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Summary
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The optimum means of defining obesity in children is unclear, creating variation
in practice, and hindering obesity surveillance, prevention and treatment. This
study aimed to review evidence on the use of body mass index (BMI) and waist
circumference for diagnosis of high body fat content and adverse cardiometabolic
risk factors in children and adolescents. A systematic literature review was carried
out and evidence appraised using the Quality Assessment of Studies of Diagnostic
Accuracy in Systematic Reviews method. Literature searching began following the
last systematic review of this topic (end 2001) and collected evidence in
MEDLINE and EMBASE in 0- to 18-year-olds that compared the accuracy of BMI
vs. waist circumference and compared BMI interpreted relative to national reference data vs. BMI interpreted relative to Cole/International Obesity Task Force
international reference data. Ten studies compared diagnostic accuracy of BMI vs.
waist circumference: they reported no improved identification of adverse cardiometabolic risk profiles from waist circumference over that provided by high BMI.
Eight studies compared BMI with national reference data vs. the international
approach: 5/8 found significantly poorer accuracy (lower sensitivity) using BMI
with the international approach; 3/8 found similar sensitivity; in 7/7 studies that
compared specificity this was similar. In conclusion, the present review provides
no compelling evidence for use of either high waist circumference or BMI interpreted using the International Obesity Task Force approach in preference to the
use of national BMI percentiles for the identification of children and adolescents
with excess fatness and adverse cardiometabolic risk profile.
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Introduction
Surveillance, prevention and treatment of childhood and
adolescent obesity require methods of defining obesity that
are simple enough to be practical in most clinical and
public health settings, but are also valid (1,2). The WHO
defines obesity as a level of body fatness sufficiently high
as to increase risk of morbidity or mortality (3). Valid
methods of defining or diagnosing obesity in childhood and

adolescence would therefore be able to identify the fattest
individuals correctly and be able to identify those with
greatest risk of morbidity (1). Systematic reviews have
found that cardiometabolic risk factors are associated
strongly with childhood obesity (4,5). As the cardiometabolic consequences of childhood obesity are of great
clinical and public health concern (6), the optimal simple
definition of child and adolescent obesity should be able to
identify those with cardiometabolic comorbidity, which in
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paediatrics means those with adverse cardiometabolic risk
factor profiles (1,5,6).
A systematic review published in 2003, which reviewed
evidence published up to the end of 2001, concluded that
defining obesity as a high BMI for age and sex using national
population reference data (e.g. at or above the 95th percentile for BMI) identified the fattest children adequately, i.e.
with moderately high sensitivity and high specificity (4).
Absolute values of BMI are lower in children and adolescents than in adults and vary by age and sex, so have to be
interpreted in an age and sex-specific manner, often using
percentiles (1,2). After the publication of the 2003 review,
two alternative simple approaches to defining obesity in
youth have become popular: waist circumference (7) or
indices based on waist circumference, such as waist : height
ratio, BMI interpreted relative to international ‘Cole/IOTF’
criteria rather than national percentile cut-offs (8). These
alternatives are being used widely in research, in clinical
management of paediatric obesity and in population surveillance. However, at the time of the 2003 systematic review
(4), no studies had determined the diagnostic accuracy of
waist circumference as a measure of obesity in youth, and
only a single study had compared the diagnostic accuracy of
the BMI defined using the International Obesity Task Force
(IOTF) approach vs. that using BMI with national reference
data within the same sample (9). Furthermore, we are not
aware of any systematic reviews of this topic that attempt to
update the evidence since the end of 2001.
Recent guidelines on the management of obesity in youth
(10–14) have recommended use of the BMI with national
reference data and percentiles consistently, and have consistently recommended not using the newer alternatives for
clinical applications because of a perceived lack of empirical evidence on their accuracy (10,11,13). However, preliminary literature searching for the present study showed
that the amount of evidence on the use of the ‘newer’
definitions of paediatric obesity, BMI interpreted relative to
international criteria using the IOTF method and use of
waist circumference, has increased rapidly in recent years.
The present study therefore aimed to identify the optimal
simple definition of child and adolescent obesity by providing a systematic review and critical appraisal of recent
evidence from studies that compared the accuracy of
(i) BMI for age vs. waist for age and (ii) national vs.
international definitions of excessive BMI for age.

Methods
Literature searching
The search strategy in MEDLINE is given below:
1. exp body mass index/;
2. bmi.tw.;
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3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

body mass index.tw.;
(waist circum$ or WC).tw.;
IOTF.tw.;
international obesity task force.tw.;
or/1–6;
exp Obesity/;
exp body weight/or exp overweight/;
exp Body Fat Distribution/;
(obes$ or overweight$).tw.;
or/8–11;
7 and 12;
limit 13 to yr = ‘2002–08’;
exp Adult/;
14 not 15.

A similar search was run in EMBASE. The search results
were not limited using a search filter, as these are generally
considered inefficient in retrieving diagnostic studies
(15,16).
We searched in MEDLINE and EMBASE from January
2002 to January 2008. We began the literature search from
January 2002 because this is where searching ended in the
previous systematic review of the optimal simple means of
defining child and adolescent obesity (4,5). Reference lists
of all eligible papers identified in the search and reference
lists from recent guidelines on paediatric obesity (11,13,14)
were all checked manually for additional potentially eligible studies. An attempt was also made to find additional
eligible studies by cross-checking the results of the literature search against previous systematic reviews of population screening for obesity in youth (a related but distinct
issue; (17,18)) and against three recent narrative reviews of
diagnosis and definitions of obesity in youth (1,2,19).

Inclusion and exclusion criteria
Studies were only included if study participants were in the
age range 0–18 years and if ‘diagnostic accuracy’ of BMI
and/or waist was reported (with summary statistics, such as
sensitivity and specificity, area under the curve, predictive
values, receiver operator characteristic analysis). Abstracts
were excluded because they failed to provide the necessary
level of detail on study findings and methods. Studies were
excluded if they reported only associations between BMI,
waist and fatness or cardiometabolic risk factors as
the present review addressed the specific issue of the accuracy of classification of obesity based on BMI and waist
circumference.
The following evidence was regarded as being central to
the primary aim of the present review
1. Studies that compared the ability of BMI for age vs.
waist for age (or other indices based on waist, such as
waist : height ratio) to identify high body fatness and/or
cardiometabolic risk factors within the same sample.
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2. Studies that compared the ability of BMI for age,
interpreted using national BMI reference data vs. the Cole/
IOTF international definition based on BMI (6) to identify
high body fat content and/or cardiometabolic risk factors
within the same sample.
The previous systematic review of this topic (4) had
established the BMI for age with use of national percentiles
as an adequate simple means of defining obesity in children.
However, to provide completeness in the present review,
studies published after January 2002 that only assessed the
accuracy of BMI for age in the identification of the fattest
children in the population were also included in the present
review as a secondary aim.

Design and methods used in eligible studies
Studies typically measured body fat content of participants
using a direct method (e.g. dual energy X-ray absorptiometry), defined a proportion of participants as excessively fat
on the basis of these measures, and then calculated the
extent to which the optimal cut-off points in the BMI or
waist for age distribution (optimal cut-offs usually defined
by receiver operator characteristic analysis) classified such
children correctly. The only ‘gold standards’ for measurement of body fatness in children and adolescents are the
multicomponent models, based on measurement of total
body water plus body density (three component model) or
total body water plus body density plus body mineral
content (four component model; (20)).
Studies that compared the ability of BMI for age vs. waist
for age to identify those with adverse cardiometabolic risk
factor profiles generally used composite measures of cardiometabolic risk (e.g. presence of two or more widely
accepted cardiometabolic risk factors, with analyses
excluding waist and BMI in all of the eligible studies). In
many studies individual cardiometabolic risk factors were
also used. The predictive validity and clinical significance of
cardiometabolic risk factors in youth is unclear at present
(6). However, the risk factors used in the studies reviewed
here represent widely accepted and readily available indices
of cardiometabolic risk, and they tend to track from childhood and adolescence into adulthood (5,6).

Assessment of study validity and
study data extraction
Two of the three authors (JR, DW) appraised the quality of
each diagnostic study independently, using the Quality
Assessment of Studies of Diagnostic Accuracy in Systematic
Reviews (QUADAS) tool (21). In all cases differences of
opinion over study quality ratings were resolved by discussion between the two reviewers. The QUADAS tool consists
of a list of standardized criteria, and papers are rated on a
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scale from high (++), medium (+), to low (-) quality on the
basis of the number of criteria satisfied when comparing
‘index tests’ (in this case the simple definitions of obesity;
(21,22)) with the ‘reference standards’ (in this case the
measures of body fatness and/or cardiometabolic risk factor
profiles). In brief, the assessment criteria used were assessed
using a standard checklist (http://www.sign.ac.uk; Methodology Checklist 5, Diagnostic Studies) and were as follows:
study participants should be reasonably representative of
those who would receive the test in practice; study participant selection criteria should be described clearly; the reference standard used should classify the condition adequately;
the whole sample or a randomly selected subsample should
be used in the study; the period between reference standard
and index test being used should be short; study participants
should receive the same reference standard regardless of the
index test; reference standard and index test should be
measured independently; index test results should be interpreted without knowledge of the results of the reference
standard; reference standard results should be interpreted
without knowledge of the results of the index test; the index
test should be described in sufficient detail; the reference
standard should be described in sufficient detail.

Results
Search results
The searches produced 437 citations (Fig. 1) of which 59
were identified as potentially eligible after initial sifting of
paper titles and examination of the abstracts. After
retrieval of these 59 full papers for further examination,
27 eligible papers remained for review and appraisal in
the present study.

Body mass index vs. waist for classification
of high body fat content and/or
cardiometabolic comorbidities
Ten eligible studies were available for appraisal, all compared BMI vs. waist circumference within the same sample.
Nine of the studies compared the ability of BMI vs. waist to
diagnose cardiometabolic risk factors, while the other
study compared the ability of BMI vs. waist circumference
to identify high body fat content (Table 1). The study that
compared waist vs. BMI for diagnosis of high fatness used
dual energy X-ray absorptiometry to measure fatness.
Table 1 shows a moderate amount of evidence that
addresses the comparison of BMI vs. waist, from a wide
range of populations. The eligible evidence ranged from
low to high quality when appraised using the QUADAS
tool (Table 1). The absence of a ‘gold standard’ measure of
body fatness weakened the study that compared BMI vs.
waist for assessment of high body fatness. In the studies of
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Potentially relevant studies identified
by electronic searches
(n = 437)
Studies excluded
(n = 378)
Irrelevant methods; design;
population;
narrrative review or expert opinion
Studies retrieved for further evaluation
(n = 59)
Studies excluded
(n = 32)
Not diagnostic studies

Studies included in present review (n = 27)
n = 10 Compared BMI vs. waist
n = 8 Compared BMI national approach vs. international approach
n = 9 Tested diagnostic accuracy of BMI

Figure 1 Study flow diagram. BMI, body mass index.

cardiometabolic risk factors the variables measured were
generally appropriate (in the absence of a ‘gold standard’
for measurement of cardiometabolic risk in children and
adolescents), and were independent of the ‘index tests’ of
BMI and waist, but a number of weaknesses in study
reporting (of recruitment, sampling and methodology)
were common and these are summarized in Table 1. The
consistency of the evidence was apparently very high:
ability of waist and BMI for age to identify study participants with adverse cardiometabolic risk profiles was
similar in all nine studies.

Body mass index using national reference data vs.
International Obesity Task Force approach for
classification of high body fat content and/or
adverse cardiometabolic risk factors
Eight eligible studies were identified and appraised
(Table 2) that compared, within the same samples, the
accuracy of BMI to classify excessive fatness in children
and adolescents using national reference data and percentiles vs. the IOTF approach. Seven of the eight eligible
studies compared accuracy for excessive fatness only; one
study compared accuracy of classification of both high
body fatness and cardiometabolic risk. Studies were generally of low quality when appraised using the QUADAS tool
(Table 2). The most common weakness was the absence of
a ‘gold standard’ for the measurement of body fatness in

study participants, but a number of other weaknesses were
also apparent, particularly in study reporting (of recruitment, sampling and methodology), summarized in Table 2.
Consistency of conclusions appeared to be relatively high:
in 5/8 studies accuracy was reported to be significantly
higher using national reference data and percentiles (significantly higher sensitivity) than when using the IOTF
approach; in 3/8 studies accuracy was similar (and did not
differ significantly) between the two approaches. In some
studies significant differences in sensitivity were observed
between the sexes for the IOTF approach that were not
present when the national approach was used. In seven of
the studies specificity of the two approaches was compared
formally: specificity was similar and high for both
approaches and in 7/7 studies did not differ significantly.
The IOTF approach was not superior to the use of national
percentiles for BMI in any of the eight eligible studies.

Evidence on the accuracy of body mass index for
classification of excessive fatness using national
reference data and percentiles
The secondary aim of the present review was to test
whether the conclusions of the previous systematic review
on the accuracy of high BMI for age using national reference data and percentiles (4) were supported by more
recent evidence. Nine eligible studies, which addressed the
issue of the accuracy of the national BMI approach only,
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16- to 17-year-olds,
Sweden

7- to 15-year-olds,
Spain

5- to 17-year-olds,
USA

8-year-olds, Australia

6- to 18-year-olds, Iran

14- to 18-year-olds,
India

6- to 12-year-olds,
Hong Kong

12- to 18-year-olds,
China

5- to 8-year-olds, USA

4- to 13-year-olds,
Argentina

Neovius et al.
(2005) (23)

Moreno et al.
(2002) (24)

Freedman et al.
(2007) (25)

Garnett et al.
(2007) (26)

Kelishadi et al.
(2006) (27)

Misra et al. (2006)
(28)
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Sung et al. (2007)
(29)

Ng et al. (2007)
(30)

Katzmaryk et al.
(2004) (31)

Hirschler et al.
(32)

530 subdivided
by age and
gender

2597

2102

1055

651

481

172

2498

140

474

Sample size

Cardiometabolic
risk factors

Cardiometabolic
risk factors

Cardiometabolic
risk factors

Cardiometabolic
risk factors

Cardiometabolic
risk

Cardiometabolic
risk

Development of
cardiometabolic
risk 7 years after
measurements of
BMI and waist

Cardiometabolic
risk

Cardiometabolic
risk

DXA

Reference method

BMI vs. waist
percentiles
BMI vs. waist
percentiles

BMI vs. waist
percentiles

Presence of ⱖ2
risk factors
Presence of ⱖ3
risk factors

Presence of ⱖ3
risk factors

AUC’s between BMI vs. waist similar.

At optimal cut-points NS differences
in AUC’s between BMI vs. waist

At optimal cut-points NS differences
in AUC’s between BMI vs. waist

At optimal cut-points NS difference in
sensitivity and specificity of waist vs.
BMI

AUC risk NS different between the
three indices

BMI (kg m-2) vs.
waist (cm) and
waist–hip ratio
BMI vs. waist
percentiles

NS difference in sensitivity and
specificity between waist and BMI

Predictive validity risk NS different
between BMI and waist

Positive predictive values 0.13–0.38
for BMI z-score vs. 0.14–0.38 for
waist z-score

AUC for waist 0.87,
NS

80–95% specificity
both BMI & waist

BMI percentile vs.
waist percentile

BMI vs. waist
z-score

BMI z-score vs.
waist : height ratio

AUC for BMI 0.85

90–93% sensitivity
both BMI & waist

BMI (kg m-2) vs.
waist (cm)
BMI percentile vs.
waist percentile

Results

Comparison

Presence of 1 or
more risk factors

Fasting insulin
level

Presence of single
risk factors

Presence of 1 or
more risk factors

Presence of 1 or
more risk factors

Presence of 1 or
more risk factors

Fattest 5% of
sample

Index test

No improved
diagnosis using waist
over BMI

No evidence of
improved
cardiometabolic risk
using waist over BMI

No improved
diagnosis using waist
over BMI

No improved
cardiometabolic risk
diagnosis using waist
over BMI

No improved
diagnosis of
cardiometabolic risk
using waist

No improved
diagnosis of
cardiometabolic risk
using waist

No improved
diagnosis of
cardiometabolic risk
using waist

No improved
diagnosis of
cardiometabolic risk
using waist

No improved
diagnosis of
cardiometabolic risk
using waist

Waist no improvement
over BMI for high
fatness

Conclusions

-, 1

+

+

-, 1

-, 1

-, 1

+

+

-, 1

+

QUADAS
rating
comments*
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*QUADAS rating comment 1 denotes limited description of study recruitment, sampling and/or limited description of study methodology.
AUC, area under the curve; BMI, body mass index; DXA, dual energy X-ray absorptiometry; NS, not significant; QUADAS, Quality Assessment of Studies of Diagnostic Accuracy in Systematic Reviews.

Participant
characteristics

Study

Table 1 Study and sample characteristics, results and quality rating: BMI vs. waist comparison for definition of excess fatness and cardiometabolic risk factors
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6- to 11-year-olds,
Singapore

Fu et al. (2003)
(40)

321 boys

219 boys, 199 girls

96 white Australian
children; 42 Sri
Lankan Australian
children

484 boys, 454 girls

2431

1709

116 boys, 169 girls

474

Impedance

DXA

Total body water

Impedance

Skin-fold thickness

(i) Cardiometabolic
risk factors and
(ii) later obesity

DXA

Body density

Reference method

High body fat %
(fattest 5% of sample)

High body fat % (top
5% of fattest children)

High body fat % (20%
in boys, >30% in girls)

High body fat
percentage (>35%)

High body fat
percentage (top 5%
and 15% of fattest
children)

(i) Presence of 5 or
more risk factors and
(ii) obesity defined by
BMI or waist after
13–24 years follow-up

High body fat
percentage (top 15%)

High body fat
percentage (morbidity
related)

Index test

BMI national
reference data vs.
international
approach

BMI percentile vs.
international
approach

BMI percentile vs.
international
approach

BMI percentile vs.
international
approach

BMI percentile vs.
international
approach

BMI percentile vs.
international
approach

BMI percentile vs.
international
approach

BMI percentile vs.
international
approach

Comparison

Significantly higher
sensitivity with national
approach, NS
differences in
specificity

Significantly higher
sensitivity with national
approach, NS
difference in
specificity

Significantly higher
sensitivity with national
approach, identical
and high specificity

Sensitivity significantly
higher with BMI
national, similar
specificity

Sensitivity significantly
higher with national
BMI approach,
specificity NS different

(i) AUC’s identical for
cardiometabolic risk
factors and (ii) AUC’s
NS different for later
obesity

Similar sensitivity and
specificity and
specificity between
methods

Lower sensitivity of
international
approach, similar
specificity

Results

Improved
definition using
national approach

-, 1

-, 1

-, 1
Improved
definition using
national approach
Improved
definition using
national approach

-, 1

-, 1

- for fatness; + for
cardiometabolic
risk diagnosis

-, 1

-, 1

QUADAS rating
comments*

Improved
definition using
national approach

BMI national
approach offers
improved
definition, high fat
mass

NS difference
between
definitions

NS difference
between the
definitions

NS difference
between
definitions

Conclusions
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*QUADAS rating comment 1 denotes limited description of study recruitment, sampling and /or study methodology.
AUC, area under the cruve; BMI, body mass index; DXA, dual energy X-ray absorptiometry; NS, not significant; QUADAS, Quality Assessment of Studies of Diagnostic Accuracy in Systematic Reviews.

9- to 18-year-olds,
Brazil

Oliveira et al.
(2006) (39)

6- to 12-year-olds,
Switzerland

Zimmerman et al.
(2004) (36)

5- to 15-year-olds,
Australia

5- to 15-year-olds,
USA

Janssen et al.
(2005) (35)

Wickramasinghe
et al. (2005) (38)

13- to 17-year-olds,
Spain

Moreno et al.
(2006) (34)

8- to 12-year-olds,
Korea

16- to 17-year-olds,
Sweden

Neovius et al.
(2004) (33)

Sample size

Defining obesity in children and adolescents

Yoo et al. (2006)
(37)

Participant
characteristics

Study

Table 2 Study and sample characteristics, results and quality rating: BMI used with national reference data vs. BMI using the international approach for definition of excessive fat mass and/or
cardiometabolic risk factors
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were identified and these are described in Table 3. The nine
studies described in Table 3 were consistent in suggesting
that high BMI for age provides an acceptable definition of
excessive fatness in children and adolescents (high specificity; low to moderately high sensitivity depending on the
precise cut-off point in the BMI distribution that is being
used). The nine studies were of low quality when assessed
using the QUADAS tool, and the most common weakness
was the absence of a ‘gold standard’ for measurement of
body fatness (see Table 3). In addition, the studies had a
number of limitations in reporting of participant recruitment, sampling and methodology (Table 3).

Discussion
Main findings, implications and consistency with
other evidence
The use of accurate yet simple means of defining obesity is
central to the successful prevention, surveillance and treatment of obesity in childhood and adolescence. The present
review found that the definition of obesity based on BMI
for age with national reference data was superior to interpretation of BMI with the IOTF approach, with significantly higher sensitivity that did not differ significantly
between the sexes and with similarly high specificity. In
addition, the present review found that the use of obesity
definitions based on high BMI for age was at least as
accurate as definitions based on waist circumference for
age, even for the diagnosis of adverse cardiometabolic risk
factor profile. The present review therefore provides evidence that supports the use of the BMI for age with
national reference data and percentiles and so supports
recent expert committee recommendations that made tentative recommendations in favour of the use of BMI for age
with national reference data to define paediatric obesity for
clinical applications (11,13,14). The present review is also
supportive of recent recommendations from expert committees that waist circumference should not replace BMI
for clinical diagnostic purposes (11,13,14), and the IOTF
approach should not be used in clinical practice (11,13,14).
One practical barrier to use of national reference data
and percentiles for BMI for age in children and adolescents
is availability: in many nations national reference data for
BMI for age are not available. In the comparative studies
included in the present review the studies from countries
that did not have national BMI for age reference data
tended to use reference data for BMI from the USA
(Table 2) as the solution to this problem.
The decision as to which simple index of obesity is used
should depend on the application, but users of simple
obesity definitions should be aware of the implications of
the choice of index that they make, and the present review
should help inform such choices and illuminate the conse-
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quences of making particular choices. For clinical diagnostic applications, for example, the high specificity of the
IOTF international approach to defining obesity is likely to
be helpful, and the relatively low sensitivity may not be a
problem, although evidence of differences in classification
between the sexes may be more of a concern. Similarly, the
IOTF approach is of great value in international comparisons of obesity prevalence (8,12). For within-nation surveillance of obesity prevalence, the low sensitivity of the
IOTF approach is limited as it leads to an underestimation
of the prevalence of excessive fatness in the population.
Moreover, the significant difference in sensitivity between
the sexes that has been reported when using the IOTF
approach can also lead to spurious between-sex differences
in childhood obesity prevalence, as in the UK for example
(9,50). For many research applications in obesity the low
sensitivity of the IOTF approach may be a concern because
it can limit study power, in studies that depend on defining
a proportion of study participants as obese this proportion
will be much smaller when using the IOTF approach than
when using the national approach, and these studies may
become underpowered as a result.
The present review was consistent with the previous
systematic review (4) in suggesting that a high BMI for age
has low-moderately high sensitivity (depending on the cutoff point in the BMI distribution that is used), and high
specificity. The evidence update (Table 3, 9 studies) was
confirmatory of the evidence summary on this topic up to
the end of 2001 (4).
The causes of the similarity in ‘diagnostic accuracy’
between BMI and waist circumference, and the differences
in accuracy when using BMI with national percentiles vs.
the IOTF approach are complex and go beyond the scope
of the present study. Differences in the accuracy of classification of national and international BMI reference data
may arise in part because of population differences in the
pattern of BMI with age between nations. In addition,
discrepancies in the ability of the IOTF obesity cut-offs to
define obesity in boys and girls (large differences in sensitivity between the sexes) have been reported previously
(1,9) and probably result from the decision to ‘force’ BMI
curves through adult values of 25 and 30 kg m-2 at age 18
years, before growth has stopped. If the international BMI
data are forced through adult values after growth has
stopped the discrepancy in sensitivity between the sexes is
abolished (51). The reasons why waist circumference does
not appear to outperform BMI to define excessive fatness
or cardiometabolic risk factors are perhaps more surprising, and in contrast to most evidence from adults (e.g.
(52,53)). However, in children and adolescents there is
evidence that total body fat and ‘central’ body fat are
extremely highly correlated (54,55). The use of a simple
index of central body fat, such as waist circumference, may
therefore add little to the diagnostic accuracy that can be
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5- to 18-year-olds, USA

7- to 12-year olds, Jamaica

Field et al. (2003) (48)

Gaskin & Walker (2007) (49)

610

596

368

190

1196

2286

450

486

986

BMI percentile

Skin-fold thickness > 85th
percentile, internally
generated

BMI percentiles, US reference
data
International definition

Skin-fold thickness > 85th
percentile, US reference data

BMI percentiles, internally
generated

BMI percentile, US reference
data

BMI percentile, US reference
data

DXA-derived excess fatness

DXA-derived excess fatness:
>25% in boys; >35% in girls

DXA-derived 85th percentile
for fatness, internally
generated

DXA-derived excess fatness,
>95th percentile internally
generated

BMI percentile, German
reference data

BMI percentile

Impedance with >20% fat
(boys) and >25% (girls)

Impedance and skin-fold
thickness > 90th percentile for
fatness, internally generated

BMI percentile, internally
generated

Index test

Impedance

Body composition method,
definition of excessive fatness

High specificity, sensitivity low
and differed between the
sexes

High specificity and
moderately high sensitivity

High specificity and
moderately high sensitivity

High specificity and
moderately high sensitivity

High specificity and high
sensitivity

High specificity and
moderately high sensitivity

High specificity, moderate
sensitivity

High specificity, moderate
sensitivity

High specificity, low sensitivity

Results and conclusions
concerning high BMI for age

-,1

-,1

-,1

-,1

-, 1

-, 1

-, 1

-, 1

-, 1

QUADAS rating comments*
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8- to 15-year-olds, New
Zealand

Taylor et al. (2003) (47)

5- to 7-year-olds, Germany

Mast et al. (2002) (44)

2- to 18-year olds, USA

5- to 10-year-olds, India

Ghosh (2004) (43)

Mei et al. (2002) (46)

3- to 5-year-olds, Japan

Eto et al. (2004) (42)

5- to 18-year-olds , USA

8- to 12-year-olds, Italy

Bedogni et al. (2003) (41)

Sample size
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Mei et al. (2007) (45)

Participant characteristics

Study, reference

Table 3 Study and sample characteristics, results and quality rating: diagnostic accuracy of BMI for age
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obtained using a more global index of body fat, such as
BMI. While speculative, there is also some recent evidence
that suggests that relationships between intra-abdominal
fat mass and cardiometabolic risk profile may differ
between adults and children (56).

Strengths and weaknesses of the review and
the evidence base
One consistent weakness in the diagnostic studies reviewed
was the absence of a ‘gold standard’ to measure body fat
content. None of the studies reviewed used a multicomponent method of measurement of body fat content and this
contributed to their low-intermediate ratings in quality
appraisal. Applying gold standard multicomponent
methods in large studies that aim to validate simple methods
of defining obesity is clearly difficult. For cardiometabolic
risk in childhood and adolescence no single or composite
index is recognized as a ‘gold standard’ at present, but the
studies reviewed here all used standard and widely accepted
measures of cardiometabolic risk profile that were independent of BMI and waist circumference (i.e. blood pressure
and blood-based measures), and so independent of the
simple obesity index being compared in each study.
The issue of the optimal definition of overweight, as
distinct from obesity, is important but goes beyond the
scope of the present study. The searches conducted for the
present study suggested that there is a lack of evidence on
this topic at present, and further original research is
required in order to identify whether waist circumference,
BMI with national reference data or BMI with the IOTF
approach provides the optimal simple definition of overweight in particular circumstances, such as surveillance and
clinical practice.
The QUADAS tool (21) that was used to appraise study
quality in the present study is widely used and recommended, but it does not emphasize sample size and power,
this aspect of a study does not form part of the QUADAS
grading. As a result, issues of study power had a negligible
contribution to the assessment of study quality in the
present study. Many of the studies reviewed were relatively
small, particularly when samples were subdivided by age,
sex and/or ethnicity (all of which can influence diagnostic
accuracy; (1)). The relatively small sample sizes may have
compromised the ability of studies to identify differences in
accuracy between BMI vs. waist or BMI national approach
vs. BMI international approach. The apparent consistency
between studies, in finding no significant differences
between the accuracy of BMI and waist for example, could
therefore in part reflect a lack of power to detect such
differences. Simple methods for assessing power when
designing diagnostic studies are available (57) and should
be used more widely in future research on the validation of
simple means of defining or diagnosing child and adoles-
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cent obesity. Very few of the studies identified in the present
review referred to QUADAS or to the Standards for
Reporting of Diagnostic Accuracy initiative (58), and
greater use of these resources would improve future
research on the optimal simple means of defining or
diagnosing childhood and adolescent obesity.
Setting up (and funding) new studies that are sufficiently
large to answer all the major questions on definitions of
childhood obesity with greater confidence may be problematic, but one practical solution to this problem may be
to make greater use of existing cohort studies in which
both simple ‘diagnostic’ indices and sophisticated outcome
measures have been measured in large samples. Large
and comprehensive cohort studies, such as the Avon
Longitudinal Study of Parents and Children (9,59) and the
Bogalusa Heart Study (25) have been productive in methodological research on obesity definitions to date, and represent a potentially valuable existing resource for future
diagnostic research in childhood obesity.

Conclusions: meaning and generalizability of
the present review
The present review provides no compelling evidence that
either waist circumference or BMI using the IOTF
approach is superior to BMI percentile with national reference data and percentiles in identifying children and adolescents with excess fatness and adverse cardiometabolic
risk factor profiles. A wide range of child and adolescent
populations were studied in the eligible papers, and the
apparent consistency of conclusions across these populations suggests that conclusions of the review might be
widely applicable.
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