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Abstract

Background: We sought to establish cross-sectional curves for body weight, height, body mass index (BMI), and waist
circumference for 4- to 18-year-old Greek boys and girls, using the empirical distribution and the Lambda Mu and Sigma
(LMYS) statistical method.

Methods: From March 2014 to May 2014, a total of 473,837 boys and girls aged 4 to 18 years who attended school in
Greece were enrolled. The studied sample was representative, in terms of age-sex distribution and geographical region.
Anthropometric indices measurements (i.e., height, weight and waist circumference) were performed and BMI was
calculated and used to calculate normative values, using the percentiles of the empirical distributions and the LMS
method.

Results: Updated growth references for 4- to 18-year-old Greek children tabulated as critical percentiles and LMS
values from 3 to 97 (P, P , P,., P, P_., P, P.) and smoothed curves are presented. Positive secular trends of height,
weight and waist circumference were observed in children and adolescents 4 to 18 years old (all p values <0.001). At all
ages, boys had higher anthropometric measurements than girls (all p values <0.01). Compared to 1998 data, mean height
and weight were greater in 2014 for boys and girls at all ages.

Conclusion: Current national percentile curves for anthropometric indices could provide a more accurate estimation to
assess physical growth in Greek children and adolescents. Hippokratia 2015; 19 (3): 239-248.
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Background

It has been widely adopted that children’s growth is
determined by both genetic and environmental factors.
The assessment of somatic growth by objective anthro-
pometric indices (e.g., body weight, height and waist
circumference) is essential in child’s care to evaluate the
nutritional status and to identify growth failure. Specifi-
cally, growth references help public health profession-
als to evaluate the growth status of a child and to diag-
nose undernutrition, overweight and obesity, and other
growth-related conditions among children!. The pattern
of children’s growth changes with time and hence it is
recommended that references should be updated regular-
ly®. Moreover, various ecological, environmental and ge-
netic factors have been associated with children’s growth.
Therefore, it is important for each country to use growth
curves specific to the population of interest.

In Greece, the need to develop appropriate updated
growth references for children and adolescents has been
motivated by two contemporary events: the public health
concern over the rising incidence of childhood obesity*
and the lack of national representative epidemiologic
data regarding anthropometric measurements of children
for these age groups. The currently existing growth refer-
ence curves in use in Greece are based on data collected
by the First Paediatric Clinic of the University of Athens
in 2001°. To the best of our knowledge, Greece lacks cur-
rent national cut-offs for a wide age-range. In addition to
the aforementioned considerations, during the past dec-
ades, different methodologies have been used to develop
children’s growth curves, mainly based on the reference
range of the distribution. However, when the measure-
ment is strongly related to another factor, like height and
age in children, the age-dependent, smoothed, centile
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curves looks much more appropriate since they incor-
porate the dynamic of the covariate. Another issue was
the lack of normality. Cole et al assumed an underlying
normal distribution of the anthropometric measurements,
in which case a power transformation would render to a
normal distribution®. Thus, a three-parameter method was
proposed, the Lambda Mu and Sigma (LMS) statistical
method, where L reflects the Box-Cox power lambda, M
the arithmetic mean of the measurement and S the coeffi-
cient of variation ¢’. This methodology has been adopted
by the International Obesity Task Force (IOTF) in order
to develop global growth curves for children and adoles-
cents®.

Therefore, the aim of the present study was to es-
tablish updated age-sex specific normative values of an-
thropometric indices and to evaluate sex- and age-related
differences, using both percentiles and Z-score values in
a nationwide sample of 4- to 18-year-old children and
adolescents.

Methods and Procedures
Participants

Population-based, representative data were derived
from a nationwide school-based survey under the aus-
pices of the Ministry of Education. Specifically, anthro-
pometric, physical activity, nutrition, and physical fitness
data along with information on age and sex were col-
lected from March 2014 to May 2014. In total, 473,837
(51% boys and 49% girls) children aged 4 to 18 years old
from public and private schools agreed to participate in
the study (participation rate was 40% of the total popu-
lation). The working sample was representative of the
entire Greek population (chi-square p-value as compared
to the current sample with the age-sex distribution of all
Greek areas = 0.93). The participation rates assured the
proportional enrolment of children based on the urban/
rural areas student population distribution.

Measurements

Demographic information of students (e.g., school,
class, gender and date of birth) was obtained from each
school headmaster. Children’s height, weight and waist
circumference were measured in the morning, using a
standardized procedure. Data collection in each school
was completed in one working day. Children were in-
structed to wear little clothing and stand with feet close
together, arms at the side so body weight was evenly
distributed. The exact ages of the participants were cal-
culated from birth and examination dates. Weight was
measured in the standing upright position with electronic
scales with a precision of 100 g. We determined stand-
ing height to the nearest 0.5 cm with the child’s weight
being equally distributed on the two feet, head back and
buttock on the vertical land of the height gauge. We cal-
culated BMI as the ratio of body weight to the square
of height (kg/m?). Waist circumference was measured at
the midpoint between the lower margin of the least pal-
pable rib and the top of the iliac crest, using a flexible

measure to the nearest 0.1 cm. All measurements were
repeated; if the measurements were within 1 cm of one
another, the average was calculated. All anthropometric
measurements were performed by trained professionals
(teachers of Physical Education). Specifically, measure-
ments were performed by one teacher of Physical Educa-
tion in each class. All Physical Education professionals
were instructed through a detailed and extended manual
of operations and followed a standardized procedure of
measurements in order to minimize the potential inter-
rate variability among schools. The Physical Education
teachers were first trained by a school advisor of Physical
Education for accurate anatomical landmarks, subject po-
sitioning and measurement techniques. Verbal informed
consent was obtained, for each child to participate in the
measurements, from physical education teachers. As the
measurements were included in an obligatory school pro-
gram, verbal informed consent was considered sufficient.
Ethical approval for the survey was granted by the Re-
view Board of the Ministry of Education and the Ethical
Committee of Harokopio University (decision No 37/20-
02-2013).

Data Analysis

Comparisons of the anthropometric measurement
data between boys and girls were performed using the
independent samples t-test, after testing for equality of
variances using the Levene test. Comparisons of percen-
tile values of anthropometric measurement data between
both calculation methods were performed using the paired
samples t-test. We performed the tests for sex-specific
trends in the anthropometric measurements using linear
regression analysis (with lag 0). We evaluated serial de-
pendency using the partial autocorrelation function; no
autocorrelation was observed for various lags tested. Age-
sex specific distributions and percentiles were calculated
using two methods: using the empirical distribution of the
data to calculate the 3™, 10%, 25" 50™ 75% 90 and 97"
percentiles; also, using the LMS method proposed by Cole
et al”. The LMS method was used in order to smooth the
age-dependent skewness usually observed in anthropomet-
ric values. In this method, the data were normalized using
the Box-Cox power transformation. The principle idea of
the LMS method is to power-transform the measurement,
i.e., height here, and to use the coefficient of variation (CV
=standard deviation/mean) of the raw data. The optimal
Box-Cox power 4 is the one that gives the lowest CV’.
Thus, the LMS method calculates the best power (L), the
best mean (M) and CV (S) in each series of measurements
at a specific age. All statistical analyses were performed
using the SPSS program (version 18; SPSS Inc., Chicago,
IL, USA). The LMSchartmaker’ and the LMSgrowth!
freeware packages were used to calculate L, M and S val-
ues at ages 4 to 18 based on Greek reference values.

Comparison with international growth references
The 3%, 50", and 97" percentiles of the constructed
growth charts of the present study were selected to be
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compared with the corresponding percentiles of the Unit-
ed States’ Centers for Disease Control and Prevention
2000 growth charts'!, based on comparability with regard
to statistical methods used and on historical usage.

Results

In Tables 1-4 are presented normative anthropometric
indices (height, weight, waist circumference and BMI)
for 4- to 18-year-old children in Greece, by gender and
age, as tabulated critical percentiles and LMS values from
3t097 (P, P, P, P, PP, P.) Also presented are
the gender- and age-specific LMS values for the above
anthropometric indices. Figure 1 shows the smoothened
weight, height, BMI and waist circumference curves for
Greek boys and girls using 3%, 10%, 25%, 50", 75%, 90"
and 97" percentiles. A secular trend of increasing weight,
height and waist circumference was observed in all Ta-
bles and Figures (all p-values <0.001). For each of the
anthropometric indices, measurements were higher in
boys compared with girls, at all ages (all p-values <0.01).
In girls, height and waist circumference measurements
seemed to tend to peak at about the age of 17 years, al-
though the age range was deteriorated.

In order to investigate potential differences between
percentile values from the two methods, comparisons by
anthropometric measurement were performed. Data anal-
ysis did not reveal any significant differences between
critical percentiles and LMS percentiles in height and
weight, while in waist circumference, critical and LMS
percentiles differed significantly (p =0.002).

Moreover, aiming to investigate potential differences
between 2014 and 1998 in weight and height in Greek
boys and girls aged 8, 9 and 10 years (data not shown)'?,
we compared mean values by gender. In 8-year-old boys,
height and weight increased from 130.9 + 6.1 cm and
30.0+6.3kgin 1998to 1342+ 6.3 cmand 32.6 £ 7.5 kg
in 2014, respectively (p-values <0.001). Corresponding-
ly, mean values of height and weight for 8-year-old girls
increased from 129.8 = 5.9 cm and 29.3 + 6.1 kg in 1998
to 133.2+ 6.3 cmand 31.9 + 7.3 kg in 2014, respectively
(p-values <0.001). In 9-year-old boys, height and weight
increased from 136.1 = 6.5 cm and 33.5 + 7.2 kg in 1998
to 139.6 = 6.6 cm and 36.7 & 8.5 kg in 2014, respectively
while the correspondence values in girls increased from
135.0 £ 6.6 cm and 32.8 + 7.2 kg in 1998 to 138.9 + 6.9
cmand 35.9 + 8.5 kg in 2014 (all p-values <0.001). In 10-
year-old boys, height and weight increased from 141.1 +
6.6 cm and 37.0 = 8.1 kg in 1998 to 144.9 = 7.0 cm and
41.9 £ 9.9 kg in 2014, respectively while in girls, height
increased from 140.9 + 7.0 cm to 145.5 + 7.4 cm and
weight from 36.5 + 8.1 kg 41.0 £+ 9.8 kg, over the same
time period (all p-values <0.001). Furthermore, BMI in-
creased from 17.4 = 2.8 kg/m?, 18.0 + 3.1 kg/m? and 18.5
+ 3.2 kg/m? in 1998 to 18.0 + 3.1 kg/m?, 18.7 + 3.4 kg/
m?and 19.4 + 3.7 kg/m? in 2014 in 8-year-old, 9-year-old
and 10-year-old boys, respectively (all p-values <0.001),
and from 17.3 £ 2.8 kg/m?, 17.9 + 3.1 kg/m? and 18.3 +
3.2 kg/m? in 1998 to 17.9 + 3.2 kg/m?, 18.5 + 3.4 kg/m?

and 19.2 + 3.7 kg/m? in 2014 in 8-year-old, 9-year-old
and 10-year-old girls, respectively (all p-values <0.001).
Figure 2 shows the 3, 50® and 97" percentiles for
height, body mass, BMI of Greek children against U.S."
counterparts. Third percentile curves for weight, height
and BMI of the present Greek sample were comparable
with those of U.S. sample (CDC) 2000. On the other hand,
as depicted in 50" and 97" percentiles, Greek boys were on
average heavier, while only somewhat taller, resulting in
having greater BMI than their U.S. counterparts. A similar
trend was observed in Greek girls, however after puberty
differences between Greek and U.S. girls are minimized.

Discussion

The aim of the present study was to develop up-to-
date age- and sex-specific anthropometric indices of nor-
mative values for Greek children and adolescents aged
4-18 years and to compare specific percentile values
from two widely-applied estimation methods: the fre-
quency percentiles and the LMS smoothed percentiles.
This study provides current information on normative
values of somatic growth. These values could be used as
approximate indicative values to compare anthropomet-
ric indices scores of children from other countries similar
to Greece: i.e., a developed country with a population
predominately Caucasian. These data can also be used as
benchmark values for health screening and surveillance
of children and adolescents 4 to 18 years old in Greece.

Childhood obesity is a growing public health prob-
lem worldwide. More than 20% of children are classi-
fied as overweight/obese according to the International
Task Force Organisation, and percentages seem to be ris-
ing'>13. The prevalence of paediatric overweight among
school-aged children is high across Europe, as well as
in other developed countries, with a particularly worry-
ing prevalence in Greece. Indicatively, 29.5% of 10- to
12-year-old boys and girls were classified as overweight
according to a cross-sectional, population-based survey
from Greece'*. The data from our study confirm this trou-
bling prevalence in our country, indicating a secular trend
of increasing weight and waist circumference among
school-aged children over the long term. The alarming
magnitude of the paediatric overweight/obesity problem
highlights the need for country-specific policies and in-
terventions in order to confront this epidemic in Euro-
pean schoolchildren.

Interestingly, the distribution of childhood obesity dif-
fers significantly between northern and southern European
countries, with the countries of the south (e.g., Greece,
Italy, Cyprus, Spain) showing the highest proportions'>'é.
Despite the economic crisis of recent years, there is an in-
verse relationship between the prevalence of overweight
and obesity in children and family income or financial
status'*!*. Moreover, the finding for each of the anthropo-
metric indices - that the measurements were higher in boys
compared with girls at all ages - is in accordance with other
relative studies, where weight and height also increased
with age and boys were also taller and heavier than girls
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Figure 1: Growth curves for weight, height, body mass index and waist circumferences percentiles for boys (left) and girls
(right) using the Lambda Mu and Sigma (LMS) method. * Age: completed age, e.g., 4 years = 4.00-4.99 years.
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Figure 2: Comparison of the age and sex-specific 3%, 50™, and 97" weight, height and body mass index percentile curves for
the United States’ Centers for Disease Control and Prevention 2000 reference (CDC) and present study (Greece) among boys
(left) and girls (right) aged 4-18 years. * Age: completed age, e.g., 4 years = 4.00-4.99 years.

in all, similar, age groups'>'". Likewise, it is a common
finding throughout the last three decades that weight and
height have shown an increasing trend in developed and
developing countries worldwide, beginning from early
childhood. Indicatively in Greece, for 8-year-old boys
and girls, height and weight increased significantly from
1998 to 2014 (e.g., 97th percentiles of height and weight
for boys were 143 cm and 45 kg, respectively, in 1998, in-
creasing to 146 cm and 50 kg in 2014, while corresponding
values for girls were 141 cm and 43 kg in 1998, increas-
ing to 145 cm and 48.2 kg in 2014), suggesting that these
increases contributed to the aforementioned rise in the cor-
responding BMI values (23.9 vs. 25.3 kg/m? for boys and
23.6 vs. 24.9 kg/m? for girls). Interestingly, large cohort

studies indicate continuous gains in both of the aforemen-
tioned anthropometric characteristics at all ages, with peak
values observed in younger ages, especially in developed
countries'®. Finally, it is well accepted that a child’s growth
is an indicator of the health and wellbeing of a society'.
Monitoring growth to identify health- or nutrition-related
problems is an important task of health care profession-
als. Unfortunately, Greece has no representative national
sample of children which has been regularly updated.
Therefore, the results from the present study provide a very
useful public health tool by which health care profession-
als can assess and evaluate the growth status of children
nationwide. However, as previously suggested®, using
the present developed BMI curves may underestimate the
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Table 1: Body height (cm) percentiles, LMS values and LMS summary statistics by sex and age in 4- to 18-year-old Greek
children and adolescents.'

Percentiles (SPSS) LMS method
Age N P3 P10 P25 P50 P75 P90 P97 3th 10th 25th 50th 75th 90th 97th L M S
Boys
4 3157 101 104 107 110 114 117 121 101.2 104.0 107.0 110.3 114.0 118.1 122.8 -2.31 110.3 0.047
5 6550 106 109 113 116 120 123 127 106.5 109.5 112.8 116.3 120.2 124.5 129.1 -1.73 116.34 0.047
6 24240 112 116 119 123 126 130 134 111.7 115.0 118.5 122.3 126.4 130.7 1354 -1.16 122.32 0.048
7 28848 117 121 124 128 132 136 140 116.6 120.3 124.1 128.1 132.4 1369 141.6 -0.62 128.12 0.048
8 28637 123 126 130 134 138 142 146 121.4 1254 129.5 133.8 138.2 1429 147.7 -0.15 133.80 0.049
9 28254 128 131 135 139 144 148 152 126.2 130.5 1349 1394 144.1 148.8 153.7 0.27 139.44 0.049
10 26863 132 136 140 145 149 154 159 131.1 135.7 1404 1452 150.0 154.9 159.9 0.61 145.21 0.050
11 26359 137 141 145 150 156 160 166 136.2 141.2 146.2 151.2 156.2 161.3 166.3 0.89 151.21 0.050
12 17126 142 146 151 157 163 168 174 141.7 147.0 152.2 1574 162.5 167.7 172.8 1.15 157.37 0.049
13 16142 147 152 158 164 170 175 180 147.2 152.6 158.0 163.3 168.6 173.8 1789 1.42 163.35 0.049
14 14273 154 160 165 171 176 180 185 152.1 157.8 163.3 168.6 173.9 179.0 184.0 1.75 168.64 0.047
15 10669 160 165 170 174 179 184 188 156.3 162.1 167.6 1729 178.0 183.0 187.8 2.12 172.89 0.045
16 8236 163 168 172 177 181 185 190 159.6 1654 170.8 176.1 181.0 185.8 190.4 2.54 176.05 0.043
17 2958 165 169 173 177 182 185 190 162.1 167.9 173.2 178.3 183.1 187.6 192.0 3.00 178.30 0.041
18 424 165 169 173 177 182 185 191 164.3 170.0 175.3 180.2 184.8 189.1 193.2 3.48 180.19 0.039
Girls
4 3091 100 103 106 109 112 116 119 99.8 102.7 105.8 109.2 113.0 117.2 121.9 -2.04 109.2 0.049
5 6136 105 108 111 115 119 122 126 105.1 108.2 111.6 1152 119.2 123.4 128.0 -1.31 1152 0.049
6 22925 112 115 118 122 125 129 132 110.2 113.7 1174 121.3 1253 129.6 1342 -0.59 121.3 0.049
7 27789 116 120 123 127 131 135 139 1153 119.2 123.1 127.2 131.5 135.8 140.3 0.07 127.2 0.049
8 26883 122 125 129 133 137 141 145 120.5 124.7 1289 1333 137.6 142.1 146.5 0.65 1333 0.049
9 26683 127 130 134 139 143 148 152 125.8 130.3 1349 139.4 1439 1484 1529 1.13 1394 0.049
10 25943 132 136 140 145 150 155 160 131.2 136.1 140.8 145.5 150.1 154.7 159.2 1.51 1455 0.048
11 25537 138 142 147 152 157 162 166 136.4 141.5 1464 1512 1559 160.5 164.9 1.81 1512 0.048
12 15889 143 148 153 157 162 166 170 141.0 146.2 151.2 156.0 160.7 165.2 169.6 2.06 156.0 0.047
13 14678 148 152 157 161 165 169 173 144.7 149.8 154.8 159.6 164.2 168.6 172.9 226 159.6 0.044
14 13284 151 155 159 163 167 171 175 147.4 152.5 1574 162.0 166.5 170.8 175.0 2.43 162.0 0.042
15 9889 152 156 160 164 168 172 176 149.2 1542 159.0 163.6 167.9 172.1 176.1 2.57 163.6 0.042
16 8290 153 157 160 164 168 172 176 150.5 1554 160.0 164.4 168.7 172.7 176.6 2.70 1644 0.039
17 2881 153 157 160 164 169 172 176 151.3 156.1 160.6 1649 169.0 1729 176.7 2.86 164.9 0.038
18 282 153 157 160 164 168 173 179 152.0 156.6 161.1 1653 169.2 173.0 176.7 3.04 165.3 0.037

'L: skew, LMS, Lambda Mu and Sigma, M: median, P: percentile, S: coefficient of variation, SPSS: Statistical Package for the Social Sci-

ences.
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Table 2: Body weight (kg) percentiles, LMS values and LMS summary statistics by sex and age in 4- to 18-year-old Greek
children and adolescents."'

Percentiles (SPSS) LMS method

Age N P3 P10 P25 P50 P75 P90 P97 3th 10th 25th 50th 75th 90th 97th L M S

Boys
4 3157 15.0 16.0 17.5 192 214 240 28.0 141 155 17.0 19.0 21.5 248 293 -1.08 18.99 0.17
5 6550 16.5 18.0 19.5 214 240 270 320 160 17.5 194 21.8 248 288 343 -1.01 21.79 0.18
6 24370 18.5 20.0 22.0 243 27.8 322 379 17.8 197 219 247 283 33.0 39.6 -094 2471 0.19
7 28974 20.0 22.0 243 274 32.0 370 433 198 219 246 278 321 37.6 453 -086 27.85 0.20
8 28743223 247 270 31.0 36.7 43.0 50.0 219 244 275 313 362 426 514 -0.78 3131 0.21
9 23245250 272 302 350 41.6 484 560 242 272 307 351 407 480 579 -0.69 3512 021
10 26970 27.0 30.0 340 393 46.8 546 633 269 302 343 394 457 539 646 -0.60 39.36 021
11 26483 30.0 334 37.8 44.0 522 61.0 70.5 299 337 384 441 51.1 60.1 71.6 -0.52 44.06 021
12 17126 33.0 37.0 42.0 494 582 68.0 781 333 376 428 49.1 569 665 787 -0.44 49.14 021
13 16142 37.0 42.0 48.0 56.0 65.0 760 873 369 41.8 476 545 628 73.0 855 -0.36 5445 021
14 14272 43.0 48.1 542 62.0 71.3 82.0 94.0 407 46.0 523 59.7 685 790 91.7 -0.28 59.71 0.20
15 10668 47.7 53.0 588 66.0 76.0 873 100 443 50.1 568 647 738 845 97.0 -0.18 64.66 0.20
16 8235 51.8 57.0 623 70.0 785 89.0 101 476 539 61.0 692 785 892 101.5 -0.07 69.17 0.19
17 2956 53.0 58.0 64.0 71.0 80.0 91.0 103 50.6 573 648 732 826 932 1051 0.06 73.18 0.18
18 424 50.0 57.0 67.0 71.0 81.0 950 107 534 60.5 683 770 8.5 97.0 1084 0.19 77.00 0.18

Girls
4 3091 145 157 17.0 189 21.0 23.6 27.0 137 150 16.7 187 212 246 292 -097 18.67 0.18
5 6136 16.0 17.1 19.0 21.0 239 27.0 31.1 154 17.0 19.0 213 244 283 33.6 -0.87 2135 0.19
6 2304518.0 194 21.0 240 27.1 312 363 172 191 214 242 277 323 384 -0.76 24.18 0.19
7 27891 19.7 214 238 27.0 312 362 421 19.1 213 240 273 314 36,6 435 -0.66 2730 0.20
8 26884214 240 266 30.7 36.0 419 482 213 239 270 308 355 415 492 -0.57 30.83 0.21
9 2688124.0 26.5 30.0 346 409 475 550 23.8 268 304 348 402 469 554 -049 3481 021
10 26057 26.5 30.0 340 39.7 46.8 540 623 267 30.1 342 392 452 526 620 -043 39.17 021
11 25326 30.0 33.9 383 45.0 525 60.5 70.0 29.8 33.6 382 436 502 583 683 -040 43.63 021
12 15900 33.5 38.0 43.0 49.0 56.8 650 75.0 329 37.1 420 47.8 549 634 740 -039 47.84 0.20
13 14677 38.0 42.1 47.0 532 60.5 69.5 80.0 359 403 454 515 588 677 785 -040 51.53 0.19
14 13284 41.4 454 500 558 63.0 71.5 82.0 386 43.1 483 546 620 71.0 819 -042 5455 0.19
15 98838 44.0 47.6 52.0 58.0 65.0 740 850 408 453 506 569 643 733 841 -044 56.88 0.18
16 8290 45.0 48.7 53.0 58.0 655 740 850 424 470 523 586 659 747 854 -045 5856 0.17
17 2881 44.6 489 53.0 58.0 65.0 740 860 437 483 536 597 670 756 859 -044 59.74 0.17
18 282 433 479 510 57.0 650 76.0 88.0 448 493 546 60.7 679 763 863 -042 60.74 0.16

'L: skew, LMS: Lambda Mu and Sigma, M: median, P: percentile, S: coefficient of variation, SPSS: Statistical Package for the Social Sci-

ences.



246 TAMBALIS KD

Table 3: BMI (kg/m?) percentiles, LMS values and LMS summary statistics by sex and age in 4- to 18-year-old Greek chil-
dren and adolescents.

Percentiles (SPSS) LMS method

Age N P3 P10 P25 P50 P75 P90 P97 3th 10th 25th 50th 75th 90th 97th L M S

Boys
4 3142 13.0 140 149 159 17.1 187 212 12.84 13.64 14.60 1574 17.17 18.99 21.44 -1.64 1574 0.12
5 6340 13.2 140 149 159 17.2 190 21.5 1290 13.76 1479 16.05 17.61 19.64 22.39 -1.55 16.05 0.13
6 24240 133 14.1 150 162 17.8 20.1 23.0 1298 13.92 15.04 16.40 18.12 20.36 23.42 -1.45 16.40 0.14
7 28848 134 143 153 16.6 18.7 212 24.0 13.15 14.16 1537 16.86 18.75 21.21 24.60 -1.35 16.86 0.15
8 28637 13.7 14.6 157 17.3 19.7 224 253 1339 1449 1581 1743 19.48 22.18 2588 -1.25 1743 0.16
9 28254 14.0 150 162 18.0 20.7 234 264 13.70 14.88 1631 18.06 20.29 23.20 27.18 -1.16 18.06 0.16

10 26863 144 154 16.7 187 21.6 245 27.6 1405 1532 16.84 1871 21.09 24.18 2841 -1.08 18.71 0.17
11 26359 14.7 15.8 17.1 194 223 253 285 1443 1576 1737 19.34 21.83 25.08 2949 -1.03 1934 0.17
1217029 15.1 162 17.6 19.8 229 260 294 1485 1623 17.90 19.95 22.54 2590 3046 -1.01 19.95 0.17
13 15994 15.8 16.9 18.4 20.5 23.6 268 30.5 1533 16.75 1846 20.57 23.23 26.69 31.38 -1.02 20.57 0.17
14 14123 164 17.6 19.0 21.1 24.0 274 312 1586 1731 19.06 21.21 23.92 2745 3225 -1.05 2121 0.17
15 10535 17.0 182 19.6 21.6 245 28.0 31.8 1642 17.88 19.65 21.83 24.58 28.17 33.06 -1.09 21.83 0.17
16 8111 17.6 18.8 203 222 248 278 319 1697 1845 2023 2243 2521 28.84 33.80 -1.13 2243 0.16
17 2928 17.6 19.0 20.6 224 250 283 323 17.51 19.00 20.80 23.02 25.82 29.48 34.50 -1.17 23.02 0.16

18 418 17.5 19.0 20.6 229 255 28.7 32.6 18.05 19.55 2136 23.59 26.41 30.10 35.16 -1.21 23.59 0.16

Girls

4 3080 12.8 13.8 14.7 15.8 17.1 18.8 213 1245 1332 1435 1559 17.11 19.03 21.56 -1.36 15.59 0.13
5 5974 13.0 139 148 159 174 192 21.6 1255 1348 1458 1591 17.56 19.65 2240 -1.27 1591 0.14
6 22925 13.0 13.9 14.8 16.1 17.8 20.1 225 12.67 13.67 14.86 16.29 18.07 20.33 23.30 -1.17 1629 0.15
7 27787 13.2 14.1 151 16.6 18.7 21.1 23.8 12.86 13.94 1522 16.77 18.68 21.12 2433 -1.08 16.77 0.15
8 26799 134 144 16.0 17.3 19.7 222 249 13.12 1428 15.66 17.33 19.39 22.01 2544 -0.98 17.33 0.16
9 26607 13.7 147 16.0 17.9 20.5 23.1 259 13.44 14.68 16.15 17.94 20.15 2293 26.56 -091 17.94 0.17

10 25943 14.0 15.1 165 18.6 21.4 241 27.0 13.82 1513 16.69 18.58 2091 23.85 27.66 -0.86 18.58 0.17
11 25185 145 15.6 17.1 19.2 22.0 250 28.1 1425 1562 1725 19.22 21.65 24.72 28.68 -0.84 1922 0.17
12 15781 15.0 162 17.7 19.8 224 254 289 14.74 16.15 17.83 19.86 22.37 25.53 29.63 -0.85 19.86 0.17
13 14520 15.8 17.0 18.5 20.5 23.1 263 30.0 1527 16.70 18.40 20.47 23.03 26.28 30.50 -0.89 2047 0.17
14 13159 164 17.7 19.1 21.0 23.5 265 304 1578 17.22 1893 21.02 23.61 2691 31.24 -096 21.02 0.16
15 9772 17.0 182 19.6 21.5 239 272 312 1625 17.68 19.39 21.47 24.07 27.40 31.83 -1.03 2147 0.16
16 8189 17.2 184 19.7 21.5 240 27.1 309 16.65 18.07 19.76 21.83 2443 27.77 3226 -1.12 21.83 0.16
17 2853 17.1 184 19.8 21.5 239 27.1 312 17.01 1841 20.08 22.14 2472 28.06 32.60 -1.20 22.14 0.15

18 277 16.5 18.0 19.5 21.0 24.1 272 325 1735 1873 20.39 2242 2498 2833 3290 -1.28 2242 0.15

"BMI: body mass index, L: skew, LMS: Lambda Mu and Sigma, M: median, P: percentile, S: coefficient of variation, SPSS: Statistical Pack-
age for the Social Sciences.
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Table 4: Waist circumference (cm) percentiles, LMS values and LMS summary statistics by sex and age in 4- to 18-year-old
Greek children and adolescents!

Percentiles (SPSS) LMS method

Age N P3 P10 P25 P50 P75 P90 P97 3th 10th 25th 50th 75th 90th 97th L M S
Boys

4 3142 48.0 50.0 53.0 55.0 58.0 62.0 68.0 392 444 496 546 596 645 693 1.18 5462 0.14
5 6340 49.0 52.0 54.0 57.0 60.0 650 71.0 412 464 51.6 568 620 67.1 723 1.04 5681 0.14
6 24240 49.0 52.0 550 58.0 620 68.0 760 432 485 53.8 59.1 645 699 754 091 59.11 0.14
7 28848 503 53.0 56.0 60.0 652 72.0 80.0 455 50.7 56.1 61.7 673 730 789 077 61.65 0.14
8 28637 52.0 550 58.0 63.0 69.5 77.0 84.0 479 532 587 644 703 764 826 0.63 6437 0.14
9 28254 540 57.0 60.0 66.0 73.0 81.0 88.0 50.3 556 612 67.1 733 797 864 049 67.10 0.13
10 26863 552 59.0 63.0 684 77.0 850 92.0 526 579 63.6 69.7 76.1 829 900 035 69.67 0.13
11 26359 57.0 61.0 65.0 71.0 80.0 88.0 96.0 546 60.0 657 719 786 857 933 022 7192 0.13
12 17029 58.0 62.0 67.0 73.0 81.0 90.0 98.0 564 61.7 675 73.8 80.6 880 961 008 73.81 0.13
13 15994 60.0 65.0 69.0 75.0 83.0 92.0 101 58.0 633 69.1 755 825 902 986 -0.06 7550 0.13
14 14123 63.0 67.0 71.0 77.0 850 94.0 103 59.6 648 70.6 77.1 842 922 101.1 -0.20 77.06 0.13
15 10535 64.8 69.0 73.0 78.0 86.0 96.0 106 61.0 662 72.0 785 858 941 1034 -0.34 78.53 0.13
16 8111 66.3 70.0 740 80.0 8.0 950 106 624 67.6 734 799 874 959 1057 -048 7993 0.13
17 2928 66.0 70.0 75.0 80.0 87.0 963 107 63.7 687 745 81.1 887 975 107.8 -0.61 81.08 0.13
18 418 67.3 71.0 750 81.0 88.0 97.0 110 64.8 69.8 755 82.1 89.8 989 109.7 -0.75 82.15 0.13
Girls

4 3080 47.0 50.0 52.0 54.0 58.0 62.0 66.0 37.0 41.1 46.0 518 587 67.1 77.6 -0.51 51.75 0.18
5 5974 48.0 51.0 53.0 56.0 60.0 650 71.0 39.0 432 482 541 6l1.1 69.7 803 -0.53 54.09 0.18
6 22925 48.0 51.0 540 57.0 620 68.0 740 41.1 455 50.5 56.5 637 724 831 -0.55 56.52 0.17
7 27787 49.7 520 550 59.8 650 71.8 78.0 434 478 53.0 59.1 664 752 860 -0.57 59.13 0.17
8 26799 50.7 540 57.0 62.0 69.0 75.0 82.0 45.8 50.3 55.6 61.8 693 782 89.1 -0.59 6185 0.16
9 26607 52.0 550 59.0 65.0 72.0 79.0 86.0 482 528 582 64.6 72.1 81.1 920 -0.61 64.55 0.16
10 25943 54.0 57.0 615 68.0 75.0 822 90.0 505 552 60.7 67.0 74.6 837 946 -0.63 67.05 0.15
11 25185 55.0 59.0 64.0 70.0 77.8 85.0 92.0 525 572 62.7 69.1 766 857 965 -0.65 69.11 0.15
12 15781 57.0 60.8 650 71.0 78.0 86.0 94.0 54.1 589 643 706 781 87.0 97.7 -0.67 70.65 0.15
13 14520 58.0 620 66.0 72.0 79.0 87.0 955 555 60.2 655 71.8 791 878 982 -0.69 71.80 0.14
14 13159 59.0 63.0 67.0 722 79.7 87.5 96.0 56.6 612 66.5 727 798 883 984 -0.71 72.68 0.14
15 9772 60.0 640 68.0 739 80.0 89.0 98.0 57.6 622 674 733 803 885 983 -0.73 7335 0.13
16 8189 60.8 640 68.0 740 80.0 88.0 975 585 629 68.0 73.8 80.6 885 979 -0.75 73.84 0.13
17 2853 60.0 640 68.0 740 80.0 88.0 98.0 59.2 63.5 685 74.1 806 883 972 -0.77 7412 0.12
18 277 60.0 640 680 74.0 81.0 90.0 97.0 599 64.1 689 744 80.6 879 96.5 -0.78 7435 0.12

'L: skew, LMS: Lambda Mu and Sigma, M:

ences

median, P: percentile; S: coefficient of variation, SPSS: Statistical Package for the Social Sci-
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true prevalence of overweight and obesity in Greece from
now on, as the reference population used is not the “ideal”
population due to the increasing obesity and overweight
trends in Greece. This is a common problem in developing
growth curves; however, our data are unique in Greece,
regarding age, national gender and geographical distribu-
tion and methodology used. “Freezing” our curves from
now on, as suggested for UK charts, may minimize these
limitations in the future?'.

The present study has several strengths. The sample is
representative of the national gender and geographical dis-
tribution, as we studied almost 40% of the total population
of 4- to 18-year-old children and adolescents in Greece.
The study was performed in children 4-18 years. This age
range is an advantageous period in the life of children and
adolescents at which to apply effective strategies to prevent
and improve obesity levels. The use of the widely-adopted
LMS method for growth curves and the huge, nationwide
representative sample of about 475,000 participants aged
4 to 18 years old used here guarantee the generalization of
the results. Finally, the presented data were derived using
the same standardized procedures in all schools. There are
also limitations in our study design. Although a common,
validated protocol was used to evaluate anthropometric
indices measurements in all schools, a large number of ex-
perienced, professional physical educators participated as
evaluators in the study and different brands of electronic
scales and stadiometers were used. In order to minimize
the variability among the different experimenters, all ed-
ucators were instructed through a detailed and extended
manual of operations and followed a standardized proce-
dure of measurement. Even so, some variability in meas-
urement may still exist. Finally, the cross-sectional design
of our study cannot provide causal relationships, but only
hypotheses for further research.

Conclusions

In conclusion, we established sex- and age-specific nor-
mative anthropometric indices values for children and
adolescents aged 4 to 18 years old living in Greece.
These findings may help policy makers to evaluate so-
matic growth and obesity levels and to design appropriate
health-related educational programs for the young.
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