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TNTRODUCTION

In additien to dietary information, the assessment of
nutritional status among youth includes varions an-
thropometric dimensions that provide information on
growth and body composition. These data are not al-
Wavs easy to interpret, but they are important to obtain
becauze overweight vouth are at increased risk for ad-
vorse health outecomes, including total mortality, in
later life [1=5], This review will focus on various mea-
surements that can be used in field studies of children
and adolescents. Although laboratery determinations
can also be useful in assessing nutritional status, these
messurements have been extensively reviewed [5 7]
and will not be considered in this article.

Much of the presented data are from a series of na-
tionally representstive examinations that were con-
ducted by the Mational Center for Health Statistics
(NCHS) between 1980 and 1994 [8] (Table 1). Data
collected from 5- to 17-year-olds who participated in the
Bogalusa (Louisiana) Heart Study, a long-term study of
the early natural history of cardiovascular disease risk
factors [9], are also used extensively throughout this
review, In that study, seven cross-sectional surveys
were conducted between 1973 and 1984 [10], and many
of the observed associations (e.g., levels of subscapular
akinfuold thickness by age) are summarized using locally
weighted scatterplot smoothing (lowess) [11].

HEALTH EFFECTS OF OBESITY AND OVEEWEIGHT

Although overweight and obesity are often used inter-
changeably, the former is simply an cxeess of weight
for a given height, whereas ohesity 15 a surplus of body
fat. Overweight iz a major health problem in the United
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States, increasing the risk for diabetes mellitus, isch-
ermic heart disease (IHD), hypertenszion, and various
cancers [12=14], While it iz frequently azsumed that
these increased risks are due to the excess body fat
among overweight persons, rather than to increased
fat-free mass, there are surprisingly little data to sup-
port this hypothesis, Indeed, almost all of the evidence
concerning the relation of “obesity™ to disease risk is
based on simple combinations of weight and height
[12,13], and there i3 some evidence suggesting that
these simple indices may be better predictors of adverse
health outeomes than iz the triceps skinfold thickness
[15], a standard surrogate meazswre of body fat, Further-
more, weight-height indices appear to be as strongly
correlated with various metabolic abnormalities as are
denzitometric estimates of body fat [18,17].

Because many cohort studies have found a U- or J-
shaped relation between weight-for-height indices and
mortality [I4], the idea that borderline-to-moderate
overweight is detrimental has also been questioned
[18]. It iz likely, however, that much of the increased
risk among persons who are underweight at an initial
examination ¢can be attributable to confounding by ciga-
ratte smoking, bias due to (previous) preclinical weight
logs, or inappropriate statistical control of intervening
variables [e.g., hypertension) [19]. The relatively low
amount {or decease in) of fat-free mas: among thin
persons may alse be detrimental [I2], and weight-
height indices cannot disentangle the effects of fat- and
fat-free mass,

Owverweight among children and adolescents is also
associated with adverse levels of lipids, blood pressure,
insulin, and other risk factors [20] and predicts adverse
health outcomes in adulthood [I-5]. Purthermore, al-
though there is conflicting evidence [21], some studies
[I] have found that even after contrelling for weight in
adulthood, childhood overweight may influence subse-
quent disease risk. Although further study is needed
[22 23], the intrauterine environment may also be an
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TARLE 1
Anthropametric Measurements Performed in Bureeys Conducted by the National Center for Health Statisties
Burvey
Hizpamie
HES T HES 11 HES 11 MHANES I MNHAMNESII HAMES NHANES II1
Years of survey 1560-146% 1iEE—LEES 1265-1570 1871-1975 1876-1%80 1952—15154 19538—1954
Apa group 18—79 yeara  B-11 years 12-17 vears 1-Td years 0L5=T4d years  (.5-T74 yeara 2 months
Skinfalds
Triceps h + + + +
Subsenpulnr + + + + + + +
Medinl calf + +
Midaxillary (lateral chest) +
Suprailiac + - +
Midthigh lanterios) +
Circusnlerences
Waist, i = + i
Hip (butiocka) + + +

Midthigh

Note, Modified from Bef. (8], Abbreviations wsed: HES. Health Examination Survey; NHANES, Nationa] Health and Mutrition Examina-

tion Surey
“ + indicates that measurement was periormned

important factor in the development of various chronic
diseases. Following an initial ecologic association bi-
tween infant mortality ratez and THD, cohort studics
have found low weightz and head circumferences at
hirth to be predictive of THIY and diabetes mellitus [24].
It has been suggested that theze phenotypes reflect a
lack of nutrienta or oxygen at critical developmental
stages [25], but a2 measure of nutritional status would
provide more persuasive evidence.

MEASUREMENT IS5UES IN ANTHROMIMETRY

Fat is the most variable component of body composi-
tion, and the collection and interpretation of anthropo-
metric data have been discussed in several manuals
[&,26 27]. Much attention has been given to the validity
and repeatability of these data. Deseribing a measure-
ment as valid implies that it is an unbiased estimate of
the characteristic of interest (e.g., fat mass); in contrast,
repeatability refers 1o the similarity between serial
measurements, (Malidity and aecuracy are often used
interchangeably in the literature, az are the terms re-
peatability, precision, reproducibility, stability, repli-
cability, and reliability.) & short time interval between
measurements is useful in assessing repeatability,
whereas over longer time periods, physiologic variation
would be expected to decrease the agreement between
zerial measurements. In general, repeatability can be
maximized by using standardized technigues, provid-
ing extensive training, frequently calibrating instru-
ments, and using mean levels of measurements per-
formed in duplicate or triplicate [6]. Becauae the degree
of repeatability can influenee the associations between
various body components and disease risk, information

on the magnitude of the measurement errors should be
included in all studies; a sample size of 50 persons
would usually be adequate [28].

The assessment of repeatability focuses on test—
retest differences, with measurement errors? typically
ealeulated as (ZA7 £ 2V)Y2, where A7 is the sum of the
squared differences over all N subjects; the coefficient
of variation (CV) expresses this within-subject variabil-
ity as a percentage of the overall mean. In contrast,
the intraclass correlation coefficient (ICC) compares the
within- and between-subject variability. Thiz latter con-
trast, which is often called the "reliability coefficient” or
“precision cosfficient,” may be important for biological
characteristics that are highly regulatad: if the he-
tween-subject variahility is low (e.g., glucose), then the
within-subject variability may alzo be low. The ICC can
easily be obtained from an analysizs of variance [29], and
in contrast to the Pearson correlation, its magnitude is
reduced by systematic test—retest differences.

The variability of the residuals from a regression of
one tests value by the other's provides another measure
of within-subject variability. This measure can be ex-
pressed as the variance of the residuals (which iz the
mean square error around the estimated regression
line); the square root of this guantity (the standard
deviation of the rezidualz) iz the residual standard er-
ror. Becauge the magnitude of measurement errors is
frequently associated with the level of ebesity, a plot of

T The technical error of measurement is also known as the measure-
ment error standard deviatlon or the unreliability standand deviation,
It shemald be moted that this statistic 2 sensitive te scatliers becaase
diffierences ate squared and thet it may frequently be preferable to
e the abzalute values of the differenoes.
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TABLE 2
Estimates of Repeatability of Anthrogenetric Dimensions in the 1982-1994 Examination Conducted by the Bognlusn Hear: Study?

Teat—reteat diffepanoss

MeasupEment ermor Standard Intraclass

Abzolute slandard deviation Technseal errar deviation af cocrelnticn

Dimension Mpan dilferancee [technical &rpoc) Gy ragidinals’ coefficiemnt
Weight (kg 44 12¢ 0.14 014 3% 300 = ,050
Height feml 144,88 0.50 080 5% 113 =0 G
Rohrer index (kgfm®) 13,39 015 021 1.5% (.29 0,259
Waist circumifarencs [em) £5.04 1.56 183 it T4 0,97
Trieeps skindfnld (oml 15.28 1L1E 1.30 BE.5% 1.78 0,98
Suhscapular skinfald (mam) 11.71 1.14 1.45 152 4% il | 0,58

= —

= Al eatimates are based oo 532 children who were examiced twice (by the spme observer) on the same dny; becanse of the design of the
sereening examination, no information is available oo interobserver errors.

B Bagped on the cesulis of linsar pepression annlyses in which the one value wns wsed to predict the ather

t All values, with the exception of technica] error coefficient of vardation and intraclass correlation cocfficent, are given in units specified

by the anthropometric dimension.

tazt—retest differences va the mean value may also be
informative [34].

Eztimates of intrachserver repeatability for several
anthropometric dimensions in the 199215304 Bogaluza
Heart Study are shown in Table 2. These values are
based on a 10% semple (n = 282) of children who were
reexamined by the same observer on each screening
day. As expected, weight and height are the moat re.
peatable measurements, but despite the relatively large
differences in skinfold thickness measurements (OV =
8.5 to 12,4%), all intraclass correlation coefficients are
=097, Despite the moderate within-subject measure.
ment ervors for the skinfold thicknesses, the range of
ohgerved values is much larger. Interobserver errors for
tha skinfold thicknesses would be subatantially larger
than the intraokasrver errors seen in Table 2 (zee Skin-
fold Thickness Measurements).

REFERENCE TECHMIQUES

Because the chemical analysis of fat is possible only
for cadavers, several indirect methods have been devel-
oped to measure body composition; most of these are
based on the azsumption that the bedy consists of two
{fat and fat-free mass) or four (fat, water, protein, and
minerals) compartments. (Table 3 provides a brief sum-
mary of the strengths and imitations of these methods.)
Althouwgh several fat-free body compartments can be
accurately measured, the assumptions needed to con-
vert these values into estimates of fat mass can lead to
substantial ervors, Furthermore, the values for several
of the constants nesded for these caleulations, which
have been abtained from a small number of cadavers,
appear to be variable [8].

For example, although the water content of fat-free
mass is azsumed to be a constant (0.73 mbg) in the
estimation of total body water through dilution meth.-
odds, one study [8] found this value to range from 67 to

TT%, and it 15 hikely that the variability in the general
population s larger [6,31-33]. FPurthermore, the dep-
sity (1.10 glec) and potassium concentration (694 mmol!
kg) of fat-free mass can also wvary [6], and there are
syatematic differences in these presumed constants by
race, 2ex, and obesity status [31,34]. This reliance on
“constants” that, in fact, are variable may partly ac-
count for the differences in estimates of fat mass ob-
tained in comparisons of various reference technigues
[25].

There are additional difficeltics in using these as-
sumptions and constants to derive estimates of body
composition among youth. The relative amounts of mus-
cle and bone change substantially during growth, with
the density of the fat-free mass increasing from approxi-
mately 1.08 to 1.10 g/ce between the ages of 7 and 20
vears [31]. Although this range iz relatively small, the
use of 1.10 gfes (the adult “constant™ can result in an
overestimate of 1.5 kg for the fat mass of children
[21,35,57]. Comparsble discrepancies can also result
from the wse of adult values for total body water or
potassium concentration [31,32]. Estimates of body
composition can be improved by the use of three- or
four-compartment models in which one or more of the
components (g2, water or mineral) of fat-free mass are
directly measured [34,35].

Several relatively new methods are available for the
laboratory assessment of bady composition. In vivo neu-
tron activation analysis [39] allows the elemental com-
position of the whaole body to be determined, and dual X-
ray absorptiometry (DXA), which invelves a very amall
radiation dose (0.05 to L5 mrem) (the radiation expo-
sure from a transcontinental flight acrose the United
Etataz is ~5 mrem), can quantify both fat mass and fat
distribution [40-43]. (With DXA the fat content of zoft
tizsue is estimated from the attenuations of two differ-
ent energies, and it is assumed that the ratio of these



BODY COMPOSITION AND HEALTH STATUS AMONG CHILDREN 237
TABRLE 3
Advantages and Disadvantages of Seleched Methods for the Measurement of Body Compesition
Method Advantages Disadvantages
Anthropometoy Imexpensive and rapid; litile equipment necdosd Varying assumptions needed fo yse as
surregates fior [at mags
Wiight, height Viry high reproducibility VECY RREY L Mo distinetion between fat mass, fat-free mass,
measure; san be as highly correlated with and edema
mgtabolictlinical complications ns are Lat
estimates based on other techniques
Ekinfnlds & more direct mossure of subcutasecus fat Intervhsarver armor can e high, particularly
than is weight ar eireumferences: a contrast of ambog the ohese; can be difficult to (refocate
thickneszes at differont sites can provide Fites; results depend wpon examiner's skill;
infirmation on the disteibution of pessibly Low validity due to compressibility
subcutanems ft, and other charscteristics: no information an
intraabdoming] fat
Circumferences Emaller errors than for skinfolda: Dues oot distinguish between fat and lenn

measurements ab multipls sites can he

Lissue; lecations of sites diffar

combined to provide information cn fat

patterning
Bipelectricnl impedance
eTTOr

Eeferenes methods
compartments
Densitometry
Dilution methods

Patazaium Caunting

Drual Xeray absorptinmetey

{-=1.5 mram)

Computerized tomography (CT)
and nucloar magnetiz
resonnnee (MR

Inexpensive and eppid; little interobserer

Very acturate measurement of some by

Low interobserver error can be nsed to hELTET
fat patterning; litthe radiation Teguired

Bath wield o direct oheervntion of region of
intereal; can assess St patterning very
accurate; MEI doss not require irradiation

Con be influsnced by hydration and body baild;
requires fasting for @ minimum of 2 i pox-
and age-specific prediction equations
required b estimate fat mass From total

¥ water

Syztematic differences across methods:
azgumpdions used in caleulating fat mass
may lead to substantial errors, particularly
nadng children

Suhject covperntion necessary; wob suitnhle for
yaung children

May require radiatien cxposire or bood
sampling

Expensive instrument: estimates may be
influenced by body gecmetry; men and
women may differ in potassium content of
fat-free mass

Expangive instroment; estimates can b
influenced by hydration, body thickness,
and representativeness of the kxly area
anxlyred

Very expensive instruments; CT requires
radiation mepoaure; whole-body scans are wEry
time consuming

twe variables provides information on the proportion
of fat and lean tissue.) Although estimates of body fat
obtained from DXA are highly correlated with those
based on densitemetry, dilution techniques, and neu-
tron activation, the actual estimates appear to be biased
[25,40,42]; furthermore, the direction of these system-
atic differences can vary between men and women and
Between obese and lean persons [34,35]). Aloia et al
[40], for example, found that the D¥A-estimated mean
fat mass among 165 women was 1% (tota] body potas-
sium estimate) to 14% (total hedy water) higher than
wire estimates made with other technigues. Although
DXA measurements appear to be reproducible, with a
tachnical error CV of 1 to 5% for percentage bedy fat
[43], additional work is needed to assess its accuracy
in the quantification of body fat ameng children and

adolescents. The lack of an acceptable gold standard
limits the sssegsment of the validity of field methods
that can be used to estimate body fat.

SHINFOLD THICKNESS MEASUREMENTS

The measurement of skinfold thicknesses haz been
extensively discussed [26,27). While itis aften assum el
that skinfold thicknesses provide a direct estimate of
body fat, in fact they reflect only the amount of subeuta-
neous fat at a particular site [44,45]. Furthermore, esti-
mates of the proportion of fat that is subcutaneous vary
from 20 to 70% [38,44.46) and increase markedly with
the degree of abesity [47). Comparizens across persons
can alse be strongly influenced by fat patterning, and
it i3 poasible that the amount of intra-abdominal fat,



8538

which cannot be estimated through skinfold thickness
mesasurements, may be the depot that is most important
in determining the metabolic ecomplications of obesity
[48]; 2ee Body Fat Patterning, Although skinfold thick-
nesses are strongly related to reference estimates of
body density and body fat, with correlation coefficients
reaching 0.85 [44], fairly similar associations have
frequently been ohserved with various weight-height
indices [49].

Sites

Various statisticsl criteria have been used to select
the “best” skinfold or set of skinfolds. Investigators have
foenzed on maximizing representativeness, correlations
with reference estimates of fat, associations with clini-
cal outcomes, sensitivity, or apacificity; sites have also
been chogen to minimize interexaminer errors [50]. Be-
canse these criteria may differ by sex, age, racafeth-
nicity, degree of ohesity, outcome, and body fat pattern
[31], it iz not surprising that numerons combinations
of zites have been proposed. Additional difficulties in
aelection of a subset of skinfolds include the strong
intercorrelations ameng skinfolds [62], whether to use
various transformations (e.g., logarithmic) or robust re-
gression techniques for shewed distributions, and the
use of quadratic terms or natural splines in regres-
sion maodels.

TFor adults, sites that have been recommended if only
one skinfold is to be measured have included the sub-
seapular or midaxillary, triceps, pectoral, thigh, or su-
prailise [44,455051]. (As lipid levels may be more
strongly correlated with the thickness of subscapular,
rather than triceps, skinfold [51], a classification of obe-
sity based solely on the latter may not be optimal.)
Furthermore, the measurement of 13 different skin-
folds among middle-aged men in the Paris Prospective
Study has suggested that the abdominal skinfold may
be most predictive of THD [53]. For studies that invaelve
the measurement of two (or more) sites, the triceps is
almost always included, along with the calf, thigh, or
a truncal skinfold 31,32, 44,54,55].

For children and adolescents, suggested single zites
have included the triceps [46], subscapular [H0), and
midaxillary {girls) [#6]; & combination of the triceps,
subseapular, suprailisc, and abdominal skinfolds has
been suggested [56]. Although not typically measured,
a lower-body skinfold, such as the thigh, may be useful;
disrohing i3 not required if this is measured 1 in. above
the knee [57] (one of the most important determinants
of aite selection is the degree of modesty required).
Given the numerous recommendations, it may be rea-
sonable to select skinfolds based on their ability to de-
scribe body fat patterning. One possibility would be to
select at least one site from various body regions, such
as the trunk (suprailiac, subscapular, chest, abdomi-
nall, lower body (calf, thigh), and arm {triceps, forearm)
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regions. [f desired, the sum (or mean) of these skinfolds
could be used as a global estimate of adiposity

Limitations

Although measurement issues have frequently fo-
cused on repeatability, the validity of skinfold thick-
nesses can be strongly influenced by the compressibility
and fat content of a skinfold, characteristics that can
vary by age, sex, site, and level of obesity [45], Several
formulas have been used to estimate percentage body
fat from skinfold thickness measurements, but many
of these equations are not generalizable [£5,49,55], par-
ticularly among children and adeolescents (58], and
should probably be aveided. Care should also be taken
when using skinfolds to assess weight change: the ah-
dominal and iliac skinfolds show larger changes with
weight loss than does the triceps skinfold [59.60]. In
addition, it 15 uneertain whether skinfold thickness
measurements can accurately quantify the large differ-
ences in body fat seen among children and adolescents:
at the 85th skinfold percentile (zwm of triceps and sub-
geapular skinfolds), reported body fat percentages have
ranged from 15 to 34% among boys and from 22 to 38%
among girls [61].

As azzessed by the test—retest differences, measure.
ment error standard deviations generally range from
0.8 mm for the triceps skinfold (which is 5 to 10% of
its median thickness among children and adolescents)
to 2 mm for the thigh skinfold [27]. (Errors for the thigh
skinfeld may be due to a lack of site standardization by
inexperienced measurers.) Although skinfold thickness
measurements can be repeatable (r = 0.95) if measured
by the same examiner [28] (as seen in Table 2], interab-
Eerver errors can be large due to difficulties in site
location [62] and the tendency for caliper readings to
decrease over time [£5,85]. The degree of obesity also
influences the magnitude of the skinfold measurement
errors [64], with the reliability decreasing as the
amount of subcutaneous fat increases, As some shin-
folds are truly immeasurable [65], the potential effects
of nonrandom missing data should be considered in
data analyses,

In addition to thorough training in standardized tech-
niques, several steps can be taken to minimize mea-
surement error. If there are multiple examiners in &
gtudy, it may be best to (1} rotate them ameng subjects
to reduce potential biases arising from systematic dif-
ferences in measurement or (2) have each site measured
by a single observer. (A single observer per site during
the time frame of a longitudinal study could also sub-
stantially reduce within-subject measurement errors
[6].) Errors could also likely be minimized if limits for
test—retest differences are established before the study
begins and repeatability data are regularly reviewed
during data collection. Finally, because the distribution
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of forces applied to skinfolds may vary by type of caliper,
only one of the available calipers (Harpendon, Lange,
and Holtain) should be used within a study. Based on
a small amount of data from adults, Lange calipers may
give systematically higher akinfuld readings (1 to 10%)
than do either Harpendon [68] or Holtain calipers [67].
Some dats (from female college athletes) alzo auggest,
that Lange calipers may vield higher interobservor
measurement crrors [58],

Reference Data

Although comparizons of skinfolds acress studies
should be interpreted cautiously [65], several nation-
ally representative surveys (Tahle 1) provide reference
data. These reports differ in the time periods covered,
age groupings, use of race-specific data, and use of sta-
tistical smoothing techniques. Sex. and age-aspecifie par-
centile curves for subscapular and triceps skinfolds
(based on data collected from 1963 to 1975) have been
published [70], and separate tabulations are available
for the First and Second National Health and Nutrition
Examination Surveys (NHANES 1 [7I.72] and
NHANES II [73], respectively). Race-specific data,
based on the combined NHANES I and NHANES II
samples, have aleo been published [26]. Data on skin-
fold thicknesses of children and adolescents in other
countries have also heen summarized [8].

Selected percentiles of triceps and subseapular skin-
folds based on NCHS datn are shown in Tables 4
(whites] and 5 (blacks and Mexican Americans); data
for whites and blacks ave from NHANES I and 11 [2&],
while data for Mexican Americans are from the His-
panic Health and Nutrition Examination Survey
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(HHANES) [74].* These percentiles differ substantially
by age and sex, and there are racial/ethnic differences:
Mexican American youth tend to have thicker triceps
and subscapular skinfolds than do either whites or
blacks, and white children generally have thicker tri-
ceps skinfolds than do blacks,

Body Fat during Growth and Development

An initial rise in adiposity after infancy is followed
by a steady decline, which is more pronounced among
boys than among girls, lasting into midchildhood. Dur-
ing adolescence, cstimated body fat increases alightly
among girls (to about 28%), but decreases (from ~22
to 13%) ameng boys [49). Figure 1 compares average
skinfold thicknesses for white and black children who
participated in the Bogalusa Heart Study between 1973
and 1994. (Unless otherwise noted, data from the Boga-
lusa Heart Study are based on 5- to 17-vearz-olds who
participated in any of 2even eroge-sectional su FVEVE COTI-
ducted between 1973 and 1994 LI01.) Although the tri-
ceps skinfold is thicker among whites than AMong
blacks, the difference in the thickness of the aubseapu-
lar skinfold is much smaller. In addition, the triceps
skinfold thicknees decreases among boys after puberty,
but continues to increase among girls; this sex differ-
ence in the triceps (and biceps) skinfold thickness has
been consistently observed in other eross-sectional [49)
and longitudinal [75,76] studies. Because race, sex, and

*NHANES 1 was conducted bebwesn 1571 and 197h, NHANES
[I betwoen 1976 and 1980, and HHANES between 1982 and 1954,
Because of the smaller sample sizes nmong blacks and Mexican
Americans, the $5th percentile iz not presented,

TABLE 4

Selected Percentiles of the Thickness of the Triceps and Subscapalar Skinfolds, by Age and Sex for White Children

Triceps skinfold percentiles

Subseapular skinfold percentiles

Al &b 05 Al 85
Age (yeara) Hays Girla Boys Girls Boys irls Boya Cirls Bays Girla Buys Girls
5 5 1a 12 14 14 1E 4 i i ) & 12
L ] 10 12 14 16 17 4 6 T 9 13 12
| a 11 13 15 15 15 [+ L] T 10 12 13
3| o 1z 13 17 I8 &2 & L] 8 12 12 21
a 10 1% 16 2 ] i i T 10 14 15 24
10 10 13 18 &) 24 ) & T 11 16 B0 24
11 12 13 bl i A0 29 & 8 13 6 7 8
12 11 14 b 20 a8 27 T g 14 14 24 &4
13 10 14 15 24 26 30 T 1 14 149 b 28
14 a 17 16 4 24 21 v 14k i3 Z1 23 g0
15 ] 17 15 23 22 a2 T 1] 12 20 a2 25
15 8 18 16 26 24 32 g 12 14 22 24 a4z
17 B 15 14 26 14 35 S 12 14 24 20 a4

Nigte, Values are based on the combined MHANES T (157 1-1974) and NHANES 11 [I':'l'd'ﬁ—lEl.El:I-] armples [Fef .=-:'..I3|_

* Bample sizes among hove range from 291 (age 8) to 535 (age 5), amang girls from 216 (mge 6) to 504 (age 5). Values (in mm) represent

sex- and age-specific percantile,
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TABLE 5
Selested Percentiles of Thickness of the Triceps and Sabscapular Skinfalds, by Sex and Age for Black and Hispanic Children

Tricepa zkinfold pereentiles

Hubscapular skinfold pereentiles

50 48 S0 25
Ape (years) Boys irirls Bayva Girla Bawys Gicla Boys Girls
& TEP 9 {10 100 {13k 13 [14) 4 04) & (8] B [Th B (10
& T (8] 810 10 (1%} 1E (18] 40d) 5 i6) B (Th T (10
T & (4 9 {iLy B {15) 13 (14) 4 (5] G (5] B (8 & (1%
E T 9 {12 10017% 15 [151) EREY 50T B (11} 12 {15}
] T 10 {14 100200 17 [21) o 0a) & (1 T A14) 10 (200
10 Bl L0 {15) 13 {223 20 (25) 51T & (1 8{21) 16 {23}
11 214 12 (14) 15 (22 22 0ED & (5 & (1) 14 {3 15 (1B}
12 E11) 12 (1&) 17 {21) 25 (2 & (8] 13 14 (18] 6 (20
13 6 (10} 15 (17} 12 {200 24 (241 & (8] 12 (13) J14] ) {22
14 Tl 14 (30 10 (21} 24 (28] LR 1014} B (14) o) (240
15 T (5 14 (19) 12 [1&) 2F (28] & (8] 10§ 18] 14 (14 ) (2650
LG T 18 (18] 11 {17% 26 (28] {10 14 {14} 13 (1) T (28}
17 T (93 14 (1) 10 (15) 24 (Z6) 5010 12 (16} 1E(17) 24 (28

Note. Welues for black children are based an the combiced NHANES 1(1571-1974) and NHANES I1 (1876-1280) samples (Bel. 26]. Data

for Mexican Americans are from HIHANES [Ref 74).

2 Ameng blacks, sampls sizes range from 48 (B-vear-old boysh to 163 (S-vearold girlsh Among Mekican Americans from 68 (15-year-old
bowal to 125 {#-year-old girls) Values (in mm) repeesent 2% and ape-specifle percentile for blacks; comparable percentile for Mexican.

Americans 5 ahewn in parentheses,

age differences in the skinfold thickneszes can vary
acroas skinfolds, it may be impoertant to obtain measure-
ments at several sites to obtain an estimate of overall
adipesity among different subgroups. For example,
whereas the mean thickness of the triceps skinfold
among 1T-vear-old girls is almost twice that of boys,
the subscapular skinfold thickness differs by —30%.
{Additional information on sex, age, and race differ-
ences in skinfold thickneszsesz iz included under Body
Fat Patterning).

CIRCTMFERENCES

Body circumferences, which typically show a moder-
ate to high correlation (r = 0.5 to 0.8 [65]) with skinfold
thicknesszes, can be used to estimate obesity and de-
seribe fat patterning [27,52]. Furthermore, the simplic-
ity of eircumference measurements might be preferred
to skinfolds in field studies, The high correlationa be-
tween self-reported and technician-measured waist eir-
cumferences among adults (r > 0,90 [77]) also suggest
that valid information may be ebtained through gues-
tionnaire data. Although interobserver errors for cir-
cumferences are amaller than those for skinfolds (par-
ticularly among the obese), the lecations of specific sites
can be problematic, The *waist” cireumference, for ex-
ample, has been meazured at the narrowest part of the
torso or {less correctly) at the level of the umbilicus;
furthermore, hip circumferences are more Tregquently
meazured near the levels of the buttocks than at the
hips themselves [27].

Various circumferences were measured among chil-
dren in the Second Health Examination Survey (HES
I1), which was conducted in 1963 to 1965 [78], Betwern
the apes of G and 11 vears, the median walst circumier.
ence increases from about 53 to 62 cm among bova and
from 52 to 60 cm among girls. At comparable ages, bovs
ware found to have slightly larper waist circumferences,
while girls had larger hip circumferences [75]. A compa-
rable sex difference in waist circumference was slso
sean among —3,000 achool-aged children who were ax-
amined in 1992-1984 by the Bogalusa Heart Study
[79] (Fig. 2). Although white boys generally have larger
waist circumferences than other race—sex proups, addi-
tional differences emerge during puberty: the average
waist cireumference is lowest among white girls and
intermediate among blacks, The waist, buttocks, and
midthigh eircumferences have heen measured in
NHANES III (see Table 1).

EBIOELECTRICAL IMPEDANCE

Of the newer methods available for assessing body
composition in field atudiea [33,39], bioelectrieal imped-
ance has received much attention. When an alternating
current is passed into the body, it 1s partitioned ac-
cording to the resistivity and volume of each fissue;
because fat is a poor conductor, most of the current
flows through water and its dissolved electrolytes in
musele tissue. Under various assumptions (sece below),
it is possible to estimate total body water and, subse-
guently, fat-free and fat mass from the ohserved resis-
tance [80). Although bicelectrical impedance has not



—

BODY COMPOEITION AND HEALTH STATUS AMONG CHILDREN =41

Skinfold Thickness (rmim)

Skinfold Thicknass (mm)

4 B a 10 12 14 16 1B

Age (years)

FIG. 1. Crosz-sectional levels of triceps and subscapislar skinfold
thickress by race, sex, and age. Data are from all youths wh partici-
paled in any eross-sectional examinntion of the Bogalusa Heart Study
feom 1973 to 1994 (sample k= cimparable ta that in Hef. [10]). Dinta
inclade 24,000 triccps measurements and - 16,000 subscapulnr
menpsurements; approximately equal numbers of boys and girls were
examvined; overall, about 409 were Black. Data were smoothed using
lowess curves,
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consistently been found to provide more accurate esti-
mates of adiposity than has anthropometry [81,82], this
method may prove to be very useful because of its low
interobserver error, moderate cost, and simplicity. Bio-
electrical impedance has been used in the Framingham
Heart Study and in NHANES IT1 [82] and was the fpens
of an NIH Technology Assessment Conference [&5]). Al-
though the within-day technical error OV is guite low
{1 to 2% [84]), bivelectrical impedance (in contrast to
skinfolds and circumferences) does not provide informa-
tion on fat patterning

Deespite the interest in this technique, there are many
unanewered questions. Wherens the trunk makes a
very large contribution (=>509%) to estimates of fat-fres
mass and body weight, whole-body impedance measure-
ments appear to be primarily determined by the compo-
sition of the limbs near the electrodes [80]. Further-
more, because of the assumptions used in estimating
fat-free mass, the accuracy of bicelectrical impedance
i# influenced by characteristies related to hydration (or
electrical conductivity); these factors include age, sex,
degree of obesity, body fat distribution, body posture,
strenuous exercise, ingestion of food or drink, and tim-
ing of the menstrual cyele [85]). Thus, using appropriate
sex- and age-specific equations and standardized posi-
tioning of the patient is important [37.83). Further-
more, it is possible that equations developed ameng
whiles may underestimate the total body water of
blacks [86]; additional study is needed to quantify the
accuracy of this technigue among varions racialfethnie
groups [87].

WEIGHT AND HEIGHT

The measurement of weight and height, two of the
most aceurate and repeatable bielogic characteristics,

Black females
-

B 2 White females

& & 10

12 14 L3

Age (years)

FIG. 2. Cross-sectional levels of waist circumference by moe, sex, and age, Dats are from 3,116 yoiaths who participnted in the 1592154
eroaa-sectionnl examination of the Bogalusn Heart Study [Ref 79). Five peroant af the valuwes is shown to (lusieate the variability inherent
in the data. Lines were smoathed using lowess curves,
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has been extensively discussed [6,27]. Heights are gen-
erally measured with a stadiometer or portable anthro-
pometer at maximum inspiration; minimal clothing
should be worn so that pesture can be observed. Weight
should be measured with the bladder empty using a
calibrated beam balance, but a less accurate spring
balanece is often used in the field. Seasonal variability
due to clothing ranges up to 0.3 kg [85].

Several eombinations of weight and height function
fairly well as surrogate measures of obesity, accounting
for about 509% of the variability in body fat [50,58-80].
Although weight=height indices may predict adiposity
less accurately among children than among adults [91],
this may, in part, be due to incorrect assumptions con-
cerning the body composition of children (see Reference
Techniques). It is reasonable to think that an estimate
of hady fatness or frame size [51] would improve the
prediction of chesity-related complieations beyond that
achieved with weight-height indices, but there is sur-
prisingly little evidence to support this pessibility. How-
ever, it has been noted [92] that a 5-kg inerease in the
fat content of an adult would not necessarily be detected
by skinfold-thickness measurements (due primarily to
large interchserver errors), but would easily be detected
by a weight determination. The widespread wse of
weight-height indices will almest ¢ertainly continue
as these measurements are very repeatable, require
relatively little technical skill to obtain, and can be
compared with a large amount of reference data.

Power Tndices

Various power indices, in which weight (W) is divided
by height (H) raised to a power {p), are typically used
to measure overweight among youth, Often the expo-
nent is chosen to maximize the correlation with body
fat and to minimize the correlation with height.5 Be-
cpuse the magnitudes of theze two correlations can vary
by age, sex, weight, height, and other characterizstics,
it iz not surprising that several indices have been pro-
posed: WiH? (Quetelet index), W/H® (Rohrer index),
/W' (Ponderal index), W/HS® (for women), WISHH?S
and WIH?* (for 5-to 12-year-olds) [93). Altheugh W/H?
has sometimes been termed “body mass index" it
should mere properly [94] be named after Quetelet, the
19th-century investigator who noted that the weight of
adults was propertional to height®, Power indices are
strongly intercorrelated among adults (r = 0.9), which
in part reflects the greater variability in weight than
in height, but it iz generally accepted that the optimal

*The pereral eguivalence of relative weight, defined a5 W - &-F
(where b represents the repression coefficient of weight on heighth,
and poower indiees can be seen following a legarithmie transformation
of WP vielding log{W%) - (p) - logiEf 1. The simplest relative weight
index divides a subject’s weight by a reference weight, which can be
chtained from the estimated regrossion equation (G + p o leglH 1,
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FIG. 3. Estimstad levels af power indices {weighttheight®) foc
differont exponents among bovs (bop) and girls (bottom). Unpublished
datz arefrom the Bogalusa Heart Studyincludes that all white vouths
[~ 15,000] wha parcticipated in any cross-sectional examination fom
1973 to 1984 {zample {2z comparable to that in Rell [I07); similar
results were observed among bleck children (data not shownd, Data
were smpthed weing lowess cores.

exponent is near 2 among men and between 1 and 2
among women [93,95].% Although it has been suggested
that W/H? may be preferred because the weight of &
three-dimensional object (which is roughly equivalent -
to its volume) is propertional to the third power of
height, this reasoning requires the (false) assumption
that bedy dimensions remain constant with increasing
height [95].

Although originally developed ameng adults, power
indices are now alse widely used as surrogates for obe-
sity ameng children and adolescents. However, in con-
trast to the low correlations between Quetelet index
and height among adults, the index is asscriated with
height and age among youth [93]. These relations are
evident in the Bogalusa Heart Study (Fig. 3), in which

¢ Although several nomograms that facilitate the feld caleulaticn
of Cizetelel indox have been published, many do not kove appropriate
valuss for echool-age children or, a8 noted by Kahn [95], have besn
printed {nearrectly, A wseful nusuogeam for children, with both metre
and English vnits, is given o Gwa et al. [37].
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median levels of Quetelet indax increased by 30% he-
tween the ages of 5 and 17 years, yielding correlations of
0.5 to 0.6 with both age and height, Regression analyses
predicting leg(weight) from logtheight) indicate that
power indices with exponents of 2,8 (bays) and 2,9 (girls)
would show virtually no correlation with hieight (or age)
among the entire sample, Age-specific regression mod-
els, however, indicate that the optimal p increases from
2.5 (5-year-olds) to 3.5 (9-to 11-year-olds) and then de-
creases Lo 2.0 (17-year-oldz) (data not shown),

Although the positive association betwesn Quetalet
index and age (height) amon £ vouth does not necessar.
ily argue against the use of this index (ohesity and
height are correlated before puberty [98]), differences
in age or height, which could confound COmMparisons
dcrosa groups, need to be carefully assessed in analyses,
A possible zolution in multiple regreszion models that
include Quetelet index az o predictor would be to also
control age (or height) using quadratic terms, splines,
ar indicator variables; a single linear term would likely
be inadequate, Another possibility wounld be to include
both weight and height as separate predictor variables:
the coefficient for weight would then reflect the relation
of weight to the outcome ez, physical activity) while
helding height eonstant. These latter medels would be
more flexible, allowing for the inclusion of nonlinear
effects of cither weight and height, as well as their
interaction, Another advantage of congsidering weight
andl height as separate variables wauld bhe improved
interpretation. Among 12-vear-old boys, for example, a
RQuetelet index of 24.1 kp/m® (~00th percentile) could
represent a weight of 58 kg (90th percentile) and a
height of 1.55 m (T0th percentile) or 5 weight of 42 kg
(30th percentile) and a height of 1,32 m (<5th percen-
tilel. The health consequences of "overweight" among
these twao children could differ substantially.

Angther approach would be to relate the Quetelel
index of each child to a sex- and age-specific reference:
this has been termed “relative Quetelet index by age”
(93] or "BMI-for-age™ [99]. For example, a Quetelet in-
dex of 21.0 kg/m® for a 12-vear-old boy would represent
a relative Quetelet index of 117% based on the median
value in NHANES I (18.0 kgfm®). If the Quetelst was
214 kg/m® after a 1-year follow-up, the relative Que-
telet index would be 113%, as the median for 13-year-
old boys is 189 kg/m® Thus, although the ahsolute
Queteletindex increased slightly (0.4 kg/m?), the child
became slightly thinner (117 to 113%) compared with
hig peers. Although the use of different reference stan-
dards could complicate COmparisons across studies, this
relative Quetelet index could be useful in longitudi-
nal studies.

=43
Limitations

It iz obvious that weight-height indices cannot dis-
tinguish excess weight due to adiposity from that attrib-
utable to muscularity, skeletal tissue, or edema [100],
and therefore, a relatively high Quetelst indax may
indicate either obesity or an athlota with little body fat,
It is also possible that the relation of weight-height
indices to adiposity varies somewhat by sex, racefeth-
nicity, and age [14], and these contrasting associations
contribute to the differing relation of overweight to mor-
tality across various subgroups [101]. At the same Que-
telet index, for example, percentage body fat increases
with age and is higher among women than AMONgE men
[99]. It iz also known that white and black bays have
fairly comparable levels of Quetelet index, but that
skinfolds are thicker among whites (Fig. 1)[26); differ-
ences in bone density may counterbalance thess ad ipose
tissue differences. In general, comparisens of Quetelet
indices across subgroups should be carefully interpre-
ted as differences in body composition may be obacured,

The interpretation of power indices is further compli-
cated by changes in body com position and propertions
Lhat occur during growth, and the ability of Quetelat
index to identify obese adolescents has hesn investi-
gated [102,103), Although it has been reported [F02)
that the 85th percentile of Quatelet index had muoderate
sensitivity (~0,70) and high specificity (~0.95) for iden-
tifying children and adelescents above the 85th percen-
tile for percentage body fat, other investigators |16
have reported that Quetelet index has a much lower
sensitivity (~0.25) for identifying persons above the
90th percentile. These differences may reflect (1) the
techniques wsed to estimate body fat (DXA ve densitom-
etry) [35], (2) the cutpoints chosen to defins high levals
of Quetelet index and body fat, or (3) differant analytical
adjustments for age.

Although self-reported data on weight and height can
allow a larger sample to be studied at lower costs, adults
Lypically underreport weights by 2-3% and overreport
heights by ~1% [104]: biases among adolescents are
likely to be at least as large [105]. These differences
could result in an underestimation of Guetelet index
and among persons who are short and heavy. It should
also be noted any power index in which height is raized
toa power =1 will magnify reporting and measurement
errors in height.

Reference Data

Reference data for Quetelet index are available fram
several national surveys conducted in the United States
26,72,73,106] and in other countries [98,107]. These
published data differ in tha (1) time poriods, {2) smoeoth-
ing techniques used (if any), {3} raciallethnic and age
groupings, and (4) presented percentiles, Percentiles of
weight for height are available for children based on
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several ¢yeles (18963-1975) of the NCHS surveys, as
well as for Canadian children and adolescents [8].
Because the relation of weight to height changes during
growth (Fig. 3), it iz inappropriate to apply weight-
for-height percentiles from adults, such as those in the
Metropolitan Life Insurance tables, to children and
adolescents,

In additien to age and sex differences, levels of Gue-
telet index alse vary by racialfethnic group [15], and
data from the combined NHANES [26] and HHANES
[74,108] arc shown in Table &, After age 12, levels of
Quetelet index among girls tend to be higher among
Mexican Americans and blacks than among whites,
with the magnitude of the differences increasing at the
upper range of the distribution. For example, about 10
to 15% of both Mexican American and black girls are
above the 95th percentile for white girls, a cutpoint that
is frequently used to define “very overweight.” Similar
differences can also be seen in levels of Rohrer index
(WVHY) among white and black girls who participated
in the Bogalusa Heart Study (Fig. 4). Despite only a

small difference in average levels (Fig. 4, top), the prev-
alence of a Rohrer index >%0th percentile among 17-
year-olds was about twofeld higher among black girls
than among white girls (14% vs 7%). Among bovs, Mexi-
can Americans tend to be heaviest, while hlacks tend
to be the thinnest (Table 6).

Although the low interobserver measurement errors
that are characteristic of Quetelet index facilitate com-
parisons with reference standards, there are several
points that should be considered in its use. As with all
ratio measures, differences in Quetelet index could he
due to differences in the numerator {(weight), denomina-
tar (height), or both; the high prevalence of overweight
among Navajo adolescents, for example, is partly attrib-
utable to the large proportion of short youth [109], The
time frame of the study is also important to consider.
Because the prevalence of overweight ameng vouth in
the United States has increased over the past fow de-
cades (the prevalence of severe overweight approi-
mately doubled between 1963 and 1991 [10.710]), the
estimated prevalence of overweight in any study will

TAELE &
Selected Porcentiles of Quetelet Index among Children and Adolescents

S0th percentile B5th pereantils 951k percentils
Mexican : Medican Mexican
Aga (veara) Whites Arféricans Blacks Whites Amaricans Blacks Whites Americans Blacks
Boys

1 15,5 15.6 15.8 16.4 17.4 18.7 18.1 184 17.6
fi 151 15.7 15.3 7.1 17.6 174 191 202 2.1
T 15.7 1659 15.3 17.7 188 17.0 159,23 2.5 19.4
3 16.0 162 15,7 158.1 156 150 24.1 pch 9.3
4 145.4 168 16.0 1504 222 180 £1.3 ] 206
1] 17.1 T4 165 20,0 251 149.3 233 ¥ 28.7
] 7.5 141 168 217 2.5 19,7 .0 270 4.3
1% 15,1 13.4 174 221 4 1.7 5.9 27.0 251
11 18,0 19.6 177 .4 i 1.4 26T ks 237
14 18.6 a0E 1849 3.6 5.4 1B 270 " 238
13 204 a0 20.9 2.0 338 23.8 265 . 5.4

16 21.3 214 1.2 34,0 5.7 .5 278 . 7.4 -
17 218 20 A LT 24.9 206 24.0 Z7.8 e 7.4

Crirls

b 15.3 15.3 15.% 164 | Y 16.9 18.6 0.1 18.5
(5 15.3 10.4 145 17.2 18.4 16.5 18,7 L 18,6
7 15.4 ’ 15,7 15.5 176 19.0 17.0 18.7 * 167
) 15.9 16.5 15.5 128 0.1 17.8 220 217 211
b 16.7 178 15.7 19.9 21.8 18.9 258 23.9 234
i 164 17.8 14,9 0.5 224 92,2 237 * 254
11 181 1B.0 13,3 2.7 T 22,2 258 25.5 p
12 18.7 199 19.2 2.7 4.5 6.6 251 =6.3 4.4
13 1.2 21 18.8 23T 246 24.2 8.7 - L
14 0.4 215 0z 4.3 249 25.4 8.5 . 29.9
13 201 1.4 207 234 b L 25.3 78,9 - 35.0
16 ] 3i.2 24 255 7.0 6.4 3.1 * a6,7
28.89 5.4 J0.7 * a4.0

17 214 215 21.2 258

MNefg. Data for Mexican Americans are form HHANES [Ref. 74], Valuss for whites and blacks are based oo the combined MHANES |

(15TE-1974) and NHANES II (1976-19507 samples [ref, 26). Bample zizes ranged from 54 (8-vear-old black girls) ta 523 (5-year-old white
boys). *36th percentile was not saleulated if Tivee, 50%-, and age-specific sample size was <100 [74],
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Rahrer Index (kgim®}

Rohrar Index =50 P (%)

1 == 1 i
] & 1 12 14 16
Age (years)

FIG, 4. Crozs-sectionn] levels of Rohrer index weighttheight®)
(taph and prevalinee of overweight Chottam), by race and apge among
girls. Unpublished data are feom girlz whe participated in any cross-
sectiona] examination of the Bogaluss Heart Study from 1573 to
1984, and lines reprizent smnothed (lowess) associations. T indicate
the variability in the data, abogt 1% (of =T, 300 values) for whites
and 2% (of 4,600 values) for blacks are shown in the tep. Polnts in
the bottam represent the proportions of Klack and white girls at each
age whose Bohrer index was above the o904l pergentile (combined
whites and blacks) for girlz of that age.

oe influenced by the time period du ring which the refer-
ence data were collected. For exam ple, bazed on data
from the Bogalusa Heart Study [10], a 14-vear-old hoy
with a Quetelet index of 26.8 kp/m® would he at the
95th percentile, if 1973-1974 data were used as the
reference, but between the 80th and 85th percentiles
using 1992-1994 data. Unless the purpose of the study
ie tn examine seeular trends, it may be best to use
concurrent reterent data. It should be noted that despite
the growing concern with anorexia nervosa, 1988-1001
data from NHANES IIT do not indicate an increase in
the proportion of very thin (weight-height index <5th
percentile) children [1721].

Cerweight and Desirable Weight

Although it would be ideal to bage cutpoints for over-
weight and desirable weight on estimates of disense
risk, even among adults there are numeraus difficulties
with thiz approach, Several cohort studies, for example,
have found that after smokers and persans with preclin-
tcal disease are excluded, there is no obvious cutpoint
at which the shape of the positive relation of Quetelet
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index to disease rigk thanges [12,112). Furthermore,
associations with disease can be influenced by age, race,
3€R, concurrent risk factors (e.g., total cholesterol),
length of follow-up, and distribution of dizeases in the
sample; differences in these covariates could lead to
differences in cutpoints across studies.

It is therefore not surprising that numerous defini-
tions of overweight among adults have been suggested,
with cutpeints generally ranging from 25 to 30 kgim?
[13.92,97,113-115]. (A value of 25 kgim® is approxi-
mately the 50th percentile (men) or G0th percentile
(women) among adults in NHANES I, while 30 kg/m?*
is about the 85th percentile [73].) Another approach
has been based on levels of Quetelet index among 20- to
29-year-olds in NHANES II [175): the 85th percentiles
loverweight) are 27.3 kg/m® (women) and 27.8 kgfm?
(men), while the 95th percentiles (severs ovarweight)
are 32.3 kg/m* (women) and 31.1 ke/m? (men). Desirahle
weights have alzso been defined as encompassing & Gue-
telet index of 20-25 ke/m?®, the range in which the mini-
mum marbidity in cohort studies i frequently seen
[T18]. Several other ranges of desirable weights have
been recommended [72], and it is possible that these
cutpoints should incrense with age to reflect the chang-
ing associations with mortality [277].

The limited amount of longitudinal data greatly com-
plicates the classification of overweight and desirahle
weight among youth [5]. Although several studies have
found that levels of Quatelet index among children and
adolescents are predictive of subsequent morhidity and
mortality [I-4], a relatively small number of endpeoints
have been examined (often in highly selectad popula-
tions), with one of the lareer studies consisting of 447
deaths among 13,146 persons after a A0-year follow.up
[2). In that sample, mortality showed & linear trend
with prepubertal (but not postpubertal) weights among
boye, while among girls, only these in the upper relative
weight puintile appeared to be at increased risk. Other
investigators have also reported differences between
boys and girls in the relation of childhood overweight
to adult discaze [1], as well as a nonlinesr rielation to
IHD mortality [4]. Given the relatively small numbers,
it is difficult to tell whether thess sex and develop-
mental-stage differences are real or due to sampling
vanability. The possible inverse association between
Quetelet index in early adulthood and subsequent os.
teoporosis [115], and the smaller amount of data relat-
ing overweight among girls to subsequent disease [5],
also complicates the classification of desirahle waights
and everweight ameng youth,

Because of the long time periods needed to relate
childhood overweight to sdult disease, cross-sectional
assoriations with lipid and bleod pressure levels have
alzo been used to define desirable welght among vouth.
Based on asseciation with risk factar levels, for exam-
ple, cutpoints for body fat percentages of 20 to 30% have
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been suggested [51,179]. (Published equations were
used in both studies to estimate percentage body fat
feom age and skinfold thicknesses,) However, basing a
cutpoint on cross-sectional associations is less desirable
than analyzing the longitudinal relation to adult mor-
tality, and it 1z poszible that associations may differ
acrozs risk factors. For example, the relation of Guetelet
index to levels of LDL cholesterol progressively in-
creases botween the ages of 5 and 17 years, while the
magnitude of its association with aystolic blood pres-
sure decréases with age [120].

Summary statisties can also obscure the large
amount of varigbility in the data: the 35% confidence
mntervals araund severzl of the proposzed cutpoints for
body fat range from < 15% to =>35% [119]. This variabil-
ity is alzo apparent in Fig. 5, which shows the relation of
systolic blood pressure to Quetelet index and skinfolds
|subzrapular and triceps) among 648 8-year-old white
girls examined in the Bogalusa Heart Study. (Of the
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FIG. 5, Relation of Quetelst indax (top), subscapular skinfold

thickeess (middle), and triceps skinfold thickness (battom) to levels
of gy=talic bloed presaure among B-year-ald white girls. Unpublished
data are from S-wear-old girls who participated in The Bogahusa Heart
Study between 1973 and 1994; sample sizes ranged from 429 (sub-
seapular skinfold) to 643 (Chustelet index): 50% of the data is shown.
Az assessed by multiple linear regression, associations with subscap-
ular and triceps skinfolds wera not linear (P < 0U001%, Data were
smithed using lowess curvas,
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TAELE 7

Recommended Cutpoints for Overweight (Guetelet Index) among
Children and Adolescents

m o ——

Bowve percentila Girls percentile
Apa (pears) Esth dath A35kh ohth
6 16.6 150 152 17.5
T 17.4 152 17.2 158
& 1B.1 203 152 0.4
i 18R 215 192 ms
1 156 ats 202 3.2
11 20.4 23.7 210 4.6
211 2449 AL 6.0
13 219 5.9 £3.1 271
12 2R 265 2359 28.0
14 236 2.5 243 285
1% 24.4 285 24.7 201
17 253 .3 25.2 07

Nals, Repommendations are based on samoothed raee- and sex-
spectlic percentiles from WHANES 1 [Ref 72).

strata defined by race, sex, and age, S-vear-old white
girls showed the strongest associations between a spe-
cific risk factor (gystolic bleod pressure) and the over-
weight/obesity indices.) Despite the fairly strong associ-
ations (r = 0.5 to 0.6), there are ne obvisus inflection
points at which levels of systolic blosd pressure begin
to ingrease. Furthermore, the predicted increase in 5y3-
tolic blood pressure for a given inerease in obesity tends
to become smaller (P <0.001 for nonlinear trend) at
higher levels of both skinfolds, Additional consideration
should possibly be given to logarithmic transformations
in which a specified percentage increase in skinfold
thickness is related to the outcome,

Because of the difficulties in using biological end-
points to define overweight/obesity, recent recommen-
dations [54] have used sex-and age-specific 85th and
O5th percentiles” of Quetelet index from NHANES I
(Table 7). (A simple approximation to the 95th percen-
tile of Quetelet index among 10- to 17-year-olds can be
obtained by adding 13 (for boys) or 14 (for girls) to
vears of age [54].) According to these recommendations,
children above the 85th percentile would be conzidered
overwelght and referred for further assessment; those
between the 85th and the 56th percentiles would be
congidered “at risk for overwelght" and examined for
various THD risk factors. It should be noted, however,

! Because of the seculnr trends in nrermeight that have been ob-
zerved [110], abauk 1096 of children srd adolescents will have a Qae-
telet index that is greater than the 85th percentile from NEANES
I, Although gublished porcentiles of Guoetelet index are available for
afolezeenta from more recent NOHS surveys, the Expert Committas
on Clinksal Goidelines for Overweight in Adelescent. Proventive Ser-
vices concluded that the percentiles publizhed by Must <t al. [72]
from NHANES [ were preferable becanse they incorporated sampling
weights and statistical smeothing and incladed both the Shth and
the 95th percentiles.
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that the relatively small sex- and age-specific sample
sizes (~125) in NHANES [ along with the skewness
of Quetelet index and its association with age, make it
difficult to accurately estimate upper percentiles, Based
an bootstrap resampling (121], the standard deviation
of the sex- and age- specifie 95th percentile is A PPEOXL-
mately 1 ka'm?,

TRACKING OF OVERWEIGHT AND OBRESITY

Tracking is usually defined as the persistence of the
ranking for a characteristio over lime, and there is litt]le
doubt that childhood levels of obesity and overweight
are predictive of subsequent levels. However, a wide
range (r= 0 to (0.84) of correlation coefficients has heen
reported between serial measurements during follow-
up periods of <5 Lo 45 yeara |5, 122, [25]. Estimates
of the proportion of overweizht children who remain
overweight as adults are also quite variable (26 ta 775,
as are the increased risks (1.5 to 7) for overweight in
later life [124]. In peneral, the magnitude of these esti-
mates is (1) positively associated with the age at which
the initial measurements are made, (2} stronger for
weight-height indices than for akinfolds, and (3) in-
veraely asaociated with the length of follow-up.

A recent analysia from the Fels Lengitudinal Study
[125] illustrates many of these trends, Although Gue-
telet index among 35-vear-olds could be predicted fairly
well from levels at age 18 (r ~ 0.80-0.75), correlations
with childhood levels (age 7) were 0.3 (boys) and 0.6
igirls), Furthermore, the probability of overweight in
adulthood increased with the age al which the initial
measurement was performed. For example, 4 17-year-
old girl with a Quetelet index at the 85th percentile
had a 40 to 80% chanee of being overweight at age 35,
but a severely overweight (95th percentile) 8-year-old
girl had less than a 50% chance of being overweizht at
follow-up. Although these results cmphaszize the diffi-
culties involved in weight management programs for
children under 9 years of age, other results suggest
an increased persistence of overweight among young
children if one (or both) parents are overweight [126].

Other characteristics may influence the magnitude
of tracking of overweight and obesity, and it is possible
that there are a few critical periods [127]. For example,
several investigatars have found that the age at which
the postinfancy nadir in Quetelet index is reached (typi-
cally between the ages of 5 and 7 vears [I07, 125 iz
inversely related to the risk for overweight in adult-
hood; this phenomenon has been termed “adiposity re-
beund.” Insulin resistance may aleo play an important
role; among overweizht adults, weight gain is inversely

| associated with fasting levels of insulin [128], and it iz

possible that overweight children with relatively low
insulin levels may be at the greatest risk of remaining
overwerght. It would also be of interest to know il’ tha

TH STATUS AMONG CHILOREN 47
development and persistence of abesity among girls is
related to age of menarche.

BODY FAT PATTERNING

Systematic methods ta categorize human body shape
were first introduced in the 19308, and the association
of body fat distribution with various chronic diseases
was recognized by the 19508 [129). Cohort studies have
singe shown that fat patterning, typically measured by
various ratios (or differences) af skinfolds and circum-
ferences, is predictive of diabetes mellitus, [HD, stroke,
and total mortality [52, 130,131]. In addition, a relative
excess of adipose tissue in the abdominal, upper bady,
or truncal regions is associated with adverse levels of
lipoproteins, blood pressure, glucose, insulin, and other
metabolic risk factors [48 152 133). Although these as-
sociations appear to be independent of the level of over-
weight and obesity, it should he emphasized that the
correlation (r ~ 0.2 to 0.5) [63,132] between Quetelet
index and various indices of fat distribution needs to
be considered in data analyses and interpretation of the
results, Among children and adolescents, the relative
proportion of truncal fat also appears to increase with
Cruetelet index [154).

Although indices of fat patterning based on either
skinfolds or circumferences show fairly similar associa-
tions with risk factors |57, 132), eireumference measure-
ments (pessibly at the waist, thigh, and hips) may he
preferred in epidemiologic studies becayse of their low
measurement errors (65]. Despite the simplicity of cir-
cumference measurement, however, it is important to
uge standardized sites which are clearly spacified [125].
Jakicic et al, [134], for example, found that levels of
the waist to hip circumference ratio (WHR} ameng men
were more slrongly associated with total cholesterol
levels if the hip circumference was meazured at the
buttocks rather than at the iliac crest (- = 0.22 vz 0.07),
Small changes in the location of the waist messure-
ment, which has frequently been obtained at either
the smallest torse circumference or at the lavel of the
umbilicus [135), can also influence associations with
risk factors [1.36].

There are several mechanisms by which fat pat-
terming could potentially influence metabalic and elini-
cal complications, but attention has foeused on adipo-
cytes in the intra-abdominal region because of their
proximity to the portal vein and their BEMEItvItY Lo
lipalytic stimuli [48]. The size of this fat depot, which

# Althongh *far priterning” snd “fat distribution® are often used
interchangeably, fat distribution L sometimes wused to deseriba wiiat
is seen or mensured, whereas fab patterning ofben refirs to the relative
excess (or deficit) of fat nt each site that would exist after adjostment
for the overall bevel of obesity. When examining associations with
metabalic and clinizal suteomes, it wegld typically be of interest fo
focus on fnt patterning,
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can be directly measured using computerized tomogra-
phy or magnetic resonance imaging [137] can be pre-
dicted fairly well (R? = 0.5 to 0.9) using age, Quetelet
index, circumferences, and skinfolds [138). Although
the amount of intra-abdominal fat is mederately corre-
lated with WHR, this fat depot may actually be more
highly correlated with waist cireumference (alone)
|135], the waist/thigh circumference ratio [133], or the
abdominal sagittal diameter [140]. There are alzo limi-
tations in the use of ratios to describe fat patierning
[141,742], including (1} uncertainty as to whether the
numerator or denominator is responsible for any ob-
zerved association, (2) an assumption that a regression
of the characteristic has an intercept of 0, and (3) a loss
of reliability due to the division of one imprecise number
by another.

It is also likely that other fat depots are important,
and adverse health outeomes have been related to oir-
eumnferences measured at the neck [140] and bust [143]
and to several eontrasts (ratios or differences) between
truncal skinfolds (subscapular, suprailiac, subumbili-
cal) and those in the peripheral or lower-body (thigh,
triceps, calfl) regions [53,57]. Furthermore, several of
these patterns are only weakly correlated with each
other (WHE and the subscapular/triceps skinfold ratio
showed correlations of 0.18 (men) and 0,22 (women) in
a study of 738 Mexican American adults [132]), and it
is possible that a single index (particularly one baged
on only two measurements) cannot convey all relevant
information [132, 140], To overcome the difficulties in-
volved in analyzing highly correlated anthropometric
dimensions, principal component analysis has fre-
quently been used to derive a smaller number of uncor-
related variables (components) [53, 144, 145].

Bocly Fat Paotterning among Youth

Few studies have dicectly measured intra-ahdominal
fat among youth, and importance of fat patterning in
early life is unclear. Because of the large age-related
increases in hip circumference, mean levels of WHR
decrease from —1.1 to ~0.75 between the ages of 1 and
17 years (r = —0.535 with height) [146]. The amount
of intra-abdominal fat ameng children is only weakly
related to WHR [147-149], but stronger associations
have been observed with waist circumference {(alone)
[148,150], the waistthigh circumference ratio [I145],
and several truncal skinfolds [147,148]. In addition,
the waist/thigh ratio is more strongly correlated with
centralized obesity (as assessed by skinfolds) than is
WHR [151]. Whereas some studies have found hody
fat patterning to be asscciated with various metabolic
complications, equivocal or negative results have also
been reported [150,152]. Furthermore, it is possible
that the amount of fat in the subcutaneous region [86)

may be as important as the small amount of intra-
abdominal fat that is present before adulthood
[147,149].

Despite these difficulties, a recent analysis of —3,000
children and adolescents from the Bogalusa Heart
Study [79] found that adverse lipid and insulin levels
were associated with a centralfabdominal distribution
of body fat; furthermore, these associations were inde.
pendent of weight, height, age, and other covanates,
The magnitudes of the associations were similar
whether fat patterning was characterized using (1) the
waist cireumference alone, (2) WHHR, or (3) a principal
component contrasting the waist circumference and the
hip circumference and triceps skinfold thickness. These
results sugpest that the wailst circumference (alone)
may be useful in quantifying fat patterning in youth
and that it ¢an be used to assess the risk of adverse
risk factor levels.

Age, Sex, and Racial ! Ethnic Differences in Fat
Patterning

Much of the information on age, sex, and racialfethnic
differences in fat patterning iz bazed on skinfolds, and
it iz known that during adolescence, boys experience a
marked truncal redistribution of subcutaneous adipose
tiszue [75,76]. This fat redistribution among boys is
concurrent with a decrease in percentage body fat [£9];
in contrast, there is little change in overall body fatness
and little or no change in fat patterning among adoles-
cent girls [153,154]. Because sex hormones are known
to influence regional fat distribution, it is likely that
the hormonal environment contributes to this fat redis-
tribution.

Although it is difficult to assess the independent ef-
feets of chromelogical age and maturation on fat pat-
terning [153,154], many of the observed associations
likely reflect, at least in part, sexual maturation. For
example, after controlling for chronological age, early
maturation (defined by bone age or sexual maturity)
among boys is associated with a relative excess of subeu-
taneous fat in the truncal regions [154, 155]. Although
postmenarcheal girls have also been found to have
thicker truncal skinfolds than do premenarcheal girlg,
this may partly reflect small differences in ehronologi-
cal age [75] or the association between skinfold thick-
ness ratios and Quetealet index [155].

Racialfethnic differences in fat patterning have also
been obaerved. Compared with white children, Mexican
American school-aged children appear to have a rela-
tive excess of upper-body fat, and black children tend
to have a more centralized fat pattern with less fat
in the arms and legs [156,157]. During adolescence,
Mexican American boys experience a particularly large
decrease in leg fat, with the median calf skinfold thick-
ness decreasing by ~409% (5 mm) [158]. In addition,
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prepubertal white children have more intra-abdominal
fat than do black children [159],

Although relatively few studies have assessed the
tracking of fat patterning, serial eorrelations may be
weaker than those seen for the general level of over-
weight/obesity [75, 160, 161]. However, analogous to the
trends observed for chesity and overweight, the magni-
tude of these correlations appears to increase with the
age at which the initial measurement is obtained. For
example, analyses from the Amsterdam Growth and
Health Study indicate that the E.Ll_bﬂcﬁ_pl_l]ﬂ]‘.ll‘[_ri{:gpg TH-
tio measured at age 13 is moderately correlated (- —
0.5} with its level during the subsequent 16 years [75].
Furthermore, it is possible that the relative excess of
truncal fat associated with early maturation may per-
sist into adulthood [154,162], Many of theze associa-
tions, however, are substantially influenced by the er-
rors inherent in longitudinal skinfold measurements,
and additional studies are needed to evaluate the
tracking of circumferences

SUMMARY AND RECOMMENDATIONS

Deapite the advances that have been made in m A
ing adipesity, there is little evidence that estimates of
total body fat, whether based on skinfolds, bicelectrical
impedance, DXA, or densitometry, prediet various met-
abolic and clinical complications better than do simple
combinations of weight and height. This conclusion may
reflect errors in the methods currently used to estimata
body fat, and it iz possible that more aceurate methods
may reveal that excess adiposity is the hody component
of most concern. However, the relative importance of
weight-height indices compared with other methods
also raises the possibility that fat-free mass may play
a role in the development of diabetes mellitus, THD,
and other complications.

In contrast to a global index of adiposity, the pat-
terning of body fat is an important risk factor for several
chronic diseases. Although the best measure of body
fat distribution is uncertain, it is possible that contrasts
between various circumferences and skinfolds BOrEVEy
important, albeit somewhat different, information.
Among youth, the relatively small amount of intra-
abdominal fat and the poor performance of various an-
thrapometric indices as a surrogate for intra-abdominal
fat complicate the assessment of fat patterning. Be-
cause some evidence suggests that, in addition to the
amount to intra-abdominal fat, an excess of subcutane
ous fat in various regions [132, 140, 163] is associated
with adverse health sutcomes, it iz probably best to
obtain skinfolds er circumferences from various body
regions. Fat patterning ameng youth may be best de-
seribed by two sets of measurements: (1) at least two
skinfolds, with one from the upper body (trunk) and
another from the lower body, and (2) the waist (and
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poszibly thigh) circumference or sagittal diameter. Fur-
ther reaearch, however, is needed to determine the
impartance of fat patterning among children and ado-
lescents, its tracking over time, and the characteristics
that influence the development and persistence of an
adverse fat pattern.

It is also important to obtain additional information
on the relation of overweight/obesity and body fat pat-
terning among youth to various chronie diseases in
adulthood. It would also be helpful o establish whether
any asseciations between childhood obesity (or fat pat-
terning) and adult disease are independent of ohesity
statug in adulthood. These data, along with information
on characteristics that influence these associations,
may allow more effective interventions to be developed
and more precisely targeted.
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