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Introduction

ORIGINAL CONTRIBUTION

Use of BMI as a measure of overweight
and obesity in a field study
on 5-7 year old children

Summary Objective The present
field study examines the use of
BMI in comparison with estimates
of percent fat mass to screen for

overweight and obesity in children.

Design Cross-sectional field study.
Setting Four waves of children
1996-1999 at Kiel, North West Ger-
many. Subjects A representative
large sample of 2286 5-7 year old
children representing 40 % of the
total child population examined by
school physicians within the same
period in Kiel. Main outcome mea-
sures BMI was compared with an-
thropometric measures (TSF, BSE,
SIF, SSF) and bioelectrical imped-
ance analysis (BIA). The 90% and
97h BMI percentiles were used as
cut offs for overweight and obesity,
respectively. Results BMI reached a
low sensitivity to identify over-
weight children when compared
with the two estimates of % FM
(0.60 to 0.78 for girls, 0.71 to 0.82

for boys, respectively). The speci-
ficity of BMI was 93 to 95 %. By
contrast, BMI reached higher sensi-
tivity to screen for obese children
of 0.83 to 0.85 for boys and 0.62 to
0.80 for girls at a concomitant
specificity of 0.95 to 0.98 for boys
and 0.96 to 0.97 for girls as defined
by assessment of body fat mass.
Comparing nutritional status of
overweight children classified as
overweight or non overweight by
BMI shows that BMI only identi-
fied obese but not-overweight chil-
dren. Conclusion BMI can be used
to screen for obese children. In
contrast BMI has a poor sensitivity
to screen for overweight children.
Body composition analysis should
be used to screen for children at
risk of becoming obese.

Keywords BMI - fat mass -
overweight — obesity - children

97t percentile [9]. In addition a low (75" or even 66%)

cut off percentile has been recommended for screening
“preobese” children because of the low sensitivity of
BMI [10]. Up to now, BMI reference data for prepubertal
children have been published for German [9, 11], North
American [2, 12], French [3, 4], British [13-15], Swedish
[16], and Italian [17, 18] children.

However the accuracy as well as the use of the BMI
has been questioned in children [7] as well as in adults
[19]. Alternative assessments of nutritional state in chil-
dren should include direct estimates of body fat [9, 11].
Skinfold measurements as well as BIA have been recom-

There is no uniform definition or assessment of over-
weight and obesity in children. Some authors suggest
the use of BMI to assess obesity in children [1-9].In ad-
dition there is no consensus regarding the cut off to de-
fine overweight and obesity in children, i.e., above the
85 percentile of BMI as overweight (i. e., at risk of obe-
sity) and above the 95 percentile as obese [1, 10]. Other
authors use the 90" and the 97.5™ BMI percentile as cut
offs for overweight and obesity [2, 3], respectively the
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mended for assessment of fat mass in greater popula-
tions of children [20-27]. However the advantage of
body composition analysis over BMI has not been eval-
uated in field studies. The Kiel Obesity Prevention Study
(KOPS) is a cross-sectional and longitudinal field study
[28],which has the objective to reduce the incidence and
prevalence of overweight and obese children and ado-
lescents. Within KOPS, anthropometry and BIA are used
to estimate fat mass. The present study examines the use
of BMI in comparison with BIA and anthropometric
measurements of fat mass regarding screening for over-
weight and obesity in a group of 2286 5-7 year old chil-
dren in Kiel (North West) Germany.

Methods
Subjects

Between 1996-1999 five different investigators assessed
the nutritional status of 1146 boys and 1140 girls aged
5-7 years living in Kiel, North West Germany. Anthro-
pometry and bioimpedance analysis were trained
weekly in the first month and every 14 days during the
following weeks. The children were randomly sampled
and examined in 29 out of a total of 32 primary schools
in Kiel. The 2286 children represented 40 % of the total
children population examined by the school physicians
within the same time period. Age, gender, body weight
and height, as well as sociodemographic data of our
study population were compared with data obtained in
the total population of 5-7 year old children assessed by
school physicians during the same time period. These
data suggest that our sub-population is representative of
the total population of 5-7 year old children in Kiel. The
procedures had been explained to all parents. All par-
ents had given their informed written consent. The
study was approved by the local ethical committee of the
Christian Albrechts University of Kiel.

Anthropometry

Anthropometric measurements were performed by
trained observers, according to standard procedures
[29]. Weight was measured to the nearest 0.1 kg on a cal-
ibrated balance-beam scale with subjects wearing light
underwear and height was estimated to the nearest
0.5 cm. From weight and height, body mass index (BMI)
was calculated as follows: BMI [kg/m?] = weight
[kg]/(height [m])% Skinfold thickness was determined
to the nearest 0.2 mm at the right triceps (TSF), biceps
(BSF), subscapular (SSF) and suprailiacal (SIF) sites,
with a Lafayette skinfold caliper (Model 01127, Lafayette
Instrument Company, Indiana 47903) calibrated to exert
a constant pressure of 10 g/mm?. Between observers the

coefficients of variations for measurements of TSE BSF,
SSF and SIF were 5.7 %, 8%, 13.2% and 8.4% (n=15).
The coefficients of variation within observers for re-
peated (n=3) measurements of TSF, BSE, SSF and SIF in
150 children aged 5-7 y were 4.2%, 6.8%, 5.1% and
5.3%, respectively. Fat mass (FM) was determined by
age- and gender-specific formulas, according to
Lohmann [20], involving weight and the log-trans-
formed sum of TSF; BSF, SIF and SSF skinfolds for sub-
jects aged < 12.0 y. Fat free mass (FFM) was calculated as
the difference between body weight and fat mass.

Bioelectrical impedance analysis (BIA)

Measurements of whole body impedance in children
have been described previously [30]. Measurements
were performed at a single frequency (50 kHz) with one
pair of electrodes appropriately placed on the dorsal
surfaces of the right hand and a second pair of elec-
trodes placed on the right foot using a Multi-Fre-
quency-Monitor 2000-M (Data Input GmbH, Frank-
furt/M, Germany) [31]. Three different analyzers were
crosscalibrated in 10 children aged 5-7 y including dis-
connected electrodes and differences in the results of
measurements using different analyzers were found to
be < 1%. With the subjects lying in a supine position,
measurements were performed while the hands and feet
were extended by about 30° from the side of the trunk.
The coefficients of variation (cv) for repeated (n=3) es-
timations of R (resistance, Q) and Xc (reactance, Q) in
10 children aged 5-7 y were 1.0 and 2.1 %, respectively,
resulting in a cv of 1.5% in %FM. Fat free mass (FFM)
was derived from an algorithm published by Schaefer et
al. for a German population of children [25]. These
authors used total body potassium as the reference
method [25]. FM was then calculated from the difference
between body weight and FFM.

Definition of nutritional status

Underweight is defined as BMI < 10 percentile of the
German sex- and age-specific reference values (10" BMI
percentile for 5 year old boys/girls: 13.83 kg/m?/13.61
kg/m? for 6 year old boys/girls: 13.79 kg/m?/13.59
kg/m?; for 7 year old boys/girls: 13.88 kg/m?/13.69 kg/m?
[9]). The German reference data were based on a data set
of 34422 children and percentile curves for BMI were
constructed by sex using the LMS method [8]. Normal
weight is defined by a BMI between 10" and 90 per-
centile of the German sex- and age-specific reference
values [9]. In addition sex- and age-specific 10t and 90
percentiles of estimates of fat mass obtained within our
own population were used. Overweight is defined by
BMI (= 90 percentile of the German sex- and age-spe-
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cific reference values, i.e., for 5 year old boys/girls:
17.61/17.69 kg/m?; for 6 year old boys/girls: 17.86/17.99
kg/m?; for 7 year old boys/girls: 18.34/18.51 kg/m? [9] or
the respective values of sex- and age-specific estimates
of fat mass obtained within our own population. Obesity
is defined by a BMI > 97" percentile of the German sex-
and age-specific reference values (97" BMI percentile
for 5 year old boys/girls: 19.02/19.16 kg/m?; for 6 year old
boys/girls: 19.44/19.67 kg/m?; for 7 year old boys/girls:
20.15/20.44 kg/m? [9]).

Statistical analyses

All statistical analyses were performed using Excel 5.0 or
SPSS for windows. The data were presented as median
and interquartile range (Table 1) or as means and ranges
(Table 3). Basic statistics included Mann-Whitney-U-
Test for comparison between gender groups, chi*-test for
differences between overweight and obese children and
correlation analyses for the relation of BMI versus as-
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sessments of fat mass. Sensitivity and specificity were
calculated for BMI using the 90t or 97t percentile of es-
timates to FM as cut offs. Sensitivity records all over-
weight or obese children; specificity records all non-
overweight or non-obese children.

Results

The nutritional state of our children is presented in
Table 1. There are no gender differences in BMI. In con-
trast, there are significant sex differences in height,
weight, skinfold thickness, impedance as well as esti-
mates of FM. Using anthropometry, skinfold thicknesses
are greater in girls than in boys but FM (as calculated
from Lohmann’s formula) is greater in boys aged 6 and
7 years than in girls (Table 1). This is contrary to the BIA-
data where FM in girls always exceeds the respective
data in boys (Table 1). Within KOPS, the 10%, 50 and
90" percentiles of height are 1.13, 1.20 and 1.26 m for 6
year old boys. For 6 year old girls, the respective values

Table1 Median and interquartile range of anthropometric measurements in 2286 5—7 year old boys and girls in Kiel

children aged 5 years

children aged 6 years

children aged 7 years

boys girls boys girls boys girls
n 23 15 765 819 357 306
age (y) 5.02 (0.2) 55  (0.2) 6.1 (0.4) 6.1 (0.4) 67 (0.2) 66 (0.2)
Anthropometry
height [m] 1.20 (0.1) 117 (0.7)*** 120 (0.1) 119 (0.7)*** 123 (0.1) 122 (0.1)***
weight [kg] 216 (32) 19.5  (8.2)** 223 (45) 220 (45)* 235 (49 230 (46)*
BMI [kg/m?] 148 (1.4) 145 (29 155 (2.0 156  (2.1) 156 (2.0 155 (1.9
w/h ratio 092 (0.1) 0.90 (0.1)*** 091 (0.1) 0.89 (0.1)*** 0.90 (0.1) 0.88 (0.1)***
TSF [mm] 90 (3.2 120  (5.4)*** 103  (3.7) 113 (4.6)*** 98 (43) 11.6  (4.4)***
BSF [mm] 50 (1.8) 73 (5.5)%** 56 (34) 63  (3.3)*** 53  (33) 6.0  (3.6)***
SIF [mm] 53  (2.98) 76  (4.4)%* 63 (43) 80  (5.4)** 6.0 (44) 7.6 (4.7)%**
SSF [mm] 50 (2.0 6.6 (3.2*** 56 (24) 63 (3.2)* 50 (23) 6.0 (3.0
sum of four 240 (8.8) 333 (20.7)*** 282 (12.1) 317 (14.0)%** 268 (10.8) 30.5  (14.0)***
skinfolds [mm]
FMuohmann [%] 120 (5.9) 149  (11.9)* 146  (6.9) 138  (8.9)* 138 (6.5 131 (8.9
FMuohmann [kg] 26 (1.8) 25 (3.0* 32 (2.0) 3.0 (2.5)% 31 (2.0 201 (3.1)*
FFMLohmann [%] 880 (5.9 852 (11.9) 854  (6.9) 862 (8.9) 86.2 (6.5 87.0 (8.9
FFMiohmann [kg] 190 (3.5) 173 (6.5 191 (33) 189  (3.0) 203 (3.6) 201 (3.1)
Bioelectrical Impedance Analysis
R[€2] 768 (80.5) 805 (87.3)*** 749 01 9) 7834  (95.3)*** 739 (94.1) 791 (1183)
Xc[Q] 68 (6.0) 73 (9.1)*** 68.0 0.0) 720  (12.9)%** 67.1 (11.2) 72 (12.0)
phase angle o 50 (0.6) 52 (0.6) 5.1 6) 52 (0.7) 52  (07) 52  (0.7)
Rl [cm?/Q] 188  (2.9) 171 (3.7)*** 19.2 8) 180  (2.2)*** 204 (37) 19.0  (4.7)***
FMschaefer [%] 271 (6.4) 29.2  (15.4)*** 254 2) 27.6  (9.8)*** 237 (88) 27.0  (8.5)***
FMschaefer [kg] 59 (14) 50 (4.5)* 55 .8) 6.0 (3.3)** 54 (29) 6.1  (3.2)**
FFMschacter [%] 729 (64) 708  (15.4)*** 74.6 2) 724 (9.8) 763  (8.8) 730  (8.5)***
FFMschaefer [kg] 157  (1.7) 149  (2.4)** 16.7 .6) 160 (2.1) 180 (25 17.0  (2.6)**

Data are given as median (interquartile range), statistical test for gender differences: Mann-Whitney U-Test:

*: significant differences between boys and girls with p <0.05
**: significant differences between boys and girls with p <0.01
***: significant differences between boys and girls with p <0.001

TSF triceps skinfold, BSF biceps skinfold, SSF suprailiacal skinfold, SSF subscapular skinfold, sum of four skinfolds sum of triceps-, biceps-, subscapular- and suprailiacal-skin-
fold, FM fat mass, FFM fat free mass, R resistance [€2] from bioimpedance-analysis (BIA); Xc reactance [Q] from bioimpedance analysis (BIA); RI (Resistance Index) height

[cm]*height [cm]/R [Q2]
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are 1.13, 1.19 and 1.26 m. Regarding body weight the
10, 50" and 90™ percentiles in 6 year old boys and girls
are 19.0,22.3,28.7 kg and 18.5,22.0 and 27.7 kg, respec-
tively. The 10, 50" and 90" percentiles of BMI are 14.1,
15.5,18.5 kg/m? and 13.8, 15.6 and 18.4 kg/m? in 6 year
old boys and girls, respectively. Our BMI data are higher
than the German reference data. Using the German ref-
erence data as the cut offs [9] gave a mean prevalence of
overweight of 12.8% (13.4% for boys, 12.3 % for girls)
and 6.3 % (7.2 % for boys, 5.4 % for girls) for obesity.
Comparing BMI with estimates of FM obtained for
boys and girls results in correlation coefficients ranging
from 0.63 to 0.70 for boys and 0.60 to 0.70 for girls, re-
spectively (Fig. 1). Separate analyses showed increasing
correlation coefficients between BMI and % FMp;, in
underweight (0.42 for boys, 0.61 for girls), normal (0.38
for boys, 0.50 for girls), overweight (0.54 for boys, 0.63
for girls) and obese children (0.47 for boys, 0.43 for

Fig.1a—f Comparison of BMI and estimates of fat 30
mass in 2286 5-7-year-old boys and girls (BM/ body
mass index; TSF triceps skinfold-thickness; FM fat
mass; Anthrop. Anthropometry; BIA Bioelectrical Im-
pedance Analysis; p percentile).

For BMI cut off, the 90 percentile of the German
reference values [9] is used; for TSF, % FM,
Anthrop.cohmann and % FM, BlAschaefer the age, sex and
methods specific 90™ percentiles of our own study
population were used

TSF [mm]

girls), respectively. When compared with these data the
association between BMI and % FMiohmann 1S low (0.11
for underweight girls to 0.51 for normal weight girls).
The highest correlation coefficient is observed in over-
weight children (0.54 for overweight boys, 0.63 for over-
weight girls), whereas the correlation coefficient is 0.25
and 0.30 for obese boys and girls, respectively.

Regarding sensitivity and specificity to identify over-
weight children, BMI reaches a sensitivity of 0.60 to 0.78
for girls and 0.71 to 0.82 for boys. The specificity of BMI
was 93 to 94 % for boys and 93 to 95 % for girls (Table 2a).
By contrast sensitivity reached 0.83 to 0.85 for obese
boys and 0.62 to 0.80 for obese girls. The specificity was
0.95 to 0.98 for obese boys and 0.96 to 0.97 for obese girls
(Table 2b; no significant sex differences).

Table 3 shows the characteristics of overweight boys
and girls classified as non-overweight and overweight
by BMI. Boys and girls classified as non-overweight by
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Table2a Sensitivity and specificity for identifying overweight children by 90t
percentile of BMI" in 2286 5-7-year-old boys and girls based on estimates of fat
mass?

sensitivity specificity
boys  girls boys  girls
Anthropometry
TSF [mm] 0.71 0.60 0.93 0.93
FM, Anthrop.ohmann [%] 080  0.66 094 094
Bioelectrical Impedance Analysis
FM, BlAschaefer [%] 0.82 0.78 094 095

Sensitivity records all overweight children, specificity records all non-overweight

children TSF triceps-skinfold-thickness, FM, Anthrop. fat mass from anthropometric

measurements, FM, BIA fat mass from Bioelectrical Impedance Analysis

190" percentile from German BMI reference values (Kromeyer-Hauschild et al.
2001) were used as the cut off

290t age, sex and methods specific percentile of own study population were used
as the cut off

65

Table2b Sensitivity and specificity for identifying obesity by 97" percentile of
BMI" in 2286 5-7-year-old boys and girls based on estimates of fat mass?

sensitivity specificity
boys  girls boys  girls
Anthropometry
TSF [mm] 0.83*  0.62*** 0.95%  0.96***
FM, Anthrop..ohmann [%] 0.80 0.73** 0.95 0.96**

Bioelectrical Impedance Analysis

FM, BlAschaefer [%] 0.85*** 0.80* 0.98*** 0.97*

Sensitivity records all obese children, specificity records all non-obese children, TSF

triceps-skinfold-thickness, FM, Anthrop. fat mass from anthropometric measure-

ments, FM, BIA fat mass from Bioelectrical Impedance Analysis

197t percentile from German BMI reference values (Kromeyer-Hauschild et al.
2001) were used as cut off

297t age, sex and methods specific percentile of own study population were used
as cut off, statistical test for differences between overweight and obese children:
chi?-test

* significant differences between overweight and obese children with p < 0.05

** significant differences between overweight and obese children with p < 0.01

*** significant differences between overweight and obese children with p < 0.001

Table3 Characteristics of overweight children? classified as such by triceps skinfold, anthropometry and bioelectrical impedance analysis

Overweight children according to TSF

Overweight children according to

overweight children according to BlAschaefer

anthropometryiohmann
Classified as not Classified as Classified as not Classified as Classified as not Classified as
overweight by BMI  overweight by BMI overweight by BMI  overweight by BMI overweight by BMI  overweight by BMI
Boys
n 32 80 21 86 19 86
age (y) 6.2 (5.6-6.9) 6.3 (5.0-7.5) 6.2 (5.8-7.3) 6.3 (5.0-7.5) 6.2 (5.8-7.0) 6.3 (5.0-7.5)
height [m] 1.23 (1.13-1.34) 1.25 (1.11-1.36) 1.24 (1.14-1.41) 1.25 (1.09-1.38) 1.22 (1.10-1.34) 1.24 (1.09-1.36)
weight [kq] 253 (20.0-30.5)*** 32.6 (24.7-45) 26.0 (20.0-34.5)*** 32.5 (24.7-45.0) 25.1 (18.8-31.0)*** 22.2 (24.7-45.0)
BMI [kg/m?] 16.6 (14.1-17.9)*** 21.0 (17.9-32.1) 16.9 (15.1-17.8)*** 21.0 (17.9-32.1) 16.7 (14.8-17.9)*** 21.1 (17.9-32.1)
wy/h ratio 0.89 (0.78-0.98)**  0.92 (0.72-1.04) 0.88 (0.78-0.98)*** 0.93 (0.72-1.04) 0.88 (0.77-0.98)***  0.93 (0.72-1.06)
Girls
n 45 67 40 79 24 4
age (y) 6.3 (5.4-6.9) 6.3 (5.5-7.5) 6.3 (5.4-6.9) 6.3 (5.5-7.5) 6.2 (5.5-7.0) 6.2 (55-7.5)
height [m] 1.22 (1.10-1.32) 1.24 (1.12-1.38) 1.21 (1.13-1.31) 1.24 (1.11-1.38) 1.24 (1.13-1.35) 1.23 (1.09-1.38)
weight [kq] 24.6 (18.0-30.5)*** 31.4 (23.0-45.0) 24.5 (17.5-30.0)*** 31.4 (24.0-45.0) 259 (16.8-30.3)*** 31.2 (22.1-45.0)
BMI [kg/m?] 16.5 (13.2-18.0)*** 20.4 (18.0-25.1) 16.7 (13.7-18.0)*** 20.6 (18.1-25.1) 16.8 (13.2-18.0)*** 20.7 (18.1-25.1)
wy/h ratio 0.89 (0.78-0.96)*  0.91 (0.78-1.05) 0.88 (0.74-0.96)**  0.91 (0.78-1.24) 0.88 (0.72-1.0)**  0.91 (0.79-1.24)

Data are given as mean and range. BM/ body mass index, w/h ratio waist to hip-ratio

* significant differences between overweight children classified as not overweight by BMI and overweight children classified as overweight by BMI with p < 0.05

** significant differences between overweight children classified as not overweight by BMI and overweight children classified as overweight by BMI with p < 0.01
*** significant differences between overweight children classified as not overweight by BMI and overweight children classified as overweight by BMI with p < 0.001
2 Overweight defined > sex and age specific 90" percentile of methods and equations to estimate fat mass

BMI but as overweight by % FM have lower body
weights, BMIs and w/h ratios when compared to chil-
dren classified as overweight by BMI.

Discussion

BMI can be easily obtained. It is generally accepted as an
index of overweight and obesity in adults. However, in
children and adolescents, the interpretation of BMI data

is only possible if the age-dependent distribution is
known, because BMI shows developmental variation
[11]. Up to now, a number of population-specific BMI
reference data have been published for prepubertal chil-
dren. Although some authors suggest the use of BMI to
assess overweight and obesity in prepubertal children
[1-6, 9], the accuracy of the BMI has been questioned
[7]. In addition other authors recommend the use of
more accurate estimations of body fat instead of BMI
[10].
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The essential findings of the present study are that
BMI has a poor sensitivity to screen for overweight 5-7
year old children. Only 65.6% to 79.8 % of overweight
children were indentified by BMI as defined by assess-
ment of body fat mass. Our results are similar to some
authors but also lower than those observed by other au-
thors. Schaefer et al. [11] investigated nutritional state in
2554 healthy children aged 6-19 y and found a correla-
tion between BMI and skinfold-derived fat mass of
r=0.84 and r=0.54 for girls and boys, respectively. In
boys, the association between BMI and % FM was re-
stricted to the more obese subjects, whereas no associa-
tion existed in the leaner two thirds of the population. In
girls, BMI predicted % FM equally well in individuals
below and above the 66 % FM percentile [11]. The same
group of authors also found a poor sensitivity (0.64) but
a high specificity (0.96) of BMI when compared with
skinfold-derived % FM [11]. Reilly et al. assessed nutri-
tional status in 240 children with a mean age of 8.5 years
[32]. These authors also found a poor sensitivity of BMI
for overweight children (0.60 for girls and 0.36 for boys)
but again a high specificity (0.98) [32]. Daniels et al. in-
vestigated 192 children aged 7 to 17 y and found a sig-
nificant association between BMI and % FM (DEXA) of
r=0.5 for boys and r=0.8 for girls [33]. Using receiver op-
erator characteristic analysis in a further study on 4175
7 y-old children Reilly et al. only found optimum com-
bination of sensitivity (92 %) and specificity (92 %) if an
appropriate BMI cut off is chosen (i.e., the 92" per-
centile). In addition they found that using the new In-
ternational Obesity Task Force cut off for obesity sensi-
tivity of BMI was lower, and differed significantly
between boys and girls [7].

All these findings show that by using a high cut off,
BMI can be used to screen for obesity in children. By
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contrast BMI is of limited value in screening for over-
weight children and in those children who are at risk for
being overweight and obese (i.e., children with in-
creased fat mass but “normal” body weight). The latter
group of children cannot be identified by BMI. Table 3
shows that overweight children, who were not classified
as overweight by BMI, have lower body weights and w/h
ratios. Nevertheless, they have increased % fat mass and
are thus considered “preobese”. We feel that these chil-
dren have to be identified for prevention of obesity [see
28].Our data provide some evidence for the idea that es-
timates of % FM are suitable to screen children at risk of
becoming obese. Thus body composition analysis may
have an advantage for studies in the area of obesity pre-
vention.

Conclusion

The essential finding of the present study is that BMI is
a suitable index to screen for obese children. However
BMI has a lower sensitivity and only identifies 59.8 % to
81.9% of overweight children as defined by assessment
of body fat mass. Within obesity prevention studies
there is a need to screen for children at risk of becoming
obese. Thus, we feel that, in addition to BMI, body com-
position analysis may have an advantage in the area of
obesity prevention.
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