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ABSTRACT

Background: Age‑ and gender‑specific percentiles of  body mass 
index in children and adolescents are a cornerstone categorizing 
overweight and obesity in youths worldwide. Since corresponding 
worldwide growth curves of  percent body fat (% BF) are missing, 
the purpose was to contribute smoothed percentiles of  percentage 
body fat from a large urban sample of  German youths and to 
include them in actual national and international percentile curves.
Methods: We estimated % BF in 22 113 German youths aged 3 to 
18 years participating in yearly cross‑sectional surveys of  the PEP 
Family Heart Study Nuremberg between 1993 and 2007. Percentage 
body fat was calculated from skinfold thickness using Slaughter 
equations. Ten smoothed percentile curves were constructed for 
% BF using the LMS method significant.
Results: The age‑ and gender‑specific reference curves demonstrate 
a continuous age‑dependent increase of  percentage body fat from 
age 3 to 18 years in girls; whereas in boys, the percentile curves 
steeply increase from 5 to 11 years and thereafter slightly decrease. 
The shape of  the percentile curves, the maxima among boys at 
puberty and the median % BF at age 18 years are consistent with 
most of  the current growth curves. % BF in urban studies seems 
to be lower than in national surveys .
Conclusions: More than these nine studies should contribute to 
worldwide‑standardized growth charts for % BF to better define 
overweight and obesity in youth.
Key words: Youths, Germany, international comparison, 
percentage body fat, reference curves

INTRODUCTION
Body mass index (BMI) has become a cornerstone for 

categorization of  overweight and obesity in youths after the 
global introduction of  age- and gender-specific growth curves.[1,2] 
However, BMI does not distinguish between fat and lean body 
mass, which might provide misleading data on body fat content 
during growth and development, after physical training, 
and among different ethnicities.[3,4] Skinfold thickness (SFT) 
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measurement is considered a better predictor of  
body fat (BF) than BMI and can improve screening 
for adiposity in childhood by increasing the low 
sensitivity of  BMI.[5-7] Age- and gender-specific 
percentile curves for body fat in children and 
adolescents from as many countries and ethnicities 
are the first step for global categorization of  
elevated body fat as demonstrated for elevated 
BMI in terms of  overweight and obesity.[1] At 
present, percentiles of  body fat in children and 
adolescents are published using different methods 
for assessment of  body fat.[8-15]

The purpose of  this study was to present 
age- and gender-specific percentiles of  percentage 
body fat (% BF) in 22 113 German children and 
adolescents and to compare them with eight national 
and international studies from five countries.

METHODS

Study population
Every school year from 1993/1994 to 

2007/2008, we collected cross-sectional data of  
22 113 children and adolescents (11,357 males and 
10 756 females) aged 3 to 18 years who participated 
in the Prevention Education Program (PEP) 
Family Heart Study.[16-18] At the beginning of  each 
school year, we used the parent evenings in the 
53 elementary schools of  Nuremberg (Germany) 
for a short information of  parents/guardians and 
first graders about this long-term cross-sectional 
study. The families deciding to participate free of  
charge in the PEP Family Heart Study contacted 
later on the PEP office in the Sanitary Board of  
the City of  Nuremberg for detailed information 
and written informed consent. Ninety-four 
percent of  all elementary schools participated in 
this community-wide project on detection and 
improvement of  cardiovascular risk factors by 
family-based lifestyle-modification. Therefore, 
self-reported cardiovascular, metabolic, endocrine, 
and malignant disorders and medication were 
exclusion criteria. To avoid ethnic bias, we analyzed 
in this study only data from children and adolescents 
with German mothers and fathers, thus excluding 
2.6% of  the participants from 17 other self-identified 
pure or mixed ethnic groups. The ethical committee 
of  the medical faculty of  the Ludwig Maximilians 
University of  Munich (Germany), the Bavarian 

Ministry of  Science and Education, and the local 
school authorities approved PEP, which fulfilled the 
criteria of  the Declaration of  Helsinki.

Anthropometry
At each survey, trained qualified examiners 

from the PEP staff  performed all structured 
interviews and measurements in the households 
using standardized equipment as described 
previously.[16-18] The same individuals made 
all anthropometric measurements to obviate 
inter-observer variation during one survey. We 
measured height and weight using a portable 
stadiometer (Fa. Holtain Ltd, UK) and a digital 
electronic scale (SECA, Hamburg, Germany), 
and triceps and sub-scapular SFT using a 
Holtain skinfold caliper (GPM-caliper, Zurich, 
Switzerland) on the left body side in triplicate to 
the nearest 0.1 mm). The coefficients of  variation 
ranged between 2.0% and 5.4% for triceps SFT 
and between 3.3% and 5.4% for sub-scapular SFT. 
Concerning SFT, 14 boys (9 for sub-scapular and 5 
triceps SFT) and six girls (sub-scapular SFT) and 
concerning percentage body fat 24 boys and 28 
girls were excluded as outliers with values beyond 
approximately ± 5 SD using box-plots.

Statistical analysis
We estimated percentage body fat from the sum 

of  sub-scapular (subsc) and triceps (tric) SFT (mm) 
according to the Slaughter equations [19] using the 
following syntax:

A. Boys:
If  (subsc + tric) ≤ 35 mm and age <12 years:
% BF =  1.21 × (subsc + tric) – 0.008 × (subsc + 

tric)2 – 1.7
 If  (subsc + tric) ≤ 35 mm and age ≥ 12 and ≤ 
14 years:
% BF =  1.21 × (subsc + tric) – 0.008 × (subsc + 

tric)2- 3.4
If  (subsc + tric) ≤ 35 mm and age >14 years:
% BF =  1.21 × (subsc + tric) – 0.008 × (subsc + 

tric)2 -5.5
If  (subsc + tric) >35 mm:
% BF = 0.783 × (subsc + tric) +1.6
B. Girls
If  (subsc + tric) ≤ 35 mm:
% BF =  1.33 × (subsc + tric) – 0.013 × (subsc + 

tric)2 -2.5
If  (subsc + tric) >35 mm:
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% BF = 0.783 × (subsc + tric) +9.7
Because assessment of  biological maturity 

status was not accepted by parents/caregivers 
in the written informed consent of  the study 
protocol, we applied the estimates from NHANES 
III for boys aged <12.0 years as prepubescent, 
12.0-13.99 years as pubescent, and aged >14.0 years 
as postpubescents.[20] BMI-for-age was categorized 
normal (<85th percentile), overweight (85th to 
<95th percentile), and obese (≥95th percentile).[21]

We developed age- and gender-specific 
reference curves for 22 113 youths using the 
LMS method (LMS Chartmaker Pro, version 2.3) 
estimating the skewness parameter L, the 
median M, and a measure of  variation S and 
excluding outlaying values <3rd and <97th percentiles 
by winsorization.[22,23] Table 1 displays the number 
and age distribution of  the 3-18-year-old boys and 
girls. For statistical analysis, we used SPSS 17.0 
version for windows (SPSS Inc, Chicago, IL), 
P values of  <0.05 were considered significant.

RESULTS
Age- and gender-specific % BF percentiles and 

the corresponding growth curves among 11,357 
boys and 10,756 girls aged 3 to 18 years demonstrate 
that the median percentage body fat is considerably 

higher in females than in males [Table 2 and 
Figure 1]. In boys, especially the upper percentile 
curves steeply increase between age 5 and 11 years 
and decrease after the peak throughout adolescence 
from median 14.3% to 11.7% at age 18 years. In girls, 
% BF increases continuously from median 13.3% at 
age 3 years through childhood and adolescence to 
median 23.1 % BF at age 18 years. Table 3 displays 
the smoothed z-scores corresponding to the percentile 
rankings of  % BF as calculated by the LMS method. 
The z-scores express % BF in terms of  SD units from 
the median for that specific age and gender allowing 
better comparison with individual values.

DISCUSSION
This study presents age- and gender-specific 

percentiles of  percentage body fat derived from 
SFT measurements in 22,113 urban German 3 to 
18-year-old youths and data from eight national 
and international studies. Five studies including 
the present one used the same procedure in terms of  
SFT caliper measurements, three studies assessed 
Slaughter equations, and LMS-method,[8,11,13,14] 
two studies assessed percentage body fat using 
bio-impedance (BIA) measurement [9,10,12] and one 
used dual-energy x-ray absorptiometry (DXA).[15]

The comparison of  the five cross-sectional 
studies using SFT measurement of  % BF 
demonstrates different shapes of  the growth curves 
between genders. In girls, the curves increase 
continuously reaching at age 18 years maximal 
% BF (mean, 25.5%) at the 50th percentile, whereas 
in boys the percentile curves steeply increase until 
age 11 years (mean, 17%) and then decrease until 
age 18 years (mean, 15.2%). Table 4 demonstrates 
that at the 50th percentile, mean urban values are 

Table 1: Number and age-distribution of 11,357 boys and 
10,756 girls

Age (y) Boys Girls
n % n %

3 175 1.5 149 1.4
4 343 3.0 331 3.1
5 474 4.2 422 3.9
6 1227 10.8 1246 11.6
7 1563 13.8 1516 14.1
8 1235 10.9 1243 11.6
9 1143 10.1 1126 10.5
10 1055 9.3 1013 9.4
11 940 8.3 885 8.2
12 800 7.0 726 6.7
13 641 5.6 578 5.4
14 553 4.9 469 4.4
15 431 3.8 375 3.5
16 326 2.9 283 2.6
17 260 2.3 221 2.1
18 191 1.7 173 1.6
All 11,357 100 10,756 100
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Figure 1: Smoothed LMS curves for the 3rd, 5th, 10th, 25th, 
50th, 75th, 85th, 90th, 95th, and 97th percentiles of percentage 
body fat in 11 357 males and 10 756 females aged 3 to 18 
years (a) Boys, (b) Girls.
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considerably lower than mean rural plus urban 
nationwide values of  18-year-old youths in 
boys (15.2% vs 16.7%) and in girls (23.0% vs 28.2%) 
as well as in boys at 11 years (15% vs 18.9%). The 
very similar mean %BF values between the 5 
SFT studies and the Spanish study based on five 
cities (17.3% vs17.0% in 11-year-old boys and 15.6% 
vs 25.4% in 18-year-old girls) might suggest that 
sampling and measurement is less homogeneous 
in multicenter studies.

Three studies measured body fat percentage 

using bioelectrical impedance analysis (BIA) with 
prediction equations derived from calibration 
studies against whole-body DXA. The shapes of  
the growth curves are similar to the SFT-derived 
curves showing the typical marked increase in 
positive skewness followed by slight decreases 
among boys as well as the characteristic continuous 
increase of  the curves with age in girls.[10,12] Mean 
peak % BF values at puberty at the 50th percentile 
are higher (19.6%) in the 3 BIA studies compared 
with mean values of  the 5 SFT studies (17%) but 

Table 2: LMS Percentiles for body fat% in 11,357 boys and 10,756 girls aged 3-18 years

Age L M S −1.88 −1.64 −1.28 −0.67 0.00 0.67 1.04 1.28 1.64 1.88
Boys

3 −0.45 12.56 0.22 8.6 9.0 9.6 10.9 12.6 14.7 16.0 17.0 18.7 19.9
4 −0.46 12.28 0.24 8.1 8.5 9.2 10.5 12.3 14.6 16.1 17.2 19.1 20.6
5 −0.47 12.13 0.27 7.7 8.1 8.8 10.2 12.1 14.7 16.3 17.7 19.9 21.6
6 −0.48 12.25 0.29 7.5 7.9 8.7 10.1 12.2 15.1 17.0 18.5 21.1 23.1
7 −0.48 12.61 0.31 7.5 7.9 8.7 10.3 12.6 15.8 18.0 19.7 22.9 25.3
8 −0.48 13.14 0.34 7.6 8.0 8.9 10.6 13.1 16.7 19.3 21.3 25.0 27.9
9 −0.46 13.75 0.36 7.7 8.2 9.1 10.9 13.7 17.7 20.6 23.0 27.3 30.7
10 −0.44 14.23 0.38 7.7 8.2 9.2 11.2 14.2 18.6 21.8 24.5 29.3 33.2
11 −0.41 14.37 0.39 7.5 8.1 9.1 11.2 14.4 19.0 22.5 25.3 30.5 34.7
12 −0.38 14.12 0.41 7.2 7.7 8.7 10.9 14.1 18.9 22.4 25.3 30.7 35.1
13 −0.34 13.66 0.42 6.7 7.3 8.3 10.4 13.7 18.5 22.0 24.9 30.3 34.7
14 −0.31 13.11 0.44 6.3 6.9 7.8 9.9 13.1 17.9 21.4 24.2 29.6 33.8
15 −0.28 12.60 0.45 5.9 6.4 7.4 9.4 12.6 17.3 20.7 23.6 28.8 33.0
16 −0.25 12.24 0.46 5.6 6.1 7.1 9.1 12.2 16.9 20.3 23.2 28.3 32.5
17 −0.23 12.01 0.47 5.4 5.9 6.8 8.8 12.0 16.7 20.1 23.0 28.1 32.3
18 −0.21 11.84 0.48 5.2 5.7 6.6 8.7 11.8 16.6 20.0 22.9 28.1 32.2

Percentiles 3rd 5th 10th 25th 50th 75th 85th 90th 95th 97th

Girls
3 −0.05 13.49 0.25 8.4 8.9 9.8 11.4 13.5 16.0 17.6 18.7 20.6 21.9
4 −0.08 13.67 0.27 8.3 8.9 9.7 11.4 13.7 16.4 18.1 19.4 21.4 22.9
5 −0.11 13.95 0.28 8.3 8.9 9.8 11.6 14.0 16.9 18.8 20.2 22.5 24.1
6 −0.14 14.38 0.29 8.4 9.0 9.9 11.8 14.4 17.6 19.6 21.2 23.8 25.6
7 −0.15 14.93 0.31 8.6 9.2 10.2 12.2 14.9 18.4 20.7 22.4 25.2 27.2
8 −0.16 15.57 0.31 8.9 9.5 10.5 12.6 15.6 19.3 21.7 23.6 26.6 28.9
9 −0.15 16.24 0.32 9.2 9.8 10.9 13.1 16.2 20.2 22.8 24.7 28.0 30.4
10 −0.14 16.93 0.32 9.5 10.2 11.4 13.7 16.9 21.1 23.7 25.8 29.2 31.7
11 −0.13 17.67 0.32 10.0 10.7 11.9 14.3 17.7 21.9 24.7 26.8 30.2 32.8
12 −0.11 18.48 0.31 10.5 11.3 12.5 15.0 18.5 22.8 25.6 27.7 31.2 33.7
13 −0.08 19.35 0.30 11.1 11.9 13.2 15.8 19.4 23.7 26.5 28.6 32.0 34.5
14 −0.05 20.23 0.29 11.8 12.6 14.0 16.7 20.2 24.6 27.4 29.4 32.7 35.1
15 −0.01 21.06 0.28 12.5 13.4 14.8 17.5 21.1 25.4 28.1 30.1 33.3 35.5
16 0.03 21.82 0.26 13.2 14.1 15.5 18.2 21.8 26.1 28.7 30.6 33.6 35.8
17 0.07 22.51 0.25 13.9 14.8 16.2 19.0 22.5 26.6 29.1 31.0 33.9 35.9
18 0.11 23.16 0.24 14.6 15.5 17.0 19.7 23.2 27.2 29.6 31.3 34.0 35.9

Percentiles 3rd 5th 10th 25 h 50th 75th 85th 90th 95th 97th
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Table 3: Z-Scores for %Body fat in 11,357 boys and 10,756 girls  3 -18 y
Boys L M S -1.88 -1.64 -1.28 -0.67 0.00 0.67 1.04 1.28 1.64 1.88
Age
3 0.14 0.25 0.96 0.031 0.042 0.066 0.129 0.254 0.471 0.643 0.788 1.055 1.266
4 0.08 0.27 0.97 0.037 0.048 0.072 0.136 0.265 0.501 0.695 0.863 1.182 1.444
5 0.17 0.30 0.97 0.034 0.047 0.075 0.151 0.303 0.566 0.772 0.944 1.257 1.503
6 0.21 0.38 0.98 0.037 0.053 0.089 0.188 0.384 0.712 0.962 1.167 1.533 1.815
7 0.27 0.50 0.98 0.039 0.060 0.108 0.242 0.502 0.923 1.234 1.484 1.919 2.248
8 0.29 0.64 0.98 0.045 0.072 0.132 0.304 0.635 1.166 1.553 1.861 2.396 2.797
9 0.31 0.76 0.99 0.049 0.081 0.154 0.362 0.763 1.396 1.853 2.215 2.838 3.302
10 0.33 0.87 0.99 0.050 0.086 0.170 0.411 0.869 1.586 2.098 2.501 3.190 3.700
11 0.32 0.94 0.98 0.057 0.096 0.187 0.445 0.939 1.713 2.268 2.706 3.456 4.012
12 0.29 0.96 0.98 0.067 0.108 0.200 0.460 0.960 1.757 2.337 2.799 3.598 4.195
13 0.30 0.94 0.98 0.064 0.104 0.194 0.448 0.937 1.718 2.286 2.738 3.520 4.104
14 0.22 0.89 0.99 0.079 0.116 0.198 0.429 0.886 1.655 2.241 2.721 3.576 4.235
15 0.31 0.82 1.01 0.047 0.079 0.157 0.381 0.820 1.523 2.034 2.440 3.140 3.663
16 0.30 0.75 1.03 0.042 0.071 0.141 0.345 0.752 1.416 1.904 2.296 2.976 3.487
17 0.28 0.69 1.05 0.038 0.064 0.126 0.312 0.690 1.319 1.789 2.168 2.833 3.337
18 0.24 0.64 1.08 0.040 0.064 0.119 0.287 0.637 1.244 1.712 2.098 2.786 3.318

3rd 5th 10th 25th 50th 75th 85th 90th 95th 97th

Girls
Age L M S -1.88 -1.64 -1.28 -0.67 0.00 0.67 1.04 1.28 1.64 1.88
3 0.14 0.24 0.76 0.047 0.059 0.082 0.138 0.237 0.389 0.502 0.592 0.753 0.876
4 0.17 0.32 0.78 0.059 0.075 0.107 0.184 0.319 0.527 0.679 0.801 1.015 1.179
5 0.20 0.40 0.79 0.069 0.089 0.130 0.229 0.402 0.667 0.860 1.013 1.281 1.484
6 0.22 0.48 0.80 0.077 0.101 0.150 0.272 0.484 0.808 1.040 1.224 1.544 1.783
7 0.25 0.56 0.81 0.082 0.111 0.168 0.312 0.563 0.942 1.211 1.425 1.791 2.064
8 0.27 0.64 0.82 0.086 0.118 0.184 0.348 0.635 1.065 1.367 1.605 2.011 2.312
9 0.29 0.70 0.83 0.089 0.125 0.199 0.383 0.703 1.177 1.509 1.767 2.207 2.530
10 0.31 0.77 0.82 0.093 0.132 0.214 0.417 0.768 1.283 1.638 1.915 2.381 2.723
11 0.33 0.83 0.82 0.097 0.140 0.229 0.450 0.827 1.373 1.748 2.036 2.521 2.873
12 0.35 0.88 0.81 0.101 0.147 0.243 0.478 0.875 1.442 1.826 2.121 2.612 2.968
13 0.36 0.91 0.80 0.106 0.155 0.256 0.503 0.913 1.490 1.877 2.173 2.662 3.014
14 0.38 0.95 0.78 0.111 0.163 0.269 0.526 0.946 1.528 1.914 2.206 2.688 3.033
15 0.40 0.98 0.76 0.118 0.174 0.286 0.553 0.982 1.567 1.951 2.240 2.714 3.052
16 0.41 1.02 0.74 0.127 0.186 0.305 0.582 1.020 1.608 1.990 2.276 2.742 3.072
17 0.43 1.06 0.72 0.137 0.200 0.324 0.611 1.057 1.647 2.025 2.308 2.765 3.087
18 0.45 1.09 0.70 0.147 0.214 0.344 0.640 1.092 1.680 2.054 2.331 2.778 3.092

3rd 5th 10th 25th 50th 75th 85th 90th 95th 97th

similar in boys (14.4% vs 15.2%) and girls (24.2% 
vs 25.5%) at age 18 years. The consistency of  
these assessments is remarkably considering 
different periods of  data collection, methods 
of  measurement, and ethnicities. For example, 
35% of  the participants in NHANES 1999-2004 
were black non-Hispanics[13] who had a higher 
prevalence of  overweight (18.5%) compared with 
white non-Hispanics (10.1) youths among the 
sample NHANES 1999-2000.[24]

One study used DXA presenting similar 

percentile curves but considerably higher % BF 
values compared with the current PEP study and 
the other 7 studies.[8-14] The median peak value in 
boys was 26.3% at age 11 years, and 18-year-old 
boys had 21.1% % BF and girls had 34.1% 
% BF at the 50th percentile.[15] Since the algorithm 
underestimated fat mass and overestimated lean 
mass, data on lean soft tissue mass were decreased 
by 5% and an equivalent weight (in kilograms) was 
added to the total fat mass, thereby increasing the 
median level of  % BF by approximately 3 percentage 
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points.[15] Analyzing the same multiethnic 
NHANES 1999-2004 samples allows some 
comparison between SFT and DXA measurements 
of  percentage body fat.[13,15] Median % BF was 
considerably lower using SFT measurement at age 
18 years for boys (17% vs 21%) and girls (27.8% vs 
34.1%) and peak values in boys (18.8% vs 26.3%). 
Adjustment of  DXA values could explain these 
differences SFT measurements, which is consistent 
with literature describing a systematic tendency for 
DXA values to be higher than SFT values.[25]

CONCLUSION
Currently, nine studies from five countries have 

presented age- and gender-specific percentiles 
of  % BF from large samples of  children and 
adolescents aged 3 to 18 years. Five studies using 
SFT measurement and three studies using BIA 
describe gender-specific characteristic growth 
curves, which are very similar for males and for 
females. In both genders, urban percentage body 
fat values seem to be lower than national values 
irrespective of  the country. However, DXA delivers 
higher values, the body fat percentages based on 
SFT or BIA are similar.
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