurate and has a high sensitivity and specificity to detect
high body fat [3]. Results, however, can differ between various
machines [8], modes [9] and software [10]. A major limitation of
DXA is that it requires the child to lay still [11], which is a great
challenge and leads to a high rate of unsuccessful measurements in
infants and young children [12].
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Abbreviations list

BMI Body mass index
SD-score Standard deviation score
DXA Dual-Energy X-ray Absorptiometry
ADP air displacement plethysmography
FM Fat mass
FM% Fat mass percentage
FMI Fat mass index
LBM Lean body mass
LBMI Lean body mass index
BMC Bone mineral content
BMDTBLH Total body less head bone mineral density
rTEM Relative technical error of measurement
%CV Percent coefficient of variation
ICC Intra-class correlation coefficient
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An advantage of DXA measurements is that it uses the three
component method, which allows measurements of body compo-
sition as well as bone mineral content and density [7]. In early
adulthood, bones reach their maximum density and strength, the
peak bone mass [13]. Decreased bone mineral density in childhood
and adolescence, results in lower peak bone density and has long-
term consequences, such as increased osteoporosis risk [14]. High
fat mass and especially high truncal fat is associated with lower
bone mineral density (BMDTBLH) in mid-childhood [15].

Reference values for body composition in young children are
needed to identify children with excess adiposity. For BMDTBLH,
reference values are needed to monitor skeletal health in children.
There are reference values available for body composition
measured by ADP until 6 months of age and thereafter by DXA for
children until age 2 years [12]. However, reference values for DXA
measurements of body composition and BMDTBLH for young chil-
dren aged �2 years are very scarce and the limited available
reference values for children aged 2e5 years are based on small
populations [16,17].

We, therefore, performed longitudinal DXA measurements in a
large cohort of healthy term-born children aged 2e5 years. The aim
of this study was to construct sex- and age specific reference data
and SD-scores of fat mass (FM), fat mass percentage (FM%), fat mass
index (FMI), lean body mass (LBM) and lean body mass index
(LBMI), as well as for total body less head bone mineral density
(BMDTBLH) and bone mineral content (BMC) for children aged 2e5
years. Our final objective was that these DXA references could be
used in clinical practice and research to monitor body composition
and bone mineral density development in young children and to
identify children at risk for excess adiposity.

2. Material and methods

2.1. Study setting and subjects

This study was embedded in the Sophia Pluto study, a birth
cohort study of healthy infants, aiming to provide detailed data on
trajectories of growth and body composition in early childhood
[18,19]. Infants were recruited before age 28 days, from several
maternity wards in Rotterdam, the second largest city in The
Netherlands. All participants met the following inclusion criteria:
singleton, term birth (�37 weeks of gestation), an uncomplicated
neonatal period and no severe asphyxia (defined as an Apgar-score
below 3 after 5 min), sepsis or the need for respiratory ventilation
and at least one accurate DXA measurement between age 2 and 5
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years. Exclusion criteria were maternal disease or medication that
could interfere with the child's growth and development, like
maternal use of corticosteroids or insulin, known congenital or
postnatal disease and intrauterine infection. The Medical Ethics
Committee of Erasmus Medical Center approved the Sophia Pluto
study (MEC-2012-164). The study was conducted according to the
ethical principles stated in the Helsinki declaration [20]. We ob-
tained written informed consent of all parents or caregivers with
parental authority.

2.2. Data collection and measurements

For this study, outpatient clinic visits were scheduled at 2, 3, 4
and 5 years. The same trained staff carried out the measurements
according to standard procedures. Birth data were taken from
hospital and midwife records.

Body composition and BMD were measured at every visit with
the same DXA machine (Lunar Prodigy Advance R00279 (GE
Healthcare, UK)), using Encore v14.1 software. The DXA machine
was calibrated daily, according to the supplier's manual. During
DXA scan, childrenwore only a diaper or underwear. BMC and BMC
results are presented for total body less head (TBLH) [21].

Of the 340 children, 205 and 89 had accurate DXA measure-
ments during at least 2 and 3 study visits, resp. Accurate DXA
measurements could be conducted in 193, 204 and 179 measure-
ments at 3, 4 and 5 years of age, resp. At the age of 2 years, we had
only 23 accurate measurements, due to resistance of the toddlers
and movement artifacts, but children aged �3 years were cooper-
ative after thorough explanation and could lay still during the DXA
measurement (accurate DXA measurements in 84%).

To test reliability, a random sample of 16 childrenwas measured
twice, with repositioning between measurements. Intra-class cor-
relation coefficient (ICC) and percent coefficient of variance (%CV)
for FM, FM%, LBM and BMDTBLH were calculated. ICC was 0.991,
0.985, 0.993 and 0.980, resp. (all p < 0.001) and %CV was 3.5%, 3.2%,
1.5% and 2.0%, resp.

Weight was measured to the nearest 5 g by an electronic infant
scale (Seca 717, Hamburg, Germany) at 2 years and by a flat scale
(Seca 876) until age 5 years. Length was measured twice in supine
position to the nearest 0.1 cm by an infantometer (Seca 416) at 2
years and in upright position by a stadiometer (Seca 213) until 5
years.

Fat mass index (FMI) was calculated as FM (kg) divided by length
(m) squared. Lean body mass index (LBMI) was calculated as LBM
(kg) divided by length (m) squared.

2.3. Statistical analysis

SD scores for length and weight corrected for sex and age were
calculated at birth and for every visit, by Growth Analyser RCT
software (https://www.growthanalyser.org) using Dutch refer-
ences [22]. Child characteristics are presented as mean (standard
deviation (SD)). Gestational age was non-normally distributed and
is, therefore, expressed as median (interquartile range [IQR]). Dif-
ferences between boys and girls were determined with an inde-
pendent student's t-test.

To create sex-specific charts for FM, FM%, FMI, LBM, LBMI and
BMDTBLH plotted against age, generalized additive models for
location, scale and shape (GAMLSS) were used [23,24]. To construct
the charts, BoxeCox Cole and Green distribution (BCCG) was
applied to fit the three parameters of mu (m), sigma (s) and nu (n)
[25]. The distribution expresses the mean (m), variance (s) and
skewness (n) that change as a function of age presented as z-scores
[25]. To improve readability for clinicians, the median, ±1 and ± 2
SD-scores (or z-scores) were plotted against age for FM (kg), FM%,
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FMI (kg/m2), LBM (kg), LBMI (kg/m2), and BMDTBLH (g/cm2) against
age. In addition, tables with median, ±1 and ± 2 SD-scores for
children aged 2e5 years were made with 6 months intervals.

To test continuity of the results of this study with the results of
our previous study in children aged �2 years [12], we measured a
random sample of 8 extremely cooperative children aged 2 years
twice, with and without vacuum cushion. Comparability was tested
using Bland-Altman analyses. Raw data of the measurements with
and without vacuum cushion had a fixed bias (all p < 0.001), with
mean differences and [95% confidence interval] for FM, FM% and fat
free mass of 1.81 [1.28e2.34] kg, 13.40 [9.07e17.73]% and �1.52
[�1.95 to �1.09] kg. However, when SD-scores were calculated,
using the age-appropriate reference values (reference values of our
previous study (12) for DXAmeasurement with vacuum cushion up
to age 2 years, and current reference values for DXA measurement
without vacuum cushion), there was no fixed bias. We found SD
scores to be similar, with mean differences [95% confidence inter-
val] for FM, FM% and fat freemass SDS of�0.15 [�0.64e0.34],�0.13
[�0.89e0.63] and 0.05 [�0.64e0.74], resp.

Statistical tests were performed with R including GAMLSS-
package v.5.2.0 (V 4.0.0) and SPSS (V 25.0.0.1). Results were regar-
ded statistically significant at p < 0.05.

3. Results

The study group consisted of 340 healthy children aged 2e5
years. Child characteristics are shown in Table 1. Fifty-four percent
of the group was male and 70% Caucasian. Length-for-age and
weight-for-length SD-scores were not different between boys and
girls.

3.1. Reference values for body composition in children aged 2e5
years

Sex-specific body composition reference values for age 2e5
years were constructed. The median, ±1 and ± 2 SD-scores for FM,
FM%, FMI, LBM and LBMI for boys and girls aged 2e5 years are
presented in Table 2. Figure 1 shows the sex-specific reference
charts for FM, FM%, FMI. In girls, median FM increased from 4.07 kg
at 2 years to 5.46 kg at 5 years of age (p < 0.001). In boys, median
FM increased from 3.93 kg to 4.80 kg during the same period
(p ¼ 0.001). Median FM% decreased from 32.26% to 27.86% in girls
and from 30.86% to 26.60% in boys (p ¼ 0.010 and p ¼ 0.019, resp.).
Median FMI decreased from 5.21 kg/m2 to 4.38 kg/m2 in girls and
from 4.81 kg/m2 to 3.83 kg/m2 in boys (p ¼ 0.013 and p ¼ 0.023,
resp.).
Table 1
Child characteristics.

Boys Girls p-value

Birth

N 183 157
Gestational age* 39.71 [38.86e40.71] 39.86 [39.00e40.80] 0.452
Birth weight SDS 0.30 (1.10) 0.15 (1.11) 0.196
Birth length SDŜ 0.75 (1.18) 0.56 (1.13) 0.256
Ethnicity (N (%)) 0.088
Caucasian 128 (69.9%) 101 (64.3%)
Black 6 (3.3%) 16 (10.2)
Asian 1 (0.5%) 2 (1.3%)
Latin-American 1 (0.5%) 0
Mixed 40 (21.9%) 32 (20.4%)
Missing 7 (3.8%) 6 (3.8%)

Data expressed as mean (SD), except for data indicated with *, which are expressed
as median [IQR]. ^112 boys and 86 girls. Abbreviations: N ¼ number of subjects,
SDS ¼ standard deviation score.
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Figure 2 shows the sex-specific reference charts for LBM and
LBMI. In girls, median LBM increased from 7.77 kg at 2 years to
13.13 kg at 5 years and in boys from 8.78 kg to 14.14 kg (all
p < 0.001). LBMI remained stable from 2 to 5 years of age. In girls,
LBMI was 10.40 kg/m2 and 10.70 kg/m2 at 2 and 5 years of age, resp.
(p ¼ 0.447) and in boys 11.07 kg/m2 and 11.19 kg/m2, resp.
(p ¼ 0.386).

Girls had higher median FM% at ages 3e5 years (p < 0.001,
p ¼ 0.005 and p < 0.001, resp.), higher median FM at 5 years of age
(p ¼ 0.009) and lower median LBM at ages 2e5 years (p ¼ 0.036,
p¼ 0.001, p< 0.001 and p< 0.001, resp.), compared to boys. Median
FMI was, compared to boys, also significantly higher in girls at age 4
and 5 years (p ¼ 0.011 and p ¼ 0.001) and median LBMI was lower
at ages 3e5 years (p < 0.001, p < 0.001 and p ¼ 0.002, resp.).

3.2. Reference values for bone mineral density and bone mineral
content in children aged 2e5 years

Sex-specific reference values for BMDTBLH were constructed for
children aged 2e5 years (Table 2). Figure 3 shows the sex-specific
reference charts for BMDTBLH. BMDTBLH increased with age and
similarly in boys and girls. Median BMDTBLH in girls increased be-
tween age 2e5 years from 0.394 g/cm2 to 0.518 g/cm2 and in boys
from 0.398 g/cm2 to 0.516 g/cm2 (both p < 0.001).

4. Discussion

We present sex-specific reference values and charts for fat mass
and lean body mass parameters as well as bone mineral density
based on a large group of healthy children aged 2e5 years.

Reference values for body composition and bone mineral den-
sity measured by DXA are very scarce in young children aged 2e5
years and the limited reference values were based on small groups
[16,17]. We now present, sex-specific reference values and charts
for young children aged 2e5 years which can be used for clinical
practice and research, provided that the same equipment and
software is used (DXA by Lunar Prodigy with Encore software
(V14.1)).

Between 2 and 5 years of age, FM and LBM increased in boys and
girls. Since body size and length increase during infancy and
childhood, monitoring longitudinal body composition solely by FM
and LBM in kg is misleading [26]. In clinical practice and for
research purposes, it is, therefore, preferable to use FM% or FMI and
LBMI to monitor body composition [27]. We found that FM% and
FMI decreased between the age of 2 and 5 years, while LBMI
remained similar, in both boys and girls. Our results are in line with
our previous findings during infancy until age 2 years and in chil-
dren older than age 5 years [12,16,28]. We now present reference
values and charts for FM, LBM as well as FM%, FMI and LBMI in
children aged 2e5 years, thereby filling the current gap in reference
values.

We found differences in body composition between boys and
girls. At age 3e5 years, girls had significantly higher FM% and FMI
and lower LBMI compared to boys. The higher FM% in girls
compared to boys is in line with another study [17]. We found
previously similar sex differences in body composition during in-
fancy [12,29] and others described such differences in children
aged�4 years [16]. These differences in body composition are likely
caused by different endogenous testosterone production in girls
versus boys [30]. It is, therefore, important to use sex-specific
reference values from an early age onwards to monitor body
composition.

We also present reference data for BMDTBLH for children aged
2e5 years. We found no differences between boys and girls, which
is in line with three other research groups who did not find sex



Table 2
Sex-specific reference values for body composition and bone mineral density and content.

Boys Girls

�2 SD �1 SD 0 SD þ 1 SD þ2 SD �2 SD �1 SD 0 SD þ 1 SD þ2 SD

Body composition

FM (kg)
2 years 2.63 3.24 3.93 4.70 5.55 2.38 3.22 4.07 4.94 5.83
2.5 years 2.77 3.41 4.14 4.98 5.92 2.62 3.42 4.30 5.26 6.28
3 years 2.90 3.56 4.34 5.24 6.27 2.84 3.63 4.54 5.57 6.72
3.5 years 3.00 3.68 4.50 5.46 6.59 3.02 3.82 4.77 5.87 7.16
4 years 3.08 3.78 4.63 5.64 6.87 3.20 4.02 5.00 6.18 7.57
4.5 years 3.14 3.85 4.72 5.79 7.11 3.38 4.21 5.23 6.48 8.01
5 years 3.19 3.90 4.80 5.92 7.34 3.56 4.40 5.46 6.79 8.46
5.5 years 3.24 3.96 4.87 6.05 7.58 3.70 4.56 5.66 7.05 8.83
FM%
2 years 21.82 26.87 30.86 34.24 37.20 23.18 27.60 32.26 37.14 42.24
2.5 years 21.35 25.92 29.82 33.27 36.41 23.17 27.12 31.53 36.42 41.84
3 years 20.84 24.98 28.77 32.32 35.67 23.00 26.60 30.79 35.68 41.39
3.5 years 20.29 24.04 27.73 31.37 34.97 22.71 26.05 30.06 34.92 40.86
4 years 19.70 23.11 26.69 30.43 34.33 22.36 25.48 29.33 34.14 40.28
4.5 years 19.08 22.18 25.65 29.50 33.78 22.00 24.91 28.59 33.36 39.76
5 years 18.44 21.26 24.60 28.59 33.36 21.58 24.32 27.86 32.57 39.15
5.5 years 17.78 20.34 23.56 27.69 33.14 21.18 23.82 27.25 31.88 38.51
FMI (kg/m2)
2 years 3.24 4.01 4.81 5.65 6.51 3.35 4.24 5.21 6.25 7.37
2.5 years 3.26 3.98 4.76 5.58 6.44 3.33 4.15 5.08 6.12 7.29
3 years 3.22 3.90 4.65 5.47 6.35 3.29 4.05 4.94 5.99 7.21
3.5 years 3.06 3.72 4.47 5.32 6.28 3.25 3.95 4.81 5.85 7.14
4 years 2.90 3.53 4.29 5.20 6.29 3.19 3.84 4.66 5.71 7.06
4.5 years 2.73 3.32 4.05 4.98 6.16 3.14 3.74 4.53 5.57 7.01
5 years 2.67 3.17 3.83 4.72 5.98 3.07 3.63 4.38 5.43 6.96
5.5 years 2.61 3.03 3.61 4.44 5.73 3.01 3.53 4.26 5.30 6.93
LBM (kg)
2 years 7.11 7.89 8.78 9.80 10.97 6.24 6.93 7.77 8.81 10.12
2.5 years 7.70 8.58 9.57 10.66 11.89 6.98 7.75 8.66 9.77 11.14
3 years 8.31 9.30 10.38 11.55 12.83 7.73 8.56 9.55 10.73 12.15
3.5 years 8.94 10.05 11.23 12.48 13.82 8.46 9.38 10.45 11.70 13.18
4 years 9.61 10.85 12.14 13.48 14.88 9.19 10.19 11.34 12.67 14.21
4.5 years 10.33 11.72 13.14 14.58 16.03 9.90 10.99 12.23 13.65 15.26
5 years 11.04 12.60 14.14 15.67 17.18 10.60 11.79 13.13 14.63 16.32
5.5 years 11.75 13.50 15.17 16.79 18.37 11.18 12.45 13.87 15.44 17.19
LBMI (kg/m2)
2 years 9.76 10.35 11.07 11.94 13.05 8.87 9.60 10.40 11.26 12.20
2.5 years 9.71 10.31 11.01 11.86 12.91 8.99 9.68 10.43 11.26 12.16
3 years 9.68 10.28 10.98 11.80 12.80 9.09 9.74 10.47 11.27 12.15
3.5 years 9.68 10.28 10.97 11.77 12.72 9.16 9.80 10.51 11.30 12.19
4 years 9.71 10.32 11.00 11.79 12.70 9.21 9.85 10.56 11.36 12.28
4.5 years 9.78 10.39 11.08 11.85 12.73 9.28 9.91 10.63 11.44 12.38
5 years 9.88 10.50 11.19 11.95 12.80 9.36 9.98 10.70 11.53 12.49
5.5 years 10.08 10.71 11.40 12.16 13.00 9.43 10.05 10.77 11.60 12.59

Bone mineral density and content

BMDTBLH (g/cm2)
2 years 0.347 0.370 0.398 0.436 0.488 0.340 0.367 0.394 0.419 0.444
2.5 years 0.363 0.388 0.418 0.456 0.504 0.359 0.387 0.415 0.442 0.470
3 years 0.378 0.406 0.438 0.475 0.521 0.378 0.407 0.436 0.466 0.497
3.5 years 0.393 0.423 0.457 0.495 0.538 0.397 0.426 0.457 0.489 0.523
4 years 0.409 0.441 0.477 0.515 0.556 0.416 0.445 0.477 0.512 0.550
4.5 years 0.424 0.459 0.496 0.535 0.575 0.435 0.465 0.498 0.535 0.578
5 years 0.439 0.487 0.516 0.555 0.594 0.453 0.484 0.518 0.559 0.606
5.5 years 0.454 0.496 0.536 0.575 0.614 0.472 0.503 0.539 0.582 0.636
BMC (g)
2 years 167.4 188.9 216.4 253.1 304.2 148.5 177.0 207.8 240.7 275.8
2.5 years 192.0 220.4 254.2 294.6 343.3 179.3 210.2 244.9 283.5 326.4
3 years 214.0 251.4 292.0 336.0 383.3 210.9 243.8 282.0 326.2 377.4
3.5 years 233.9 282.0 329.8 377.4 424.7 243.0 277.7 319.1 368.8 429.0
4 years 256.1 313.3 367.6 419.6 469.7 275.7 311.9 356.2 411.3 481.2
4.5 years 286.3 346.5 405.4 463.3 520.4 308.8 346.3 393.3 453.7 534.0
5 years 321.2 380.8 443.2 508.2 575.6 342.2 380.9 430.4 496.0 587.5
5.5 years 356.2 415.4 481.0 553.6 663.4 376.0 415.8 467.5 538.1 641.9

Data expressed as median, ±1 and ±2SD scores for FM (fat mass), FM% (fat mass percentage), FMI (fat mass index), LBM (lean body mass) and LBMI (lean body mass index) and
for BMC (bone mineral content) and BMDTBLH (total body less head bone mineral density) for boys and girls aged 2e5 years, obtained with DXA (Lunar Prodigy).
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Fig. 1. Sex-specific reference charts of FM, FM% and FMI for boys and girls measured by DXA. Data are expressed as median and ± 1 and ± 2 SD scores obtained with DXA (Lunar
Prodigy). Sex-specific reference charts for boys are presented in blue and for girls in pink. (For interpretation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)
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Fig. 2. Sex-specific reference charts for LBM and LBMI for boys and girls measured by DXA. Data are expressed as median and ±1 and ± 2 SD scores obtained with DXA (Lunar
Prodigy). Sex-specific reference charts for boys are presented in blue and for girls in pink. (For interpretation of the references to colour in this figure legend, the reader is referred to
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differences in BMD in prepubertal children aged 5 years and older
[16,31,32]. Median BMDTBLH increased with age during this period,
in boys and girls alike. This is in line with another study [17]. Our
data show that, unlike for body composition, sex differences in
BMDTBLH are not present in early childhood.

If we compare our data to the limited literature, our reference
data are higher for FM% [17] and lower for LBM in kg [16] and
BMDTBLH [17] in both boys and girls at age 4 and 5 years. However,
both previous studies had smaller study populations and older ages
compared to ours. Lifshitz et al. performed 58 measurements in
boys and 68 in girls aged 4e5 years [17] and van der Sluis et al. in
only 11 boys and 11 girls at age 4e5 years [16], while our data are
based on measurements of 340 children aged 2e5 years, of which
211 measurements in boys and 171 in girls at age 4e5 years.
Furthermore, their studies used the Lunar DPX-L. We used the
newer Lunar Prodigywith Encore software V14.1. Body composition
measurements and BMDTBLH by DXA are known to differ between
various types of DXA machines [8], modes [9] and software [10].
The difference in DXA machines and software might be another
explanation why our reference values differ from values reported
earlier.

The strength of this study is the large number of detailed and
longitudinal measurements of fat mass, fat mass percentage, lean
body mass and bone mineral density in a large cohort of healthy
term-born children. The number of DXA measurements at age 2
years was small, which is a limitation of the study, The main reason
for that is the fact that it is extremely difficult to obtain accurate
DXA measurements in infants aged �2 years due to movement
artifacts. We have previously shown that accurate DXA measure-
ments can be obtained by using a vacuum cushion to avoid
movement artifacts in this age group [12]. From 3 years onwards,
most children were cooperative, leading to 84% accurate DXA
measurements in children aged �3 years. Because of the different
methods to assess accurate DXAmeasurements before and after the
age of 2 years, we constructed reference values in 2 age segments
(birth e 2 years [12] and 2 yearse5 years (present study)). We
found that the SD-scores are similar for the reference data from
birth e 2 years and from 2 to 5 years. Thus provided that age-
appropriate reference data are used, these references and charts
can be used longitudinally to monitor DXA measurements and
identify children at risk for excess adiposity.

In conclusion, we present novel sex-specific reference values
and charts for body composition and total body bone mineral
density measured by DXA for children aged 2e5 years, based on a
large cohort of healthy children. These longitudinal DXA references
for young children can be used for clinical practice and research
purposes to monitor body composition and bone mineral density
development and to identify children at risk for excess adiposity.
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