Metadata, citation and similar papers at core.ac.uk

hts reserved 2046-2166/14

© 2014 Macmillan Publishers Limited All rig

www.nature.com/ijo

ORIGINAL ARTICLE

Percentile reference values for anthropometric body
composition indices in European children from the
IDEFICS study

P Nagy', E Kovacs', LA Moreno?, T Veidebaum?, M Tornaritis?, Y Kourides”, A Siani®, F Lauria®, | Sioen®, M Claessens®, S Marild’,
L Lissner’, K Bammann®?, T Intemann®, C Buck®, | Pigeot®'®, W Ahrens®'®"" and D Molnar""" on behalf of the IDEFICS consortium

INTRODUCTION: To characterise the nutritional status in children with obesity or wasting conditions, European anthropometric
reference values for body composition measures beyond the body mass index (BMI) are needed. Differentiated assessment of body
composition in children has long been hampered by the lack of appropriate references.

OBJECTIVES: The aim of our study is to provide percentiles for body composition indices in normal weight European children,
based on the IDEFICS cohort (Identification and prevention of Dietary- and lifestyle-induced health Effects in Children and infantS).
METHODS: Overall 18 745 2.0-10.9-year-old children from eight countries participated in the study. Children classified as
overweight/obese or underweight according to IOTF (N=5915) were excluded from the analysis. Anthropometric measurements
(BMI (N =12 830); triceps, subscapular, fat mass and fat mass index (N= 11 845-11 901); biceps, suprailiac skinfolds, sum of skinfolds
calculated from skinfold thicknesses (N=8129-8205), neck circumference (N=12 241); waist circumference and waist-to-height
ratio (N=12381)) were analysed stratified by sex and smoothed 1st, 3rd, 10th, 25th, 50th, 75th, 90th, 97th and 99th percentile
curves were calculated using GAMLSS.

RESULTS: Percentile values of the most important anthropometric measures related to the degree of adiposity are depicted for
European girls and boys. Age- and sex-specific differences were investigated for all measures. As an example, the 50th and 99th
percentile values of waist circumference ranged from 50.7-59.2 cm and from 51.3-58.7 cm in 4.5- to < 5.0-year-old girls and boys,
respectively, to 60.6-74.5 cm in girls and to 59.9-76.7 cm in boys at the age of 10.5-10.9 years.

CONCLUSION: The presented percentile curves may aid a differentiated assessment of total and abdominal adiposity in European

children.

International Journal of Obesity (2014) 38, S15-S25; doi:10.1038/ij0.2014.131

INTRODUCTION

Anthropometric measurements provide essential information
regarding body composition in children. They may also herald
the presence of cardiovascular risk factors already in childhood as
demonstrated in previous studies.'” Thus, a more sophisticated
approach to assess body composition early in childhood may
improve the prediction of cardiometabolic risk.*

Efforts to obtain detailed information on body composition in
children have been impeded by two factors. First, an optimal
method for precise assessment of body composition is not
available. There are accurate laboratory methods for the analysis
of total and abdominal fat, like dual energy X-ray absorptiometry,
magnetic resonance imaging or underwater weighing but their
routine use for screening purposes is limited.>® Traditional field
anthropometric measurements are much cheaper and relatively
easy to perform, but less precise. Second, the correct interpreta-
tion of the obtained results on both individual and population
level is hampered by the lack of appropriate reference data’
according to sex, age and ethnicity. The assessment of body

composition and body fat distribution is complex in children
as the continuous growth and development leads to marked
changes in circumferences, skinfold thicknesses®® and fat
distribution.

BMI is the most widely used indicator for screening of excess
adiposity and cardiometabolic risk,'®'" although its limitations,
especially in growing children, are well established.'? Internation-
ally accepted body mass index (BMI) reference values are
available." For this reason, we provide BMI reference curves only
for the sake of comparability between our study and other
published data.

BMI does not distinguish between fat and lean body mass,
which might provide misleading information concerning body
composition. There is a high variability in body fat for a given BMI
in children.'® The limitations of BMI can be partly overcome by the
measurement of other anthropometric parameters and indices.
For the assessment of total body fat, skinfold thicknesses,''® neck
circumference (NC)'” and fat mass index (FMI)” can be used.

Measurement of abdominal fat, waist circumference (WC),'®% or
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16,228 2.0-10.9 yr old children from T, 2,517 2.0-10.9 yr old children
survey from T, survey
18,745 2.0-10.9 yr old children participated N Exclusion of 5,915 overweight, obese and
in the whole survey g underweight children based on Cole & Lobstein’s
TOTF criteria
12,830 2.0-10.9 yr old normal weight
children were included
Figure 1. Flow chart of the inclusion criteria of 2.0-10.9-year-old normal-weight children.

Table 1. Numbers of 2.0-10.9-year-old normal-weight children included in the analyses of anthropometric measures, stratified by sex and country
BMI Waist Neck Triceps Subscapular Body fat Biceps Suprailiac Sum of
circumference® circumference skinfold skinfold mass® skinfold skinfold skinfolds
Sex
Girls 6577 6364 6279 6107 6095 6077 4195 4214 4173
Boys 6253 6017 5962 5794 5798 5768 3982 3991 3956
Country
Belgium 1819 1651 1650 1624 1631 1614 2 1 1
Cyprus 1924 1808 1713 1590 1580 1573 1573 1580 1555
Estonia 1567 1497 1501 1451 1452 1446 1446 1454 1440
Germany 1622 1606 1614 1595 1585 1584 43 43 43
Hungary 2124 2108 2107 2085 2084 2079 2083 2089 2075
Italy 1281 1253 1262 1241 1243 1239 1233 1240 1225
Spain 1089 1071 1076 1074 1075 1073 1073 1074 1071
Sweden 1404 1387 1318 1241 1243 1237 724 724 719
Total 12830 12381 12241 11901 11893 11845 8177 8205 8129
Abbreviation: BMI, body mass index. *Sample size also for waist-to-height ratio. "Sample size also for fat mass index.

waist-to-height ratio®* is recommended to improve the assess-
ment of cardiometabolic risk.

For such anthropometric measures, reference charts have been
developed for specific populations like North Americans,®
Canadians®® and Australians,”” which may not be suitable for
European children. In Europe, only national standards exist,'*2*
which may not be applicable on a European level.

The main goal of the present investigation is to provide
reference standards of body composition measures allowing a
differentiated assessment of body composition, that is, total and
abdominal fat, in European children. Percentile curves were
calculated using the General Additive Model for Location Scale
and Shape (GAMLSS).?%2°

SUBJECTS AND METHODS

Study subjects

A cohort of 16 228 children aged 2-9 years was examined in a population-
based baseline survey in 16 study regions in eight European countries
(Sweden, Germany, Hungary, Italy, Cyprus, Spain, Belgium, Estonia) ranging
from North to South and from East to West from autumn 2007 to spring
2008. This baseline survey (T,) was the starting point of the largest
prospective European children’s cohort established to date. This cohort
and additional 2517 children aged 2.0-10.9 years who were newly
recruited during a second survey (T;), 2 years later, comprise the study
sample of the present analysis, which means that only one measurement
per child was included in our analyses. Exactly the same examination
modules were deployed at baseline (To) and at follow-up (T,), but only the
entry measurement was considered in case of children who participated in
both surveys. In addition to the signed informed consent given by parents,
each child was asked to give verbal assent immediately before
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examination. All measurements were approved by the local Ethics
Committees. 33!

Overall 18745 2.0-10.9-year-old children took part in the study. BMI
categories were defined according to IOTF'? to classify overweight, obese
and underweight children (N=5915, 31.6%) who were excluded, leaving
12830 normal weight children for the analysis. The number of children
with  BMI measurements and the exclusion criteria are exemplarily
illustrated in Figure 1. Table 1 summarises the sample size for each
measurement stratified by sex and by the eight participating countries. As
the children were free to opt out of any module of the examination
protocol, the number of children providing anthropometric measurements
varied for the different measurements, due to different acceptance
proportions for each measure (see also Table 1). In addition, not all
skinfold measurements were compulsory elements of the examination
protocol (see below). Thus, the number of children with all four skinfold
measurements is smaller than the number of children for whom the
compulsory skinfolds were measured. Only very minor differences were
observed comparing the group of children with all four skinfold
measurement with the normal weight study population with respect to
mean age, sex distribution and distribution of ISCED (International
Standard Classification of Education) level where the maximum level of
both parents was considered. The distributions of the triceps and
subscapular skinfolds did not change significantly if they were calculated
from the data of the smaller sample where all four skinfolds were
measured.

Anthropometric measurements

All anthropometric measurements were carried out by trained research
assistants according to the IDEFICS study protocol. The intra- and inter-
observer reliability assessment of the anthropometric measurements was
considered as good to very good. For details, we refer to the paper recently
published by Stomfai et al.>?

© 2014 Macmillan Publishers Limited
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Table 2. Selected GAMLSS models to calculate the anthropometric percentile curves for normal-weight children
Variable Sex Model
Distribution Parameters
u log(o) v log(x)
BMI Girls BCPE CS (age) CS (age) 1 1
Boys
Neck circumference Girls BCT Age 1 1 1
Boys BCT Age 1 Age 1
Waist circumference Girls BCT CS (age) Age 1 Age
Boys BCT Age Age 1 Age
Waist-to-height ratio Girls BCT CS (age) Age 1 Age
Boys BCT CS (age) Age 1 1
Biceps skinfold Girls BCCG Age Age 1 —
Boys BCCG CS (age) Age Age —
Triceps skinfold Girls BCCG CS (age) Age Age —
Boys
Subscapular skinfold Girls BCT CS (age) Age 1 Age
Boys BCT CS (age) Age 1 1
Suprailiac skinfold Girls BCPE Age Age 1 Age
Boys BCPE CS (age) Age CS (age) Age
Sum of skinfolds Girls BCCG CS (age) Age 1 —
Boys
Body fat mass (slaughter) Girls BCCG CS (age) Age Age 1
Boys
Fat mass index Girls BCCG CS (age) Age 1 —
Boys BCCG CS (age) Age Age —
Abbreviations: BCCG, Box—Cox Cole Green; BCPE, Box-Cox power exponential; BCT, Box-Cox t; BMI, body mass index; CS, cubic spline depending on age.

Weight was measured using an electronic scale (Tanita BC 420 SMA,
Tanita Europe GmbH, Sindelfingen, Germany) to the nearest 0.1 kg. The
children wore only an underwear and a T-shirt. Height was measured
barefooted, using a telescopic height measuring instrument (Seca 225
stadiometer, seca, Birmingham, UK) to the nearest 0.1 cm. Skinfold
thickness (mm) was measured twice on the right side of the body to the
nearest 0.2 mm with a skinfold calliper (Holtain, range 0-40 mm, Holtain
Ltd, Pembrokeshire, UK). Skinfold measurements were taken at the
following sites: (1) triceps, halfway between the acromion and the
olecranon process at the back of the arm; (2) biceps, at the same level
as the triceps skinfold, in the line of the centre of the cubital fossa; (3)
subscapular, about 20 mm below the tip of the scapula, at an angle of 45°
to the lateral side of the body; (4) suprailiac, about 20 mm above the iliac
crest and 20 mm towards the medial line. In the survey, measurements of
triceps and subscapular skinfolds were compulsory for each survey centre,
whereas those of biceps and suprailiac were optional (see Table 1).
Circumferences (cm) were measured once with an inelastic tape (Seca 200),
precision 0.1 cm, range 0-150 cm, with the child in a standing position.
Circumference measurements were taken at four sites: arm, waist, hip and
neck3? NC was measured when the child stood upright, head being in
Frankfort plane,®* and with the arms at the sides and feet together. The tape
was placed around the neck at a point just above the larynx and perpendicular
to the long axis of the neck. The measurement of WC was obtained in upright
position with relaxed abdomen and feet together, midway between the
lowest rib margin and the iliac crest to the nearest 0.1 cm.

Calculation of anthropometric indices

BMI was calculated dividing the body weight in kilograms by the square of
body height in metres. Waist-to-height ratio was computed dividing WC by
height, both in centimetres.

Body fat mass

Biceps, triceps, subscapular and suprailiac skinfolds were added up to
calculate the sum of skinfolds. For the calculation of body fat mass (BFM)
from skinfolds, several equations exist worldwide3**? for adults and
children. Slaughter's equations®® are preferred for predicting BFM in
children.**™* Besides their wide acceptance Slaughter's equations also
have the advantage of requiring only two anthropometric measures.

© 2014 Macmillan Publishers Limited

We applied these formulas using the sum of subscapular (mm) and triceps
(mm) skinfold thicknesses (x) for boys as follows

BEM — 1.21x-0.008x% - 1.7,x 35mm
| 0.783x+1.6,x > 35mm

and for girls

BEM — 1.33x-0.013x2-2.5,x 35mm
| 0.546x +9.7,x > 35mm

aged between 2.0 and 10.9 years. The FMI was calculated by dividing BFM
by the square of height in metres.

Statistical analysis

We calculated percentile curves of the anthropometric measures as a
function of age (continuous) stratified by sex using GAMLSS. The GAMLSS
method is an extension of the LMS method that models three parameters
depending on one explanatory variable: the median (M) of the outcome
variable is modelled depending on one explanatory variable and the
coefficient of variation (S) accounts for the variation around the mean and
adjusts for nonuniform dispersion, whereas the skewness (L) accounts for
the deviation from a normal distribution using a Box-Cox transformation.
The GAMLSS method is able to particularly model the kurtosis using other
distributions and to include more than one covariate. We used the gamlss
package (version 4.2-6) of the statistical software R (version 3.0.1). Different
distributions, that is, the Box—-Cox power exponential, the Box—Cox t or the
Box-Cox Cole and Green distribution were fitted to the observed
distribution of the anthropometric outcome variables. Moreover, the
influence of age (continuous) on parameters of the considered distribu-
tions was modelled either as a constant, as a linear function or as a cubic
spline of the covariate. Goodness of fit was assessed by the Bayesian
Information Criterion and Q-Q plots to select the final model including the
fitted distribution of the anthropometric outcome variable and the
influence of covariates on distribution parameters?®*?° Worm plots*’*®
were used as a diagnostic tool to assess whether adjustment for kurtosis
was required. The chosen GAMLSS in boys and girls are listed in Table 2, for
example, the final model for waist-to-height ratio in boys consists of a
Box-Cox t distribution, where the four parameters were modelled as
follows: the location parameter u as a cubic spline, the scale parameter

International Journal of Obesity (2014) S15-525
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Table 3. Percentiles of sum of skinfolds (mm) calculated with GAMLSS in normal-weight European children

Age Percentile for girls Age Percentile for boys
(years) (years)

1st 3rd 10th 25th 50th 75th 90th 97th 99th st 3rd 10th 25th 50th 75th 90th 97th 99th
2.0-25 187 199 218 238 265 295 326 361 39.1 20-25 19.7 207 223 242 266 295 326 36.2 393
2.5-3.0 189 201 221 242 270 303 337 375 407 25-3.0 19.0 200 21.7 235 260 289 321 359 392
3.0-3.5 189 203 223 246 276 31.0 346 388 424 3.0-35 183 194 210 23.0 255 285 318 357 392
3.5-4.0 189 203 224 248 279 316 355 400 438 35-4.0 178 189 205 225 251 282 316 357 395
4.0-4.5 186 20.1 222 248 280 319 360 408 450 4.0-45 173 184 20.1 221 247 279 315 359 399
4.5-5.0 183 198 220 246 280 321 365 416 460 45-50 168 179 196 216 243 276 314 360 403
5.0-5.5 180 195 218 245 280 323 369 424 472 50-55 163 174 191 212 239 274 313 36.2 407
5.5-6.0 177 192 216 244 281 326 375 433 485 55-6.0 159 170 187 208 237 272 314 366 415
6.0-6.5 174 190 214 243 282 329 382 445 501 6.0-6.5 156 168 185 20.7 236 274 318 374 428
6.5-7.0 173 189 214 244 285 335 391 459 520 65-7.0 155 16.7 185 207 238 278 325 386 446
7.0-7.5 172 188 214 246 289 343 403 477 545 7.0-75 155 167 186 209 242 284 335 402 469
7.5-8.0 172 189 216 250 296 353 419 500 575 75-8.0 155 168 187 212 246 292 347 421 497
8.0-8.5 173 191 220 255 304 367 439 529 613 8.0-85 156 169 19.0 215 252 301 36.1 444 530
8.5-9.0 175 194 225 262 315 383 462 563 658 85-9.0 157 171 192 220 259 312 377 470 569
9.0-9.5 177 197 230 270 327 401 488 60.1 709 9.0-95 159 173 195 224 266 323 396 500 613
9.5-10.0 179 201 235 278 339 420 517 644 766 9.5-100 16.0 175 198 229 273 335 415 533 664
10.0-10.5 181 204 240 286 353 441 548 69.1 831 100-105 16.1 176 20.1 233 281 348 436 569 723
10.5-10.9 183 20.7 245 294 366 463 581 742 902 105-109 162 178 204 238 288 36.1 458 609 789

log(o) linearly and the shape parameters v and log(r) as constants. The
chosen models of the anthropometric outcome variables were used to
calculate percentile curves for the 1st, 3rd, 10th, 25th, 50th, 75th, 90th,
97th and 99th percentiles. Percentile cutoffs are presented by 0.5-year
group in tables.

RESULTS
Body mass index

In 4.5- to <5.0-year-old girls and boys, the 50th and 99th
percentiles were 15.5 and 17.2kgm™2 and 15.6 and 17.3kgm™.
At the age of 10.5-10.9 years, the corresponding percentiles in
girls were 16.9 and 20.1 kg m™2 and 16.8 and 20.1 kg m™2 in boys
(Supplementary Table A and Supplementary Figure A). Our curves
showed a BMI rebound between 5 and 6.5 years of age for girls
and boys.

Skinfolds

Girls showed higher skinfold thicknesses than boys. All skinfolds
showed a positive trend with age in girls. In boys this trend was
slightly negative until the age of 5-6 years and positive thereafter
(Supplementary Tables B-E and Supplementary Figures B-E).

Biceps skinfold

The 50th and 99th percentiles of biceps skinfolds in 4.5- to <5.0-
year-old girls were 5.7 and 10.8 mm, and in boys 5.1 and 9.2 mm.
The corresponding percentiles at the age of 10.5-10.9 years
were 6.2 and 14.1 mm in girls and 5.3 and 19.8 mm in boys,
respectively.

Triceps skinfold

In 4.5- to <5.0-year-old girls and boys, the 50th and 99th
percentiles were 10.7 and 17.1mm and 9.2 and 15.1 mm,
respectively. At the age of 10.5-10.9 years, the corresponding
percentiles were 13.1 and 26.6 mm in girls and 10.5 and 24.6 mm
in boys.

Subscapular skinfold

For subscapular skinfolds, the 50th and 99th percentiles in 4.5- to
< 5.0-year-olds were 6.1 and 11.1 mm in girls and 5.5 and 9.6 mm
in boys, respectively. At the age of 10.5-10.9, in girls, the
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corresponding percentiles were 7.6 and 20.3 mm; in boys, they
were 6.2 and 14.8 mm, respectively.

Suprailiac skinfold

The 50th and 99th percentiles in 4.5- to <5.0-year-old girls and
boys were 5.6 and 13.3mm and 4.6 and 10.5 mm, respectively.
At the age of 10.5-10.9 years, these percentiles were 7.1 and
27.8 mm in girls and 6.2 and 20.2 mm in boys.

Sum of skinfolds

The sum of skinfolds showed a positive trend with age in girls,
whereas in boys there was a slight negative age trend until the
age of 6 years, followed by a positive trend thereafter (Table 3 and
Figure 2). The 50th and 99th percentiles at the age of 4.5-5.0 years
were 28.0 and 46.0 mm in girls, 24.3 and 40.3 mm in boys, whereas
in the 10.5-10.9-year-olds it was 36.6 and 90.2 mm in girls and
28.8 and 78.9 mm in boys.

Body fat mass

The 50th and 99th percentiles for BFM in 4.5- to < 5.0-year-old girls
and boys were 16.2 and 23.5 and 14.4 and 22.0%, respectively.
At the age of 10-10.9 years, these percentiles were 19.6 and 35.2%
in girls and 16.3 and 36.9% in boys (Supplementary Table F and
Supplementary Figure F).

Fat mass index

The smoothed percentile curves of FMI for girls and boys are
shown in Table 4; Figure 3. FMI showed a continuously negative
age trend both in girls and boys, the latter having constantly lower
values. However, in boys a slight increase in the upper percentiles
(97th and 99th) was observed from the age of 9.5 years onwards.
The 50th and 99th percentiles in 4.5- to <5.0-year-old children
were 13.8 and 20.7 in girls and 12.0 and 18.9 in boys; and 9.6 and
16.1, and 7.9 and 16.0 in 10.5-10.9-year-old girls and boys,
respectively.

Waist circumference

WCs showed a positive trend with age with slightly higher values
in boys than in girls (Table 5 and Figure 4). The 50th and 99th
percentiles of WC ranged from 50.7 and 59.2cm and 51.3 and

© 2014 Macmillan Publishers Limited
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Figure 2. Percentile curves of sum of skinfolds in normal-weight European girls and boys.
Table 4. Percentiles of fat mass index calculated with GAMLSS in normal-weight European children
Age Percentile for girls Age Percentile for boys
(years) (years)
Ist ~ 3rd 10th 25th 50th 75th 90th 97th 99th Ist ~ 3rd 10th 25th 50th 75th 90th 97th 99th
2.0-2.5 125 136 152 169 190 213 234 257 275 20-25 11.8 128 143 160 181 203 225 249 268
2.5-3.0 1.7 127 143 159 179 201 222 244 26.1 25-30 109 118 132 148 167 189 210 233 251
3.0-35 108 119 133 149 168 189 209 23.1 247 3.0-35 100 109 122 136 154 174 195 21.7 234
3.5-4.0 10.1 11.0 124 139 158 178 19.7 218 234 3.5-40 9.1 29 11.1 125 142 16.1 180 20.1 218
4.0-4.5 93 102 115 130 148 167 185 205 220 4.0-45 8.4 9.1 102 115 13.0 148 167 187 203
4.5-5.0 8.6 95 107 121 138 156 174 193 20.7 4.5-50 7.7 83 94 105 120 137 154 174 189
5.0-5.5 7.9 88 100 113 129 146 163 181 196 50-55 7.0 7.7 8.6 9.7 111 127 143 162 17.8
5.5-6.0 74 8.2 93 106 121 138 154 17.1 185 55-6.0 6.5 7.1 8.0 90 103 118 134 153 168
6.0-6.5 6.9 7.6 8.7 99 114 130 146 163 176 6.0-6.5 6.1 6.6 7.5 8.4 9.7 112 127 145 16.0
6.5-7.0 6.5 7.2 83 95 109 125 140 157 170 6.5-7.0 5.8 6.3 71 8.0 9.2 107 122 140 155
7.0-7.5 6.2 6.9 79 9.1 105 121 136 152 165 7.0-75 5.5 6.0 6.8 7.7 89 103 118 13.6 15.1
7.5-8.0 5.9 6.7 7.7 88 103 118 133 150 163 7.5-80 53 5.8 6.6 74 86 100 115 134 150
8.0-8.5 5.8 6.5 7.5 87 101 117 132 148 16.1 8.0-85 5.2 5.7 6.4 7.3 8.4 98 114 133 149
8.5-9.0 5.6 6.3 74 85 100 115 13.1 148 16.1 85-9.0 5.1 5.6 6.3 71 8.3 9.7 113 132 150
9.0-9.5 5.5 6.2 7.2 84 98 114 13.0 147 16.1 9.0-95 5.0 55 6.2 7.0 8.2 96 113 133 152
9.5-10.0 53 6.1 7.1 8.3 9.7 114 13.0 147 16.1 9.5-10.0 4.9 54 6.1 6.9 8.1 96 113 134 154
10.0-10.5 5.2 5.9 7.0 8.2 96 113 129 147 16.1 10.0-10.5 4.9 53 6.0 6.9 8.0 95 113 135 157
10.5-10.9 5.1 5.8 6.9 8.1 96 112 129 147 16.1 10.5-109 4.8 5.2 5.9 6.8 79 9.5 113 137 16.0

58.7cm in 4.5- to <5.0-year-old girls and boys, respectively to
60.6 and 74.5cm in girls and to 59.9 and 76.7 cm in boys at the
age of 10.5-10.9 years.

Waist-to-height ratio

The waist-to-height ratio showed a declining trend by age in
both sexes (Table 6 and Figure 5). In terms of percentiles there
was no major difference between the sexes. The 50th and 99th
percentiles of waist-to-height ratio in the age group 4.5 to <5.0
years were 047 and 0.52 in girls and 0.47 and 0.53 in boys,
whereas in the age group 10.5-10.9 years the 50th and 99th
percentiles of waist-to-height ratio were 0.42 and 0.51 in girls and
0.42 and 0.50 in boys.

Neck circumference

The age-dependent changes in the percentiles in boys and girls
are illustrated in Table 7 and Figure 6. The values showed a

© 2014 Macmillan Publishers Limited

positive trend until the age of 8.5 years in both sexes, then the
curves levelled off. The 50th and 99th percentile values in 4.5- to
< 5.0-year-old girls were 24.7 and 27.9 cm, in boys the correspond-
ing values were 27.6 and 28.8 cm. At the age of 10.5-10.9 years,
the 50th and 99th percentile values were 27.6 and 31.1 cm in girls,
while in boys the values were 28.8 and 31.8 cm.

The percentile curves of the examined anthropometric variables
including underweight, overweight and obese children and the
corresponding tables are available online (Supplementary Figures
G-Q, Supplementary Tables G-Q). In addition, the sample sizes for
the total population analogously to Table 1 and the fitted models
analogously to Table 2 are available online (Supplementary Tables
R and S).

DISCUSSION

The present paper provides age- and sex-specific reference
percentiles for standard anthropometric parameters and indices

International Journal of Obesity (2014) S15-S25
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Figure 3. Percentile curves of fat mass index in normal-weight European children girls and boys.
Table 5. Percentiles of waist circumference (cm) calculated with GAMLSS in normal-weight European children
Age Percentile for girls Age Percentile for boys
(years) (years)
Ist  3rd 10th 25th 50th 75th 90th 97th 99th Ist  3rd 10th 25th 50th 75th 90th 97th 99th
2.0-25 413 426 440 454 469 85 502 523 544 20-25 429 438 450 462 47.7 492 506 522 535
2.5-3.0 420 433 447 462 477 494 511 533 554 25-3.0 434 444 456 469 484 500 515 531 545
3.0-35 427 439 454 469 485 502 521 543 563 3.0-35 439 449 463 476 491 507 523 541 555
3.5-4.0 434 446 46.1 476 493 51.1 530 552 573 3.5-4.0 445 455 469 483 498 515 532 550 56.6
4.0-4.5 440 452 46.7 483 500 519 539 56.2 583 4.0-45 449 460 475 489 506 523 540 56.0 576
4.5-5.0 445 457 473 489 50.7 526 547 570 592 45-50 454 466 481 496 513 53.1 549 569 587
5.0-5.5 449 46.2 478 494 513 534 555 579 60.1 50-55 459 471 487 502 520 539 558 579 598
5.5-6.0 454 466 483 500 519 540 562 587 61.0 55-6.0 463 476 493 509 527 547 567 589 609
6.0-6.5 458 470 487 505 525 547 570 596 619 6.0-65 46.8 48.1 498 515 534 555 576 600 62.1
6.5-7.0 46.2 475 49.2 510 53.1 554 578 605 628 6.5-7.0 472 486 504 522 542 563 585 61.0 634
7.0-7.5 46.7 480 498 517 539 563 587 615 639 70-75 475 49.1 510 528 549 57.1 594 621 647
7.5-8.0 473 486 504 524 546 572 597 626 651 75-80 479 495 516 535 556 579 603 632 66.0
8.0-8.5 479 492 511 53.1 555 581 608 638 664 8.0-85 48.2 500 521 541 563 587 612 644 674
8.5-9.0 485 499 518 539 564 59.1 619 651 678 85-90 48,5 504 527 548 57.1 595 622 656 690
9.0-9.5 49.2 506 526 548 574 603 632 665 694 9.0-95 48.7 508 532 554 578 604 632 668 706
9.5-10.0 499 514 535 557 584 614 645 680 71.0 95-10.0 488 51.1 537 560 585 612 642 682 724
10.0-10.5 506 522 543 56.7 595 627 659 696 727 10.0-105 489 514 542 566 592 620 652 696 745
10.5-10.9 514 53.0 552 576 606 639 674 712 745 105-109 489 517 547 573 599 629 662 71.1 767

obtained in children from eight European countries, contributing
to the IDEFICS cohort. To the authors’ knowledge, there are no
previous studies establishing reference values for anthropometric
parameters from such a large sample of normal weight children
spanning a wide geographical range across Europe.

It was our main goal to provide reference anthropometric
values of normal weight European children which is supported
by the ambitions of the WHO. While creating growth charts for
children aged 0-71 months, the following was stated:*® To avoid
the influence of unhealthy weights for length/height, observations
falling above +3 s.d. and below —3 s.d. of the sample median
were excluded before constructing the standards. For the
cross-sectional sample, the +2 s.d. cutoff (that is, 97.7 percentile)
was applied instead of +3 s.d.. Only children receiving
optimal feeding practice and living in a supporting environment
were eligible.

International Journal of Obesity (2014) S15-S525

In addition, we would like to stress that this approach is similar
to the approach used when the results of longitudinal follow-up
surveys and panel studies (FELS, NHANES) are compared with
those reference standards obtained at the beginning of the
survey, thus avoiding the cohort effect of growing obesity
epidemic. By restricting our sample to the normal weight
population, we expand this approach. As reference values are
expected to reflect as much as possible the biological variation in
a disease free population, it was a logical methodological
consideration to exclude underweight, overweight and obese
individuals from the analysis group.

Figure 7 exemplarily demonstrates how the inclusion of
overweight and obese children shifts the percentile values of
waist circumference (especially in the higher percentile range)
grossly upwards, indicating that the restriction of the sample to
normal weight children was a logical decision.

© 2014 Macmillan Publishers Limited
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Figure 4. Percentile curves of waist circumference in normal-weight European girls and boys.
Table 6. Percentiles of waist-to-height ratio variables calculated with GAMLSS in normal-weight European children
Age Percentile for girls Age Percentile for boys
(years) (years)
Ist ~ 3rd 10th 25th 50th 75th 90th 97th 99th ist  3rd 10th 25th 50th 75th 90th 97th 99th
2.0-2.5 046 047 049 050 052 054 055 058 060 20-25 047 048 049 051 052 054 055 057 059
25-3.0 045 046 048 049 051 053 054 057 059 25-30 046 047 048 050 051 053 054 056 0.58
3.0-35 044 045 047 048 050 051 053 055 058 3.0-35 044 046 047 048 050 051 053 055 056
3.5-4.0 043 044 046 047 049 050 052 054 056 3.5-4.0 043 044 046 047 049 050 052 054 055
4.0-4.5 042 043 045 046 048 049 051 053 055 4.0-45 042 043 045 046 048 049 051 053 054
4.5-5.0 041 042 044 045 047 049 050 052 054 45-50 041 043 044 045 047 048 050 052 053
5.0-5.5 040 041 043 044 046 048 050 052 054 5.0-55 041 042 043 045 046 048 049 051 053
5.5-6.0 040 041 042 044 045 047 049 051 053 55-6.0 040 041 043 044 045 047 049 050 0.52
6.0-6.5 039 040 041 043 044 046 048 050 052 6.0-6.5 039 040 042 043 045 046 048 050 0.52
6.5-7.0 038 039 041 042 044 046 048 050 051 6.5-7.0 039 040 041 043 044 046 047 049 0.51
7.0-7.5 038 039 040 042 043 045 047 049 051 7.0-75 038 039 041 042 044 045 047 049 051
7.5-8.0 037 038 040 041 043 045 047 049 051 75-80 038 039 040 042 043 045 047 049 0.50
8.0-8.5 037 038 039 041 043 045 047 049 051 8.0-85 037 039 040 041 043 045 046 048 0.50
8.5-9.0 037 038 039 041 042 044 046 049 051 85-9.0 037 038 040 041 043 045 046 048 0.50
9.0-9.5 036 038 039 040 042 044 046 049 051 9.0-95 037 038 040 041 043 044 046 048 0.50
9.5-100 036 037 039 040 042 044 046 049 051 95-100 037 038 039 041 043 044 046 048 0.50
10.0-10.5 036 037 039 040 042 044 046 049 051 10.0-105 036 038 039 041 042 044 046 048 0.50
10.5-109 036 037 039 040 042 044 047 049 051 105-109 036 037 039 041 042 044 046 048 0.50
There are numerous national anthropometric reference puberty, reducing its accuracy in estimating visceral adipose
values for WC,'8292*%0  waist-to-height ratio,”’  skinfold  tissue.’” Brambilla et al’” assessed the relationship between

thicknesses,'>'%*? sum of skinfolds,®> BFM>**°> and FML’>% As
these data are based on samples including underweight, over-
weight, as well as obese children, they cannot be directly
compared with our results. Due to the restriction of our sample
to normal-weight children, generally the upper percentiles of the
present study tend to fall below those of above-mentioned
reference studies whereas the lower percentiles tend to
exceed them.

The few papers investigating normal-weight children’s anthro-
pometric data were focusing on neck and WCs.

Waist circumference

In adults, WC is widely used as a surrogate of central fat
distribution, but in children it may be influenced by growth and

© 2014 Macmillan Publishers Limited

anthropometry and visceral adipose tissue and subcutaneous
adipose tissue as measured by magnetic resonance imaging in
children aged 7-16 years. They found that WC can be considered
a good predictor of abdominal adiposity referring to its relation-
ship with visceral adipose tissue measured by magnetic resonance
imaging, one of the most precise methods of assessing visceral
adiposity.

Mellerio et al.>® established percentile reference data of WC for
7-20-year-old (N=1976, 1004 female and 972 male participants)
healthy children and young adults in France. Their noninclusion
criteria were rather similar to those used in this examination.
Individuals with obesity or at least grade 2 thinness were
excluded. The following percentile values were estimated based
on their graphical presentation. The 50th and 90th percentiles

I.58
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Figure 5. Percentile curves of waist-to-height ratio in normal-weight European girls and boys.

Table 7. Percentiles of neck circumference (cm) variables calculated with GAMLSS in normal-weight European children
Age Percentile for girls Age Percentile for boys
(years) (years)
Ist  3rd 10th 25th 50th 75th 90th 97th 99th Ist  3rd 10th 25th 50th 75th 90th 97th 99th
2.0-25 212 217 224 229 236 242 249 257 265 20-25 218 223 229 235 242 249 256 266 276
2.5-3.0 214 219 226 232 238 244 251 260 268 25-3.0 220 225 232 238 244 251 259 268 27.8
3.0-35 216 222 228 234 240 247 254 262 271 3.0-35 222 228 234 240 247 254 262 271 280
3.5-4.0 218 224 23.0 236 243 249 256 265 273 35-40 224 230 237 243 250 257 264 274 283
4,0-4.5 220 226 233 239 245 252 259 268 276 4.0-45 226 232 239 246 252 260 267 276 285
4.5-5.0 222 228 235 241 247 254 261 270 279 45-50 229 235 242 248 255 262 270 279 288
5.0-5.5 224 230 23.7 243 250 257 264 273 282 5.0-55 231 237 244 251 258 265 273 282 290
5.5-6.0 227 233 239 246 252 259 266 275 284 55-6.0 233 239 247 253 261 268 276 284 293
6.0-6.5 229 235 242 248 255 262 269 278 287 6.0-65 235 241 249 256 263 271 278 287 295
6.5-7.0 23.1 237 244 250 257 264 271 281 290 6.5-7.0 23.7 244 252 259 266 274 281 290 29.8
7.0-7.5 233 239 246 253 259 267 274 283 292 7.0-75 239 246 254 261 269 276 284 292 300
7.5-8.0 235 241 249 255 262 269 277 286 295 7.5-80 240 248 257 264 272 279 287 295 303
8.0-8.5 23.7 244 251 257 264 271 279 288 29.8 8.0-85 242 250 259 267 274 282 289 298 305
8.5-9.0 239 246 253 260 267 274 282 291 300 85-90 244 252 261 269 277 285 292 30.1 308
9.0-9.5 242 248 255 262 269 276 284 294 303 9.0-95 246 255 264 272 280 287 295 303 31.1
9.5-100 244 250 258 264 271 279 287 296 306 9.5-100 248 257 266 274 282 290 298 306 313
10.0-10.5 246 252 260 267 274 281 289 299 308 10.0-105 249 259 269 1277 285 293 300 309 316
10.5-10.9 248 255 262 269 276 284 292 302 311 105-109 251 261 271 280 288 296 303 31.1 318

were 55.0 and 62.0 cm in 8.0- to < 8.5-year-old girls and 57.0 and
64.0 cm in boys, respectively. In our population, the 50th and 90th
percentiles were 55.5 and 60.8 cm in girls and 56.3 and 61.2cm in
boys of the same age. The observed differences between the
studies may be due to that overweight children were not excluded
in the French study. The positive trend with age is similar in the
two studies and the WC was lower in girls than in boys in both
studies.

A study conducted in Turkey measured WC of 7-17-year-old
children (N=4770, 2433 boys, 2337 girls).?° In this study children
exceeding the 97th percentile of body weight were excluded (that
is, only obese), but in contrary to our study, underweight children
remained included. In both age strata and both sexes, our 50th
percentile values are higher whereas our 90th percentiles are
lower as compared with the Turkish study with the exception of
10-year-old boys where the 50th percentile is also lower in
our study. In both studies the WC was lower in girls than in boys.
The magnitude of difference in the 90th percentile values ranged

International Journal of Obesity (2014) S15-S525

from 0.4-14cm in girls and from 1.9-47cm in boys. The
differences can be explained by the different exclusion criteria
(overweight children were included and underweight children
were not excluded from the Turkish study).

Fernandez et al>® established reference values for WC in
European-American children, underweight, overweight and obese
children were not excluded from this sample. In girls, both the
50th and 90th percentile values of WC were lower in the IDEFICS
sample as compared with the European-American population.
The largest difference was 10.9 cm in the 90th percentile value at
the age of 11.

In boys, with the exception of the 50th and 90th percentile,
values were lower in the IDEFICS population. The maximum
difference (14.9 cm) was observed at the age of 11 for the 90th
percentile value. From this comparison it becomes obvious that
the European-American WC values should not directly be applied
to a European population.

© 2014 Macmillan Publishers Limited
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Figure 7. Percentile curves of waist circumference in girls and boys based on all children and for normal-weight children only.

Neck circumference

NC can be an additional measure to identify children with
overweight and obesity as suggested by Nafiu et al.?® Hatipoglu
et al.®' validating the NC against WC and BM|, also reported that
the NC is an easy way to determine overweight and obesity in
children, demonstrating good correlation with cardiovascular risk
markers. NC has advantages over WC. Especially busy primary care
settings can benefit from the omission of the need to undress.
Moreover, NC is not influenced by pre- and postprandial effects.>

NC was measured in 5841 6-18-year-old children in Turkey
during 2008 to 2009."” Children below the 3rd and above the 97th
percentile of body weight were excluded from the analysis. The
50th and 90th NC values showed little differences between the
two studies with slightly higher values in the IDEFICS sample,
except the 90th percentile value of girls, which was 0.6 cm higher
in the Turkish sample. The largest difference between the two
studies was 6.5% in boys and 6.3% in girls.

© 2014 Macmillan Publishers Limited

Height, weight and BMI are pragmatic measures to screen
for obesity or underweight and to assess the nutritional status of
children, for example, with regard to stunting and wasting. To
overcome the well-known limitations of BMI, additional anthro-
pometric parameters and indices referring to body fat content and
distribution are also recommended. To the best of our knowledge,
such standards for European children have not been published so
far. The main strengths of our study are the size of the cohort and
the wide geographical scope covered. In addition, the most
meticulous standardization of measurements and subsequent
procedures for quality control were applied. The general limita-
tions of the IDEFICS study were extensively discussed in a previous
paper.' Here we discuss those which might be relevant to the
present paper. The participation proportion was just above 50%
and a non-response bias towards higher or lower social classes
might be present. Socioeconomic factors influence the prevalence
of obesity and thinness, but obese and underweight children were

International Journal of Obesity (2014) S15-S25
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excluded from our analysis, therefore this limitation should not
have a major effect on our results. Pubertal stages were not
assessed. Some of the older children may have entered puberty at
the time of their examination. Body composition changes during
puberty but since we wanted to provide age-specific reference
values for the whole population non-consideration of pubertal
development is a strength rather than a limitation.

CONCLUSION

The presented reference values may improve the interpretation of
anthropometric measurements in the context of routine medical
practice. The measurement of skinfold thickness, sum of skinfolds,
BFM, waist and neck circumference, and the calculation of FMI and
waist-to-height ratio may refine the individual evaluation of the
nutritional status of children, and serve as a useful tool for public
health screening with regard to European children. They may also
allow comparisons of future national and international epidemio-
logical studies, as well as the prevention and recognition of
malnutrition, overweight and obesity at an early age.
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