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abstract
BMI is an important indicator of overweight and obesity in childhood
and adolescence. When measurements are taken carefully and compared with appropriate growth charts and recommended cutoffs, BMI
provides an excellent indicator of overweight and obesity that is sufﬁcient for most clinical, screening, and surveillance purposes. Accurate
measurements of height and weight require that adequate attention be
given to data collection and management. Choosing appropriate equipment and measurement protocols and providing regular training and
standardization of data collectors are critical aspects that apply to all
settings in which BMI will be measured and used. Proxy measures for
directly measured BMI, such as self-reports or parental reports of
height and weight, are much less preferred and should only be used
with caution and cognizance of the limitations, biases, and uncertainties attending these measures. There is little evidence that other measures of body fat such as skinfolds, waist circumference, or bioelectrical impedance are sufﬁciently practicable or provide appreciable
added information to be used in the identiﬁcation of children and adolescents who are overweight or obese. Consequently, for most clinical, school, or community settings these measures are not recommended for routine practice. These alternative measures of fatness
remain important for research and perhaps in some specialized
screening situations that include a speciﬁc focus on risk factors for
cardiovascular or diabetic disease. Pediatrics 2009;124:S3–S22
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BMI (weight [kg]/height [m2]) has
probably become the most common indicator used to assess overweight and
obesity in a wide variety of settings,
including clinical, public health, and
community-based programs. Although
it is certainly not a perfect surrogate
for total body fatness and not without
its technical limitations,1 BMI has been
recommended as the most appropriate single indicator of overweight and
obesity in children and adolescents
outside of research settings.2–4
One of the attractive features of BMI is
that it is derived from measurements
of height and weight. These 2 anthropometric dimensions are the ones
most commonly collected on children
worldwide. These 2 measurements are
noninvasive, relatively inexpensive to
obtain, and relatively easily understood by health practitioners, the individuals being measured, and their
families.
Mentioning child measurements of
height and weight, individuals may be
reminded of their own marks on the
door sills and the bathroom scales of
their childhood homes. So, although
wide familiarity with height and weight
enhances the use and understanding
of a measure such as BMI, it also may
desensitize health professionals to the
need to give adequate attention to
issues concerning how height and
weight data are collected. Accordingly,
one may hear the comment, “Anyone
can measure height and weight.” Although one must actually agree with
the language, if not the intent, of this
easy declaration, many health professionals are unaware that there are
consequences for the usefulness and
accurate interpretation of BMI data
that follow from decisions made concerning data collection.
In this article, challenges surrounding the measurement of BMI in US
children (2–18 years of age) and the
implications of these issues for the
S4
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appropriate collection, use, and interpretation of BMI as it is used as an indicator of child and adolescent overweight and obesity are considered.
Also, chief measurement issues related to other selected anthropometric
indicators of overweight and obesity
are brieﬂy discussed.

SOME BASIC CONCEPTS FROM
MEASUREMENT THEORY
Classical measurement theory includes some concepts that are helpful
for understanding issues surrounding
measurement of height, weight, and,
therefore, BMI. Detailed explanations
of measurement theory are available
in standard textbooks concerning
measurement and psychometrics.5,6
Different academic disciplines may
use different terms to refer to the
same concepts, but for the present discussion the terms usually found in the
biomedical and epidemiologic literature will be used.

100 cm. She measured the same children a second time on Tuesday, again
with a mean height of 100 cm. Nevertheless, for some girls there were
small differences in height measurements between Monday and Tuesday,
although the mean height of all girls
remained the same for the 2 days.
The differences between measured
heights on Monday and Tuesday for the
individual girls are examples of random errors of measurement.

It is important to know that all measurements are imperfect and always
measured with some error, whether
the measurements be height, weight,
skinfolds, or bioelectric impedance.
Accordingly, an index such as BMI,
which is derived from 2 other measurements, will include the components of measurement error inherent
in the constituent height and weight
measurements. The nature and magnitude of these measurement errors
have some fairly predicable consequences related to the usefulness and
interpretation of the measurements.

Random errors of measurement are a
concern, because they always add to
the variability of the true measurements; their presence and extent are
usually considered the measurement’s “reliability.” Poor measurement reliability is a concern because it
may cause incorrect clinical judgments for individual children (misclassiﬁcation) and alter conclusions for
statistical analysis for groups of children. Because most inferential statistical tests use a measure of variation
(eg, SD) as a denominator, statistical
tests of differences between means,
analysis of variance, correlations, regressions, and odds ratios are all attenuated (ie, less statistically signiﬁcant) as the measurement reliability
decreases and the variability term in
the denominator increases. Random
errors are usually reported in terms of
a measurement error variance or a
measurement error SD, or summarized in reliability coefﬁcients (interclass or intraclass correlations) from
replicate measurements of the same
children.

Some measurement errors are random, with the same probability of being smaller than or greater than the
true value (a theoretical value measured without error). Consequently,
the average or mean of random errors
across a series of measurements is 0.
For example, nurse Brown measured
heights on a group of 4-year-old girls
on Monday, and the mean height was

In a second example, nurse Brown
measured the same group of girls on
Monday, again with a mean height of
100 cm. This time on Tuesday nurse
Jones measured them for a second
time and recorded heights exactly
1.0 cm taller than did nurse Brown for
every girl. Now the mean height for all
the girls on Tuesday was 101 cm. If we
consider nurse Brown to be our gold
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standard of measurement, this systematic measurement error (ie, all in 1
direction) of nurse Jones is an example of measurement bias.
Measurement bias is a concern because it may cause misclassiﬁcation of
individual children or groups of children. Nevertheless, as long as the bias
is not differential among groups, pure
measurement bias will not affect the
results of statistical tests between or
among groups, such as differences between means, analysis of variance,
correlations (interclass), regressions,
and odds ratios. In practice, differences between individual observers
who measure the same children will
also have a component of random
measurement error between them.
Not surprisingly, observers tend to
measure more like themselves than
like others, so interobserver errors
are almost always larger than intraobserver errors.
Measurement theory usually speciﬁes
that measurement errors are independent and additive, that is, that the
total measurement error variance is
the sum of error variances from all
sources.5 Also, when increments or differences between successive measurements are used, the measurement errors attending each of the 2
constituent measurements are included with the increment. So an increment has twice the random measurement error (variance) of an attained
value and lower measurement reliability. Obviously, if measurement biases
change over time, the accuracy of increments becomes questionable.

CHIEF SOURCES OF MEASUREMENT
ERRORS FOR HEIGHT AND WEIGHT
When a child’s height and weight are
measured, there are several possible sources of measurement error.
A simpliﬁed theoretical model would
say that the total variance of measurement error is the sum of that

associated with the instrument used
to measure, that associated with the
child being measured, and that associated with the observer(s) doing the
measuring. In most settings, however,
errors associated with the child and
with the observer(s) are the chief
sources of measurement error in measurements of height and weight. Obviously, it is still important to have appropriate measuring equipment, but
once they are installed and calibrated,
little measurement error usually is
due to the instruments per se.
Measurement Errors Due to
Child Variation
The normal day-to-day variation within
a child leads to a component of measurement error. This variation probably results from many sources including hydration, gastrointestinal and
urinary bladder contents, diurnal hormonal ﬂuctuations, saltatory growth,
ﬁdgeting, alterations in position, and
fatigue.7,8
As early as 1724, Wasse recognized appreciable variation in stature during
the day and concluded that “[t]he alteration in the human stature . . . proceeds from the yielding of the cartilages between the vertebrae to the
weight of the body in an erect posture.”9 MRI studies have since conﬁrmed that the diurnal variation in
stature primarily results from increases in water content in the soft
central portion of the intervertebral
discs (nucleus pulposus) while at rest
and water loss while standing or during other weight-bearing activities.10
For children, one can expect a mean
height difference of ⬃1.5 cm (SD:
0.46 cm) between rising and late afternoon,11 with most of the change probably occurring during the ﬁrst 2 to 3
hours of the day.12
In practice, it is helpful to understand
the expected diurnal variation in child
height but probably impractical to try

to time height measurements to accommodate it, unless one is engaged
in a rigorous research protocol that
requires serial measurements on a
small number of individual children.
For the data included in the 2000 Centers for Disease Control and Prevention (CDC) growth charts,13 heights
were measured from mornings through
evenings so that the reference percentiles represent something like heights
averaged throughout the day, and the
associated within-child variation is included in the total variance in height
captured in the published percentiles
or z scores at an age.
For body weight, the within-child variation is related to the size of the child
and should usually be within 1.5% of
the measured weight (SD: 0.5%).14 Accordingly, the expected maximum
within-child weight variation for children who weigh 25 and 50 kg should be
⬃375 g (0.83 lb) and 750 g (1.65 lb),
respectively. In practice, it is difﬁcult to
standardize this physiologic withinchild weight variation when children
are measured, so it is usually ignored
for most purposes.
Seasonal Variation
It has been known for a long time that
in some environments children may
grow differentially according to season of the year.15 It is important, however, to understand the contexts of
these ﬁndings to determine the implications for current studies of height,
weight, and BMI.
In developing countries with prevalent
poverty, undernutrition, and infection,
reduced seasonal patterns of average growth in height and weight are
often linked to the rainy season(s),
along with accompanying factors including reduced food availability and
increased infection.16,17 In developed
countries the evidence is mixed, but
when seasonal patterns are present,
they usually indicate relatively greater
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growth in height and linear dimensions during the spring and summer
and relatively greater growth in weight
and fatness during the fall and winter.18,19 When seasonal ﬂuctuations exist in developed countries, they are
smaller and less common than those
seen in children living in developing
countries.
In studies in both Japan20 and the
United States,21 seasonal ﬂuctuations
in growth were observed in earlier
generations of children but disappeared within the same populations
over 20 to 40 years because general
health and nutrition conditions improved through time. Accordingly, for
almost all children now living in the
United States, there should be little if
any seasonal variation in growth that
would require accounting for it in the
design of studies or data-collection
protocols.
Excess growth in BMI has been observed over summer vacation between kindergarten and ﬁrst grade
for children in the Early Childhood
Longitudinal Survey.22 Nevertheless,
this should probably be viewed as a
school/no-school effect rather than
seasonal variation per se.
Measurement Errors Due to
Observer Variation
An important goal in measurement of
height and weight should always be to
collect the data with as little measurement error as possible, given the practical and ﬁnancial constraints of the
local situation.
In a highly controlled research laboratory with experienced anthropometrists, the mean interobserver (absolute) differences for standing height
and weight are 0.3 cm and 0.02 kg, respectively, with corresponding SDs of
0.2 cm and 0.03 kg.23 These values
should be viewed as close to the minimum values possible using current
methods. In most situations there is
S6
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more concern about observer reliability in measurements of height rather
than weight, because height measurements include more “opportunities”
for within-child and observer variation
than do weight measurements.
Often, height and weight measurements for BMI are collected in clinical
or other settings in which data collection may be hurried and observers may not have been trained as
rigorously as observers in research
settings. Actually, there are few studies available concerning measurement variation among those who probably collect most of the data used for
BMI evaluation and screening. Ahmed
et al24 evaluated the measurement
variation among 2 sets of health visitors who each measured each of 10
children at ages 3 and 4.5 years 3
times with a portable stadiometer. The
average value for the SD of measurement was 0.47 cm. In a small comparison trial on height of 5- and 6-year-old
British children, school nurses had a
pooled interobserver measurement
SD of 0.32 cm, which compared favorably to that of a trained auxologist
(0.35 cm) on the study.25 The nurses in
this study had been trained in measuring height. Importantly, training can
improve the precision of length and
height measurements.8,26
Given the above-listed principles, it follows that when a large number of data
collectors are required the interobserver measurement errors increase
as well.27 Consequently, one would prefer to have as few individuals measuring height and weight as is practicable
in the particular setting, especially if
the resulting data will be used for research purposes or if serial measurements on the same children are being
made.
Another strategy for reducing measurement errors is to take the measurements more than once and then
use the mean of the replicates. The

theory here is that a mean of replicates is a better estimate of the “true”
measurement, because the random
errors of measurement are reduced.28
The usefulness of taking replicate
measurements depends on the reliability of the single measurement in
question and how the data will be
used.
Routinely obtaining replicates beneﬁts
most those measurements that have
the lowest initial reliability, and the
corresponding improvements in reliability are predictable.28 Measurementreliability coefﬁcients (R) express the
percentage of the total observed variation that is captured by the “true”
measurement variation. For single
measurements of height and weight in
a nonresearch setting, a reasonable
expectation for values of R should be
⬃0.93 and 0.97, respectively. At these
levels of measurement reliability, collecting a second measurement and
using the mean raises the values of
R to 0.963 and 0.984, respectively.
These are not dramatic improvements
in measurement reliability using a duplicate, because the initial levels of
measurement reliability started out
rather high.
Contrast these possible improvements
when using replicate measurements
with those for skinfold thicknesses, for
which the measurement reliability for
a single measurement in nonresearch
settings is probably ⬃0.8. For successive numbers of replicate skinfold
measurements and using the mean,
the R values would be 0.88 for 2 measurements, 0.92 for 3 measurements,
and 0.94 for 4 measurements.
The errors of measurement with low
measurement reliability are usually
assumed to be largely random. Consequently, how the data are to be used is
a consideration in deciding whether
the extra time and trouble should be
spent routinely collecting replicate
measurements. Purely random errors
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will not affect the group means of
height, weight, and BMI, although they
will increase the SDs because of the
added error variance. Similarly, the
prevalence of children with a BMI
above percentile cutoffs for age and
gender will not be affected by the
added random error because as many
children should be misclassiﬁed above
and below the cutoff value. If the BMI
data are to be used for these purposes, routinely taking replicate measurements is probably not worthwhile.
For some uses of BMI data, however,
routinely taking replicate measurements is recommended. If the BMI data
will be used to make clinical decisions
regarding treatment or referral of individual children, or for assessing
changes in individuals over time, a
second measurement of height and
weight will reduce misclassiﬁcation of
current status and increase the ability
to detect changes from one occasion
to another. In research settings that
include height, weight, and BMI as important variables, duplicate measurements of height and weight are recommended. If the height and weight
replicates are averaged before calculating BMI, the latter calculation only
needs to occur once.

CHALLENGES OF USING
APPROPRIATE REFERENCE DATA
AND CUTOFFS
Which Reference Data?
Usually, BMI will be evaluated in children relative to reference data or
growth charts. The main challenge to
the investigator is to choose the set
of growth charts that is most appropriate for the intended purposes
for which the BMI data will be used.
For height, weight, and BMI, US investigators have the beneﬁt of recent recommendations from an expert
committee.4,29
For most purposes, US children aged
2 to 18 years should be evaluated

relative to the 2000 CDC growth
charts.13 These are high-quality growth
charts that present selected percentiles and allow calculation of z scores
of attained height, weight, and BMI for
age and gender and in metric and English units. The primary data were collected in national surveys by using rigorous measurement protocols, and
state-of-the-art statistical methods
were used to derive and smooth the
percentiles and z scores across the
ages. More detailed technical information on methods and development are
available elsewhere.13 Earlier sets of
BMI reference data for US children (eg,
Must et al30) should not be used because the cutoff values are slightly different, which will serve to complicate
comparisons across studies.
Some other countries have developed
and use their own growth charts, but 2
sets designed for international applications should be brieﬂy mentioned,
particularly relative to BMI. The International Obesity Taskforce (IOTF) sponsored a workshop with a goal of establishing a standard deﬁnition for child
overweight and obesity worldwide.31
As a result, high-quality BMI data from
6 countries (Brazil, Great Britain, Hong
Kong, Netherlands, Singapore, and the
United States) were combined to develop age- and gender-speciﬁc cutoffs
for children (birth to 20 years of age)
corresponding to the locations of the
BMI values of 25 and 30 kg/m2 in the
statistical distribution of adults.19
These latter BMI cutoffs are the conventional criteria that identify overweight and obesity in adults.32
The IOTF cutoffs that deﬁne overweight
and obesity correspond approximately
to percentiles 82 to 84 and 96 to 97,
respectively, on the 2000 CDC growth
charts for BMI for age, not very different from the 85th- and 95th-percentile
cutoffs used customarily in the United
States. Prevalences of overweight and
obesity in children in countries outside

the United States are now being reported in the literature rather frequently using the IOTF criteria,33,34
which has been useful in standardizing
BMI criteria. Nevertheless, it should be
noted that the IOTF charts contain no
percentile or z-score curves other than
the 2 cutoff lines, because they were
speciﬁcally designed for reporting
population prevalences of overweight
and obesity. Accordingly, the IOTF
charts should not be used to monitor
BMI growth in individual children.
In 2006 the Department of Nutrition
and Health at the World Health Organization (WHO) released a new growth
standard for children from birth to 5
years of age based on longitudinal and
cross-sectional data collected in 6
countries (Brazil, Ghana, India, Norway, Oman, and United States).35 The
new attained growth curves, including
BMI, were designed to represent how
all children ought to grow under ideal
circumstances. Accordingly, the mothers and children were carefully selected so that there were no known
constraints to healthy growth, including exclusive breastfeeding and appropriate introduction of solid foods.36 Because of the homogeneous nature of
the WHO samples and some choices
made to exclude the heaviest children,
the upper BMI percentiles and z scores
are somewhat restricted (ie, narrower) at an age compared with those
in the 2000 CDC growth charts. Consequently, using the same percentile cutoff for BMI at an age (eg, ⱖ95th), the
WHO standards will yield a higher prevalence of children than if the ⱖ95th
percentile for age were used from the
2000 CDC growth charts.37 The opposite is true at the other end of the BMI
distribution so that thinness deﬁned
by a low BMI percentile on the WHO
standards will identify fewer children
with low BMI compared with using the
same percentile cutoff on the 2000 CDC
growth charts.38
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One concern about using these new
WHO growth standards is the interpretation in terms of the health or growth
of children who are in the extremes of
the percentiles (eg, ⬍5th, ⬎95th) on
the basis of a standard that purportedly only included healthy children.
Nevertheless, the WHO standards are
so new that there are no data documenting whether the new cutoffs are
better at identifying children at health
risk than the 2000 CDC growth charts.
In 2007, the WHO released a growth reference for height, weight, and BMI for
children aged 5 to 19 years that was
designed to align with the 2006 WHO
growth standards at 5 years and to
be used internationally.39 The WHO reanalyzed the data comprising the US
National Center for Health Statistics
growth curves, published in 1977,40
and proposed that they be used as a
single growth reference for screening,
surveillance, and monitoring of schoolaged children worldwide. As with children older than 24 months included in
the new WHO birth to 5 years reference,35 BMI values of ⬎2 SDs were excluded as unhealthy for the 2007 5 to
19 years reference.39 Because the
heaviest children were excluded, the
upper percentiles of BMI for the WHO
2007 reference are substantially below the corresponding levels for the
2000 CDC growth charts, especially in
later adolescence when high BMI values are more common.
There has been much informal discussion about the use of the IOTF and
WHO references. Unfortunately, there
have been no formal recommendations from agencies or professional
organizations in the United States regarding their routine or partial use
(eg, at certain ages or for certain purposes). This institutional silence is unfortunate, because it will likely lead to
at least ambiguity and perhaps even
confusion among health practitioners
and in the scientiﬁc literature.
S8
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As a personal recommendation for
health practitioners in the United
States, the 2000 CDC growth charts
should be used for routine screening,
surveillance, and monitoring of BMI
because they have been widely evaluated and adopted, and they have been
recommended by recent expert committees.4,29 If investigators wish to
communicate with international colleagues in presentations and in the
scientiﬁc literature by citing the IOTF
or WHO criteria, they should also include at least prevalence results relative to the 2000 CDC growth charts so
that their ﬁndings can be compared
with those of other US studies. Hopefully, as further research becomes
available, more speciﬁc recommendations can be made on the basis of
studies of sensitivity/speciﬁcity and
differential risk among the various
BMI criteria currently available.
A Rose by Any Other Name
Before 1994 the scientiﬁc literature on
overweight and obesity included a
wide range of deﬁning criteria (eg,
percent ideal weight, skinfold thickness, ponderal index, BMI) and many
descriptive names to refer to the children and adolescents who were considered the fattest. This variation in reporting made it difﬁcult to compare
ﬁndings because different indicators
may actually identify different children
as the fattest,41 and the differences in
terminology were sometimes confusing. An expert committee considered
these issues, and their proceedings,
published in 1994,2 had considerable
effect toward standardizing the criteria (BMI for age) and the nomenclature
for referring to the fattest children
and adolescents. Subsequently, these
deﬁnitions became preferred in describing weight status.3,42,43
In the 1994 report,2 children with a BMI
that exceeded 30 kg/m2 or ⱖ95th percentile for age and gender (whichever

was smaller) were considered overweight. Children or adolescents with a
BMI at ⱖ85th percentile but ⬍95th
percentile were considered at risk of
overweight. At that time, the term
“obese” was avoided, because obesity
was technically deﬁned in terms of
body fat per se, and BMI was derived
only from height and weight.
In 2005, the Institute of Medicine (IOM)
consciously departed from the terminology discussed above and elected to
deﬁne children with at BMI at ⱖ95th
percentile for age and gender as obese
rather than overweight.44 The IOM report expressed the seriousness, urgency, and medical nature of childhood obesity and deliberately sought
to express this concern by using the
term “obese” to refer to the children
and adolescents with the highest BMI.
A recent expert committee endorsed
the IOM position and recommended to
replace the terms “at risk of overweight” and “overweight” with the
terms “overweight” and “obese,” respectively.4,29 Accordingly, the expert
committee recommended that individuals 2 to 18 years of age with a BMI of
⬎30 kg/m2 or ⱖ95th percentile for
age and gender (whichever is smaller)
should be considered obese. Individuals with a BMI at ⱖ85th percentile but
⬍95th percentile or 30 kg/m2 (which
ever is smaller) should be considered
overweight.
The expert committee believed that the
terms “overweight” and “obese” better
convey the seriousness and importance of the obesity epidemic to health
providers, parents, and children and in
a less ambiguous manner than the
previous terms, although no speciﬁc
literature was cited to support this
view. Because BMI identiﬁes the fattest
individuals with acceptable accuracy,
especially at the highest levels of
BMI,45,46 the expert committee believed
that choosing more direct terms that
may provide additional impetus for
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treatment and change was to be preferred to parsing technical concepts
that would be unlikely to aid understanding. Finally, the new terminology
comports with that from the IOTF BMI
criteria for children and adolescents,47
with conventional terminology for
adults,32,48 and with the International
Classiﬁcation of Diseases, 9th Revision, Clinical Modiﬁcation (ICD-9-CM).

from approximately the 92nd to the 97th
percentiles but increase in spread,
reaching from the 90th to 98th percentiles at the older ages. The 95% CIs
around the 99th BMI percentiles for
girls include from approximately the
97th to effectively just less than the
100th percentiles (because no point
can exceed percentile 100).
FIGURE 1

Nomenclature really does matter; it is a
sine qua non with standardized deﬁnitions of health conditions. Standardized nomenclature increases precision
in scientiﬁc and public communication
and provides improved understanding
in health guidance.
Precision of Percentile Estimates
Often, health providers and researchers use the exact BMI-for-age cutoffs
that deﬁne overweight and obesity as
ironclad diagnostic criteria. Although
standardized deﬁnitions are essential,
as discussed above, the actual measurements on the child will always
vary somewhat as a result of child and
observer factors. In addition, the actual percentile cutoffs themselves are
statistical estimates of points that are
also subject to errors.
Let us assume that the basic data that
were used to construct the 2000 CDC
growth charts13 are truly representative of the US population of children
and adolescents, and that the statistical procedures used to smooth the
percentile values across age were appropriate and unbiased. There still remains a degree of uncertainty regarding the point estimates of the ﬁnal
percentile values related to the number of children that were included in
the samples within each 6-month age
group used to estimate the percentiles. Simply put, the larger the sample,
the more precise the percentile estimates, especially at the extremes of
the distribution.

The 85th, 95th, and 99th percentiles for BMI in
girls (straight horizontal lines) and 95% CIs calculated from the number of subjects included at
each age in the 2000 CDC growth charts.

As an example, Fig 1 presents the 85th,
95th, and 99th percentiles of BMI for
girls as straight lines and the respective 95% conﬁdence intervals (CIs) calculated by using the method of Wilson49,50 and the unweighted sample
sizes within age groups (15–20 years)
used for the 2000 CDC growth charts.13
At younger ages the sample sizes
range from 400 to 639, and the 95% CIs
are quite stable and similar to those at
15 and 16 years. The sample sizes and
corresponding 95% CIs for boys are
similar to those for girls. The 99th percentile of BMI for age was not originally published with the growth charts
but has been suggested as a useful
cutoff for identifying children at added
health risk.51
On the basis of sample sizes, the 95%
CIs around the 85th BMI percentiles include values approximately between
the 81st and 88th percentiles until
⬃17.5 years, when the sample sizes
decrease and the 95% CIs become
wider. These CIs mean that at 20 years
of age (the most extreme case), a girl
whose BMI percentile corresponds to
the 85th percentile on the CDC chart
may actually have a BMI anywhere between the 78th and 90th percentiles
because of the imprecision the of percentile estimates.
For the 95th BMI percentile estimates
before ⬃17.5 years, the 95% CI range

After ⬃18 years of age, the upper 95%
conﬁdence limit for the 85th percentiles and the lower 95% conﬁdence
limit for the 95th percentiles are approximately coincident, and the upper
limit of the 95th and the lower limit of
the 99th percentiles actually overlap.
This means, for example, that a 19year-old girl with a BMI identiﬁed as
being at the 99th percentile by the
2000 CDC growth charts (or by computer programs that calculate the exact percentiles) will probably have a
BMI somewhere between the 96th and
100th percentiles.
The precision of the upper percentile
cutoffs for BMI can be viewed from several different perspectives. First, the
samples and CDC growth charts are as
they are, and no revisions are anticipated in the near future. Consequently,
those who use the growth charts should
understand their limitations in interpreting ﬁndings and not wait for more
precise estimates. Actually, additional
imprecision beyond that related to
sample size probably also occurs at
some ages in adolescence because of
differences in maturational status.52
Given the range of CIs surrounding the
BMI percentiles at all ages, health providers and investigators should be a
little less stringent in deﬁning the exact location of a child or groups of children in the BMI distribution relative to
the growth charts. Accordingly, BMI
values just below or just above recommended cutoffs should be interpreted
as only 1 indicator and not the only diagnostic criterion for clinical decisions. Follow-up visits and repeated as-
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sessments on other occasions should
reduce the uncertainty of the child’s
BMI status.
The fairly wide conﬁdence limits
around the percentiles do not invalidate the recommended BMI cutoffs for
standardized reporting of population
prevalences or for analyses of the
associated risk proﬁles of groups of
children.51 Nevertheless, investigators
should be cautious drawing inferences
from risk ratios comparing the observed and expected prevalences beyond a given BMI cutoff because of the
imprecision of the percentile cutoffs.
When Should z (SD) Scores
Be Used?
A BMI z or SD score is the BMI of a child
transformed into a scale comprising
the number of SD units it is away from
the mean of the referent population of
the same age and gender. The 2000
CDC growth charts13 were constructed
in such a way to allow calculation of z
scores for BMI.
There are several advantages to using
z scores compared with using the corresponding percentiles, although they
both describe a child’s status relative
to the same reference data set. The pediatric applications of z scores that
are most common are probably in endocrinology or nutrition where children who are very small relative to the
growth charts are seen and z scores
provide a more useful and manageable metric than percentiles to evaluate and monitor status or treatment.53,54 For example, a 3-year-old boy
with a height-for-age z score of ⫺3.6
has a height that is 3.6 SDs lower than
the age- and gender-speciﬁc mean for
him on the growth charts; his corresponding height-for-age percentile is
0.013.
When a high proportion of children
have heights and weights less than the
lowest percentiles (eg, 3rd, 5th), as
found in many developing countries,
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the percentile charts cease to be useful for differentiating their growth status. Accordingly, cutoffs of less than
⫺2 z for height for age and weight for
age have become conventional deﬁnitions for stunting and wasting,
respectively.53
In a similar fashion, for overweight
and obesity in children and adolescents, z scores can be useful for characterizing individuals with a high BMI
that exceeds the percentile levels
available on the growth charts. For example, if the progress of a girl with a
BMI that far exceeds the 97th percentile for age (currently the highest percentile available on the CDC charts) is
monitored, her attained BMI on the
growth chart is difﬁcult to evaluate
and impossible to meaningfully quantify. On the other hand, by converting
her BMI to a z score, her progress can
be monitored and changes in subsequent z scores have a direct interpretation relative to the referent population of her age. Because z scores are
calculated relative to age, noting a
change in z score is an appropriate
way to evaluate changes in BMI across
ages relative to what is expected in the
referent population.
An alternative to using z scores to
evaluate change in individual children
with elevated BMI is to just use change
in BMI itself. These changes are understandable to practitioners, adolescents, and families, and they allow setting of goals and monitoring of progress.
Using z scores is currently the only
appropriate way available to quantify
the severity of obesity in children who
have BMI levels that exceed the available percentiles for age and gender.
Unfortunately, z scores require a computer program to calculate them
readily, and the SD-related metric is
not familiar to many practitioners. Because the total variation in BMI (eg, the
distance between the 5th and 95th percentiles) progressively increases with

age, calculating the percentage excess
of a BMI value or percentage overweight beyond a percentile value is inappropriate, because it will have inconsistent meaning from age to age.

CHALLENGES OF MEASURING
HEIGHT, WEIGHT, AND BMI
Summary reminders concerning data
collection and management are listed
in Table 1. The particular setting in
which data for BMI assessments will
be collected has implications for how
or whether the recommended practices can be implemented.
Equipment and Space
If possible, height should be measured
to the nearest 0.1 cm (1⁄4 in) by using
a stadiometer mounted on the wall or
a portable stadiometer that allows
the child to be positioned properly
with his or her back against a vertical
surface. A second choice are models
that measure the child freely standing, but the measurement errors for
these latter instruments tend to be
larger than when the measurements
are taken with the child standing
against a surface.55 The height measurements for the 2000 CDC growth
charts13 were taken by using wallmounted stadiometers. Many brands
of acceptable stadiometers are available, and searching on-line will provide several good choices. Stadiometers attached to scales that do not
allow the child to be positioned correctly are not recommended.
Weight should be measured by using a
good-quality scale to the nearest 100 g
(1⁄4 lb). In the past, balance-beam scales
were routinely recommended because
the only alternatives were spring scales
that were less dependable. Now there
are many good electric scales available that are also quite portable. The
more expensive scales have multiple
pressure transducers under the weighing platform, so they are less sensitive
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TABLE 1 Data-Collection and Management Practices for Reducing Errors for Height, Weight, and
BMI
Equipment and space
Choose appropriate equipment
Check and calibrate equipment regularly
Keep extra batteries for scales
Provide a private area for child measurements, if possible
Measurement protocols
Chose a protocol that matches that used in the growth charts
Have written copies of measurement protocols available for review
Train and standardize data collectors
Make sure data are recorded in the appropriate units (eg, kilograms, pounds)
Make sure data are measured and recorded to the nearest unit speciﬁed in the protocol (eg, 0.1 cm for
height, 0.1 kg for weight)
Collect some replicate measurements for assessment of reliability, if feasible
Personnel
Use as few observers as is feasible to take measurements, especially for research studies
Identify observers on data-collection forms or data-entry programs
Data management
Use as exact ages as possible
Have unique identiﬁers for children
Calculate BMI, percentiles, and z scores by using tables or computer programs

to variation in the child’s position and
shifting of weight from one leg to the
other. Again, an Internet-based search
will yield many good alternatives.

ibrated by using a metal rod of a ﬁxed
length.

In a research setting, obviously, the
best-quality equipment should be
chosen for maximum consistency over
time and for reliability among observers taking the measurements. In clinical or community settings, cheaper alternatives are often used, but given
the heavy utilization in a busy clinic, for
example, investing in sturdy anthropometric equipment that can be calibrated if necessary will prove worthwhile and increase conﬁdence in the
measurements. Cheaper models of
stadiometers tend to have less-rigid
parts that wobble or bend with frequent use.

Good electric scales can be calibrated
or “zeroed.” In most areas of the
United States, state agencies in departments of commerce, standards, or
agriculture have representatives who
calibrate and certify scales in grocery
stores and in other commercial venues. In some cases, these representatives can be called on to routinely
check and calibrate scales at permanent sites. Alternatively, scales can be
calibrated by using weights of known
size. If models of electric scales are
used in clinic or in the ﬁeld, ensuring
that a supply of batteries of appropriate size should be on the checklist for
routine equipment maintenance.

With repeated use or if equipment is
moved about fairly often, stadiometers
and scales should be checked to determine if they are calibrated correctly.
It is important to develop a regular
schedule for calibration (eg, daily in
research, weekly in clinic) and assign
someone to be responsible for these
duties. Depending on the installation,
good stadiometers usually can be cal-

Often, in busy clinic or school situations, stadiometers and scales are relegated to hallways or even reception
areas. Children and adolescents may
ﬁnd it embarrassing to be measured,
and even more so to have witnesses to
the procedures.56 Having a private or
partially screened area for the height
and weight measurements will increase child cooperation and enhance

the patient conﬁdentiality sought by institutional human subjects committees.
Measurement Protocols
Because health providers and others
who use BMI data will almost always
compare them to the growth charts, it
makes sense to strive to collect the
height and weight measurements that
comprise BMI by using protocols that
match those used in the reference
data as closely as possible. The measurement procedures used in the collection of the height, weight, and BMI
data for the 2000 CDC growth charts13
are currently available as a downloadable ﬁle at the CDC National Health
and Nutritional Examination Survey
(NHANES)Website(www.cdc.gov/nchs/
data/nhanes/bm.pdf). These measurement protocols follow closely those recommended by a US consensus group.57
This publication has become the goldstandard reference in the United States
for anthropometry methods related to
health issues, although slight differences exist for some measurements
customarily used internationally.58
It is important to train data collectors
in the appropriate methods for measuring height and weight. Again, the
goal is to use the same measurement
protocols that were used for the derivation of the growth charts. Sometimes, experienced clinic staff may
take offense because they have been
measuring height and weight for a
long time. Often, however, “the way we
do it here” includes some bad habits or
deviations from the prescribed protocols. Standardizing all data collectors
to a gold-standard trainer ensures
that a single protocol is followed and
that departures from the trainer are
within acceptable limits.59
For extended research protocols or
for ongoing surveillance or clinical
activities, having a gold-standard
trainer periodically visit and observe
measurements or take some replicate
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measurements will help prevent “drift”
in the measurement techniques. Also,
these opportunities can be used to correct and recertify data collectors, if
necessary.
Laminated copies of the measurement
protocols on-site provide a readily
available reminder for data collectors
concerning child position, measurement landmarks, and local policies
regarding calibration, clothing, exclusion criteria, data recording, data
ﬂow, etc.
In research settings a certain proportion of the measurements should be
repeated to evaluate measurement
reliability. The proportion required depends on the number of different observers concerned, the number of children usually measured, and the period
over which reliability will be assessed.
In general, there should be enough
replicates to capture the variation
among data collectors and study design features and to capture a fairly
stable estimate of the mean differences between replicates and the accompanying SD. The SD of differences
between replicates is really a measure
of variance, and the CIs for a variance
begin to stabilize at sample sizes
larger than 20 (in our case, 20 pairs of
measurements).60
As an example, for a hypothetical study
in school-aged children, a 3-person
measurement team will visit 4 different schools during a month of data
collection. Each school has an average
of 30 children, and the team will average ⬃10 children measured per day.
So, each school will require 3 days of
data collection, and ⬃120 children
will be measured. If a target of 25 replicates is sought for assessing measurement reliability, that amounts to
an ⬃20% sample. One simple approach is to specify that the data collectors remeasure 2 children per day
and that a different data collector from
the one who measured the child the
S12
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ﬁrst time take the measurements.
Over the course of the month of data
collection, the variation among observers, schools, and any study drift will
be captured in the ﬁnal reliability sample, which should include data on ⬃25
children. For complicated protocols
that involve many measurements or
administration of other instruments,
children may contribute only a replicate for one of the measurements so
that the burden on any one child is
small and the total of 25 replicates
may represent many more individual
children. The calculation of the relevant measurement-reliability statistics has been explained elsewhere.27,61
If the measurement protocols specify
that duplicate measurements be routinely collected for all subjects (as recommended above), then these replicates can be used for assessing
measurement reliability as long as all
the different data collectors involved
in the study take the replicates. If the
mean of replicate measurements will
be used in statistical analyses, the
measurement reliability should take
this into account.61 If different data collectors usually work on different days,
then special scheduling may be required to accommodate fully capturing the interobserver variation in the
reliability sample.
Personnel
Experience shows that an advanced
formal education is not required to
take high-quality anthropometric measurements. Willing adults who will
give adequate attention to detail and
who meet the requirements for employment are usually satisfactory.
Members of the community who are
familiar with the local ethos and jargon may be excellent data collectors.
In some situations, like-gender observers may make children and adolescents more comfortable with the

touching required for anthropometric
measurements.
As mentioned previously, having as
few data collectors as is feasible for
other practical demands will minimize
interobserver measurement variation.
Ensuring that unique observer codes
are included on the data-collection
forms or data-entry computer programs will aid in quality-assurance activities and can even be used in the statistical analyses if consistent observer
measurement bias becomes apparent.
Data Management
Having chronological ages as exact as
possible is important for the accurate
calculation of percentiles and z scores,
and they will aid in minimizing agerelated variance in statistical analyses
when children are grouped according
to age. Chronological ages in years expressed to at least 2 decimal points
are sufﬁcient for most applications;
this will capture exact ages to the
nearest 3 days. For children less than 5
or 6 years of age it may be more convenient to express age in months to 1
decimal point, or in exact days.
Actual values for BMI, BMI percentiles,
and BMI z scores are best calculated
by using computer programs to avoid
computational errors. There are many
Web sites with BMI calculators that
can be found easily by using Internet
searches, including those provided
by the CDC (http://apps.nccd.cdc.gov/
dnpabmi/Calculator.aspx) and National
Institutes of Health (www.nhlbisupport.
com/bmi/bminojs.htm).
In some settings where immediate patient feedback or charting are conducted, calculating BMI by using tables
may be preferred. Again, many Web
sites provide such tables; the only caution is that some BMI tables are designed for adults and may not include
the low heights and weights observed
in children.2
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TABLE 2 Selected Studies With Interclass Correlation Coefﬁcients for Reported and Measured Height, Weight, and BMI According to Gender
Source

Davis and Gergen63
Himes and Faricy64
Himes and Story65
Hauck et al66
Brener et al67
Himes et al68
Tsigilis69
Median r

Group/Location

Mexican American/US
All/US
American Indian/Minnesota
American Indian/US
20 states/US
Minnesota/US
Trikala, Greece

Exact BMI percentiles and BMI z scores
can be calculated by using Epi Info, a
free, user-friendly and downloadable
computer program developed by the
CDC (www.cdc.gov/epiinfo). At the CDC
Web site, researchers can download
a program for SAS statistical analysis
software that generates a data set containing the percentiles and z scores for
all the anthropometric measurements
(including BMI) in the 2000 CDC growth
charts (www.cdc.gov/nccdphp/dnpa/
growthcharts/resources/sas.htm).

SELF-REPORTED HEIGHT, WEIGHT,
AND BMI
Having older children and adolescents
report their height and weight rather
than having someone directly measure
them is attractive economically and
logistically. Costs of direct anthropometric measurements include additional time, personnel, training, and
equipment. Logistically, direct measurements require an in-person examination, space, and additional time
for participants. If direct measurements of height and weight are required, some study designs and datacollection strategies are summarily
inadequate or eliminated (eg, mail
surveys, classroom surveys, telephone
surveys). Of course, the appropriateness of using self-reports of height,
weight, and BMI depends on the reliability, bias, validity, and speciﬁc applications of these measures. In some
cases, self-reported data may be all that
exist, so it is important to understand

Age or Grade Level

12–19 y
12–16 y
12–19 y
12–19 y
Grades 9–12
12–18 y
Middle and high schools

n, Male/Female

392/437
759/876
41/28
536
957/1075
1936/1861
141/159

Height r

Weight r

BMI r

Male

Female

Male

Female

Male

Female

0.86
0.89
0.91
0.83
0.87
0.90
0.94
0.89

0.86
0.79
0.71
0.62
0.82
0.80
0.93
0.80

0.95
0.97
0.96
0.95
0.92
0.96
0.97
0.96

0.93
0.93
0.91
0.90
0.94
0.94
0.97
0.93

0.87
0.93
0.90
0.88
0.89
0.89
0.90
0.89

0.85
0.87
0.80
0.79
0.89
0.85
0.94
0.85

when and how such data might be
used appropriately.62
Measurement Reliability
No published data are available on reliability in self-reported height and
weight as narrowly deﬁned previously
(ie, the random error associated with
the same measurement being repeated). Such data would comprise
the same children being asked for
their reported height and weight at
least twice over a period of time insigniﬁcant for growth.
Reliability in self-reports has been
evaluated in adolescents, considering
reliability as the random errors associated with the differences between
self-reported height, weight, and BMI
and the corresponding measured dimensions. A good summary measure
of this reliability is the Pearson or
interclass correlation coefﬁcient.
Correlation coefﬁcients between reported and measured height, weight,
and BMI are presented in Table 2 for
some selected studies that reported
the correlations according to gender.
Overall, the correlations for reported
and measured dimensions are relatively high, indicating that self-reported
values are generally reasonable proxies for the corresponding measured
values. On the basis of the correlation
coefﬁcients, boys generally do a little
better than girls, and weight is usually
more reliably reported than is height.
Because self-reported BMI combines

the random errors in both height and
weight, self-reported BMI generally
has lower correlations with measured
BMI than corresponding associations
observed for reported and measured
height and weight.
The youngest-aged children included
in these studies were 11 to 12 years
old, and correlations between selfreported and measured dimensions,
especially height, are usually lower
at these ages than they are later in
adolescence.64,70,71
A slightly different concern about
young adolescents is that they are often unable or decline to report their
heights and weights.62,72 In a study based
on US national-level data, 41% of 12year-olds and 25% of 13-year-olds had
missing data for weight.64 These rates
compared with 4% missing reported
weights in 15- and 16-year olds. It may
be that for youth aged 11 to 13 years
their height has not yet become as
important to them as it will be as they
get older, and they may not have regular opportunities to have their height
measured.
Measurement Bias
Although Pearson correlation coefﬁcients are useful indicators of reliability, they only provide average associations, and they only account for
random errors between reported and
measured values. Pearson correlations are blind to systematic errors or
bias. Several different sources of bias
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in self-reports of height and weight
have been investigated, and they were
recently reviewed for studies on US
adolescents.62

The biases in self-reports are entangled in idiosyncratic differences among
samples in gender, age, underlying
distributions of BMI, and perhaps
race, mental health, and socioeconomic status.62,68

For our discussion, it is important to
recognize that the mean values of selfreported height are usually overestimated by ⬃1 to 2 cm, and mean
self-reported weight is usually underestimated by 2 to 4 kg, especially so
in girls.62,72 Thus, with overestimated
height and underestimated weight,
mean BMI values calculated from the
self-reported data are usually less by
2 to 3 BMI units (kg/m2) than if they
were measured.

Measurement Validity
From the evidence for bias discussed
above, it is not surprising that considerable misclassiﬁcation occurs when
children and adolescents are identiﬁed as overweight or obese on the
basis of self-reports and the BMIpercentile criteria. In the Brener et al67
study, the sensitivity and speciﬁcity
of self-reported BMI for identifying
overweight adolescents were 60.5%
and 98.0%, respectively. Corresponding values for sensitivity and speciﬁcity for identifying obese individuals
were 54.9% and 99.2%, respectively.
So, as few as 55% (positive predictive
value) of those who are truly overweight will be correctly identiﬁed as
such when using BMI calculated from
self-reported heights and weights. Results from other studies of validity are
not much more encouraging.62

Another source of bias that is important for understanding how selfreported data might be used in evaluating overweight and obesity is related
to the body size of the children and adolescents providing the self-reports.
The mean differences for self-reported
values less measured values for
height, weight, and BMI are presented
in Fig 2 relative to categories of the
measured dimensions for a sample
of 3797 Minnesota youth aged 12 to
18 years.68
For height, the errors in self-reporting
are largely positive because most of
the youth overestimated their heights
(mean differences: boys, 1.2 cm; girls,
2.4 cm). Nevertheless, a strong negative relationship between the errors
in reporting height and the actual
measured heights is evident so that
the only group actually underestimating height was the very tallest boys.
For self-reported weight and BMI, the
errors in self-reports became increasingly negative (indicating underestimates) as categories of measured
weight and BMI increased, with steeper
slopes in girls than in boys.
This pattern of underestimation means
that the greatest impact of the bias
in self-reported BMI will be to underestimate prevalences of overweight and obesity deﬁned by the
S14
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FIGURE 2
Mean differences between self-reported and
measured body size adjusted for age, socioeconomic status, and race/ethnicity, plotted
against categories of the measured dimension:
A, height; B, weight; C, BMI.68

upper percentiles (eg, 85th, 95th). For
example, in a separate study of high
school students by Brener et al,67 the
prevalences for overweight (ⱖ85th
percentile) were 47.4% for directly
measured BMI and 29.7% for selfreported BMI. Corresponding prevalences for obesity (ⱖ95th percentile)
were 26.0% for measured BMI and
14.9% for self-reported BMI. Unfortunately, there is no easy conversion
from a prevalence based on selfreported BMI to what it would have been
if height and weight were measured.

The validity of BMI using self-reported
data relative to total body fat has not
been evaluated. Nevertheless, given
the modest validity relative to measured BMI, BMI derived from selfreported data must be even poorer
than measured BMI in its ability to correctly identify the fattest individuals on
the basis of laboratory methods.
When Is It Appropriate to Use
Self-reported BMI?
In some situations, BMI derived from
self-reported data are the only data
available (eg, the CDC Youth Risk Behavior Surveillance System,73 which
collects data through telephone interviews from a national sample). In other
cases, the complexity and size of the
survey make direct measurements impractical.74 Nevertheless, any use of
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self-reported height, weight, and BMI
should be done with an understanding
of their limitations and biases despite
the obvious logistic and economic advantages. Interpretation of ﬁndings
needs to be couched accordingly.
For surveillance purposes, prevalences
of child and adolescent overweight
and obesity are important for describing the nature and extent of problems,
monitoring trends or changes over
time, and comparing communities or
regions for program priorities. An important notion to understand here is
that prevalences of overweight and
obesity based on self-reported BMI
data will almost certainly be underestimates of the true prevalences, although to an unknown degree. Consequently, prevalences based on selfreported data should not be the basis
of determining the extent of local problems compared with prevalences reported in the scientiﬁc literature describing national patterns and trends
and based on measured height and
weight.
Although there are no speciﬁc data
to elucidate whether biases in selfreports are fairly stable over time, it is
not unreasonable to assume that factors related to reporting biases should
not dramatically change within the
same group over relatively short time
periods (eg, 1–2 years). Consequently,
with that assumption, it should be acceptable to use prevalences from selfreported data to assess changes over
time within groups. When using the
same rationale, self-reported data may
be acceptable to use in some program
evaluations, provided that interventions do not include behavioral or psychological components that may alter
body awareness or self-image that
may be related to the biases in child
reporting.75
Comparing prevalences of overweight
or obesity among different locations
or groups by using self-reported data

are problematic, because the comparison assumes that all the possible factors that contribute to the biases in
reporting are the same, including the
underlying distribution of measured
BMI. Hence, if one concludes that there
are meaningful differences in prevalences of child obesity on the basis of
self-reports, one had to arrive at that
conclusion by assuming that the underlying distribution of BMI was the
same.
Self-reported height, weight, and BMI
should not be used to assess body size
in clinical settings where diagnostic
and therapeutic decisions are made.
The individual variation in self-reported
values is impossible to predict, and
the consequences of misclassiﬁcation
may be serious. Certainly, for most research protocols, directly measured
height, weight, and BMI are strongly
recommended because they increase
the precision and accuracy of the estimates and they avoid the need to make
assumptions regarding BMI status due
to unmeasured factors.

PARENT-REPORTED HEIGHT,
WEIGHT, AND BMI
If parents were able to accurately report the height and weight of their
young children, it would have many of
the economic and logistic advantages
proposed for self-reports in older children. Unfortunately, there are far fewer
data directly evaluating the validity of
parental reports of child height and
weight compared with those available
for self-reports, and the results are
more difﬁcult to generalize because of
differing study protocols and analyses,
disparate child ages, and sometimes
conﬂicting or even confusing results.
For parents to have reasonably accurate knowledge of their child’s height
and weight usually requires that they
have either measured the child themselves or been informed from the
school or clinic where someone else

measured them. Obviously, the more
recently the measurements were
taken, the more accurate the parent
reports should be.
The fact that children continue to grow
after the most recent measurement at
home or clinic has lead some to conclude that parental reports will always
underestimate the measured height
and weight of children. Nevertheless,
for most studies that make direct comparisons, the mean parent-reported
child height and weight were close to
the corresponding measured means,
usually within ⫾1 cm or ⫾1 kg,76–80
and reasonably represented by underestimates and overestimates of the
measured means. There are, however,
exceptions. Mexican American mothers who participated in the US Hispanic Health and Nutrition Examination Survey (HHANES) consistently
underestimated the mean measured
height of their children (6 months to 11
years) by 6 to 9 cm while reporting
mean weight within 1 kg of the mean
measured weight.63 Almost one fourth
of the Mexican American mothers said
that they did not know their child’s
height and weight and, thus, were unable to report it. For a sample of 818
Spanish children aged 6 to 8 years,
mean parental-reported child height
was 2.4 cm taller than the mean measured height,81 and mean measured
weight was slightly overestimated but,
again, within 1 kg.
The net effect on mean BMI calculated
from parental reports compared with
the mean of measured BMI in the available studies is accordingly usually
small and within ⫾1 kg/m2, except for
the Mexican American mothers in the
US Hispanic Health and Nutrition Examination Survey, who substantially underestimated child height in their reports and, therefore, overestimated
the mean BMI calculated from measured height and weight.63
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Although the average biases in parental reports of height, weight, and BMI
tend to be rather small, there could
still be systematic biases in parental
reports according to the measured
size of the children, as occurs with
self-reports in older children. The few
studies that have investigated this
question indicated that parental reports of child weight tend to overestimate the lightest children and underestimate the heaviest children, or a
regression toward the overall measured mean.63,76,80,82
From these reporting biases related
to measured child size, one should expect the prevalences of child overweight and obesity based on parental
reports to systematically underestimate corresponding prevalences based
on measured BMI. Nevertheless, the
studies that have found both prevalences of obesity are about equally
represented by those that found parental reports to yield higher prevalences of obesity compared with estimates based on measured BMI81,82
and those that found parental reports
to yield lower prevalences of obesity.79,80 In a study that included parents
of Japanese children in the ﬁrst and
fourth grades, the differences between
prevalences of obesity based on parental reports and measured BMI
were small but in both directions
when reported separately according
to gender.77
From the available literature one must
conclude that prevalences of child
obesity based on parental reports do
not differ systematically or dramatically from corresponding prevalences
based on direct measurements. In all
of these studies differences between
prevalences of childhood obesity determined by measurements and parent reports were small, usually within
⫾5% (in the absolute prevalence).
After reviewing the available literature
on parental reports of height and weight,
S16
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a few summary recommendations
emerge relative to appropriateness
for studies and practices related to
child overweight and obesity. First, of
course, is that BMI derived from directly measured height and weight is
always preferable to similar data
obtained from parental reports. Certainly, in clinical settings where decisions concerning diagnosis or treatment are made, BMI assessments
should be made by using directly measured height and weight. The probability of misclassiﬁcation of individuals
relative to overweight or obesity status is simply too great to use parental
reports of child height and weight.
As when choosing to use BMI data calculated from self-reports of height and
weight for any purpose, BMI estimates
from parental reports always should
be used with less certainty than corresponding data obtained from direct
measurements. One dimension of the
uncertainty is that the direction of the
biases using parental reports compared with BMI estimates from direct
measurements are poorly understood,
so one cannot reasonably conclude
that the true mean BMI or prevalence
of obesity is more or less than that obtained from parental reports.
Accordingly, important decisions regarding obesity trends and programs
for groups should not be based only on
comparisons of prevalences of child
overweight and obesity based on BMI
derived from parental reports with
those from national or regional surveys that used direct measurements of
height and weight for estimates of BMI.
While acknowledging the uncertainty
of BMI based on parental reports, it
does not seem unreasonable to compare prevalences of overweight or
obesity when similar approaches for
obtaining the parental reports have
been used for the estimates when such
data are all that are available.

A strong recommendation is that those
who use parental reports routinely in
their surveys develop research to validate this approach and to document
its reliability and validity. The available
literature is simply too sparse to allow
any reasonable conclusions to be
drawn regarding speciﬁc factors that
may be related to unreliability or biases in parental reports (eg, child age,
gender of the parent, prevalence of
obesity, socioeconomic status, BMI of
parents, etc).

SKINFOLD THICKNESS
A skinfold thickness is the double layer
of skin and subcutaneous fat (panniculus adiposus) lifted as a fold and measured with standardized calipers and
methodology at speciﬁc sites on the
body.83 The rationale for measuring
skinfolds as an indicator of overweight
and obesity is that subcutaneous fat is
part of and highly correlated with total
body fat. Skinfolds have a long history
of use as an indicator of nutritional
status and body fatness, and their validity and measurement properties are
well established.84,85
Skinfold-thickness measurements generally are more highly correlated with
total body fatness than is BMI,28,51,86
although the association varies by
the degree of body fatness. Skinfoldthickness cutoffs can correctly identify
the fattest children about as well as
BMI.46,87,88 Nevertheless, for the present
discussion, skinfolds are of interest if
their addition improves the accurate
identiﬁcation of children as overweight or obese beyond that provided
by BMI alone. There are few data addressing this speciﬁc question, although Mei et al46 found that triceps or
subscapular skinfold measurements
greater than a series of cutoffs failed
to improve the identiﬁcation of the fattest children (by dual-energy radiograph absorptiometry) beyond that
achieved by using a 95th-percentile
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cutoff for BMI. So, children with a BMI
at the tail of the population distribution (ie, ⱖ95th percentile) have little
misclassiﬁcation as the fattest because there is little “hidden” muscularity or fatness.
There are several practical reasons
that make skinfolds challenging to use.
Measurement reliabilities for skinfold
measurements are usually much lower
than for height and weight,27 even in
well-trained hands. Attaining the maximum measurement reliabilities for skinfold measurements requires substantial experience and regular practice,
probably more than most personnel
have in clinical and community settings. Finally, there are no published
reference percentiles available for
skinfold thickness for US children, so
no optimum percentile cutoffs have
been deﬁned.
In sum, skinfold-thickness measurements remain important in many research applications, but they cannot
be recommended as a routine part of
screening, management, or surveillance of child and adolescent overweight and obesity.

WAIST CIRCUMFERENCE
The measurement of waist circumference is an attempt to capture information regarding the distribution of
body fat, in this case the visceral adipose tissue that has been linked to increased health risks and metabolic
disorders in children and adults.89,90 In
multiple regression models, waist circumference (as a continuous measure) does better than BMI in predicting insulin resistance, blood pressure,
serum cholesterol levels, and triglyceride levels,91–93 especially in adolescents. Also, the ratio of waist circumference to height has been shown to be
associated with cardiovascular risk
factors.94
Nevertheless, when it comes to accurately identifying the fattest children,

thresholds of waist circumference do
no better than those of BMI or triceps
skinfold thickness.87 There is no information regarding any additional beneﬁt of using waist circumference to
identify the fattest children once BMI
criteria have been applied.
Waist circumference is easier to measure reliably than skinfolds, and interobserver measurement reliabilities are
usually intermediate between those
for height and weight and those for
skinfold thicknesses.27 Age-based percentiles of waist circumference are
available for US children,95 but no optimum cutoffs for identifying the fattest
children have been developed.
The main utility of waist circumference
per se is as a measure of fat distribution rather than total body fatness.
Consequently, although some of the
ﬁndings regarding identifying adolescents at risk for concurrent or future
morbidity are important, there is little
to indicate that including waist circumference adds appreciably in the
identiﬁcation of the fattest individuals
beyond what is available with BMI. Accordingly, waist circumference is not
recommended to be routinely included
in screening and surveillance for child
and adolescent overweight and obesity.

PERCENTAGE BODY FAT FROM
BIOELECTRICAL IMPEDANCE
Bioelectrical impedance analysis (BIA)
measures the opposition of body tissues to a small (⬍1-mA) alternating
current that is imperceptible to the
subject. Because bioelectrical impedance differs between lean tissue (because of its water content) and fat tissue, BIA combined with body height
may be used to estimate body water,
fat-free mass, and body fat.96 Total
body fat may then be divided by body
weight and multiplied by 100 to yield
the percentage of body weight that is
fat. BIA has gained popularity because

it is noninvasive, portable, and reliably
measured.97 Measurement reliabilities
for BIA are generally high and can approach those for height and weight.98
The best studies of the validity of BIA in
estimating total body fat use empirical
equations that relate the measured resistance and reactance and child anthropometry to an independent criterion measure of total body fat. It turns
out that the BIA prediction equations
are closely tied to the referent population, so different equations can yield
different body-fat estimates for children in other samples with the same
BMI.99 Consequently, although measured with good reliability, biases resulting from prediction equations that
just do not ﬁt right in the population
studied are a concern with BIA.
With the introduction of simple foot-tofoot BIA assessments that just require
that the child step on scales with electrode foot plates, BIA has become increasingly popular because the child
is not required to lay quietly supine for
the procedure. Nevertheless, some
models of the foot-to-foot BIA apparatus only provide the summary measure of percentage body fat, and the
details of the resistance, reactance,
equations, or the referent population
are not available. Accordingly, one is
left to only hope that the equations are
appropriate in a particular population.
In a study of overweight and obese adolescents, foot-to-foot estimates underestimated total percent body fat by
2% to 3% body fat.100
Another practical concern for using
BIA to estimate overweight and obesity
is that there are no percentile reference data for percent body fat in US
children and no criterion thresholds
established to identify those at greatest health risk. Means and SDs for percent body fat for US adolescents older
than 12 years derived from BIA have
been published.101
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With BIA, then, one is left with a technically excellent method but with practical constraints (need for appropriate
equations and reference data) that
limit its usefulness in most settings
where identiﬁcation and management
of overweight and obesity are conducted. Consequently, BIA is not recommended for routine use in addition
to assessment using BMI. More detailed descriptions of BIA and other
measures of body composition have
been elaborated elsewhere.97,102

appropriate growth charts and recommended cutoffs, BMI provides an excellent indicator of overweight and
obesity sufﬁcient for most clinical,
screening, and surveillance purposes.

SUMMARY AND CONCLUSIONS

Proxy measures for directly measured
BMI, such as self-reports or parental
reports of height and weight, are much
less preferred and should only be used
with caution and cognizance of the

BMI is an important indicator of overweight and obesity in childhood and
adolescence. When measurements are
taken carefully and compared with

Accurate measurements of height and
weight require that adequate attention
be given to data collection and management. Choosing appropriate equipment and measurement protocols and
providing regular training and standardization of data collectors are critical aspects that apply to all settings in
which BMI will be measured and used.

limitations, biases, and uncertainties
attending these measures.
There is little evidence that other measures of body fat such as skinfolds,
waist circumference, or bioelectrical
impedance are sufﬁciently practicable
or provide appreciable added information to be used in the identiﬁcation of
children and adolescents who are
overweight or obese. Consequently, for
most clinical, school, or community
settings these measures are not recommended for routine practice. These
alternative measures of fatness remain important for research and perhaps in some specialized screening
situations that include a speciﬁc focus
on risk factors for cardiovascular or
diabetic disease.
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