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Abstract

This study provides the rationale for construction of first nationally-specific BMI-for-age
charts for school-aged children and adolescents in Slovenia. Because nonationally specific
BMI cut-off points have been developed in Slovenia so far, international references such
as WHO and IOTF BMI-for-age charts have been utilized in research and diagnostics.
We tired to establish whether the use of more recent Slovenian data for production of
BMI-for-age charts could result in improved accuracy of this tool for defining adipose
tissue. We used the data of 4,931 boys and 4,699 girls aged from 6 to 19 years, who were
measured in 1993, 1994, 2003 and 2004 for the construction of nationally specific BMI
references. Centile curves were constructed using the LMS method. After classifying
a sample of Slovenian children and adolescents into underweight, normal, overweight
and obese category according to national, WHO and IOTF references, we calculated the
correlations of these classifications with the sum of triceps, abdominal and subscapular
skinfolds. The results showed strong correlation of all three references with the sum of
skinfolds in boys and girls, but the national references achieved the strongest correlations.
We conclude that the nationally-specific BMI cut-off points, based on more recent data
than international references, would be appropriate for defining underweight, overweight
and obesity in Slovenian school-aged population.
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Introduction

Overweight and obesity show growing secular trends of children and adolescent obesity
in most European countries (Manios & Costarelli 2011). Recording and understanding
the prevalence of obesity can facilitate the effective public health intervention policies but
in order to do so, the measures of adiposity, based on obesity-related criteria have to be
defined. In recent years, body mass index (BMI) has been increasingly accepted as a valid
indirect measure of adipose tissue in children and adolescents (Wang & Lobstein 2006).
The BMI cut-off points of 25 and 30 are commonly used to define adult overweight and
obesity, respectively, but for children and adolescents their BMI will normally change with
age and vary by gender. Thus, age- and gender-specific BMI cut-off points are needed when
classifying overweight and obesity in young people (Kuczmarski et al. 2000; Cole et al.
2000). A number of different international BMI references have been developed such as
currently most widely used World Health Organisation (WHO) (de Onis et al. 2007) and
International Obesity Task Force (IOTF) (Cole et al. 2000; Cole et al. 2007) BMI-for-age
charts. While the international references are very useful for gathering internationally com-
parable data, their practical applications in local settings can be disputable (Kim et al. 2005;
Hosseini et al. 1999; Daniels, Khoury & Morrison 1997; Deurenberg 2001; Deurenberg et
al. 2003; Duncan, Duncan & Schofield 2009). The diagnostic accuracy when screening for
overweight and obesity in specific populations can be improved with the use of nationally
specific BMI-for-age charts and the first ones have been constructed in the 1990s for French
(Rolland-Cachera et al. 1991), American (Hammer et al. 1991; Must, Dallal & Dietz 1991),
British (Cole, Freeman & Preece 1995; White et al. 1995), Swedish (Lindgren et al. 1995),
and Hong Kong (Leung et al. 1998) children. Later, nationally specific BMI-for-age charts
have been published also for the Netherlands (Fredriks et al. 2000), Dennmark (Nysom et
al. 2001), Italy (Cacciari et al. 2002), Turkey (Bundak et al. 2006), New Zealand (Duncan,
Duncan & Schofield 2010), Finland (Saari et al. 2011) and other countries.

Although there have been suggestions that older datasets should be used for con-
struction of BMI references from periods when obesity among children and youth was not
very common (Cole & Roede 1999), and that BMI charts are less affected by differences
in timing of puberty than weight for height charts (Fredriks et al. 2000), we believe that
more recent data is better suited for definition of adipose tissue among contemporary ge-
nerations of children and adolescents. Because of secular trends, BMI charts constructed
on old datasets have become progressively outdated (Cacciari et al. 2002) and this can be
demonstrated with the comparison of Slovenian data of height and weight of Ljubljana
children and adolescents from 1939 (Skerlj 1948) and 2011 (Table 1).

It is obvious that the changes in physical growth in the last 70 years have been
substantial and while body height of the Ljubljana children and adolescents rose for 7.62 and
5.92% among boys, and girls, respectively, their body mass increased for 32.60 and 21.43%,
respectively. Consequently, their BMI increased on average for 14.22 and 7.94%.

! Unpublished data from 2011 Sports Educational Chart database.
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Table 1: Height, weight and BMI of Ljubljana children and adolescents in 1939 and 2011

Height (cm) Weight (kg) BMI (kg/m2)
Boys Year 1939 Year2011 Year 1939 VYear2011 Year1939 Year 2011
1My 139.6 151.1 325 447 16.7 19.6
12y 144 .4 157.5 35.0 50.0 16.8 20.2
13y 148.4 165.2 384 571 17.4 20.9
14y 154.5 171.6 43.7 63.0 18.3 21.4
15y 161.8 176.4 50.6 67.9 19.3 21.8
16y 167.1 178.4 56.2 71.2 201 22.4
17y 169.9 179.9 59.1 73.9 20.5 22.8
18y 173.7 180.1 64.6 754 214 23.3
19y 1741 180.3 64.7 76.0 214 234
Girls Year1939 Year2011 Year1939 Year2011 Year 1939 Year 2011
11y 141.3 152.5 33.1 44 8 16.6 19.3
12y 144 4 158.2 35.7 50.2 17.1 20.0
13y 150.0 162.5 404 54.3 18.0 20.6
14y 154.8 164.7 46.0 57.2 19.2 211
15y 157.5 166.2 50.1 59.9 20.2 21.7
16y 159.3 166.4 53.1 60.4 20.9 21.8
17y 160.7 166.6 55.3 60.8 214 21.9
18y 161.1 166.9 56.6 61.3 21.8 22.0
19y 161.3 167.4 57.9 61.7 22.3 22.0

From the available data it is impossible to determine, how their body composition
changed but the discrepancy between the change in body height and body mass is so large
that the BMI charts, based on the 1939 data would surely have a very poor classification
power for the contemporary generations of children and youth. Additionally, this data
shows that, for example, 11-year-olds from 2011 are taller and heavier than 13-year-olds
from 1939, which can be a proof that the maturation processes of contemporary children
start 3 years earlier than 70 years ago. This accelerated timing of puberty probably has
greater influence on weight and growth charts but also the effect on BMI charts would be
too large to be ignored.

How and what to compare?

Before we started thinking about substituting the established international standards with
new national standards, we had to check how international BMI-for-age charts correlated
to other anthropometric indicators of body mass of Slovenian children and youth, and
construct our own national BMI-for-age charts. In order to do that, we had to decide what
data to use. Unfortunately, our largest national data base Sports Educational Chart (Strel
et al. 1997) with up-to-date data on weight and height of almost entire school-going po-
pulation could not be used for this purpose because it only included triceps skinfold for
comparison. Instead, we decided to use our data from the longest on-going Slovenian study
on children’s physical and motor development, entitled Analysis of developmental trends
of motor abilities and physical characteristics, and their relations with other spaces of
psychomotor status of Slovenian children between 6 and 14 years of age in the periods
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1970 — 1983 — 1993/94 — 2003/04 (Sturm, Strel & Kovaé 2002). Because this research
has been gathering data separately for primary and secondary school in two consecutive
years,we used the data of the primary-school children from 1993 and 2003 and the data of
the secondary-school youth from 1994 and 2004. These measurements have been organised
every ten years in September and have always included a nationally representative sample
of schools from different Slovenian regions.

Sample and methods

The measurements have included a number of motor tests from the EUROFIT and SLOFIT
test battery and various anthropometric measurements (height, weight, circumferences,
diameters, lengths and skinfolds). All measurements have been conducted by a team of
trained technicians according to the standard protocol. Weight has been measured with
a pre-calibrated scale to the nearest 0.1 kg, height with the Sieber-Hagnerstadiometer to
the nearest mm and skinfolds with the Tanner/Whitehouse calliper to the nearest mm.
All measurements of skinfolds have been repeated twice and the mean value has been
calculated. Goran et al. (1998) showed that abdominal, subscapular and triceps skinfolds
strongly correlated with intra-abdominal and subcutaneous fat tissue — both being related
to various health risks already in childhood (Goran & Gower 1999) — and we decided to
use the sum of these skinfolds for establishing correlations of WHO, IOTF and Slovenian
national cut-off points for defining underweight, normal weight, overweight and obesity
(SLOBMI) with body fat. The use of adipose tissue as a comparative criteria was based on
the fact that BMI curves are predominantly used for diagnosing underweight, overweight
and obese, which means those children and youth, who have an excess or deficiency of
adipose tissue.

Table 2: Number of included boys and girls according to age and year of measurement

Age (y) Year (B;;ys (Gnl)rls Age Year (Bnc))ys g')r Is
6 1993 12 15 14 1993 195 172
2003 175 68 2003 218 202
7 1993 165 158 1993 11 6
2003 222 217 15 1994 92 93
8 1993 208 209 2003 1 0
2003 189 221 2004 169 140
9 1993 200 213 1993 1 1
2003 203 225 | 16 1994 172 161
10 1993 198 224 2004 216 163
2003 209 236 17 1994 184 213
11 1993 185 190 2004 205 148
2003 224 221 18 1994 194 181
12 1993 188 206 2004 184 158
2003 217 205 19 1994 19 19
13 1993 194 210 2004 52 38
2003 229 186 Total 4,931 4,699
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The whole sample included 10,439 children and youth between 6 and 20 years
of age. We excluded 809 children because they had missing data and their BMI could not
be calculated or they had extreme BMI values. For the calculation of BMI-to-age centile
curves we included 4,931 boys and 4,699 girls aged from 6 to 19 years (Table 2).

For the construction of the centile curves we used the LMS Chart Maker Pro
version 2.3 software (The Institute of Child Health, London), which fitted smooth centile
curves to reference data (Cole & Green 1992). This method summarizes centiles at each
age based on the power of age-specific Box-Cox power transformations, which is used to
normalize data. The final curves of centiles were produced by three smooth curves (Table
3) representing L (skewness), M (median), and S (coefficient of variation).

Table 3: Fitted LMS curves for SLOBMI by age and sex

Boys Girls
_Age (y) L M S L M S
6 -2.95 15.89 0.09 -2.41 16.18 0.1
6.5 -2.86 15.99 0.10 -2.29 16.07 0.1
7 -2.76 16.11 0.10 -2.18 16.03 0.12
7.5 -2.67 16.26 0.1 -2.06 16.10 0.12
8 -2.58 16.44 0.1 -1.94 16.25 0.12
8.5 -2.49 16.64 0.12 -1.82 16.47 0.13
9 -2.40 16.84 0.12 -1.70 16.73 0.13
9.5 -2.30 17.04 0.13 -1.58 16.98 0.14
10 -2.21 17.25 0.13 -1.46 17.25 0.14
10.5 -2.12 17.47 0.13 -1.35 17.56 0.14
11 -2.03 17.70 0.13 -1.24 17.89 0.14
11.5 -1.93 17.96 0.13 -1.13 18.23 0.14
12 -1.84 18.25 0.13 -1.03 18.56 0.14
12.5 -1.75 18.57 0.13 -0.95 18.91 0.14
13 -1.66 18.91 0.13 -0.87 19.30 0.13
13.5 -1.56 19.27 0.13 -0.81 19.68 0.13
14 -1.47 19.62 0.13 -0.76 19.98 0.13
14.5 -1.38 19.96 0.12 -0.73 20.21 0.12
15 -1.28 20.30 0.12 -0.71 20.39 0.12
15.5 -1.19 20.61 0.12 -0.70 20.59 0.12
16 -1.10 20.92 0.12 -0.71 20.78 0.1
16.5 -1.00 21.22 0.1 -0.72 20.96 0.1
17 -0.91 21.51 0.1 -0.73 21.07 0.1
17.5 -0.82 21.80 0.1 -0.75 21.13 0.1
18 -0.72 22.10 0.1 -0.77 21.14 0.10
18.5 -0.63 22.41 0.1 -0.79 2113 0.10
19 -0.54 22.71 0.11 -0.81 21.12 0.10

We calculated 3, 5%, 10t 25t 50t 75t 85t 90t 95t 97t and 99t smoothed
centiles (Tables 4 and 5) of BMI by age and gender and produced the centile curves for
boys and girls aged 6 to19 years in 6-month intervals. We then calculated the correlation
coefficients between the WHO, IOTF and SLOBMI classifications of underweight, normal
weight, overweight and obesity, and the sum of abdominal, subscapular and triceps skin-
folds — denominating adipose tissue — separately for boys and girls (Table 6).
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Table 4: Smoothed 3, 5%, 10", 25", 50", 75", 85", 90", 95", 97" and 99" centiles for boys

Age (V) 3P 5P __10P___25P _ 50P _ 75P __85P Q0P 95P _ O7P Q9P
6 1385 14.05 1439 1502 1589 1699 17.72 1830 1931 20.10 22.03
6.5 1382 14.04 1439 1507 1599 1718 17.97 1861 1972 2061 22.81
7 1382 14.04 1441 1513 1641 17.38 1825 1893 20.16 21.15 2365
7.5 13.83 1407 1446 1522 1626 17.62 1855 19.30 2064 2173 2454
8 13.88 1413 1454 1534 1644 17.89 18.89 19.69 21.15 2234 2544
8.5 13.95 1421 1464 1548 1664 1817 1923 20.09 2165 2293 26.30
9 1403 1430 1475 1562 1684 1845 1957 2047 2212 2347 27.05
9.5 1411 1439 1486 1577 17.04 1872 19.89 2083 2254 2395 27.64
10 1421 1450 1499 1593 1725 1899 2019 21.16 2292 2435 28.09
105 14.34 1464 1514 16.11 1747 1925 2048 2147 2325 2469 2840
11 1448 1479 1531 1631 1770 19.53 2078 2178 2356 24.99 2861
1.5 1465 14.97 1550 1654 17.96 19.82 21.08 2208 2385 2526 2875
12 1486 1519 1574 16.80 1825 20.13 2139 2238 2414 2550 28.83
125 1510 1544 16.01 17.09 1857 2046 2172 2270 2441 2573 28.87
13 1638 1573 1631 1742 1891 2081 2205 23.02 24.68 2595 28.89
135 1568 16.04 16.63 17.76 1927 21.15 2238 2333 2493 2614 28.88
14 16.00 16.36 1696 18.10 19.62 2149 2270 2361 2515 2630 28.85
145 16.31 16.69 17.30 1845 1996 21.82 2299 2388 2535 2643 28.81
15 1663 17.00 17.62 18.78 2030 2212 2326 2412 2553 2655 28.76
15.5 1693 17.31 17.94 19.10 2061 2241 2352 2435 2570 2667 2874
16 1722 1761 1824 1941 2092 2269 2378 2458 2588 26.81 2875
16.5 1750 17.89 1853 19.72 2122 2297 2404 2482 2608 2696 2881
17 1776 1816 1881 20.00 2151 2325 2430 2507 2629 27.14 2891
175 18.01 1842 19.08 2029 21.80 2353 2457 2532 2651 27.34 29.04
18 1827 18.68 19.36 2058 2210 23.83 24.85 2559 2676 27.57 29.21
185 1852 1895 19.64 20.87 2241 2414 2515 2588 27.03 27.82 29.42
19 18.78 1921 19.91 2116 2271 2444 2545 2647 27.30 28.07  29.63

Table 5 Smoothed 3"‘{ 5zh, ]OrhJ 25[/1’ 501}1, 751/1’ 85[/1’ 901}1, 95zh,

97" and 99" centiles for girls

Age (y) 3P 5P 10P 25P 50P 75P 85P 90P 95P 97P 99P
6 1375 1399 1439 1515 16.18 1750 1839 19.08 2030 2125 2355
6.5 1355 1380 1421 1500 16.07 1745 1837 19.09 2036 2135 2376
7 13.41 1367 1410 1491 16.03 1746 1842 1917 2049 2152 24.03
7.5 13.37 13.63 14.08 1493 16.10 17.59 1859 19.37 20.75 2182 2442
8 13.39 1367 1413 1503 1625 17.81 1885 19.67 21.10 2221 24388
8.5 13.48 1377 1426 1520 1647 1810 1919 20.04 2152 2266 2538
9 1360 13.90 1442 1540 16.73 1843 1956 2043 2195 2312 2586
95 1371 14.04 1457 1559 1698 1874 1989 2079 2233 2350 26.23
10 13.86 1419 1475 1581 1725 19.05 2023 2114 2269 2386 26.53
10.5 1404 1439 1497 1608 1756 1940 2060 2151 2306 2421 2681
11 1426 14.62 1523 1637 17.89 1977 2097 2189 2342 2456 27.07
11.5 1450 1487 1550 1667 1823 2013 2133 2224 2375 2485 2727
12 1475 1514 1578 1699 1856 2047 2167 2256 2404 2511 2741
125 15.04 1544 1609 1732 1891 20.82 2200 2288 2431 2534 2754
13 15638 1579 1646 17.70 1930 2119 2236 2322 2462 2561 27.70
135 1574 1615 1683 18.08 1968 2155 2269 2353 2483 2584 2783
14 16.06 1647 1715 1839 1998 21.82 2294 2375 2505 2597 27.87
14.5 1632 1674 1741 1865 2021 2201 2309 2388 2513 2601 27.82
15 16.57 1698 1764 1886 2039 2215 2320 2396 2517 26.02 27.75
15.5 16.82 1722 17.88 19.08 20.59 2230 2333 2407 2525 2606 27.73
16 17.07 1747 1812 1930 20.78 2247 2347 2420 2534 2613 27.76
16.5 17.29 17,69 1833 1950 2096 2262 2360 2431 2543 2621 27.79
17 1746 17.85 1849 1964 21.07 2270 2366 2436 2546 2622 27.76
17.5 1757 1796 1859 19.72 2113 2273 2367 2435 2543 2617 27.68
18 1764 18.02 1864 1975 2114 2270 2363 2430 2535 26.07 2755
18.5 17.70 18.08 1868 19.77 2113 2266 23.57 2422 2524 2595 27.39
19 17.76 1812 1872 19.79 2112 2261 2350 2414 2514 2583 27.24
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Results

Overall, SLOBMI curves of 85" and 95" centile from our study had a somewhat different
shape to the WHO and IOTF curves. In boys, the shape of the SLOBMI curves did not re-
semble the WHO and IOTF curves, especially in the age span from 6 to 14 years. The shape
of the 85" centile of SLOBMI resembled the shape of the 85" IOTF centile, although the
85" IOTF centile was aligned to 87" centile of SLOBMI. The WHO 85™ centile was much
more skewed than SLOBMI and IOTF in this age span and the 85" centile of WHO was
better aligned to the 84" centile of SLOBMI. In the 14 to 19 years age, the 85" SLOBMI
centile for boys was lower than the corresponding WHO and IOTF centiles. The SLOBMI
95 centile was similar to WHO 95™ centile while IOTF 95% centile was much higher.
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Figure 1: Comparison between WHO, IOTF and SLOBMI 85" and 95" BMI
centile cuves for boys
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Figure 2: Comparison between WHO, IOTF and SLOBMI 85" and 95" BMI
centile cuves for girls

The 85% centile of the SLOBMI distribution for girls is noticeably higher than
IOTF 85™ centile until age 14 and lower afterwards, while the WHO distribution resembles
SLOBMI distribution until age 10 but it is considerably higher from 10 to 19 years of age.
The 95" centile of the SLOBMI distribution for girls is better aligned to 93 centile of
WHO and IOTF until age of 10 but is much lower between 10 and 19 years of age.

In order to establish the correlations between the WHO, IOTF and SLOBMI
classifications of underweight, normal, overweight and obese with adipose tissue (sum of
triceps, abdominal and subscapular skinfold), we calculated the correlation coefficients
on the 2003 and 2004 data (Table 6). We included only subjects with complete data on
skinfolds and all three classifications.
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Table 6: Correlations of adipose tissue with SLOBMI, WHO and IOTF classifications
of underweight, normal, overweight and obese

Boys (n = 2,818) Girls (n = 2,487)

p r p r
SLOBMI 721 <.001 .691 <.001
WHO 718 <.001 634 <.001
IOTF 714 <.001 .641 <.001

In boys, all three classifications showed strong correlation (p > .06) with adipose
tissue although WHO and IOTF classifications showed a bit weaker predictive strength.
In girls, the overall correlations were a bit lower, although still strong. The SLOBMI
classification again showed the greatest predictive strength.

Conclusions

Possible secular trends of overweight and obesity have been suggested by numerous recent
studies (Armstrong, Lambert & Lambert 2011; Godina 2011; Garnett, Baur & Cowell
2011; Khang & Lynch 2011; Sjoberg & Hulthen 2011; Vuorela, Saha & Salo 2011) and
there is little doubt that the extensive change in people’s lifestyles and the use of modern
technology influence also the physical development of children and youth. The introduc-
tion of television and telephone decades ago has undoubtedly influenced the everyday
practices of physical activity of the entire Slovenian population (Pusnik & Starc 2008;
Pusnik 2007; 2008). The changed attitudes of Slovenian children towards physical activity
certainly influenced their physical development as well (Jurak & Kova¢ 2011), and the
somewhat expanding role of physical practices in Slovenia moving from physical fitness
also towards social communication (Pusnik & Sicherl 2010) could lead to further changes
of their physical status.

Therefore, we expected SLOBMI curves to be higher than IOTF and WHO cur-
ves because of more recent Slovenian data and a secular upward trend of body mass, but
this was not the case. It seems that the more recent Slovenian populations of children and
youth differed from the populations, whose data was used for the construction of WHO and
IOTF BMI-for-age curves. The SLOBMI curves should be further developed and we are
planning to validate their use after our next data gathering on the nationally representative
sample of children and youth in 2013 and 2014. There seems to be strong enough rationale
to establish our own national BMI-for-age growth curves because it is obviously possible
to achieve higher correlations with actual measures of risk-enhancing adipose tissue than
the existing international standards do.
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POVZETEK

Studija preverja smiselnost izdelave nacionalno specifi¢nih tabel indeksa telesne mase za
Solske otroke in mladino. Ker do sedaj v Sloveniji takSne tabele Se niso bile izdelane, se
v raziskavah in diagnostiki v Sloveniji uporabljajo mednarodne referencne tabele kakr$ni
sta tabeli WHO in IOTF. Skusali smo ugotoviti, ali bi uporaba novejsih slovenskih podat-
kov izboljsala natancnost tega orodja pri dolocanju deleza adipoznega tkiva. Za izdelavo
nacionalno specifi¢nih referen¢nih tabel indeksa telesne mase smo uporabili podatke 4.931
fantov in 4.699 deklet, ki so bili izmerjeni v letih 1993, 1994, 2003 in 2004. Centilne
krivulje smo izdelali z metodo LMS. Po tem, ko smo vzorec Slovenskih otrok in mladine
razvrstili v kategorije podpovpre¢no prehranjenih, normalno prehranjenih, prekomerno
prehranjenih in debelih glede na nacionalne reference ter reference WHO in IOTF, smo
izracunali korelacije vseh treh razvrstitev z vsoto koznih gub nadlahti, trebuha in hrbta.
Rezultati so pokazali na mo¢no povezanost vseh treh referenc z vsoto koznih gub pri fantih
in dekletih, vendar pa so nacionalne referen¢ne vrednosti dosegale najvisjo povezanost.
Sklepamo, da je izdelava in rabanacionalno specifi¢nih referenc indeksa telesne mase, ki
temeljijo na novejsih podatkih kot mednarodne reference, smiselna za diagnosticiranje
podpovprecne prehranjenosti, nadpovprecne prehranjenosti in debelosti med slovensko
Solsko populacijo.
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