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The assessment of the body fat percentage by skinfold thickness
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The relationship of skinfold thicknesses to body density and of skinfold thicknesses to densitometrically
determined body fat was evaluated in a group of 378 boys and girls, aged 7-20 years. According to their
maturation level, they were divided into a prepubertal, a pubertal and a post-pubertal group. In each
maturation group boys were older, had higher body-weights and body heights, higher body densities,
lower percentage body fat, higher waist:hips ratios and higher trunk:total skinfolds ratios than girls.
Body density in each maturation level could be quite precisely predicted by skinfold thicknesses. In
prepubertal and pubertal boys and girls but not in post-pubertal boys and girls, age was also an important
predicting variable for body density. The assessment of percentage body fat from skinfold thicknesses
had a prediction error of 3-5%, which was highest in the prepubertal children. The prediction error is
comparable to the prediction error of percentage body fat from skinfold thicknesses in adults, as reported
in the literature. Only in post-pubertal boys and girls was the waist:hip ratio correlated with measures
of body fatness. Moreover, only in the post-pubertal boys and in the pubertal and post-pubertal girls was
the waist:hips ratio correlated with another measure of body fat distribution, the trunk :total skinfold
ratio. The relative amount of internal body fat was found to be higher in the younger maturation groups.
It is concluded that at younger ages the waist:hips ratio is a poor indicator of body fat distribution.

Skinfold thickness: Body fat: Maturation status: Children

The assessment of percentage body fat in children is not an easy task, for several reasons.
First, the chemical composition of the fat-free mass in children is different from that in the
adults in whom carcass analyses were performed (Mitchell et al. 1945; Widdowson et al.
1951; Forbes et al. 1953, 1956), and second, the chemical composition changes during
maturation (Lohman ef al. 1984; Boileau et al. 1981, 1984, 1985; Lohman, 1986; Forbes,
1987; Weststrate & Deurenberg, 1989). Therefore the assumptions used for the calculation
of body composition in adults from (for example) body density, *°K determinations or
dilution techniques cannot be applied to growing children. Several authors (Fomon erf al.
1982; Lohman, 1986; Slaughter e al. 1988 ; Weststrate & Deurenberg, 1989) have therefore
proposed new assumptions for the calculation of body fat percentage from body density
values in children and young adolescents.

Apart from these theoretical considerations, another problem in the determination of
body composition in children is that the cooperation necessary for some measurements, for
example underwater weighing, is often difficult to obtain, especially in very young children.
An easy method of assessing the percentage body fat in children would be measurement of
the subcutaneous fat layer, i.e. skinfold thickness. However, due to a changing
(subcutaneous) fat pattern during maturation (Frisancho, 1981; Forbes, 1987; Weststrate
et al. 1989), the relation between skinfold thicknesses and body density (and, hence, total
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body fat) could be strongly dependent on (biological) age, which would hamper the
assessment of percentage body fat by skinfold thicknesses.

The aim of the present study was to determine the relationship between skinfold
thicknesses and body density and percentage body fat in boys and girls from prepuberty to
young adulthood.

SUBJECTS AND METHODS
A total of 208 girls and 170 boys, aged 7-20 years, participated in the study. They were
recruited from primary and secondary schools. The aim of the study and the kind of
measurements were explained to the participants during a school visit, after which the
measurements were performed at the Department of Human Nutrition.

Body-weight was measured to the nearest 0-05 kg (ED-60T; Berkel, Rotterdam) in
swimming clothes. Body height was measured with a microtoise to the nearest 1 mm.
Skinfold thicknesses were measured in triplicate at the left side of the body to the nearest
0-1 mm with Harpenden skinfold calipers (Holtain Ltd, Bryberian, UK) at the following
sites: (1) triceps, halfway between the acromion process and the olecranon process; (2)
biceps, at the same level as the triceps skinfold, directly above 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) supra-iliac, about 20 mm above the iliac crest, in the axillary
line. To correct for a skewed distribution of the measured values, the skinfolds were
transformed (log,,) before statistical analysis. Waist circumference was measured, midway
between the lower rib margin and the iliac crest, with a plastic tape to the nearest | mm.
Hip circumference (to the nearest 1 mm) was measured at the level of the greater
trochanter.

Body density was measured by means of underwater weighing to the nearest 0-05 kg
(3826 MP 81; Sartorius, Géttingen, Germany) in duplicate with simultaneous de-
termination of the lung volume by helium dilution (Spiro-Junior, Jaeger GMBH,
Wiirtzburg, Germany).

The reproducibility of the measurements is about 0-0006 kg/1 (0-3 % body fat) in adults
and about 0-0048 kg/1 (2:5% body fat) in young children (Deurenberg et al. 19895). For
both boys and girls percentage body fat was calculated from body density using the formula

(562 —4-2(age—2))

body fat (%) = body density

—(525—47(age —2)),

where age is expressed in years (Weststrate & Deurenberg, 1989). In this formula it is
assumed that the density of the fat-free mass slowly increases with age, from 1-080 kg/1 at
7 years (Fomon et al. 1982) to 1-100 kg/1 at 18 years (Siri, 1961) in both sexes. Maturation
status was assessed by the classification described by Tanner (1962) and by van Wieringen
et al. (1968), which is based on the extent of hair covering of the pubertal region, (six stages:
pi—Pg)- The study population was divided into a prepubertal (p,~p,), a pubertal (p,—p,) and
a post-pubertal (p,—p,) group.

Tables | and 2 list some of the physical characteristics of the male and female subgroups
respectively.

Simple linear regression and stepwise multiple regression analyses were performed using
the SPSS-PC program (SPSS, 1988). Differences in variables were tested by analysis of
variance or paired Student’s 7 tests. Values are expressed as means with their standard
errors.
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Table 1. Physical characteristics of prepubertal, pubertal and post-pubertal boys

(Mean values with their standard errors; no. of boys in parentheses)

Prepubertal Pubertal Post-pubertal
(114) (35) @21
Mean SE Mean SE Mean SE

Age (years) 11-3 016 138 0-21 175 039
Body-wt (kg) 373 0-64 522 1-45 72-3% 2:33
Body height (m) 1-478 0-0095 1-661 0-0015 1-805* 0-0011
Body mass index (kg/m?) 169 015 188 0-35 22-1* 0-61
Skinfolds (mm)

Biceps 53 0-19 51 032 56 0-70

Triceps 95 0-31 9-8 0-56 105 111

Subscapular 62 0-20 72 049 9-7* 0-94

Supra-iliac 76 0-42 86 0-88 14-2* 192
Body density (kg/1) 1:0522 0-0016 1-0568 0-0018 1-0654%* 00022
Body fat (%)t 158 0-54 15-5 074 13-9 098
Waist circumference (mm) 583 48 647 91 740* 13-5
Hip circumference (mm) 741 47 823 103 932* 12:0
Waist :hip ratio 0-79 0-0037 079 0-0085 0-79 0-0087
Trunk:total skinfolds} 048 0-005 0-51 00120 0-60* 0-0109

* Mean values were significantly different from other age-groups, indicating an age trend (P < 0-05).
1 From body density.
I (Iliac+ scapular) : (biceps + triceps + iliac + scapular).

Table 2. Physical characteristics of prepubertal, pubertal and post-pubertal girls

(Mean values with their standard errors; no. of girls in parentheses)

Prepubertal Pubertal Post-pubertal
9% (76) (34
Mean SE Mean SE Mean SE
Age (years) 10-5 0-16 131 (W) 16:8 0-36
Body-wt (kg) 340 0-67 49-8 0-88 61-7* 147
Body height (m) 1421 00107 1-621 0-0073 1-697* 0-0115
Body mass index (kg/m?) 166 015 189 0-25 21-4* 041
Skinfolds (mm)
Biceps 66 025 76 029 77 0-65
Triceps 119 042 135 0-50 159 0-89
Subscapular 71 023 89 0-44 10-7* 0-79
Supra-iliac 97 0-50 12-0 0-68 150* 1-20
Body density (kg/l) 1-0431 0-0013 1-0471 0-0110 1-0472* 0-0028
Body fat (%)t 196 0-64 19-5 0-52 217 1-11
Waist circumference (mm) 566 50 633 65 683* 94
Hip circumference (mm) 736 52 845 7-0 925* 96
Waist :hip ratio 077 0-0040 075 0-0057 0-74* 0.0086
Trunk :total skinfolds} 0-47 0-0050 0-49 0-0069 0-51* 00137

* Mean values were significantly different from other age-groups, indicating an age trend (P < 0-05).
1 From body density.
1 (liac + scapular): (biceps + triceps + iltac + scapular).
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Table 3. Pearson’s correlation coefficients for body density with log skinfolds for boys and
girls of different maturation level

(No. of subjects in parentheses)

Skinfold ... Biceps Triceps Iliac Scapular Twot Four}
Boys
Prepubertal (114) 0-60%**  0-54%%%  (52%FF  (.59%F%  (-50%kX  (.0] ¥¥*
Pubertal (35) 0-66***  O-72%**+  (-25N8 0-52%%*  (Q-73%%*  (Q-60***
Post-pubertal (21) 0-69%**  (:72%¥%  (72%kE (69FFF (74%** (76%+
All (170) 0-58%**  (-53%¢% (29%kE (34%RF (.5TFE* (56%RF
Girls
Prepubertal (98) 0-61***  (-57%%*  (-59%*k*  (-62%**  (-61**F Q-64%**
Pubertal (76) Q-70%%*  Q-67***  (-53%¥*  (Q-64FF*  (72%kF (7] RH
Post-pubertal (34) O-71%**  072%%*  (69¥*F OTEFEF QT75SFEF (-83***
All (208) 0-59%**%  (:53%%%  (4Q¥Fx (-52%¥*  (-57F*E (-58*H

NS, not significant.

¥t P <0001,

1 log (biceps + triceps).

1 log (biceps + triceps +iliac + scapular).

Table 4. Prediction of body density from skinfold thicknesses and age for boys and girls of
different maturation level

(Mean values and their standard errors)

Regression coefficients

Constant Logtwo Logfour Age
(kg/D) skinfoldst skinfolds} (years (x 107%)) SEE
(kg/1
Mean SE Mean SE Mean SE  Mean  SE A (x107%)
Boys
Prepubertal 1-0963***  (0-0091 -0-0564*** 0-0066 — 1-8%** (0-0005 041 963

[-1133%**  0-0010 —
Pubertal 1-:0691***  0-0021 —0-0432*** 0-00990 —

[-0555***  0-0022 — —0-0352*** 0-0092 3-8*** 0-0001 055 726
Post-pubertal  1:1132*** 0-0099 —0-0410*** (-0084 — NS — 056 687

1-1324%** 00013 — —00429*** 0-0083 NS — 058 664

—0:0561*** 00063 1-7* 00005 043 948
27** 0-0001 061 668

Girls

Prepubertal 1-0984*** (-0095 —0-0633*** 0-0074
1-1187***  0-0011 —

Pubertal 1-1003*** 00011 ~—0-0552*** 00059 —
1-1074***  0-0012 — —0-0504*** 00056 1-6** 00059 054 660

Post-pubertal  1-1547*** 0-0017 —0-0796*** (0012 — NS — 056 933
1-1830*** 0-0016 —_ —0-0813*** 00097 NS — 069 786

— 2:2%*+* (-0006 044 9-80
—0-0630*** 00069 1-9** 00006 047 954
1-4* 00058 056 650

A, percentage of explained variance.

SEE, standard error of estimate; NS, not significant.
* P <005, ** P<(0], *** P<000l.

T log(biceps + triceps).

T log(biceps + triceps +iliac + scapular).

RESULTS
Tables 1 and 2 show some of the physical characteristics of the male and female study
population, divided into three levels of maturation status. In general, at each maturation
level boys were older, had higher body-weights and body heights, thinner skinfolds, higher
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Table 5. Prediction of body fat percentage from skinfold thicknesses in boys and girls of
different maturation level

(Mean values with their standard errors)

Regression coefficients

Constant Logtwo Logfour
(%) skinfoldst skinfoldst

SEE
Mean SE Mean SE Mean SE A (%)

Boys
Prepubertal — 1461 ¥** 361 26-51%x* 313 — 039 56
—22:23%*% 431 — 26-56%** 300 041 45
Pubertal —9-78* 435 21-90*** 375 — 0-51 31
—11-91* 634 — 18-70%** 431 036 35
Post-pubertal — 68188 461 17-77%%* 391 — 052 32
—15-58* 596 — 18-88*** 379 057 30

Girls
Prepubertal — 16-84*** 426 20-30%** 340 — 044 48
—25-B7*** 496 — 29-85%** 325 047 47
Pubertal — 14:79%** 365 2621 %** 278 — 054 30
— 18:-89**+* 420 — 23-94*** 2:61 053 31
Post-pubertal =27 71** 816 36-53*** 6-01 — 0-54 4-5
—43:49%** 7-25 — 39:02%** 433 0-71 35

A, percentage of explained variance.

SEE, standard error of estimate; NS, not significant.
* P <005 ** P <001, *** P<000I.

T log(biceps + triceps).

1 log(biceps + triceps + iliac + scapular).

Table 6. Pearson’s correlation coefficients of waist: hip ratio with trunk: total skinfold
thickness ratiot for boys and girls of different maturation level

Prepubertal Pubertal Post-pubertal
Boys 016 0-19 0-41*
Girls 011 0-22% 0-45%*

* P <005 ** P <001.
1 (Iliac +scapular): (biceps + triceps +iliac + scapular).

body densities, lower percentage body fat, higher waist: hips ratios and higher trunk:total
skinfold ratios compared with girls.

Table 3 gives the Pearson’s correlation coefficients for body density with the log of the
separate skinfolds, the log of the sum of biceps and triceps (logtwo) and the log of the sum
of all four skinfolds (logfour) for boys and girls in the separate maturation groups. In
general the correlation coefficients were slightly higher in the older age groups. Because in
most subgroups the correlation of body density with logtwo and logfour was as good as or
better than the correlation of body density with the separate skinfolds, further analyses
were performed with logtwo and logfour only as independent variables.

In Table 4 the (multiple) regression equations with explained variance (4) and standard
error of estimate (SEg) of body density as the dependent variable and logtwo (or logfour)
and age as independent variables are given for boys and girls in the maturation subgroups.
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Table 7. Percentage body fat estimated from the sum of biceps and triceps skinfold in
boys of different maturation level
(Mean values and 95% confidence interval, CI)

Percentage body fat

Prepubertal Pubertal Post-pubertal
11-3 (SE 1-7)years 13-8 (SE 1-3)years 17-5 (se 1-8) years
Sum of
skinfolds Mean 95% CI Mean 95% CI Mean 95% CI
6 61 51-7-1 73 6-3-83 70 5-5-85
7 7-8 6-8-8-8 87 7-7-97 82 6:7-9-7
8 90 8-0-10-0 10-0 9-0-11-0 92 7-7-10:7
9 107 9-7-117 111 10-1-12-1 101 8-6-11-6
10 12:0 11-0-13-0 121 I11-131 11-0 9-5-12-5
1 130 12-0-14-0 13-0 12-:0-14-0 117 10-2-13-2
12 14-1 13 1-151 139 12:9-14-9 12-4 10-9-13-9
13 150 14-0-16-0 146 13-6-156 130 11-5-14-5
14 158 14-8-16-8 153 14:3-163 13-6 12-1-15°1
15 16:6 15-6-17-6 16:0 15:0-17-0 141 12:6-156
16 174 164-18-4 166 15-6-17:6 146 13:1-16-1
17 181 17-4-19-1 17-2 16-2-18-2 151 13-6-16:6
18 187 17-7-19-7 17-7 16:7-187 155 14-0-170
19 194 18-4-20-4 182 17-2-19-2 159 14-4-17-4
20 199 18-9-20-9 187 17-7-19-7 163 14-8-17-8
22 21-0 20-0-22-0 19:6 18-:6-20-6 170 15-5-18-5
24 22:0 21-0-23-0 20-4 19-4-214 177 162-19-2
26 230 22-0-24-0 212 20-1-22-1 18-3 16-8-19-8
28 238 22-8-24-8 219 209-22-9 189 17-4-20-4
30 24-6 23-6-256 22:6 21-6-23-6 194 17-9-20-9
35 264 254-27-4 240 23-0-35-0 20-6 19-1-22-1
40 279 269-28-9 253 24-3-263 217 20-2-232

As can be seen, age is still an important variable in the prediction of body density in both
prepubertal and in pubertal boys and girls, but not in post-pubertal boys and girls.

In Table 5 the prediction equations for percentage body fat from skinfolds (logtwo or
logfour) are given for boys and girls of different maturation levels. In these prediction
formulas age did not contribute significantly in either subgroup. In the appendix (Tables
7-10) the percentage body fat and the 95% confidence interval for boys and girls of
different maturation level are given, estimated from the sum of two or the sum of four
skinfolds.

In all maturity groups the waist: hips ratio in boys was significantly higher than in girls,
mainly due to a higher waist circumference in boys. In girls, but not in boys, the waist : hips
ratio decreased with age (Tables 1 and 2).

Only in the older boys and girls did the waist : hips ratio correlate with measures of body
fatness. In post-pubertal boys the waist:hips ratio correlated with logfour (r 0-58,
P < 0-01), logbiceps (r 0-55, P < 0-01), logsupra-iliac (r 0-63, P < 0-01) and logsubscapular
(r 0-58, P < 0-01). In pubertal and post-pubertal girls the waist:hips ratio was correlated
with logsupra-itiac only (r 0-30, P < 0-01 and r 0-41, P < 0-01 respectively).

In post-pubertal boys and in pubertal and post-pubertal girls the waist:hips ratio was
correlated with another measure of body fat distribution (trunk skinfolds: total skinfolds).
The relationship between the waist:hips ratio and the skinfold ratio at the different
maturation levels in boys and girls is shown in Table 6.
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Table 8. Percentage body fat estimated from the sum of biceps and triceps skinfold in girls
of different maturation level

(Mean values and 95% confidence interval, CI)

Percentage body fat

Prepubertal Pubertal Post-pubertal

[1-7 (s 1-7) years 13-8 (sE 1-3) years 17-5 (sE 1-8) years
Sum of

skinfolds Mean 95% CI Mean 95% CI Mean 95% CI

8 9:6 8-6-10:6 89 7-9-9-9 — —

9 111 10-1-12-1 102 9-2-112 — —
10 12:5 11-5-13-5 11-4 10-4-12-4 8-8 7-3-10-3
11 137 12:7-147 12:5 11-5-13-5 10-3 8-8-11-8
12 14-8 13-8-15-8 135 [2:5-14-5 117 10-2-13-2
13 158 14-8-16-8 144 134-154 130 11-5-14-5
14 167 157177 153 14-3-16-3 14-2 12:7-157
15 176 16:7--18-7- 160 15:0-17-0 153 13-8-16-8
16 18-4 17-4-19-4 16-8 15-8-17-8 163 14-8-17-8
17 19-2 18-2-20-2 17-5 16-5-18-5 17:2 15-7-18-7
18 199 18-9-20-9 181 17-1-19-1 181 16:6-19-6
19 20-6 19-6-21-6 187 177-197 190 17-5-20-5
20 213 20-3-22-3 193 18-3-20-3 19-8 18-3-213
22 225 21-5-23-5 204 19-4-21-4 21-3 19-8-22-8
24 236 20-6-22-6 214 20:4-22:4 227 21-2-24-2
26 246 23-6-256 22-3 21-3-233 240 22-5-25'5
28 256 24-6-26:6 231 22-1-24-1 252 237267
30 264 254-27-4 239 22:9-249 262 24-7-27-7
35 284 27-4-29-4 257 247-267 287 272-30-2
40 301 29-1-31-1 272 26-2-28-2 308 29-3-32-3
45 316 30-6-32:6 285 27-5-29-5 327 30-2-332
50 329 31-9-33.9 297 28-7-30-7 344 32:9-359

DISCUSSION

The study population was recruited from some arbitrarily chosen primary and secondary
schools. For the purpose of this methodological study a representative sample was not
required. However, when the body-weights and body heights of the studied population are
compared with values for a representative sample of the Dutch population (Roede & van
Wieringen, 19835), no striking differences are observed. The anthropometric variables are
also in good agreement with the findings of a recently published study of 2285 Dutch
children aged 0-18 years (Weststrate et al. 1989).

Body densities in boys were in general higher than in girls, the differences being smallest
in the younger age-groups. A similar finding was made in an earlier study (Deurenberg
et al. 1989 b) and also recently by Slaughter et al. (1988). The body density values found in
the present study are in good agreement with the predicted values derived from theoretical
equations published by Weststrate & Deurenberg (1989), which used the same equations
for boys and girls, i.e. the same density for the fat-free mass in boys and girls at a given age.
The mean (with sg) difference (measured—predicted density) in boys was —0-0006
(sE 0-0007) kg/1 and in girls —0-0013 (se 0-0006) kg/1, corresponding to a difference in
calculated percentage body fat of less than 1%, a difference which is biologically
meaningless. When using the prediction equation for girls as published in the original
model, the mean (with sE) difference between the measured and the predicted density would
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Table 9. Percentage body fat estimated from the sum of biceps, triceps, supra-iliac and
subscapular skinfold in boys of different maturation level

(Mean value and 95 % confidence interval, CI)

Percentage body fat

Prepubertal Pubertal Post-pubertal

10-5 (sE 1-6) years 13-2 (s 1-3)years 16-8 (sg 2-1) years
Sum of
skinfolds Mean 95% CI Mean 95% Cl1 Mean 95% C1
15 90 82-9-8 10-1 89-11-3 — —
20 12:3 11-5-131 12-4 11-2-13-6 87 7-3-10-1
25 149 14-1-157 142 13-0-15-4 10-5 9-1-119
30 17-0 162-17-8 157 14-5-16-9 12:0 10-6-134
35 188 18:0-19-6 17-0 15-8-18-2 133 11-9-14-7
40 203 19-5-21-1 18-0 16-8-19-2 14-4 13-0-15-8
45 217 20-9-22-5 190 17-8-20-2 154 14-0-16-8
50 229 22-1-23-7 19:9 18-7-21-2 162 14-8-17-6
55 240 23-2-24-8 206 194-21-8 170 15-6-18-4
60 250 24-2-25-8 213 20-1-22-5 17-7 16:3-19-1
65 259 251267 22-0 20-8-232 184 17-0-19-8
70 268 26:0-27-6 22:6 21-4-23-8 19-0 17-6-20-4
75 276 26-8-284 232 22:0-24-4 19-6 18-2-21-0
80 283 27-5-29-1 237 22-5-259 20-1 18-7-21-5
85 29-0 28-2-29-8 247 23-5-259 20-6 19-2-220
90 29-7 29-1-30-5 24-6 24-4-25-8 210 19-6-22-4
95 303 29-5-31-1 251 23-9-26'3 215 20-1-229

Table 10. Percentage body fat estimated from the sum of biceps, triceps, supra-iliac and
subscapular skinfold in girls of different maturation level

(Mean value and 95% confidence interval, CI)

Percentage body fat

Prepubertal Pubertal Post-pubertal
10-5 (SE 1-6) years 13-1 (sE 1-3) years 16-8 {(sg 2-1) years
Sum of
skinfolds Mean 95% CI Mean 95% CI Mean 95% CI
15 92 83-10-1 93 8-6-10-0 — —
20 13-0 12:1-13-9 12:3 9-6-13-0 — —
25 159 150-16-8 14-6 13-9-15-3 111 9-9-12-3
30 182 17-3-19-1 165 158-172 141 12:9-153
35 202 19-3-21-1 181 17-4-18-8 168 15-6-18-0
40 220 21-1-22-9 195 18-8-20-2 19:0 17-8-20-2
45 235 22:6-24-4 20-7 20-0-21-4 210 19-8-222
50 24-8 23-9-25-7 21-8 21-1-22'5 228 21-6-24-0
55 261 25:2-27-0 22-8 22-1-23-5 244 23-2-25-6
60 272 26:3-281 237 23-0-24-4 259 24:7-27-1
65 282 27-3-29-1 24-5 23-8-25-2 272 26:0-284
70 292 28-3-30-1 253 24-6-26-0 285 27-3-29-7
75 301 29-2-31-0 260 25-3-26-7 297 28:5-30-9
80 309 30-0-31-8 267 26:0-27-4 30-8 29-6-32-0
85 317 30-8-32:6 273 26:6-28-0 318 30-6-330
90 325 31:6-33-4 279 27-2-28:6 328 31-6-340
95 332 32:3-341 28:5 27-8-29-2 337 32:5-349
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be —0-0111 (sE 0-0006) kg/1 (corresponding to about 5% body fat), an error which is about
ten times larger.

Skinfold thicknesses correlated well with body density in the three maturation age
groups, with the exception of the very low correlation of the supra-iliac skinfold in pubertal
boys (Table 3). In general the correlation coefficients were higher in the older age groups.
This can be explained by the fact that the accuracy of the determination of body density
in younger children is less than that in older children and adults (Mendez & Lukaski, 1981
Deurenberg et al. 19895). Furthermore, the compressibility of the skinfolds is higher in
younger children (Durnin & Womersley, 1974), due to the higher water content in the
adipose tissue, which will result in larger errors in the measurements and consequently in
tower correlations with body density.

The correlation coefficient of the sum of two skinfolds (biceps+ triceps) with body
density was in both boys and girls comparable to the correlation of the sum of four
skinfolds with body density. The prediction of the body density from the sum of two
skinfolds or the sum of four skinfolds was still age-dependent in prepubertal and pubertal
boys and girls, but not in post-pubertal boys and girls. This age dependency shows that the
classification into three groups of maturation level is in fact a very approximate one. In a
multiple regression model for the prediction of body density when, in addition to skinfolds,
age (years) and maturation level are included as independent variables, age has always been
selected first in the model. When maturation level was included in the model, the decrease
in seg was not marked. The error in the prediction of the body density from skinfolds in
this young population (SEE 0-0065-0-0098 kg/1) was comparable to the error found by other
authors in several populations (Durnin & Womersley, 1974; Slaughter ez al. 1988).

The prediction of the percentage body fat from skinfold thicknesses for both boys and
girls of each maturation level was not age-dependent. This means that in the prediction
formula of percentage body fat from body density as given previously (p. 294), the age-
dependent increase in the density of the fat-free mass is compensated.

As is shown in Table 5, the prediction error in deriving the percentage body fat from four
skinfolds is only slightly lower than that from only two skinfolds. This observation, which
has also been reported by other workers (Durnin & Womersley, 1974) and which has also
been found in our laboratory in adult subjects (P. Deurenberg, unpublished results) and in
elderly subjects (Deurenberg er al. 19894), can be of practical importance. It is often
difficult to measure four skinfolds or to measure trunk skinfolds in field studies, due to lack
of time or to lack of cooperation of the subjects (unwillingness to undress).

Prediction formulas for percentage body fat from triceps and subscapula skinfolds, as
recently published by Slaughter et al. (1988), give accurate estimates for percentage body
fat from densitometric determinations. The differences (estimated minus predicted
percentage body fat) were in prepubertal, pubertal and post-pubertal children respectively
0-7 (not significant, NS), 0-8 (NS) and — 1-4 (NS) in boys and 2-3 (P < 0-001), —0-2 (NS)
and —0-4 (NS) in girls. The statistical difference of 2-:3 % in prepubertal girls is within the
standard error of the body fat estimate from skinfold thickness, and is barely biologically
meaningful.

Recently we published a study in which prediction formulas for the body composition
from body impedance in children were presented (Deurenberg et al. 1989 b). In prepubertal
boys and girls percentage body fat could be predicted with an error of about 4-2 %, which
is comparable to the prediction error for the assessment of the percentage body fat from
skinfold thickness found in the present study.

In both boys and girls the body mass index gradually increased with age (Tables 1 and
2). As a consequence cut-off points for body mass index as an indicator of overweight or
obesity are age-dependent. The correlation of percentage body fat with body mass index
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was lower than the correlation of percentage body fat with skinfold thicknesses (results not
shown). This means that in children body mass index is less suitable as a predictor of body
fat than skinfold thicknesses. In the literature, however, age-dependent reference values
have been published for body mass index as an indicator of obesity in children (Rolland-
Cachera et al. 1982).

Tables 7 and 9 show that prepubertal boys with the same amount of subcutaneous body
fat (skinfold thickness) have more total fat, i.e. internal fat, than pubertal and post-pubertal
boys. In girls the amount of internal fat for the same amount of subcutancous fat also
decreases from prepubertal to pubertal age, and decreases also from pubertal to post-
pubertal age in the leaner (body fat < 21 %) subjects. However, in girls with a higher total
percentage body fat, the amount of internal body fat is increased (Tables 8 and 10). In the
present population such subjects were among older girls (mean (SE) age of girls with body
fat < 21% 167 (0-4) years, > 21 % 17-8 (0-5) years). During adulthood, at the same level
of subcutaneous fat, the amount of total fat, i.e. internal body fat, increases again, both in
men and in women, as has been shown by e.g. Durnin & Womersley (1974). The increase
in the relative amount of internal fat in the fatter (older) girls can thus be explained by the
fact that in general girls reach the adult maturation level at younger ages than boys.

The waist: hips ratio in the present young population was lower at older ages, and this
was more pronounced in girls than in boys. A similar observation has been reported by
Gillum (1987) and Weststrate et al. 1989. Only in older boys and girls was the waist: hips
ratio correlated with measurements of body fat (skinfolds) and only in the older boys and
girls was the waist:hips ratio correlated with another measure of body fat distribution,
trunk : total skinfold ratio (Table 6). This is in accordance with findings of an earlier study
(Weststrate et al. 1989) and with findings published by Gillum (1987). As we concluded
previously (Weststrate et al. 1989), it seems unlikely that at younger ages a high waist : hips
ratio reflects a relatively large (intra) abdominal fat depot, as is the case in adults (Ashwell
et al. 1985; Seidell et al. 1987 ; Weits et al. 1988). The increase in the trunk :total skinfold
ratio with age, as found in the present study, confirms the results of an anthropometric
study in 2285 Dutch children aged 0-18 years (Weststrate er a/. 1989). It indicates that with
increasing age, especially in boys, the subcutaneous body fat becomes more centripetally
located. However, no skinfolds were measured below the iliac crest level, and it is known
that especially in women the gluteal femoral region can be an important fat depot.

In summary, prediction of body density and percentage body fat from skinfold
thicknesses is an acceptable method for the assessment of body composition in childhood
and adolescence. The waist :hips ratio does not appear to be a variable which reflects body
fat distribution in young children, but in adolescence the waist:hips ratio becomes
meaningful as an indicator of body fat distribution.
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