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SKINFOLD THICKNESS OF CHILDREN 6-11 YEARS,
UNITED STATES

Francis E. Johnston, Ph.D., Peter V, V. Hamill, M.D,, M,P.H., and Stanley Lemeshow, M.s.P.H.

INTRODUCTION

This report of data on skinfold measure-
ments from Cycle II of the Health Examination
Survey (HES) is the third one in a series of re-
ports presenting analyses and discussion of body
measurements performed in Cycle II, Data on
heights, weights, skinfolds, and 25 other dimen-
sions are related to variables such as age, sex,
race, geographic region, socioeconomic level of
family, IQ, self-concept, school achievement,
and skeletal age, The first report! analyzed and
discussed data of height and weight by age, sex,
race, and geographic region of the United States,
while the second report? carried the analysis and
discussion of height and weight data further by
considering some measurable socioeconomic
variables,

Cycle I of the HES, conducted from 1939 to
1962, obtained information on the prevalence of
certain chronic diseaseg and on the distribution
of a number of anthropometric and sensory char-
acteristics in the civilian, noninstitutionalized
population of the continental United States aged
18-79 years., The general plan and operation of
the survey and of Cycle 1 are described in two
previous reports ~and most of the results are
published in Series 11 reports under the desig-
nation PHS Publication No. 1000,

2Professor of Anthropology, Temple University,
Philadelphia, Pennsylvania; Medical Advisor, Children and Youth
Programs, Division of Health Examination Statistics; and
Analytical Statistician, Division of Health Examination
Statistics, respectively.

Cycle 1I of the HES, conducted from July
1963 to December 1965, involved selection and
examination of a probability sample of nonin-
stitutionalized children in the United States aged
6-11 years. This program succeeded in examin-
ing 96 percent of the 7,417 children selected for
the sample. The examination had two focuses:
factors related to healthy growth and develop-
ment as determined by a physician, a nurse, a
dentist, and a psychologist; and a variety of
somatic and physiologic measurements performed
by specially trained technicians, The detailed plan
and operation of Cycle II and the response results
are described in another publication,?

While height and weight are the basic meas-
urements used to define a normal pattern of
growth and development in children, the years
since World War II have seen a marked increase
in the study of body mass and its components
and the application of the results to a variety
of problems,. Investigators have developed a num-
ber of models to express quantitatively the
composition of the body through partitioning its
weight, Each model has its own set of assump-
tions and each has been derived with a certain
purpose in mind, All, however, are based upon
the knowledge that gross body weight is but a very
limited measurement of the growing child, Two
individuals of the same weight and height may
differ strikingly in the amounts of protein, or
fat, or even in the inorganic constituents of the
skeleton, These differences may reflect the ef-
fects of the environment and may serve as fairly
sensitive indicators of nutritional deficiency or
excess, or of the action of particular diseases.



Many components of body mass, e.g., the
distribution of the various trace elements, are
relatively constant from one individual to another.
On the other hand, body fat varies strikingly
among individuals or populations, whether ex-
pressed in absolute terms, such as kilograms
(kg.), or as apercentage of body weight, Individuals
vary normally during their life cycles in the
amount of fat they carry; they differ from each
other in the patterns of deposition upon and within
the body; females, even under optimal dietary
conditions, generally display 25 percent more fat,
expressed as percentage body weight, than do
comparable males,

In other words, there are many sources of
variation in normal states of health. In addition,
poor environments may drastically alter the
amount and deposition of fat; for example, its
measurement may accurately reflect the caloric
excess of a sample of individuals, Likewise,
particular disease processes may alter normal
metabolic patterns with consequent effects upon
the amount and deposition of fat,

In short, the measurement of body fat pre-
sents the investigator with an interpretive tool
which can be of great value in research or in the
clinical evaluation of individuals,

There are a number of methods currently
used to determine the amount of fat carried by
an individual.®® Some of these are quite elegant
and require expensive and elaborate laboratory
procedures, Others are less involved and need
little in the way of sophisticated hardware, yet
can yield suitably accurate results if performed
properly. Of the latter, the measurement of
skinfold thickness ranks near the top. Rather
than measuring chemically extracted fat, this
approach involves the measurement of a double
fold of subcutaneous tissue plus skin, pulled away
from the underlying tissue by the observer at a
predetermined site on the body.

The validity of skinfold measurements rests
upon two assumptions: first, that the measurement
of the thickness of the subcutaneous layer of fat
will reflect suitably the total body fat of an in-
dividual; second, that certain sitesare correlated
well enough with the entire subcutaneous layer
so that relatively few measurements will ac-
curately estimate its thickness, Both of these

assumptions have been the subject of prolonged
and extensive research, but it is not the purpose
of this report to review the voluminous scientific
literature on the subject. Suffice to say thatthese
assumptions are considered sound enough so that
the exceptions to them do not vitiate the use of
skinfold measurements in the study of body com-
position in large population samples, In fact, the
taking of skinfolds has distinct advantages, Their
measurement does not require elaborate, ex-
pensive, or time-consuming procedures, Rather,
trained technicians, using standardized calipers,
spring loaded to a constant tension to insure a
uniform compression of the tissue, are able to
measure skinfolds quickly and at an acceptable
level of accuracy and replicability—if performed
with suitable skill and care, This method is cer-
tainly the most applicable to the large-scale
studies which are necessary for the determination
of within- and between-population studies, It is
also the method suited for studies that are con-
ducted away from sophisticated physiological lab-
oratories, Virtually every group which has con-
veried to consider the problem of body composition
research and its application has recommended the
taking of skinfolds as an integral part of any ex-
amination procedure,?

A logical sequence of reports of findings of
Cycle Il of the HES on body measurements has
been designed, beginning with a rather straight-
forward, descriptive presentation of the data in
the earliest reports and proceeding through more
analytic stages and the examination of various
scientific problems, Although a number of topics
dealing with body measurements and body com-
position will eventually be examined, such as
childhood obesity and the development of predic-
tive equations of lean body mass, this report is
purposely restricted in scope, It presents the dis-
tribution of skinfold measurements taken atthree
different anatomical sites by age, sex, and race
of the children and by geographic region of the
country, Additionally, some comparisons are
made with children of other countries, and a
description is given for the clinical use of tables
of skinfold distribution by body weight in conjunc-
tion with weight-by-height tables from Keport No,
104.1 in this series,



METHOD

At eachof40 preselected locations? through-
out the United States, the children were brought
to the centrally located mobile examination center
for an examination which lasted about 2% hours.
Six children were examined in the morning and
six in the afternoon. Except during vacations, they
were transported to and from schooland/or home.

When they entered the examination center, the
children's oral temperatures were taken and a
cursory screening for acute illness was made, If
illness was detected, the child was taken home
and reexamined at a later date. The examinees
changed into shorts, cotton sweat socks, and a
light, sleeveless top and proceeded to different
stages of the examination, each one following a
different route, There were six different stations
where examinations were conducted simulta-
neously and the stations were exchanged, some-~
what like musical chairs, so that at the end of 2%
hours each child had essentially the same exam-
inations by the same examiners but in a different
sequence, At three of these stations the children
were examined by a pediatrician, a dentist, and a
psychologist, and at the other three stations highly
trained technicians performed a number of other
examinations, including chest and hand-wrist X-
rays, hearing and vision tests, respiratory func-
tion tests and electrocardiography, an exercise
tolerance test on a bicycle ergometer, a battery
of body measurements, and a grip strength test,

Included in the anthropometric battery were
measurements taken of the thickness of the skin
plus subcutaneous tissue at three anatomical sites:
(1) the lriceps (or upper arm) skinfold, on the
posterior aspect of the upper arm midway between
the elbow and the acromial process of the scapu-
la; (2) the subscapular (or infrascapular) skin-
fold, on the back immediately below the inferior
angle of the scapula; and (3) the midaxillary (or
lateval chest wall) skinfold, on the lateral wall of
the chest, in the midline of the axillary region,
at the level of the nipple.

All measurements were made on the right
side of the subject, if possiblé, and recorded to
the nearest half-millimeter(mm.). Measurements
were taken twice, and, where necessary, any

bSee the section The Survey Design in appendix 1.

discrepancies were resolved by means of a third
measurement, In all cases a Lange skinfold
caliper was used; this instrument is designed to
exert a constant pressure of 10 grams/mmJ2
throughout the range of jaw openings. The preci-
sion of the caliper was tested daily by checking
it against metal standards of known widths.

Periodic training sessions were conducted by
outside consultants to insure continued proficiency
in the measurement techniques and also to obtain
replicate data for the purpose of quantifying ob-
server error. The results of the replicate exam-
inations arepresented in appendix IIT, pages 57-60,
and more detailed descriptions of the technique
of measuring skinfolds and of quality control are
given on pages 50-56.

Inall ofthe reports from the HES, age is ex-
pressed as the years attained at the last birthday,
and the grouping for this report follows this con-
vention. The meanage of each category, therefore,

- approximates the midpoint of the whole year, e.g.,

the 8-year-old male group consists of al-year
cohort whose mean age is 8.5l years, while the
corresponding female sample averages 8.49
years, The ages were validated from birth cer-
tificates in 95 percent of the subjects; in the re-
maining cases the age reported by the parentwas
used,

"Race' was recorded as "white,” "Negro,"
and "other races," The white children comprised
85.69 percent of the total, the Negro children
13.87 percent, and children of "other races' only
0.45 percent. Because so few children were clas-
sified as "other races," data from them have not
been analyzed separately, These data were in-
cluded when ''total" was used but were dropped
when a white-Negro dichotomy was used,

RESULTS

Tables 1-3 present the basic distribution sta-
tistics for the total sample broken down into age
and sex categories, In addition to the actual and
weighted sample sizes, the tables include for each
group the mean, standard deviation, standard
error of the mean as defined through replication®
and the values for seven percentiles from the Sth

¢Discussed in the section Parameter and Variance
Estimation in appendix I.



through the 95th. All were derived from the
weighted sample sizes,

The usual parameters for normal distribu-
tions—the mean and its standard error—are in-
cluded mainly because some investigators con-
tinue to use them in their research on skinfolds,
At the same time, the nature of the distributions,
as clearly indicated by the percentile values, is
skewed to the right and suggests that erroneous
conclusions may very well result from the use
of statistics which assume symmetry in the data,
This is especially true in the case of the standard
error of the mean; with the marked skewness ap-
parent in the distributions, such measures of
dispersion may lead to grossly inaccurate esti-
mates of variation about the mean, For these
reasons, the analysis in this report uses the medi-
an and other percentiles for most presentations,
but it uses the mean and its standard error when
additional information may be gained from con-
sidering them,

Age Differences

Figures 1-3 depict the distributions of the
seven selected percentiles for each age group, by
sex, One may note changes in the values from one
age to the next; steadily increasing values of al-
most all of the percentiles with age are evident
for all three sites in both boys and girls, the slope
of the line being steeper in the case of the higher
percentiles, The amount of skewness at theupper
end of thedistributions tends to increase with age;
i.e., at older ages the distance from the 50th to
the 95th percentile becomes proportionately
greater than that from the 5th to the 50th,

The 95th~percentile values show the greatest
absolute change from year to year regardless of
site in both males and females. The changes be-
come less and less, as one moves down the per-
centiles, until the 5th is reached, This level is
more or less unchanged from 6 through 1lyears.
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Figure 1. Distribution by selected percentiles of the triceps skinfold of U.S. children, by sex and age.
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Distribution by selected percentiles of the midaxillary skinfold of U.S. children, by sex and age.




Sex Differences

Figures 4-6 show the median values for each
of the three skinfolds for the entire sample.
Separate curves for boys and girls are presented
to clearly demonstrate the sex differences in
skinfolds, Although the values may sometimes
be the same for both boys and girls, those for
boys are never greater, The medians among girls
are approximately 25 percent greater than those
of boys of the same age for the same site,

By examining males and females for each of
the seven selected percentiles, at each age and
site, 126 comparisons are possible (six age cate-
gories, seven percentiles, three sites), Of these,
girls have values either equal to or greater than,
but never less than, those of boys.

Race Differences

Tables 4-6 present the data in the same
basic form as in tables 1-3, but for whites and
Negroes separatelyd A comparison of the me-
dians may be seen graphically in figures 7-9.
For any of the three skinfolds, white girls dis-
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Figure 4. Median triceps skinfold of U.S. children,
by sex and age.

d An interpretation of observed racial differences is given in
the Discussion section, later in the report.

7.:-—
14
S e
2 €
SE
o 5
g -
?Q
=Z 4
2y
own
i,
s 3

0 r | 1 | ] |
6 7 8 ) 10 11
AGE IN YEARS

Figure 5. Median subscapular skinfold of U.S. chil-
dren, by sex and age.

7 p—
m—mmen Boys
> - Girls
EA 6 = ’_—.l
- -
xE g5l ”~
39 i
5P 4 mamZ —
Z 2
<z
7]
a8° sl
= .
0 { | | ] I
6 7 8 9 10 11
AGE IN YEARS

Figure 6. Median midaxillary skinfold of U.S. chil~
dren, by sex and age.

play the highest medians, especially at the triceps
and midaxillary sites. At the subscapular site,
white girls have medians which are greater than
any other group, except Negro girls; the median
subscapular skinfolds are the same for both groups
at every age except 8 years. Compared tothe two
male groups, Negro girls have medians for the
three skinfolds which exceed those of Negro boys
atvirtually every age although, in five cases (four
of them at the midaxillary site), the values are
the same. The medians for Negro girls are greater
than or equal to (but never less than) medians
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Figure 8. Median subscapular skinfold of U.S. chil-
dren, by race, sex, and age.

for white boys of the same age at the two trunk
sites: the subscapular and midaxillary skinfolds,
However, over the triceps muscle, the medians
of skinfold thicknesses of Negro girls are either
less than or equal to the medians of the white
boys.

Thus, it appears that, in the case of limb
fat, racial mechanisms are more predominant
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Figure 8. Median midaxillary skinfold of U.S. chil-
dren, by race, sex, and age.

as determinants of skinfold thicknesses, since
white boys have higher medians than do Negro
girls—this, despite the greater subcutaneous fat
thicknesses associated with females. In contrast,
on the trunk, sex mechanisms predominate over
racial, since Negro girls have greater median
thicknesses for subscapular and midaxillary skin-
folds than do white boys.

Negro boys have the lowest medians of all
for all three skinfolds, though, in some instances,
the values may equal (though never exceed) those
of either Negro girls or white boys. In general,
only slight change with age is observed among
Negro boys of the HES; an extreme example is
the midaxillary fold, which has a median thick-
ness of 4,0 mm. for all age groups in the range
of the survey.

An examination of the mean skinfolds pre-
sented in tables 4-6 shows approximately the
same pattern as is seen when the comparisons
are based on medians, The means are plotted
against age in figures 10-12, and while the sex
differences may not be quite as clear cutas when
the medians are used (as in figures 7-9), it can
be seen that again sex mechanisms are more pre~
dominant in trunk fat, while racial mechanisms
predominate in the upper arm.

The nature of racial differences inthe distri-
bution of skinfolds becomes even more clear by
viewing the differences among the means. In
general, the differences between the means of



white and Negro boys, and between white and Negro
girls, are greater than between the medians, In
other words, the racial separation is more evident
in mean skinfold than in median skinfold thick-
ness. For example, in the case of the subscapular
fold, white girls had means higher than those of
Negro girls at every age (figure 11); on the other
hand, the medians of the two racial groups were
equal at five of the six ages (figure 8).
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Figure 10. Mean triceps skinfold of U.S. children,
by race, sex, and agde.

Since the use of the median corrects for dis-
tributional skewness to a significant degree, and
since the arithmetic mean is affected by skewness,
the larger separation between Negroes and whites
when the comparisons are based upon the means
reflects greater skewness among the skinfold
distributions in whites than in Negroes, Exam-
ination of the percentile values in tables 4-6
confirms this. The values for Negroes and whites
of the same sex are quite similar for subscapular
and midaxillary folds at the 5th, 10th, 25th, and
50th percentiles, However, at the 75th, 90th, and
95th percentiles the divergence is quite striking
and, in addition, whites have higher values in al-
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Figure 12.

most all cases, For example, at the subscapular
site, the 10th-percentile value for both Negro and
white girls is 4.0 mm., but the 90th-percentile
average value for the 6 years in whites is 12mm.
and in Negroes only 10 mm.

Thus, for all three sites, the skinfold dis-
tributions are more highly skewed to the right in
whites than in Negroes. This appears to be the
major (and perhaps the only real) racial difference
in trunk fat, For the triceps fold, onthe other hand,



there are differences at all percentiles, That is,
the differences in limb fat, as measured by the
triceps skinfold, between whites and Negroes of
the same sex exist not only inthe degree of skew-
ness, but also in absolute amount. By this reason-
ing, the larger separations between Negroes and
whites (by sex) seen in figures 7 and 10 (limb fat)
compared with the smaller differences in figures
8and 9 and figures 11 and 12 (trunk fat) reflect
principally sex-related mechanisms in subscapu-
lar and midaxillary skinfolds, reinforced by dif-
ferences in distributional skewness between the
two racial groups. At the triceps site, racial
factors predominate and even override sex fac-
tors, since white boys tend to have higher values
than do Negro girls, These differences are made
even larger through the greater skewness in dis-
tribution of triceps fat characteristic of whites
of both sexes.

Regional Differences

Geographical differences in skinfold thick-
ness may be noted in tables 7-9, The HES sample
is broken down into four regions: Northeast, Mid-
west, South, and West, The differences, where they
exist, are numerically small, although a certain
consistency may be seen. Inalmost all of the com-
parisons the Northeastern, Midwestern, and
Southern groups follow a pattern: where a dif-
ference in the median values occurs, children
from the Northeast display the highest values
and children from the South display the lowest.
Children from the Westdonot fall into this pattern,
tending to be on the smaller side, in terms of
meadian skinfold thickness, during the earlier
years, but having higher medians, relative to the
other regions, at 10 and 11 years. Inother words,
the slope of a line formed by joining the medians
would be somewhat greater for Western children
than for those from the other three regions,

Correlations Among Skinfolds

The coefficients of correlation among all
possible pairs of the three skinfolds were com-
puted for the HES sample and are shown in
table 10, The sample was divided into age, sex,
and race categories as well as the larger, sum-
mary categories.

An examination of table 10 fails to reveal
any startling differences. Initially, comparingthe
correlation coefficients of whites to those of
Negroes, it is found that of the 36 comparisons,
Negroes had larger values 18 times. Further
examination reveals that white boys had larger
coefficients than their Negro counterparts 13 of
18 times, while Negro girls had larger coeffi-
cients than their white counterparts 13 of 18
times.

Next, a comparison of males and females
shows that females had higher correlation coef-
ficients than did males of the same age and race
21 out of 36 times. However, withinwhites, males
scored higher than females 11 of 18 times, while,
among Negroes, females scoredhigherthan males
14 of 18 times, Thus, there were no consistent
differences in the correlations between sites be-
tween either boys and girls, or whites andNegroes,

Since there were no observable patterns
or differences in the correlations by age and sex,
they could be combined, yielding only three values.
These values were quite high, ranging from 0,79
through 0.87. This suggests that at a moment in
time, for any child from 6 to 11 years, the
thicknesses of the three skinfolds are strongly
related in a positive direction. Thus, a child who
has greater fat deposits on his arm will likewise
have greater deposits on his trunk; the opposite
of course is true in the case of the less fat child,
Even when the sample was divided into age, sex,
and race categories, 30 of the 36 coefficients
were greater than 0.70 and all exceeded 0,50,

Even though there is a strongly positive as-~
sociation for all possible pairs of skinfolds,
there are also indications that some pairs of
skinfolds may be more highly related than others,
For the entire sample the correlation between
the subscapular and midaxillary skinfolds was
the highest at 0.8721, and that between the tri-
ceps and midaxillary folds the lowest at 0.7889,
The third pairing, triceps and subscapular,
yielded the intermediate value, 0.8071,

The consistency of this hierarchy of values
was tested by considering the correlations by
age, sex, and race, In this way, 24 sets of three
v values were available, again as seen in table
10, Urilizing these 24 sets, the following pro-
cedure was carried out, Within each set, the
pairing which gave the highest correlation was



ranked as 3, the lowest as 1, and the inter-
mediate value as 2, For each pair of skinfolds,
the ranks were then summed. Since there were
24 sets, if a particular pair were to give the
highest # value each time, its sum would be
72; if any pair were to always have the lowest
ranking, the sum would be 24 (i.e., 24 rankings
of 1).

Moreover, if the above ranks were distrib-
uted by chance among the three possible pair-
ings (i.e., if there were no association between
pairs of skinfolds and rank), the sum of ranks
for each pair would be about 48, Therefore, the
significance of the deviation of the calculated
sum of ranks away from 48 toward either a low
of 24 or a high of 72 could be evaluated by the
W, statistic.®

The above procedure yielded the following
sums of ranks:

subscapular-midaxillary 63
triceps-subscapular 49
triceps-midaxillary 32

This suggests that the highest correlation is be-
tween the subscapular and midaxillary skinfolds
(the two measures of trunk fat) and the lowest
between the triceps and midaxillary; the triceps-
subscapular pairing tended to be intermediate be-
tween these two, The significance of the deviations
from the sums obtained when there was no hier-
archy was tested by calculating the W, statistic
which is distributed as chi square; this resulted
in a value of 13.10, which, with 2 degrees of
freedom, is significant at the .01 level,

Skinfold Distributions by Age and Weight

Although skinfolds are rapidly becominguse-
ful indicators of the growth and development of
children, they achieve their greatest utility when
considered in conjunction with other growth param-
eters, Since the ultimate purpose in measuring
body fat is to partition total body weight into
more meaningful components, skinfolds ought to
be considered in relation to body weight, For

€See the section Analysis of Correlations Among Skinfolds
in appendix 1.
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this reason tables 11-22 present the percentiles
for the triceps skinfold by age and sex, by 5 kg.
weight categories, where sufficient numbers of
subjects have been examined to yield stable per-
centiles.f The presentation here is limited to the
triceps skinfold because of its greater utility in
obesity studies.

Consider, for example, the examination of
two boys, each 8 years of age and with the fol-
lowing dimensions:

Boy 1 Boy 2

Age-mumcmmman-= 8 yr. 8 yr.

Height========~ 46 in. 54 in.
(116.8 cm.) (137.2 cm.)

Weight--=~e--- 45 1b. 75 1b.
(20.4 kg.) (34.0 kg.)

Triceps fold-- 10 wmm. 10 mm.

The examination of each boy might begin
with the evaluation of weight-for-height, using
the distribution tables for the height and weight
of HES children in Report No,1041 in this series,
Table 17 of that report lists weight percentiles
by height for 8-year-old boys. Boy number 1,
above, with a height of 46 in. and a weight of
45 1b,, is near the 50th percentile in weight for
that height, However, when one examines table
12 of the present report, the distribution of
triceps skinfolds for boys in the above weight
category of subject number 1 may be seen: a
triceps skinfold of 10 mm, places him at the
95th percentile, Thus, even though weight-for-
height might be satisfactory, boy number 1 is
among the fattest 8-year-olds of that weight.

If boy number 2 is also evaluated against
the national standards of the HES !again utilizing
table 17, it may be seenthat, for a height of 54 in,,
his weight of 75 1b, places him verynear the 75th
percentile in weight-for-height. Again moving to
the triceps skinfold-for-weight distributions of the
present report, it may be seen from table 14 that,

fRor criteria determining sufficient numbers of children for
a cell, see the section Standards of Reliability and Precision in
appendix L.



for his weight and age, a triceps skinfold thick-
ness of 10 mm. places him at the S0th percentile.
Boy 1, though not "heavy" (i.e., husky for size,
squat, chunky), is 'fat"; while boy 2, although
"slightly heavy," is not "fat.,”” (This seeming par-
adox will be examined further ina futurereport
on body composition.)

Thus, an estimate of the degree of fatness

becomes another tool which, in conjunction with’

height and weight, affords greater accuracy for
an evaluation of the growth status of individual
or groups of children,

DISCUSSION

The use of measures of body fat as indicators
of child health and patterns of growth, as popula-
tion parameters, or as aids in determining the
quality of the environment has increased markedly
in recent years, Anthropometric measures are
serving as indicators of underlying processes of
growth and development with increasing fre-
quency. At one time anthropometry was the tool of
those individuals more interested in the descrip-
tion of the body than in its underlying processes
and control mechanisms, The development of
measurements which are concerned with process
and which go beneath the mere description of
external form, as typified here by body composi-
tion measurements, permits a more meaningful
study and evaluation of growth processes at the
level of the individual and the population of which
he is a member,

Because of the relative newness of skinfold
measurements as a technique, comprehensive
studies of their distribution have yet to accumu-
late in any number, Almost all of the studies to
date have been much narrower in scope, with
more restricted sampling and much smaller sam-
ple numbers than characterizes the HES,

The data presented in this report constitute
the most comprehensive distributions presently
gvailable for U.,S, children 6-11 years of age, As
discussed in appendix III, the utility of thedata is
strengthened by careful training techniques and
attention to quality control; all 7,119 childrenwere
measured by a single team of four technicians who
remained together for the entire survey. The level

of training and performance achieved in this cycle
insures that the distributions are aslittle affected
by errors of measurement as it is possible to make
them.,

The sophisticated sampling techniques insure
that the distributions infact represent those which
exist in the U,S, population. The application of
statistical weights to the raw sample numbers
yields an effective size of 23,784,072 children.
Thus, seldom if ever have such elegant sampling
techniques and painstaking attention totechniques
of measurement been combined in a single scien-
tific study of the growth of children. Whether the
resulting data are used as standards of reference
in the clinical evaluation of individual children,
or epidemiologically in population comparisons,
they are as free of extraneous variation as is
possible in a study of this magnitude,

The skinfold sites selected for measurement
in Cycle II are those usually measured by most
other investigators, Hence, maximum compara-
bility to other studies has been afforded. The
triceps skinfold, by far the single most frequently
taken measurement of adipose tissue, may be
used to estimate limb fat, while the subscapular
and midaxillary folds are indicators of trunk fat,
Since subcutaneous fat thicknesses onthe armand
leg are well correlated 10 throughout this age
range, the triceps fold thickness will give an
adequate measure for the limbs, However, be-
cause there is evidence that trunk and limb fat
change differentially during growth,'! it isdesir-
able to have separate estimators of these two
body sites.

Age Differences

The skinfold thickness data from Cycle II of
the HES indicate that from 6 through 11 years
there is a rather steady increase in the medians,
and most other percentiles, for fat on both the
upper arm and trunk of boys and girls. The ex-
ception to this is that, for any age, the values
for the leanest 5-10 percent remain about the
same, This increase is not unique to American
children and may be observed in less advantaged
parts of the world as well.m However, since
subcutaneous fat deposition reflects, among other
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things, the excess of caloric intake over require-
ments, the increase in skinfold thickness withage
is greater in children with optimal and above-
optimal diets such as one often finds in this country.

The distribution of skinfolds at every age
shows considerable skewness with a displacement
of the curve to the right, While any component of
body mass will show this skewness, including
body weight itself, fat shows greater asymmetry
than most. This presumably indicates that, while
there is an absolute lower limit of body fat neces-
sary for the maintenance of body functions, the
upper limit may be altered by extrinsic factors,
such as diet and exercise, which may affect the
energy needs and balance of the body, The marked
skewness in fat may be seen, for example, by
examining the distribution of subscapular skin-
folds in the 11-year-old cohort of girls (table 2),
The difference between the Sth and 50th percent-
iles is only 3.0 mm. (from 4.0 to 7.0), while that
between the 50th and 95th is a striking 13 mm,
(from 7.0 to 20.0).

With such obvious skewness, investigators
should be especially cautious in their selection
of measures of central tendency and tests of in-
ference. Parameters which assume anormaldis-
tribution have little, if any, meaning, and their
use may very wellleadto erroneous conclusions,
In particular the standard deviation cannot be used
to define the middle two-thirds of the distribution,
or the true nature of its dispersion will go un-
noticed, Thus, individuals cannot be accurately
evaluated against standards of reference for sub-
cutaneous fat when the variation about the mean
is expressed as standard deviation units, At the
same time, the mean itself will be displaced away
from the center of the distribution.

There may be times when the means are
useful in analyzing skewed distributions, The
analysis in this report utilized the means, com-
pared to medians, as indicators of the existence
of skewness, although the same could have been
done by actually calculating the appropriate
statistical moment. As is the case throughout the
scientific world, statistics must not be used
blindly, but should be applied knowledgeably to
specific situations,

Sex Differences
The greater fatness of females has been a

matter of record since the onset of body com-

12

position research, and was even recognized in-
tuitively before it could be objectively meas-
ured, The distributions in tables 1-3 clearly in-
dicate that this sex difference exists during the
middle years of childhood. In addition, it is im-
portant to realize that differences in the amount
of fat exist even between boys and girls of the
same body weight, Consider, e.g., table 14, where
the distribution of triceps skinfold is presented
for children weighing 30-34.9 kg. (66-77 1b),
At 7 years of age, the 50th-percentile skinfold in
boys is 12 mm, while, in girls, itis 15.5, Similar
differences exist at other ages and for other
weight categories. Thus, the sex differences in
fat reflect true differences in body composition
and not just body size variation. The demonstra-
tion of this difference by 6 years of age indicates
an early genesis and argues against any sim-
plistic explanation based only upondiet, exercise,
or other extrinsic factors.

Race Differences

The leanness of American Negroes as com-~
pared to American whites has been documented
in the past, for example, during childhood by
Malina,13 during preadolescence by Piscopo, 14
and among vyoung adults by Newman.*® While
environmental differences may play a role, the
consistency of these findings, even when the
environments are more equalized (e.g., among
U.S. soldiers, as in Newman's study), suggests
genetic mechanisms. The clear existence of sub-
cutaneous fat differences by 6 years of age again
points to an early genesis,

The data of the HES provide some additional
insights into the nature of the Negro-white dif-
ferences in skinfold thickness. They demonstrate
that racial variation is not the same for all sites,
being far more striking for the upper arm than
for the trunk, There, white children of either sex,
from 6 through 11 years, have skinfolds which are
about 25 percent thicker than their Negro age
peers, However, at the subscapular and midaxil-
lary sites, the median skinfold thicknesses are
not notably different between the two racial groups.

The HES data indicate that differences in
trunk fat are to be found principally in the upper
percentiles, suggesting that, for appropriate skin-
folds, the nature of the racial difference in trunk
fat is in the form of the distribution itself, The



greater skewness found among whites in the HES
data was also found in Newman's study of army
recruits,!® Among these adults and near adults
the skinfold values had a narrower distribution
among black soldiers than among the white,

Thus, based on the triceps, subscapular, and
midazxillary skinfolds, the racial differences may
be summarized as follows: trunk fat(subscapular
and midaxillary sites) differences are a matter
of greater skewness among white children; this
affects the higher percentiles (above the median)
and, of course, the mean as well, When the entire
distribution has not been considered, this effect
upon the statistical mean has led, apparently, to
the simplistic conclusion that most whites have
""more" fat on their trunks than do mostNegroes.

On the other hand, limb fat (triceps site)
differences are apparent throughout the distri-
bution and may be noted at the lower as well as
the higher percentiles. In addition, the same
increase in skewness as noted for the trunk is
apparent at the upper arm site, The operation
of factors which increase fat throughout the
distribution, as well as of factors which in-
crease its skewness (thereby affecting the higher
percentiles), serves to create even greater dif-
ferences among the means than one sees for the
trunk skinfolds., This is easily seen in figures
10-12,

These observations lead to an interesting
speculation regarding the mechanisms under-
lying differences in subcutaneous fat patterning
in whites and Negroes, The differences in the
form of the distributions may be attributed to
differential environments which skew the dis-
tribution more in whites. This could be attrib-
uted to a greater excess of calories among more
American white children than among American
Negro children, On the other hand, the differences
in triceps fat which are apparent throughout the
distribution may be attributed to hereditary mech-
anisms operating differentially inthe two popula-
tions,

If this speculation is correct, then the dif-
ferences in limb fat between whites and Negroes
may be attributed tohereditary and environmental
factors, while those in trumk fat are due pri-
marily to environmental factors., Some support
for the locus of genetic differences being in the
extremities is offered by the observations of

other investigators that Negroes and whites dif-
fer (also apparently due to genetic mechanisms)in
the relative length of the limbs'® and that they
differ in limb musculature as well,!” However,
these speculations about the differences in fat
control mechanisms for the trunk and limb must
be restricted to children from 6 through 11years
of age.

Regional Differences

Geographical variation in skinfold thickness,
though of small magnitude, does exist in the HES
sample and seems to follow a generally consistent
pattern. The exception to this pattern is to be
found in children from the West., Apart from
them, however, there is a gradient in skinfold
thickness from the Northeast through the Midwest
to the South. Ingeneral, these regional differences
found in skinfolds parallel those in height and
weight as discussed in Report No, 104 lin this
series,

While these geographical differences are
rather consistent, they are numerically small and
seem to be of little, if any, consequence in the
evaluation of individual children., Although the
range of geographical variation may reachas high
as 2 mm., it is much more commonly found to be
in terms of only fractions of a millimeter,
Therefore, although the regional differences are
real, they are so small that the data of this re-
port may be used clinically without adjusting for
geographical region of the children being studied ®

EThe regional comparisons cannot be considered quite
unbiased. Making sharp regional comparisons is not one of the
strengths of the HES design for two reasons: (1) The four
sampling quadrants of the country (listed in appendix I} were
not primarily based on biologic environmental rationale; they
represented slight modifications of the existing Bureau of the
Census divisions which were necessary for the HES
multiple-stage sampling. These divisions were used by HES
more for their sampling conveniences than for their
epidemiologic convenience. (2) The second reason is logistic.
As depicted on a map by McDowell,> HES went south in the
winter and north in the summer (not simply for the delectation
of the staff, but because one good winter snowstorm would
have played havoc with the very elaborate advance scheduling).
To have standardized for season would have been extremely
costly in time and money.
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Comparison With Children From
Other Countries

Since the thickness of the subcutaneous layer
of fat is to a significant degree a function of
caloric excess, one would expect to find greater
skinfolds among U.S. children, who generally ex-
perience a higher nutritional intake than do those
of other countries, However, since fatness is
also controlled by hereditary mechanisms, any
comparisons which cross both national and
racial lines must deal with the interactions be-
tween genetic and socioeconomic factors.

Even with the above reservation, it is useful
to consider some international comparisons,
Children of the HES have more fat on the arms,
but lesson the trunk (basedupon median values),
than do the London schoolchildren reported on
by Scott.'® The differences are greater for the
triceps than the subscapular fold throughout the
range of percentiles, as seen in figures 13 and
14, Using Seltzer's criteria of the triceps skin-
fold as a measure of obesity,1? this difference
between ethnically similar samples may reflect
greater nutritional intakes among American
children. However, this is only a suggestion; the
answer requires more investigation.
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U.S. white children have consistently higher
skinfolds than children of the same age range from
the Peruvian Andes.? These differences areinthe
order of 10-20 percent for the trunk and close
to 30 percent for the arm, Again, interpretation
of these differences must, of course, remain
speculative since, in addition to ' previous cau-
tions, there is also the problem of the effects upon
body fat of life at an altitude greater than 13,000
feet above sea level, characteristic of the Peru-
vian group.

Another source of comparative data is to be
found in the study by Fry et all? of over 7,800
Hong Kong boys and girls 6-18 years of age. The
children were divided into three socioeconomic
groups, though the epidemiological features of
each group were not described, Fry transformed
the skinfold values into anear normal distribution
by the use of logarithms and then used standard
statistical measures appropriate for normal dis-
tributions to describe the transforms, suchasthe
mean and standard deviation. While one may
convert back to the original skinfold by means of
the antilog, a precise comparison of these values
to the HES medians is not possible and only
marked differences can be discussed.

Children of the HEShave thicker triceps skin-
folds than Chinese boys and girls of the same age



regardless of socioeconomic class, the differences
being clear cut in both sexes, This heldtrue even
for those Hong Kong children classified as being
of "high" socioeconomic class, although the epi-
demiological correlates of this class were not
described.

Despite the higher skinfolds at the triceps,
the subscapular skinfolds of white children of the
HES were not markedly greater and were fre-
quently lower than the antilogs of the upper socio-
economic group of Hong Kong boys and girls,

The meaning of the differences between U.S.
and Hong Kong children is even more difficult to
assess since the age categories were constructed
differently and each group of the Chinese sample
was about 6 months older, on the average, than
the U.S. children.

It should be obvious that few meaningful state-
ments can be made about differences between the
U.S. and Chinese samples, despite large sample
sizes, because of differences in analytical pro-
cedures, Standardization of methodology isneeded
if studies are to be comparable.

Correlations Among Skinfolds

As mentioned earlier, the correlations among
skinfolds suggest a general ""fatness' component,
but at the same time, indicate more independence
between trunk and limb sites than between the two
trunk sites compared to each other. This certainly
suggests that, when conducting studies or exam-
ining individuals, estimates of both trunk and limb
fat provide the greatest amount of information.
The absence of significant differences in cor-
relations between skinfold pairs among Negroes
and whites, or males and females, indicates that
the high relationship found is biologically quite
pervasive and not affected by these other vari-
ables.

Table 23 compares the correlations between
the triceps and subscapular skinfolds, by age, of
the HES to those reported by Scott.'® The higher
correlations are to be found among American
children; for American Negroes, the ¥'s exceed
those of London children 11 of 12 times, while
for whites, the higher correlations are found
among Americans 10 times.

The correlations reported for the London
County Council Survey also differ from those of

the HES in that there is an apparent age trend
among the former. The values for the correlations
tend to rise with age; among American children
no age trend is discernible, The values for the
HES arevery closeto those presented by Malina 21
for a smaller sample of American Negroes,

No complete explanation may be offered for
the higher correlations between triceps and sub-
scapular skinfold thickness in American children
than in their British age peers, nor for the lack of
an age trend in the HES data and its presence in
the London survey. Both studies were based upon
large sample sizes, and the general measurement
techniques were generally comparable, One dif-
ference is that the British children were meas-
ured by technicians using the Harpenden skinfold
caliper which reads to the nearest one-tenth of
a millimeter, while the Lange caliper, used in
the HES, may be read only to one-half of a milli-
meter, with reliability, How this difference in
measurement might have affected the correlation
coefficients is unknown,

Another possible explanation lies in the fact
that the HES utilized only four technicians, each
highly trained before the onset of the study, and
all helped by periodic training sessions during
its course, Scott's study utilized many more ob-
servers who were somewhat less well trained.
The increase in error with increased numbers of
measurers, because of the greater magnitudes of
inter-observer error, relative to intra-observer
error, is well known, The increased liability of
skinfold measurement to error, especially rela-
tive error (i.e., amount of error as a function of
magnitude of the measurement), is likewise known,
The combination of the two might have led to
greater error among the London study with a con-
sequent reduction in the correlations. The further
analysis of skinfold data from the HES Survey of
Youths 12-17 (Cycle III) may cast some light on
these very real differences.

Skinfold Distributions by Age and Weight

The distributions of skinfold thicknesses over
the triceps by body weight categories provide in-
vestigators with a frame of reference somewhat
finer than is allowed if body weight is not con-
sidered. The interrelationships of skinfold thick-
ness, body weight, and age are such that all
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ought to be considered in applying skinfold data
to specific problems. While these tables (tables
11-22) do not separate whites and Negroes (not
enough of the latter were available in the Cycle
II sample for the many cells utilized), they still
can be of use in particular situations.,

Conclusions

These data, considered as a whole, providea
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fold thicknesses on the trunk and upper arm of
children, separated into age, sex, and race
groupings. Because of the nature and compre-
hensiveness of the sampling techniques, they
are representative of the U.S, population 6-11
years old, and unless one were to isolate partic-
ular socioeconomic strata, they represent a
population enjoying about as high a level of
environment as can be examined today. Because
of the relatively highcaloricintake of American
children and because of .the value of skinfold
thicknesses in nutrition surveys,?22¢ they may
be taken as statistically adequate standards of
fatness for children with oneo
intakes in the world.

Finally, this report presents data that con-
stitute the first large-scale standards available
on American children during the mid-1960's
providing a basis for more sophisticated and
problem-oriented studies yet to come. Taken in
conjunction with Cycle I and III of the HES, they
should contribute to our knowledge of the state
of the physical development of American chil-
dren and provide a frame of reference for future
research in the area of child health,

SUMMARY

This report contains national estimates based
on findings from the Health Examination Survey in
1963-65 of three skinfold measurements of chil-
dren aged 6-11 years.

Iro ihis survey a naticawide probability
sample of 7,417 children was selected to
represent the roughly 24 million noninstitution-
alized children 6-11 years of age in the United
States. Of these, 7,119 children, or 96 percent,
were examined,

Measurement of the three skinfolds of each
examinee was part of the standardized examina-
tion. All measurements were made with a Lange
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skinfold caliper and were recorded to thenearest
half-millimeter. The triceps skinfold was meas-
ured to estimate limb fat, while the subscapular
and midaxillary skinfold measurements indicate
the amount of trunk fat, A detailed description of
the techniques of measurement and quality control
procedures is given in one of the appendixes.

For both the limb and trunk there is a
rather steady increase in fat for most boys and
girls from 6 through 11 years of age. However,
amongst the leanest boys (i.e., the leanest 5-10
percent) there is very little change.

Girls generally have skinfolds about 25 per-
cent thicker than those of boys of the same age
for the same site, Even among boys and girls of
the same body weight, girlshave a greater amount
of fat, Thus, sex differences in fat are shown to
reflect true differences in body composition, not
just body size variation,

The data comparing races confirm other
studies that American Negroes are leaner than
American whites, However, the racial variation
is not the same for all sites: the difference is

far oreater for the limbs than for the trunk
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White children of both sexes have upper arm
skinfolds which are about 25 percent thicker than
those of their Negro age peers, but at the trunk
sites the differences are not great,

The fact that white boys have more upper
arm fat than do Negro girls—despite the greater
subcutaneous fat thicknesses associated with
females—suggests that racial mechanisms pre-
dominate over sex mechanisms as determinants
of limb fat, In contrast, on the trunk, sex mech-
anisms predominate over racial since Negro
girls have thicker subscapular and midaxillary
skinfolds than do white boys. These findings, to-
gether with the analysis of skewness, led to the
speculation that the differences in limb fat be-
tween white and Negro children may be attributed
to both hereditary and environmental factors,
while those in trunk fat may be due primarily to
environmental factors, for example, a greater
excess of calories among white children.

Small geographical differences were noted
in skinfold thickness, Where a pattern exists,
children from the Northeast tend to have the
largest skinfolds and those from the South the
smallest.

Triceps skinfold measurements (ths most
widely used in obesity studies) are also presented



by 5 kg. body-weight categories to be used, in
conjunction with weight-for-height tables in Re-
port No., 104 in this series, for evaluating the
thickness of the fat layer relative to an individ-
ual’s height and weight,

The use of the skinfold measurements as
standards, both clinical and epidemiologic, is
discussed. Considered as a whole, the data may

be taken as statistically adeguate standards of
fatmess for children in countries with a high
average caloric intake,

U.S. children were found to have thicker
skinfolds than do London schoolchildren, children
of the Peruvian Andes, and Hong Kong boys and
girls, Adequate explanation of these differences
would require further investigation.
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Table 1,

Triceps skinfold of children by sex and age at last birthday: sample sizes,mean,stand-

ard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

_ Percentile
Sex and age n N X s 8y
5th| 10th | 25th{ 50th 75th 90th 95th

Boys In millimeters

6-11 years--| 3,632 | 12,081| 9.4| 4.28| 0.14| 5.0| 5.5| 7.0| 8.0] 11.0| 15.0] 18.0
6 years-=mececammo- 575 2,082 8,1 2.79( 0,17 5.0 5.0 6,0 8.0 9.0 12.0 13,0
7 years --==--ma-un 632 2,074 8.4 3.17| 0.141} 4.5 5.0 6.0 8.0 9.5 12.0 14,0
8 years-e--menoan- 618 2,026 9.0 3.77}{ 0.19]| 4.5 5.0 6.5 8.0 11.0 13.5 17.0
9 yearseec-cecaaac- 603 2,012 10,0 4,96| 0,28} 5,0 6.0 7.0 8.5 12.0 16,0 20,0
10 years---=n-cam- 576 1,963} 10.1| 4.43] 0.23} 5.0 6.0 7.0 9.0 12,0 16.0 20,0
11 years-----~~--- 628 1,924 1 11.0| 5.32} 0.25| 5.0 6.0 7.0 9.5 14.0 19.0 22,0

Girls

6-11 years--{ 3,487 | 11,703 | 11.5] 4.61| 0.15{ 6.0 7.0 8.0 10.0( 14.0 18,0 21,0
6 years----ceocemao 536 2,016 9.71 3.39| 0,201 5,5 6.0 7.0 9.0 11.0 14,0 16.0
7 years----=-mcee- 609 2,010| 10,4 3.61| 0.19] 6.0 6.5 8.0 10.0 12,0 16.0 17.0
8 years--c-ceeaa_o 613 1,960 | 11.4} 4.43| 0,17 6.0 6.5 8.0 10.5 13.5 18.0 20,0
9 years-w-memmmeaan 581 1,945) 12.3| 4.84) 0.25] 6,0 7.0 9.0 11.0 14.5 19.0 22,0
10 years-—-e-mcu-ua 584 1,904} 12.6| 5.12| 0.32| 6.0 7.0 9.0 12.0 15.0 20.0 23.0
11 years-~eencee-- 564 1,868 ] 12.6 5.19| 0.25} 6.0 7.0 9.0 12.0 15.0 20,0 23.0

NOTE: ## = sample size; N = estimated number of childrenm in population in thousands; X = mean;

& =

20

standard deviation;

Sz

= standard error of the mean.



Table 2. Subscapular skinfold of children by sex and age at last birthday: sample sizes, mean,
standard deviation, standard error of the mean, and selected percentiles, United States,1963-65

_ Percentile
Sex and age n N X s 8z
5th | 10th{ 25th | 50th | 75th | 90th | 95th
Boys In millimeters

6-11 years-~-| 3,632| 12,081} 5.8] 3.41} 0.10]| 3.5| 4.0} 4.0 5.0 6.0 8.5 13.0

6 yearg--=-c-o-au- 575 2,082 4.9 1.83]0.,10|3.0( 3.5 4.0 4,0 5.0 6.5 7.0

7 years==-ce-ea--- 632 2,074t 5,1| 2.46| 0,11 (3.0} 4.0| 4.0 4.5 5.5 6.5 8.0

8 yearg~---=m—cu~- 618 2,026 5.5| 2.90| 0.14|3.5| 4.0} 4,0 5.0 6.0 8.0 10.0

9 yearg--------=«- 603| 2,012 6.2} 3.86| 0.21|3.5| 4.0 4.0 5.0 6.0 9.0 14.0

10 years---==---~- 576 | 1,963) 6.3| 3.79| 0.16 | 3.5| 4.0 4.0 5.0 7.0 10.0 14.0

11 years--=-==v=wu- 628 | 1,924 7.1} 4.46! 0.18 4.0 4.0} 4.5 6.0 8.0 | 13.0 17.0
Girls

6-11 years--| 3,487 11,703 7.1]| 4.29} 0.15| 4.0 4.0} 4.5 6.0 8.0| 12.0 16.0

6 years----~---=--- 53| 2,016{ 5.5| 2.67|0.17|3.0{ 4.0| 4.0 5.0 6.0 8.0 10.0
7 years--w-------- 609 | 2,010f 6.1 3.04(0.20}|4.0| 4.0) 4.0 5.0 6.5 9.0 12.0
8 years=--=----=e- 613| 1,960 6.9 3.93|0.15] 4.0 4.0] 4.0 6.0 8.0 12.0 15.0
9 years-—==-=-=-=-- 581| 1,945| 7.8]| 4.93]0.28|4.0| 4.0} 5.0 6.0 9.0 14.0 19.0
10 years-=~-~—-=-- 584 1,904, 8.1 4,89 0.31 4.0} 4.0 5.0 6.0 9.0 15.0 19.0
11 years--w-~e-w-- 564 1,868{ 8.5{ 4.90| 0.26 | 4.0} 4.0 6.0 7.0 10.0| 15.0 20.0

NOTE: 7 = sample size; N= estimated number of children in population in thousands; X = mean; § =
standard deviation; 8 = standard error of the mean.
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Table 3. Midaxillary skinfold of children by sex and age at last birthday: sample sizes, mean,
standard deviation, standard error of the mean, and selected percentiles, United States,
1963-65

= Percentile
Sex and age n N X s S
5th | 10th | 25th | 50th 75th 90th 95th
Boys In millimeters

6-11 years--|3,632|12,081| 5.1]3,57]0.,10]3.0] 3.0| 3.0] 4.0] 5.0] 8.0] 12,0

6 years--=--—--w--- 575 | 2,082) 4,1(2,01)0.,09}{2,5| 3,0] 3.0 4,0 4.0 5.0 6.5

7 yearse---=e-sc-- 632 | 2,074 4.4)3,18|0,12|3,0] 3.0| 3.0 4,0 4,5 6.0 8.0

8 years=---eceeenan 618 | 2,026 4.,8|2,97)0.14|3,0] 3,0| 3,0 4,0 5.0 7.0 9.0

9 years~ece-=-wcmn- 603 | 2,012| 5.,5(3,91]0.23|3,0| 3.0] 3.5 4.0 6.0 9.0 14.0

10 years-----=m==~ 576 { 1,963| 5.6 3.84| 0,14 3.0 3.0| 3.5 4,0 6,0 10,0 14,0

11 years-----a-w== 628 | 1,924| 6.3| 4.,57|0.22|3,0| 3.0} 4.0 4.5 7.0 13.0 18.0
Girls

6-11 years-- | 3,487 11,703 | 6.4 4,27 0.15}3.0| 3,0 4.0 5.0 7.0 12,0 16.0

6 years------=-=-- 536 | 2,016| 4.9 2.86| 0,17 (3.0 3.0 3.5 4,0 5.0 7.0 9.0
7 years=-=-e=-=u=- 609 | 2,010| 5.3|2.86]0,17(3.,0| 3.0| 4.0 4,0 6.0 2.0 11,0
8 yearge--------=- 613 | 1,960 6.2 3.96] 0.14 (3,0} 3.0 4.0 5.0 7.0 11.0 15.0
9 years-m=-e=nmaa- 581 1,945) 7.0| 4,65| 0.30]3.0f 3.5] 4.0 5.5 8.0 14.0 18.0
10 years=c=~=v=m=- 584 | 1,904| 7.4|4.98|0.36]3.0| 3.5| 4.0 6.0 8.0 | 15,0 20.0
11 years---~e--m--- 5641 1,868| 7.9(4.97|0,22(13.,5} 4.0} 4.5 6.0 10.0{ 15.0 19.0

NOTE: # = sample size; N= estimated number of children in population in thousands; X = mean;
§ = gstandard deviation; 8z = standard error of the mean.
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Table 4, Triceps skinfold of children by race, sex,and age at last birthday: sample sizes, mean,
standard error of the mean,

standard deviation,
1963-65

and selected percentiles,

United States,

Percentile
Race ex Y
2ces 5% | N X s g
5th | 10th { 25th | 50th | 75th | 90th } 95th
WHITE In millimeters
Boys 6-~11
years===me—= 3,153 | 10,391 9,8 14,33 0,15 5.0 6.0 7.0 8.5]11.0 | 15.5 19.0
6 yeargmemwmce=n= -——— 489 1,787 8.312.82|0.18 5.0 6.0 6.5 8.0 9.5112.0 13.0
7 years-—==m=ceosmcen 551 1,781 8.7 13.20 | 0.16 5.0 6.0 7.0 8.0] 10,0 | 12.0 14,5
8 yearse=mem—mememeaa- 5371 1,739 9.3]3.80|0.20 5.0 6.0 7.0} 8,0} 11,0 ; 14.0 17.0
9 years==wm=ecmon= ——— 525 1,730 10.4 | 5.06 | 0.30 5.0 6.0 7.0 9,0 12,0 | 17.0 21.0
10 years=-memcnmcan- 509 1,692 10.5 | 4.41 | 0.22 5.5 6.0 7.5 9.5113.0| 16.0 20.0
11 years=en~=-= -————— 542 1,662 11.5 1 5.32 | 0.27 5.5 6,0] 8.0[10.,0] 14.0 ] 19.0 22.0
Girls 6-11
Years==mnen= 2,947 | 10,012 11.8 [ 4.55 {1 0.16 6.0 7.0 8.5(11.0( 14.0 | 18.0 21,0
6 yearg=~=mmmmem —~—— 461 1,722 10.0 | 3.39 | 0.21 6.0 6.5 8.0]10.0)11.0114.0] 16.0
7 yearg===mema- ——— 512 1,716 10.8 { 3.47 | 0.21 6.5 7.0 8.0}110.0| 12.5 | 16.0 18.0
8 yearge=mmemwcanen 498 1,674 11.7 |4.3410.18 6.0 7.0 9.0 | 11.0| 14.0 } 18.0 20,0
9 years~==e=n- ———— 494 1,663 12,7 {4.83 ] 0.28 7.0 8.0 9.0 11.5} 15.0 | 20.0 22,5
10 years==~e=menca- 505 1,632 13.0 | 5.08 | 0.34 6.0 7.0 9.0 12.0( 16.0 | 20.0 23,0
11l years==m—asmmeaca- 477 1,605 12,9 [ 5.07 | 0.26 7.0 7.5 9.012,0( 16.0 | 20.1 22.0
NEGRO
Boys 6-11
yearg==e=e== 464 1,642 7.2 {3.13]0.22 4.0 4.0 5.0 6.5 8.0111.0 13.0
6 years-=mcm=mmmman 84 289 7.0 12,26 | 0.23( 4.0 5.0 5.5 7.0 8.0 (10.0 11.0
7 years==msemmmm——= 79 286 6.4 12,14 | 0.27| 4.0 | 4.0 5.0 6.0 7.0 9.0 10.0
8 years-memmemmeacce 79 279 7.1 (12,98 10.34) 4.0 | 4.0 5.0 6.5 8.0]12.0 13.0
9 yearg=em==ecemccea 74 269 7.2 (2,99 |0.42| 4.0 4.0 5.0 6.5 8.0 | 11.0 14,0
10 yearg-~=w==—cmaa- 65 264 7.6 13.49 |1 0.39 4,0 4.0 5.5 7.0 9.0} 11.0 13.0
1l years=remcmmmea= 83 255 8.1 14,32 |0.56 4.0 | 4.0 6.0 7.0 9.0 (12,0 18.0
Girls 6-~11
Vearg=mmmane 523 1,629 9.5 1 4.50 | 0.17 5.0 5.5 6.5 8.0} 11,0 15.0 20,0
6 years~==—meemmecnc= 72 281 7.9 12.84 | 0.54 5.0 5.0 6.0 7.0 9.0} 11.0 14.0
7 yeargsmmemmcanmean- 93 284 8.313.68|0.34| 5.0 5.0 6.0 7.5} 9.0}12.0 16.0
8 yearsm==—=smaa= ———— 113 281 9.6 | 4.59 | 0.28 5.0 5.0 6.5 8.0]11.0] 14,0 20.0
9 yearg-~-mm==a= m——— 84 265| 10.2 |4.450.48 5.0 6.0 7.0 9.0 12.5| 15.5 19.0
10 years=mem=m=== ~—— 77 266 10.3 | 4.74 1 0.48 5.0 6.0 7.0 9.0 12.0( 20.0 20,2
11 years==-e=== —~——— 84 253 10.9 | 5.58 | 0.60| 4.0 6.0 7.010,0} 12,0} 20,0 25.0

NOTE: 7 = sample size; N = estimated number of children in population in thousands; X = mean;
= standard error of the mean,

§ = standard deviation; $;
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Table 5. Subscapular skinfold of children by race, sex, and age at last birthday: sample sizes,
mean, standard deviation, standard error of the mean, and selected percentiles, United States,

1963-65
Percentile
Race, sex ¥
and age ’ n N X s 8%
5th | 10th { 25th | 50th | 75¢h | 90th | 95th
WHITE In millimeters
Boys 6-11
years=——=—--= 3,153 10,391 5.9 [3.56|0.,11| 3,5] 4.0 4.0| 5.0 6.0 9.0/| 13.5
6 years-=-mmcccmaun- 489 1,787| 4,911.90}(0.11| 3.0| 3.5| 4.0} 4.0 5.0| 6.5 7.0
7 yearsee==ccem—amao 551 1,781 5.2 (2,60} 0.,12| 3.0! 4.0] 4.,0| 4.5} 6.0 7.0 8.0
8 years==me-m=conce- 537 1,739 5.643.07]0.,17| 3.5| 4.0| 4.0| 5.0 6.0| 8.0]| 12.0
9 years~=--emecan-a 525 1,730 6.3 (4,07|0.24| 3.5| 4.0| 4,0 5.0| 6.0|10.0]| 15.0
10 yeargs——-m——cann- 509 1,692 6.5{3.98|0.17| 3.5} 4.0) 4.0| 5.0| 7.0| 10.5| 15.0
11 years-———=-cec—un 542 1,662 7.3 4,57 0.20| 4.0| 4.0| 4.5| 6.0| 8.0 14,0] 17.5
Girls 6-~11
yearg-——m=m=n 2,947 | 10,012 7.2 14,36 0,17 4.0 4.0 4.,5{ 6.0 8,01 12.0| 17.0
6 yearsewmmesmcmaaa 461 1,722 5,6 2.84}0,19| 3.5 4.0| 4.0 5.0| 6.0 8.0 10.5
7 yeargm-me—mmemcnn 512 1,716f 6.2 |3.,07|0.22| 4,0 4.0 4.,0] 5,0 7.0 9.5| 12.0
8 years-~—=c-ccecmcana 498 1,674 6,9 |4,00|0,17| 4,0 4.0) 4,5| 6.0| 8,0| 12.0| 16.0
9 yearsmmem-cm—mmaa-- 494 1,663 7.9 |5.04|0.33| 4.0 4.0} 5.,0| 6.0| 9.0 15.0| 19.0
10 years-=mcecmcu-- 505 1,632| 8.2|5,03|0,33} 4.,0| 4.0| 5.0| 6.0 9.5|16.0| 20.0
11 years-m=meccn=-- 477 1,605 8.6 |4.85|0.,29| 4.0| 4.0 6.0 7.0 10,0 16,0 | 20.0
NEGRO
Boys 6-11
yeargm—=eca= 464 1,642y 5,1(2,01|0,11| 3.0| 4.,0{ 4.0 5.0| 6.0| 7.0 8.0
6 years~—emmcceaca- 84 289 4,7 |1.38|0.,14( 3.0| 4.0 4.0| 4.0 5.0 6.0 6.5
7 yearg—==—mmmmm——— 79 286 4.6 (1.14| 0,16 3.0 4,0| 4,0 4.0{ 5,0/ 6.0 7.0
8 years=--—m=mmoaa- 79 279 5.0|1.42| 0,18 3.0| 4.0 4.0 5.0| 6.0] 6.5 7.0
9 years-=mmmmemo——a 74 269 5.2 {1,57| 0.,20| 3.0 4.0 4.0 5.0| 6.0| 6.5 8.0
10 yearg—==m—cecun- 65 264| 5.5(2.,12)0.22| 3.5{ 4,0| 4.0 5.0| 6.0! 8.0| 12.0
11l years=—=-sccamaa 83 255}y 5,9 |3.,41|0,30| 3.5{ 4.0 4.0} 5.,0| 6.0| 8.0]| 14.0
Girls 6-11
yearsemm—ean 523 1,629 6,6 {3,85|0.,20| 4,0| 4.0| 4,0 6.0{ 7,0 10,0]| 14.0
6 years==s=s=m=memcao- 72 281| 4.9 |1.07|0.16| 4.0 &4.,0| 4,0{ 5.0| 5.5| 6.0 7.0
7 years-==mmccccmua 93 284 5.5|2.87|0.29} 3.0| 4.0| 4,0 5,0} 6.0| 7.0| 10.0
8 yearg=emcmmmcammna 113 281 6.4 3,401 0,25 4,0 4,0 4.0| 5,0 7.0]10.0| 13.0
9 years~=ecmmmmmm—a= 84 265 7.0 14,25 0.46| 4.0 4.0 5.0 6,0 7.0 10,0 14.0
10 years—mm=-mmceem- 77 266 7.6 {3.9310.48| 4.0| 5.0| 5.0| 6.0| 8.,0]| 11.0 12,0
T P — 84 253| 8.5|5.28|0.54| 4.0| 4.0| 5.5] 7.0| 9.,0| 14.0{ 20.0

NOTE: # = sample size; N = estimated number of children in population in thousands; X = mean;
standard error of the mean.

8 = standard deviation; S5
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Table 6, Midaxillary skinfold of children by race, sex, and age at last birthday: sample sizes,
mean,6 standard deviation, standard error of the mean, and selected percentiles, United States,
1963-65

Percentile
Race, sex =
and’age ’ n N X s 35
5th | 10th ] 25th| 50th | 75¢h | 90th | 95th
WHITE In millimeters
Boys 6-11
years=r=emmmm- 3,153 10,391 5.2 13,731 0,11 3.0 3.0 3.0 4.0 5.0 8.0 13,0
6 yearsem=mcommemmca 489 1,787y 4,112,112 0.10 2.5 3.0 3.0| 4.0 4.0 5.0 7.0
7 yearS===mecmmcana= 551 1,781 4.513.39§ 0.13 3.0 3.0 3.0 4.0 5.0 6.0 8,0
8 years-~eme=mcceccaca 537 1,739} 4.9 |3.15} 0.17 3.0 3.0 3.0 4.0 5.0 7.0 10.0
9 years-=~=rmmmmnc- 525 1,730 5.7 14.05] 0.26 3.0 3.0 3.5| 4.0 6.0 10.0 15.0
10 yearg=~ecmemmn—w 509 1,692 5.7 13.99]| 0.16 3.0 3.0 3.5| 4.0 6.0 10,0 15.0
11 yearsmemcemeenma= 542 1,662 6.5 4.68| 0.25 3.0 3.0| 4.0 5.0 7.01 13,0 | 18.0
Girls 6~11
years==m=mn—= 2,947 10,012 6.5 | 4.37} 0.17 3.0 3.0}f 4.0 5.0 7.0 12,0 16.0
6 yearg=-~ememcman~ 461 1,722 5.03.03§ 0,18 3.0 3.0 3.5 4.0 5.0 8.0 10.0
7 yearsmmemm-mameae- 512 1,716 5.412.92( 0.19 3.0 3.0| 4.0 4.5 6.0 9.0 11.0
8 yearsrm=mecenmmac~ 498 1,674 6.3 | 4.04| 0.17 3.0 3.0 4.0 5.0 7.0 11.0 15.0
9 years=e=—mmmoem~—— 494 1,663 7.2 4.80( 0.35 3.0 3.5 4.0 5.5 8.0 14.0 | 18.0
10 yearg=wer——amca= 505 1,632 7.5(5.041 0.40 3.0 3.5 4.0 6.0 9.0 16.0 20,0
11l years-—we-meecam- 477 1,605 8.0} 5.06| 0.23 3.5| 4.0 5.0 6.0 [ 10,0} 16.0 19.0
NEGRO
Boys 6-11
years-mmmm—— 464 1,642 4,2 (2,021 0,11 3.0 3.0 3.0 4.0 4.0 6.0 7.0
6 yearg-=——cecmma-w 84 289 3.9 (1.13| 0.13 3.0 3.0 3.0 4.0 4.0 5.5 6.0
7 yearsemmemmecnen= 79 286 3.9 1.244 0.21 2,5 3.0 3.0l 4.0 4.0 5.0 6.0
8 yearg--meemmm=~ —— 79 279 3.9 1.17}{ 0.12 3.0 3.0 3.0 4.0 | 4.5 5.0 6.0
9 years~eemmm=m—- ——— 74 269 4.1 )1.47) 0.23 3.0 3.0 3.0 4.0 4.0 6.0 7.0
10 years~==== ————— 65 264 4.712,55] 0.22 3.0 3.0 3.0 4.0 5.0 7.0 10.0
11l years===mem==- ——— 83 255( 4.9 3.401 0.28 3.0 3.0 4.0| 4.0 5.0 6.5 13.0
Girls 6-11
years======= 523 1,629 5.5 3.45} 0.17 3.0 3.0} 4.0] 4.0 6.0 8.0 13.0
6 yearg—m—--memnc—-- 72 281} 4.1]1.29| 0.18 3.0 3.0 3.0 4.0 5.0 6.0 7.0
7 yearg=~-—w=—=o= -— 93 284! 4.7|2.39f0,21} 3,0{ 3.0| 3.0 4,0} 5.0| 7.0 8.0
8 years-—=ce-emee=mca= 113 281 5.4 3.36{ 0.22 2,5 3.0 3.0 4.0 6.0 9.0] 11.0
9 yearge-mmecccmmaca 84 265 5.613.29| 0.34 3.0 3.0 4.0 5.0 6.5 8.0 12,0
10 years~mmemec=aa« 77 266 6.3 | 4.39| 0.44| 3.0 3.0 4.0 5.0 7.0{ 10.0| 16.0
11 years-emecencaae 84 253 7.0 4.30 0.49] 3.0 4,01 4.0 5.0 8.0} 13.0 16.0

NOTE: # = sample size; N = estimated number of children in population in thousands; X = mean;
$§ = standard deviation; §; = standard error of the mean.
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Table 7. Triceps skinfold of children by geographic region,sex,and age at last birthday: sample
sizes, mean, standard deviation, standard error of the mean, and selected percentiles, United

States, 1963-65

Percentile
Geographic region, 2
sex, and age % N X § Sz
5th | 10th | 25th | 50th | 75th | 90th | 95th
NORTHEAST In millimeters

Boys 6-11 years-~-- | 893 2,673| 10,0 | 4.48 0,16 5,0} 6.0} 7.0 9.0 12,0 16,0 20,0

6 yearse-mcemcececmccccon- 148 481| 8,5{2.60(0.35|5.0| 6,0 7.0 8.0;10,012.0| 14,0
7 yearsmmeemmmmmomemmee—- 154 446| 8.5)3.05]0,27]5.0| 5.5/ 6.5| 8.0|10,0]12.0] 13.0
8 years~ 148 431 10.4 | 4.62 (0,41 | 5,0 6.0 7.0 9,0} 12,0 17.0| 20.5
9 years-e==cmmeccoamcccas 154 465| 10.8 { 5.14 | 0,58 | 5,0] 6.,0| 8.0 9.0| 12,0 }18.5] 24.0
10 years—=e-=eermacccamoaa 139 432 10.3|4,23|0.29|5.5| 6.0 8.,0| 9,0| 12,0} 16.0( 20,0
11l years~===memmcumceacan 150 418 11,7 | 5.67 | 0.46 | 5,0 6.0 8.0|10,0| 14,0 21.0| 23,0
Girls 6-11 years---| 889 )2,685 | 12,2 | 4.85(0.12 /6.0y 7.0| 9.0 |11.0]15.0]19.0] 22,0

6 years-——m-——memcmmermcae—- 142 489} 10,2 | 3,49 (0,31 | 6,0| 6.,5| 8.0 |10.0| 12,015.0| 17.0
7 years=ee=ea- m———————— 160 479 | 11.2 | 4,08 |0.31 | 6.0 7.0/ 8.0 (10,0 13.5]|16.0| 18.0
8 years-=e-mmmmcmeccomcaaa- 178 526 | 11.9 ] 4,69 | 0.25)6,0| 7.0| 8.0|11.0] 15.0]18.5| 20,0
9 years=emm=memmccmeeccam- 146 447 | 13.7 | 5.44 (0,34 { 7,0| 8,0} 10,0 (13.0] 16,0 | 21,5 25,0
10 yearsemmewcmn= ———————— 127 344 | 13.5|4.81 (0,61 6,5} 8,0 10,0 12,0 17.0|21.0; 22.0
11 years=====mmsmmmmcancna 136 400 | 13,4 |5.40 (0,36 7.0 7.0| 9.0 (12,0 17.0|21.0{ 24,0

MIDWEST

Boys 6-~11 years----| 961 | 3,428 | 9.6 |4.23]0,09}|5.0| 6,0| 7.0| 8.,0|11.0]| 14.5| 19,0

6 years==-mmmmmccmeaennan- 138 530 | 8.4|2,88)0.,20{5.0| 6,0/ 7,0 8,0| 9.0]12.0| 13.1
7 years-—eemmmermecananea- 163 570 8.7 (3.17(0.20|5.0] 6.0 7.0} 8.,0|10.0(12,0| 4.0
8 years ———— 164 589 | 8.93.41|0,17|5,0| 5.0, 6.5 8.0] 11,0} 13,0{ 15,0
9 yearS-=mmmmacmmnecncan= 157 568 | 10.3 | 5.14 {0.47 | 5.0| 6.0| 7.5| 9.0{12,0|17.5]| 22.0
10 years==m==== cmmmmm———— 174 621 10.1 | 4,22 |0.,28 | 6,0| 6,0{ 7.0 | 9,0 13.016.0| 18.5
11 years~mr=mmmmcemcemeaa 165 550 | 11,0 | 5.26 | 0.50 | 5.5 6.,0| 7.0 | 9.0)13.0|19.0| 22.0
Girls 6~11 years=--- { 935 {3,336 | 12,0 {4.61 |0,26 | 6.0 7.0 9.0 [11.0| 14,0 | 18.5| 22,0

6 yearsS==meommmcmnacncne—— 134 509 | 10.5 | 3.94 |0.23 6,0 6.0} 7.5{10.012,016.0( 19.0
7 years—esmeemmmemcmaccnna 179 632 10,7 {3.18 |[0.34 | 6.5 7,0} 8,0 |10.013,0|16,0| 16.0
8 years~emesmmmmecmaccaan 151 522 | 11.8 | 4.34 |0.31 |6.0{ 7.0| 9,0 |11,0} 14,0 |17.0( 22,0
9 yearg-~~=c=c== ————— -~ | 158 574 12.6 | 4.76 |0.58 | 7.0 7.0 9,0 11,0 15.0|19.0| 22,5
10 years-=em=- e 163 546 | 13.5 | 5.54 |0.55|6.5| 7.0} 9,0 |12,016.0[23.0( 26,0
11l years==eemecmcccammccna 150 5541 13,3 14,73 10,37 17.0] 8,0110,0 12,0 16.0]21.01 22,0

NOTE: # = sample size; N = estimated number of
§ = standarxd deviation; §; = standard error of the
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Table 7. Triceps skinfold of children by geographic region, sex,and age at last birthday: sample
sizes, mean, standard deviation, standard error of the mean, and selected percentiles, United

States, 1963=65—Con.

Percentile
Geographic region e
sex, and age ’ n N X s 8z
S5th | 10th{ 25th | 50th | 75th | 90th | 95th
SOUTH In millimeters

Boys 6-l1 years----| 850 | 2,874 8.9 4.35]0.241 4.0 5.0 6.0 8.0 10.0| 14.4 18.0

6 yearge=mamaaa- e 144 550 7.8(2.4310.23]| 4.5 5.0 6.0 8.0 9.0 10.0 12.0
7 years —~—— 147 495 8.1 3.15| 0.31 | 4.0 5.0 6.0 7.0 9.0} 12.0 13.0
8 years 145 459 8.4 3.37]0.31] 4.0 5.0 6.0 8.0 10,0} 12.0 15.0
9 yearsemememamsccmccnna—— 146 502 9.1} 4,96 | 0.48 | 4.0 5.0 6.0 8,0 (11,0 15,0 18.0
10 years 121 427 | 10.0| 5.25} 0.49 | 4.5 5.0 6.0 8.0 11,5 20.0 21.0
11l years=e-cmececccnncnca- 147 441 [ 10.6 | 5.60 | 0.40 | 5.0 5.5 7.0 8.0|13.0]19.0 23.0
Girls 6-11 years---| 857 | 2,876 | 10.8 | 4.65 | 0.23| 5.5 6.0 8.0| 10,0 12,0} 17.0 20.1

6 yearsm==~emcmmccacmmcan 123 458 9.0 2,99 0.25]| 5.0 6.0 7.0 8.5|10.,5( 12.0 14.0
7 years-- 149 498 | 10.0| 3.88 | 0.41 5.0 5.5 7.0 9.0 | 12,0 15.0 19.0
8 years 136 418 | 10,8 4,15 0,36 | 6,0 6.0 8.0} 10,0 | 12,0 16,0 | 20,0
9 years 146 485 | 11,0 4.33 | 0.27 | 6.0 6.0, 8.0| 10.013.0]|17.0 20.0
10 years 148 509 | 11.9| 5.51 | 0.37 | 6.0 6.0 8.0 11.0 | 14.01 20.0 22,0
11 years - 155 508 | 12,0 5.55| 0.69 | 6.0 6,5 8.01 11,0 | 14.5 | 20.0 26.0

WEST

Boys 6~11 years=---| 928 | 3,107 9.2 4,01 0,50 5.0 5.5 6.5 8,0 | 11,0 { 14.5 17.0

6 years —— 145 522 8.0 3.14 | 0.56 | 5.0 5.0l 6.0 7.0 9.0 12.0 | 12.5
7 years= 168 562 8.21 3,24 (0.35| 4.5 5.0 6.0 8.0 9.0| 11.0 14.0
8 years - 161 548 8.6 3.41 | 0.52 | 4.5 5.0 6.5 8.0 | 10,0 13.0 14.5
9 years=-- ——— 146 477 9.6 4.35| 0,51 | 4.0 5.5 7.0 8.5 |11.0| 16,0 20.0
10 years 142 483 | 10.2 | 4,04 | 0.72§ 4.0 6.0 8.0 10.0 12,0} 16.0 18.0
11 yearse=eecaccacaa- wem= | 166 516 | 11.0}{ 4.76 { 0.68 | 5.0 6.0 8.0} 10,0 | 14,0 | 17.5 20.0
Girls 6-~11 years---| 806 | 2,806} 10.8| 4.13{ 0.42 6.0 6.0 8,0 10.0 ] 13.0| 16.0 20,0

6 years- 137 560 9.0 2.80| 0.43| 5.0 6.0 7.0 8.5110.0( 12.0 15.0
7 years - 121 402 9.8} 3.07| 0.25| 6,0 6.5 8.0 9.5112.,0] 14.0 15.0
8 years 148 494 1 11,0 4.38 | 0,50} 5.0 6,0| 8.0} 10.5|13.0( 15.5 20.0
9 years 131 440 | 12,0 | 4.37 [ 0.45| 7.0 8.0 9.0 11.0 | 14.01} 18,0 | 22.0
10 years 146 505(11.9| 4.11 | 0.73 | 6.0 7.0 9.0 12,0 | 14,0 | 18.0 | 20.0
1l years==-cammccaca~ ~—==| 123 405 | 11.7 | 4.86 ] 0.73} 6.0 7.0 8.0 11.0 | 14,0 | 20.0 22,0

NOTE: 2 = sample sizej
§ = standard deviation; §;

N = estimated number of
= standard error of the

children in population
mean.

in thousands; X = mean;
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Table 8.
sample sizes, mean,
United States, 1963-65

Subscapular skinfold of children by geographic region,

sex,

and age at last birthday:

standard deviation, standard error of the mean, and selected percentiles,

" Percentile
Geographic region %
sex,Pand ag% ’ " N X s Sz
5th | 10th | 25th | 50th | 75th | 90th | 95th
NORTHEAST In millimeters

Boys 6-11 years----| 893/ 2,673 6.5| 3.73| 0.25| 3.5| 4.0| 4.,5| 5.0| 7.0]10.0| 15.0
6 yearsm---~-=----mmu-na-o 148 481 | 5.2|1.74(0.20| 3.5 3.5| 4.0 5.0 6.0| 7.0 8.0
7 years~--=--seomecocoaa- 154 446 | 5.5 2,5410.,29{ 3.5| 4.0{ 4,0 5.0( 6,0/ 7.0 10,0
8 years~-—-=----mmmmaemonn 148 431] 6.7{ 4.05{0,49| 3.5| 4.0| 4,0! 6.0| 7.0 11.0| 17.0
9 years-~----~-~cm--mmmo- 154 465 | 7.1| 4.43| 0.64| 4.0| 4,0 4.5| 6.0 7.0| 13.0| 20.0
10 years----c-~-c-cnme-a- 139 432 | 6.8) 3.65|0.28| 3.5 4.,0| 4.5| 6.0 7.5| 11.0| 15.0
11 years-----cccemeamcmuno 150 418 7.7| 4.61| 0.50| 4,0| 4,0( 5.0 6.0 8.0 15.0| 18.0

Girls 6-11 years--- | 889 | 2,685| 8.0| 4.96] 0.22| 4.0 4.0 5.0 6.,0| 9.0 14,0{ 19.0
6 years---~-c---romememoo 142 489 | 6.2 3.03|0.26| 4.0 4.0| 4.5| 5.5 7.0} 8.0 12.0
7 years-------e-mmeccooma- 160 479 | 6.9 3.77]0.38| 4.0 4.0 4.5 6,0 7.0/ 11,5} 15,0
8 years-~---cccmcemoannan 178 526 | 7.5]| 4.81) 0.35| 4.0| 4.0| 4.5 6.0| 8.0| 14.0| 18,0
9 yearsw------==ee=cc-aan 146 4471 9.6| 6.04 | 0.45| 4,0} 5.0 6,0| 7.0( 11,0 20,0] 23.0
10 years----=--==-ceo==un 127 344 9.3| 5.26| 0,65 4.0 4.5| 6.0 8.0 11.0| 16.0| 20.0
11 years--=-=-=-=---=---- 136 400 9.6} 5.40| 0,39 5.0| 5.0| 6,0| 7.5| 12,0} 18.0| 22.0

MIDWEST

Boys 6-11 years----] 961| 3,428 | 5,7| 3.22|0,12| 3.5| 4.0} 4.0} 5.0, 6.0| 8.0} 12.0
6 years-w~-cmmemcmcm—eoao 138 530 | 4.9 1,61} 0,11} 3.0} 3.5! 4,0] 4.5} 5.0} 6.5 7.0
7 years-=e--mmmccmmnon—— 163 570| 5.1} 2,15} 0.12y 3.0} 4.0| 4.,0{ 5,0 5.0} 7.0 8.0
8 years----c-m-mccmcmccmana 164 589 | 5.2 2.25|0,20( 3.0 4,0 4.0 5.0| 6.0 7.0 8.0
9 years-=-—-mecomm—ma—ae 157 568 | 6.0| 4.03 0.35| 3.5| 4.0| 4.0| 5.0} 6.0| 10.0; 15.0
10 yearg-=~ce=mec=cacaanx 174 621| 6.1 3.58| 0.25| 3.5 4.0| 4.0 5.0| 6.0| 9.5| 14.0
11 years----~==-accoon=-o- 165 550 | 6.8 4.19| 0.24) 4,0 4,0} 4,0 5.0} 7.5| 12,0 15.0

Girls 6-11 years---| 935} 3,336 7.3| 4.17! 0.30f 4.0} 4.0{ 5.0| 6.0 8.0| 12.0] 16.0
6 years-=--—cosmmscs—saan 134 509 | 6.0| 3.33| 0.26| 3.0| 4.0| 4.0] 5.0] 6.5| 9.0| 13.0
7 years--=-mmccmmemmmaccaa~ 179 632{ 5.9| 2,40| 0,21} 4.0 4.0| 4.5| 5.0 7.0| 8.0 10.0
8 yearg-----c--mevmmnuaa~ 151 522 7.0 4,14 0.23| 4.0 4,0{ 4,5| 5.5| 7.5 12,0| 16.0
9 years---sse-cccmeomcoeao 158 574| 8.0)| 4.68| 0.67| 4.,0| 4.,0{ 5,0| 6.0 10,0 15,0| 18.0
10 years=--~==-ccemwcona= 163 546 | 8.6 5.16|0.50| 4.0 4.,0{ 5.0 7.0 10.,0] 17.0| 20.0
11 years~~=-==ccmccmwounn 150 554} 8.11 4.05| 0,621 4,01 4.5 6.0} 7.0] 9.0} 14.01 16.5

NOTE: # = sample size; N = estimated number of children in population in thousands; X= mean; -

$ = standard deviation; §; = standard error of the mean.
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Table 8.

sample sizes, mean,

United States, 1963-65-<Con.

Subscapular skinfold of children by geographic region,
standard deviation, standard error of the mean, and selected percentiles,

sex,

and age at last birthday:

Percentile
Geographic region, 8
3%%? and aéé s N X $ Sz ’
5th| 10th | 25th | 50th| 75th | 90th | 95th
SOUTH In millimeters
Boys 6-11 years---- | 850 | 2,874 5.7| 3.49| 0.15| 3.5] 4.0] 4.0| 5.0| 6.0 8.0| 13.0
6 yearg----e-m-emm—mcman~ 144 550 4.6|1.13| 0,11} 3.5 4.0| 4.0| 4.0| 5.0} 6.0 6.5
7 years-==mem———m—e—ao—o- 147 495( 5.1 2.62|0,25| 3,0 4.0 4.0} 4.0 5.0] 6.0 8.0
8 yearsg=e=--mc—camcncmcax 145 459 | 5.2 2.,15|0,15| 4.0 4,0| 4,0} 5.0| 5.5| 7.0 8.0
9 years--s=m-mecccceocen-- 146 502( 5.8| 3.44| 0,22} 4,0 4,0| 4,0} 5.0| 6.0 8.0 17.0
10 years-----=-ccmeceeee- 121 427| 6.5 4.68| 0.43} 3.0 4.0 4.0} 5.0 6.0}13.0} 20.0
1l vears---=-----=--m-uwme= 147 441 7.215,03}0,30| 4.0| 4.0 &0 5.0f 8.0(14,0| 20.0
Girls 6-11 years--- | 857 | 2,876 7.0{ 4.36| 0.25| 4.0 4.0| 4.0f 6.0 7.0 ] 12.0 17.0
6 years=--ceccammeccnmna= 123 458 | 5.1 2.22|0.27( 3.0 4.0} 4.0} 5.0} 5.5| 6.5 7.5
7 years==rmew-ccccunncmne= 149 498 6.3 3.55|0.52} 3.5| 4.,0| 4.0] 5.0 6.5|10.0( 13.0
8 years-~~-~rmmccmcccncna 136 418 | 6.5 3.22|0.19] 4,0{ 4.0} 4&.0| 6.0 7.0{11.0} 13.0
9 yearse~=ssm-ec=cecoccoo= 146 485| 6.7|4.11)| 0,36 | 4.0 4,0 &,0| 5.5 7.0}{11.0| 18.0
10 years=~-crecmmmnnnnma~ 148 509, 8.1|5.25(0.39 (4.0 4.0| 5.0| 6.0 10.0{16.0| 20.0
11l yearg-=-~c=mcmmcmanaa. 155 508| 8.8|5.45|0,51| 4.0 4.0 6.0| 7.0{ 10.0|16.0( 24.0
WEST
Boys 6-11 years---- |928 {3,107 5.6| 3.17|0.29| 3.0| 4.0| 4.0| 4.5| 6.0} 8.0| 11,0
6 yearg~m=-emccmmmecccaan 145 522 | 4.9(2.,55|0.29|3.0{ 3.0 4.0 4.0| 5.0} 7.0 8.0
7 yearg=e---csmmmmcacenna 168 562 | 4.8| 2.49|0,21} 3.0| 4.0| 4,0} 4,0{ 5.0{ 6.0 7.5
8 yearg-=~---ve—mmecmucan 161 548 | 5.2 2.73|0,34| 3.0 4,0} 4,0} 4.5| 6.0 6.5 8.5
9 years=~-m-mescccmmm—aa- 146 477| 5.8 3.32}0.39| 3.0 3.5} 4.0 5.0{ 6.0) 9.0| 12.0
10 years=--r=mewmccaceea- 142 483( 6.0|3.20(0.29( 3,0| 4,0| 4.,0| 5.0f 7,0 9,0| 10.5
1]l yearg====-mcommmmanea= 166 516 | 6.8|4.01|0.46} 4.0 4,0 4,5| 6,0} 8,0 13,0 18,0
Girls 6-11 years--- |806 | 2,806 | 6.3 3.38|0.28(3.5| 4.0| 4.,0| 5.0{ 7.0]10.0} 12.5
6 yearsm==-m-me-memcc—ee= 137 560 4.8|1.51|0,22|3.0|] 3,5| 4.0| 4.0| 5.5| 7.0 7.0
7 yearg-=-ecmeccemcemcnman~ 121 4021 5.1| 1.70|0.17| 3.5y 4.0} 4.0 | 4.0] 6.0} 7.5 8.0
8 yearg=--e-memcommcmane~ 148 494 6.4| 3,01(0,35)3,5| 4.0 4.0| 6,0{ 8,010.5] 12.5
9 yearse-m-=emcccemcue~cn 131 4404 7.01 4,22)0.57| 4.0 4.0| 5.0| 6.0| 7.012.0 16.0
10 yearg==--=ceeecmumaaan 146 505} 6.9|3.46 | 0.55| 4.0 4.0 4.5| 6.,0] 8.0|10.0{ 14.0
11 years=~==emmeaccescna= 123 405| 7.8 4.50]0.42}4.0| 4.,0| 5,0| 6,0} 9,0114.0] 18.0
NOTE: 7 = sample size; N = estimated number of children in population in thousands; ji = mean;

8 = standard deviation; §; = standard error of the

mean.
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Table 9.
sample sizes, mean,
United States, 1963-65

Midaxillary skinfold of children by geographic region,
standard deviation, standard error of the mean, and selected percentiles,

sex,

and age at last birthday:

Percentile
Geographic region, ; 7
sex, and age K N X $ ok
5th{ L0th | 25th | 50th| 75th| 90th | 95th
NORTHEAST In millimeters
Boys 6-11 years----| 8931 2,673| 5.4 3.62| 0.24{ 3.0 3.0| 3.0 4.0| 6.0| 9.0| 13.0
6 yeargem=cm-rmmemmeemenann 148 481 | 4.,0|1.491} 0.17] 2.5| 3.0| 3.0 4.0] 4.0 5.0 6.5
7 years-=-c~m=sem-ecoo-o~- 154 446 | 4,3(2.2710.21}2.5| 3.0| 3.0 4.0, 5.0 6.0 7.0
8 years--~=m~=---=——me— o= 148 431 5,6 {3.64)] 0,38| 3.0 3,0| 3.5| 4.5| 6.0] 10.0( 13.0
9 yearsm=---memmemcamnooan 154 465{ 6,0 |4,06| 0.63| 3,0 3.0| 3.5{ 5.0| 6.5 10.0]| 16.5
10 years=---c=-ceu—mmmemaa- 139 432| 5.8(3.8|0.293.,0| 3.0] 4,0} 4.5| 6.0] 10,0 14.0
11 years-==em-esmcmccnmon 150 418| 6.7 |4.75| 0.62| 3.0 3.0| 4.0 5.0| 7.0| 13,0 20.0
Girls 6-11 years---| 889 | 2,685| 6.9 (4.50| 0.26| 3.0| 3.0| 4.0 5.0 8.0} 13.0{ 18.0
6 yearse=e=-cswccsme-uaenao 142 4891t 5,3(2,77| 0.17| 3.0| 3.0| 4.0 5.0| 6.0| 8.0 9.0
7 years---=-c==-= mm————— 160 479 5.6 (3.6210,38|3.,0( 3,0| 4,0f 4,0| 6.,0] 10,0 13,0
8 yeargwe--mecmcmceconnn- 178 526 6.4 |4.16| 0.34]3.0] 3.0| 4.0} 5.0] 7.0] 12,0 16.0
9 years-=c-=mmmmmceemcono 146 447| 8.0|4.87|0.42 3.0 4.0 5.0 6.0| 9.0 15.0| 19.0
10 yearg~-mmeccememcnaaan 127 344| 8.0|4.76| 0.61|3.,0| 4.0 4&,5| 7.0|10.0| 14.0 | 18,0
11 years~-=====commmmenm=- 136 400| 8.6 (5.59|0.51{4.0f 4,0/ 5,0( 6.0 10.0| 18.0( 21.5
MIDWEST
Boys 6-11 years----| 961 | 3,428 | 5,1|3.55|0.22|3.,0| 3.0| 3.,0{ 4,0/ 5.0| 8.0 13.0
6 yearg=-em-cemmecrmeocnn~ 138 530 | 4.2 |2.12|0.18 3.0 3.0} 3.0 4.0| 4.0| 6.0 7.0
7 yearse=sm-—cesccommacaa~ 163 570 | 4.5 {2,44]|0.19 3,07 3.0]| 3,0| 4.0 5.0} 6.5 7.5
8 years-s--eommccwmmacnan 164 590 | 4.5)2.3510.23({2.5| 3.0} 3.0| 4.0| 5.0| 6.0 8.0
9 yearss~--e-=-~meosmeaoea- 157 568 5.7 |4.45]0.543.0| 3.0 4.0| 4.0 6.,0{ 9.0 | 15.5
10 years==--c==-=ceca-an- 174 621 5.5(3.990,28|3.0| 3.0 3.5{ 4.0{ 5.0}10.5] 14.0
11 years-----e=~ewmmecaaan 165 550| 6.3 {4.49]0.4213,0| 3.0| 4.,0| 4.0| 7.0| 14,0 17.0
Girls 6-11 years---| 935 3,336| 6.8 |[4.52|0.40{3.0| 3.0 4.0 5.0} 8.0 12,0{ 17,0
6 years--~--cmcmaccmmacnn 134 509 ( 5.5]3.88|0.25(3.0 3.0 3.5| 4.0} 6.0 9.0 11.0
7 years=-—e-=-cmcmmcasaa~= 179 632 5.5|2.54(0.293.0| 3.0| 4.0y 5.0| 6.0} 8.0 10,0
8 years=-=--m--mcmmomanaen 151 5221 6.3 14.26[0.36 3.0} 3.0 4,0f 5.0 7,0]11.0] 16.0
9 years-~--smmemccocconannad 158 574{ 7.4 |4.91|0.70|3.0{ 3.5| 4.0 6.0| 9.0| 16.0| 18.0
10 years=~-=wm~mmcmcoaoaa 163 546 8.1]5.63(0.,93(3.0} 4.0{ 4,0 6.0 9.0]| 19,0 22.0
11 years~--~=-=mcmem=cmc== 150 5541 8.014.,5810.4714.,01 4.0/ 5,0 6.0{10.0] 15,0 18.0
NOTE: # = sample size; N = estimated number of children in population in thousands; X = mean;
8§ = standard deviation; $; = standard error of the mean.
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Table 9. Midaxillary skinfold of children by geographic region,

sex,

and age at last birthday:

sample sizes, mean, standard deviation, standard error of the mean, and selected percentiles,
United States, 1963-65—Con.

_ Percentile

Geographic region, n N X s 8-

sex, and age x
5th [10th |25th |50th |75th {90th [95th

SQUTH In millimeters
Boys 6~11 years----| 850 ] 2,874 4,81 3.21) 0.15( 3.0 3.0 3.0f 4.0 5.0 7.0| 10.0
b years-~-—-=-—mcm-m—emm—a= 144 550 3.8} 1,01} 0.12] 3.0 3.0 3.0} 4.0 4.0 5.0 5.0
7 yearsmeee-ecccncmmccnana 147 495 4,21 2,05} 0.18| 3.0 3.0 3.0 4.0 4,0 6.0 8.0
8 yvears=-emem—ccacmnnaao- 145 459 4,31 1.8} 0.13]| 3.0 3.0 3.0 4.0 5.0 6.0 8.0
9 yearS=-m=-mmemmem—cco—n— 146 502 4.9 3.27| 0.30| 3.0 3.0 3.0 4.0 5.0 7.0 12.0
10 yearse-—ccmcccmccnncna-" 121 427 5.7 | 4.14| 0.37| 3.0 3.0 3.0 4.0 6.0| 12,0| 17.0
11 years==-=m===ccceecena 147 441 6.2 4.91} 0.32| 3.0 3.0 4.0 4.0 6.0 12,0| 19.0
Girls 6-11 years---| 857 | 2,876 6.0} 4.13| 0.20| 3.0 3.0f 4.0 4.0 6.0 11,0( 15.0
6 years~mm-c-mcccncccnecaa 123 458 4,34 2,38} 0.25| 3.0 3.0 3.0 4.0 5.0 6.0 7.0
7 years==c--mcemmancunaaa 149 498 5.21 2,83} 0.38| 3.0 3.0 4.0 4.0 6.0( 10,0( 13.0
8 years-w--mwmmmemm—nn——— 136 418 5.61 3.43! 0.18| 3.0 3.0 4.0 4.0 6.0 9.0[ 13,0
9 yearsemw=mmmccnmmeanaao 146 485 5.9} 4,22) 0.27| 3.0 3.0 4,01 4.0 6.0 10.0| 17.0
10 years—-=~=—m—cmecccnaaaa 148 509 7.1} 5.28) 0.29( 3.0 3.0 4.0 5.0 8.0 14,0} 20.0
1l years--mmemwcemccncna= 155 508 7.5} 4.73} 0.52| 3.0} 4.0 4.0 6.0{ 9.0| 14.0} 17.0
WEST

Boys 6-l1 years---~| 928 | 3,107 5,1| 3.85| 0.24( 3.0 3.0 3.0 4.0 5.0 7.0 12.0
6 years--cameccecnmamanaaa 145 522 4.3) 2.88] 0.29| 2.5 3.0 3.0| 4.0 4.0 5.5 7.0
7 yearse=-cmemcmwecmccacao 168 562| 4.6 4.85| 0.47| 3.0 3.0 3.0| 4.0 4.0 6.0 8.0
8 years-----c-mecemmencaa- 161 548 4,81 3.55{ 0.42] 3.0 3.0 3.0| 4.0 5.0 6.0 7.0
9 years-—---wscmmsemccmea~n 146 477 5.4} 3.58}1 0.37( 3.0 3.0 3.5 4,0 6.0 10,0} 13.0
10 years--=-e=—cccemawaao 142 483 5.4} 3.29} 0.27( 3.0 3.0 4,0 4.0 6.0 7.5} 12.0
11 years--=-=m-—c—mmcmaan 166 516 6.1 4.18| 0.47{ 3.0 3.5 4,0 4.5 6.0 11.0{ 16.0
Girls 6-11 years---| 806 | 2,806 5.91 3.75| 0.21] 3.0 3.0 4,01 4.5 6.5| 10.0} 14.0
6 yeargememmcccmccnnncena 137 560| 4.3] 1,80 0.23{ 3.0 3.0 3.0 4.0 4.5 6.0 7.0
7 years=eememmmmccomcaanaa 121 402 4.7} 2.16f 0,10] 3.0 3.0 3.5 4,0 5.0 6.5 8.5
8 years=w~memcemccaccnnax 148 494 6.3 3.79| 0.32| 3.0 3.0 4.0 5.0/ 8.0/ 11.0]| 14.0
9 years-~--=—m-mcmmce———— 131 440 6.8 4.25| 0.45| 3.0 4.0 4.0 5.0 7.0] 14.0 17.0
10 yearse-=we-cccacnacacn 146 505 6.5| 3.74] 0.49} 3.0 3.0 4.0 5.0 8.0} 11,0| 16.0
11 years--=—=c-ccemnmeccaa- 123 405 7.4| 5,01} 0.43] 3.0 4.0 4,0 6.0 8,0| 13.5] 17.0

NOTE: # = sample size; N = estimated number of
§ = standard deviation; §;= standard error of the mean.

children in population in thousands; X = mean;
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Table 10. Sample sizes and weighted coefficients of correlation for all pairs of the
triceps, subscapular, and midaxillary skinfolds of children, by race, sex, and age
at last birthday: United States, 1963-65

Correlation coefficients
Race, sex, and age n N Triceps~- Triceps~ Subscapular~
subscapular |midaxillary |midaxillary
skinfolds skinfolds skinfolds
Total, all races'----| 7,119 23,784 .8071 .7889 .8721
White, both sexes------ 6,100 | 20,403 .8100 .7891 .8719
BOyS==-=mmmmmm e 3,153} 10,391 .8069 .7873 .8729
Girls-------memaccccme e 2,947 | 10,012 .8137 .7891 .8670
Negro, both sexes------ 987 3,272 .8247 .8116 .8775
BOyS-=mm-m=mmm—mmmcme e 464 | 1,642 .8095 . 7904 .8711
Girls---mmmecmcmcmcccc e 5231 1,629 .7952 .7834 | .8730
WHITE
Boys

6 years-----e--cccmccmneoo 489 | 1,787 .7332 .6799 .8639

7 years--—-—--mmoemecemmea—— 551| 1,781 .8006 .6819 L6448

8 years-==m----mmeeceeenaa- 537 1,739 .7806 .7572 .8555

9 years-----e-mmcemmmaomooo 525| 1,730 .8429 .8310 .9191

10 years=---meecemmmeneao—— 509, 1,692 .8041 .8019 .8969

11 years------r-cmemmmen—- 542 1,662 .8233 .8079 .8895

Girls

6 years-=-m=---mmeccamemeo 461 | 1,722 .7361 .6842 7712

7 years-=-----ewrocmceeao - 5121 1,716 .6255 .5731 .7823

8 yearsm==-mmsaecommmeooo 498 | 1,674 .8179 .7618 .8092

9 years~=---m-mmmmemmmea - 4941 1,663 . 7447 .8124 .7276

10 years-----wccoccmenao—- 505| 1,632 .8172 .7700° .8027

11 years-==----ccmouccnua-- 4771 1,605 .8100 .7981 . 9441

NEGRO
Boys

6 years~ee--—--cccmecomnao- 84 289 .7984 .6418 . 7837

7 years-eeececemcmmenaaaooo 79 286 .7318 .7368 .8478

8 years------rccmemmccnm—— 79 279 .7995 . 7405 .8673

9 years-=-m-meemacaceecna- 74 269 .8428 .8114 .8788

10 years=mw=s-ccmmmcenaoa 65 264 .7980 .7964 .8731

1l years-==-==-eccmccmcncan 83 255 .7592 .7626 .8775

Girls

6 years-----e-emcecemcmem—ao 72 281 .7582 .6609 7672

7 yearS-=-==emececacmc—aa 93 284 .8717 .8160 .9093

8 years-m-------ccwaeccaoo. 113 281 .8697 .8439 .9167

9 yearg---mwmmececomm—aaao 84 265 .8463 .8248 . 9480

10 years--=-cmeccocmcmcaean 77 266 .7859 .8202 .7539

11 yearS=w===-=--cmmeeooo—o 84 253 .8537 .8673 .9014

Includes white, Negro, and other races,

NOTE:
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Table 11, Triceps skinfold of children aged 6-11 years

and selected percentiles, United States, 1963-65

weighing between 15-19.9 kilograms, by
sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,

Percentile
Sex and age n N X s Sz
5th |[10th |25th |50th |75th {90th [95th
Boys In millimeters
6-11 years===== - 219 774y 6.711.,52) 0.12| 4.0] 5.0} 6.0 7.0 8.0} 8.5] 9.0
6 yeargew==--- e 156 563 6.8 1.5L| 0.12} 4.5 5.0 6.0 7.0| 8.07 9.0} 9.0
7 years=e=eecsacecncan= 47 158| 6.3|1.51| 0.27; 4.0! 4,0| 5.0| 6.0| 8.0{ 8.0| 9.0
8 yearg==e==- mm——mm—— 13 43| 6.2 1.28| 0.41| 3.0| 5.0| 6.0| 6.0 7.0 7.5] 8.0
9 yearsmemmme=sum—e=—an 3 8 * * * * * * %* * * *
10 years=e=mecccnccaa= - - - - - - - - - - - -
11 years~m-=recemac-a- - - - - - - - - - - - -
Girls
6-11 years-----=- 304| 1,086 8.01!2.09] 0.21| 5.0} 5.5 6.5| 8.0] 9.0} 11,0 12.0
6 yearSememmnwaccncna- 190 722 8.0( 2.,01| 0.24| 5.0 6.0 6,0 8.0 9.0j 11.0} 11.0
7 yearse=mmeremmcenaac. 84 275| 8.3] 2.18} 0,3L| 5.5 6.0 7.01 8.,0| 9.0} 10.5( 12,0
8 years==ew=emeccanea- 24 70| 6.4|1.88) 0.45| 4.0| 4.0} 5.0| 6.0| 8.0 8.0f 9.0
9 years=mm=mrmmamne——— 5 16 * * * * * * * * * *
10 years=—=m=ce~ea=e-- 1 3 %* * * * * E * % * *
11 years=~===sncanaca~= - - - - - - - - - - - -

NOTE: N = sample size;
8 = standard deviation; §;

N= estimated number of
= standard error of the

children in population in thousands; X = mean;

mean.
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Table 12, Triceps skinfold of children aged 6-11 years weighing between 20-24.9 kilograms, by
sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,
and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s S
5th 110th |25th |50th [75th |90th [95th
Boys In millimeters
6-11 yearg=-===-= 9281 3,207 7.5| 2.16 | 0.14} 4.0 5.0] 6.0 7.0! 9.0] 10,0] 11.5
6 yearg~=~-mececmeaaao 328 1,220 8.1} 2,31}0,20} 5.0 6.0 6.5 8.0 9.0 11.0] 12.0
7 years===eececanaa -—— 336 | 1,080 7.4 1.96 | 0.09 4.5 5.0 6.0 7.0 8.5 10,0 1i.0
8 yeargewec-wcemmcnaaa 169 578 7.0 1.83|0.13! 4,0 5.0| 6.0 7.0 8.0| 9.0]| 10.0
9 yearsge=-=-- mmemeaan 72 251 6.6 2,15 0.39 4,01 4.0} 5.0 6.0 8.0 9.5]|11.0
10 yearg~=~==mc—eaca=aa 18 65| 6.3]1.860.73 3.5 4.0 4.0 7.0 8.0 9.0} 9.0
11 yearsee=mesmccccaca 5 14| 6.4(1.79|1.00| 4.0l 4.0 5.0 7.0y 8.,0f 9.0| 9.0
Girls
6-11 years====== 890 | 3,050| 9.2( 2,59 |0.13( 5.5 _ 6.0 7.0 9.0 10.5] 12.0| 14.0
6 yearse=~—mmcscomanan 269 | 1,014 9.7| 2.58 { 0.19 6.0 7.0 8,0] 9.5]|11.0]| 13.0| 14.5
7 years~=mmmwccwamncaa 3104 1,026 9.2 2.44 |1 0.20} 6.0{ 6,0 7.5 9.0|11L,0| 12.5| 13.0
8 yearse==e-wucaccacana 196 627 8.9} 2.80)0.21f 5.0 6.0 7.0 9.0| 10.0| 12,0 15.0
9 years=e=emccmaccanns 79 264 8.5 2.36|0.31| 5.0 6.0 7.0 8§.,0}110,0§ 11,0 13.0
10 yearse=-==-=eccma_x 30 101 8.,2(2,17}0.3| 5.0 5.0| 6.0 8.0|10,0]| 11.0§ 12,0
11 yegrs==ewmmemacmwaan 6 18 7.312,6911.38{ 4.0 4.,0| 6.0 8.0 8.0{ 13,0} 13.0

NOTE: N = sample size; N = estimated number of children in population in thousands; X= mean;
§ = standard deviation; §; = standard error of the mean.
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Table 13.

Triceps skinfold of children aged 6-11 years weighing between 25-29.9 kilograms, by

sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,

and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s S5
5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In millimeters
6=11 yearse===== 1,013 3,339 | 8.3)2.,73] 0.12} 5.0 5.0} 6.5|] 8.0]10,0(12,0 13,0
6 years=-ceccc—ccanaaa 78 258 | 10.0 | 3.50( 0.49 | 4.5 6.0| 8,0} 9,0}12,0|14.0| 17.5
7 years==m==memacanee= 196 662} 9,1)|2.65| 0,20 | 6.0} 6,0 7.0} 9.0{10,0]12,0| 14,0
8 years=smmm——amm—anaa 288 928 | 8.5}2,57|0.21| 5.0 5.5| 7.0 8.0710,0;12,0{ 13.0
9 years=~m==mmccmaamw- 247 797 | 8.0 2.63| 0,17 5.0| 5.0| 6,0 8,0| 9.011.5| 13.0
10 yearsme=—ememwnaee- 148 518 | 7.3|2,15) 0,16 | 4.0} 5,0 6,0( 7,0| 8,0(10,0] 11,0
1l yearsmm===esccwneaa- 56 175| 6.9 2,30| 0,29 | 4,0 4,0} 5,5| 6,0 8,0{10,0| 12.0
Girls

6-11 yearg-===== 858 | 2,852 | 10,6 | 3,10 0,13} 6,0 7,0| 8.0} 10,0 |12,0|15.0| 16,0
6 yearg~==mm=c-mcccn-- 54 194 | 13.0( 3.73( 0.53 | 7.0 7.5(11.,0|12,5|15,5|18.,5| 20.0
7 years-mmm———wwma=a-- 157 528 11,9} 3.04| 0,30} 8,0| 8.,0[10,0| 11,0 (14,0}16.0| 17.0
8 yearsm-eemecemneana— 243 773 (11,0 2,80| 0,22} 7.,0| 8.0} 9.0| 11,0 |13,0 14,0} 16,0
9 yearse-—===mneacena=e- 213 717 | 10,1 2,564} 0,15 | 7,0 7.0, 8.0} 10,0 | 12,0 13,5| 15,0
10 years-mem—cmmmmaaa= 138 459 { 9,112.,65|0,23| 6.0 6,0| 7.0} 9,0(11,0| 12,0 14,0
11 yearse~==mreocmaene- 53 180} 8,1}!2.,86} 0.45] 4,0| 4,0 6,0{ 8,0{10,0{11.5| 15.0
NOTE: 7 = sample size; N = estimated number of children in population in thousands; X= means}

§ = standard deviation; §; = standard error of the mean,
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Table 14.

Triceps skinfold of children aged 6~l1 years weighing between 30-34.9 kilograms, by

sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,

and selected percentiles, United States, 1963-65

Pexrcentile
Sex and age n N X $ S v
5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In millimeters
6-11 yegrs=~=e--= 691t 2,312 9.5|3.12{0.15} 6.0| 6.0 7.0 9,0]11.0 |14.0( 15.5
6 years==-m~cecmmcac—= 9 29| 13.72,85(1.17| 10.0| 10,0 | 12,0 | 13,0 17.0 {18.0 | 18.0
7 yearS=~m=emm—=aman—- 40 136 | 11.5| 3.92 | 0.84| 6.,0| 7.0| 8.5)12.0{ 14.0 [17.0| 19.0
8 yearge==cecmammnana- 104 336 | 10,8 | 3.46 | 0.44| 5.0 7.0} 8,0}10.0) 13.0 | 16,0 17.0
9 years-~--~mmem~ccmaa 160 569 9.82.,97(0.27| 6.0 6.,5| 8.0| 9.,0| 11.0 |14.0 ] 15,5
10 yearsem==wmwamenaen-a 204 688 | 9.,1|2,690.21| 6.,0{ 6.,0| 7,0| 9.0]10.5 [12.0| 14.0
11 years==e=-~=emnmeaa= 174 555| 8.3)|2,56|0,21| 5,0| 6,0 6,0| 8,0 10,0 |12.0 ]| 13.0
Girls
6-11 yearsm=w=== 58411,941 12,1 |3,7L(0.13| 7.0} 8,0| 9.0 |12.0( 14.0 |17.0 ] 19.0
6 years=~esmecmccccacs- 14 52417.0}{2,52 (0,69 14.0| 14,0 | 16.0 | 16.5| 19.0 |20.0 | 20.0
7 yearsem=mmmennn ~—-———— 45 136 | 15.5{3.38 {0.48} 10,0 | 11,5 | 13.0 |15.5] 18.0 | 20,0 | 22.0
8 yearse~=w=cmmmmacaax 92 313 (14,1 {3.43{0.44| 9.,0{10,0(12.0|13.0] 16.0 |20,0 | 21,0
9 yearg--~==-mcwman~ca- 149 50312.,3{3,30|0,30| 8.0 8,0(10,0 (12,0 14.0 |17.0( 18.0
10 yearse=esecesacaaa~- 151 494 111,213.18{0,26| 6,0f 7,0 9.0 {1L.0]| 13.0 {15.0 | 18.0
11l years~==m-o~eo~mccua- 133 4424 9.,812.,90{0,30| 6.0 7,0} 8,0 9,0} 11,0 |13.,0 | 15.0

NOTE: # = sample size; N = estimated number of children in population

$ =
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Table 15,

Triceps skinfold of children aged 6-11 years weighing between 35-39.9 kilograms, by

sex and age at last birthday: sample silzes,mean,standard deviation, standard error of the mean,

and selected percentiles, United States, 1963-65

_ Percentile
Sex and age n N X s |8
5th | 10th | 25th | 50th| 75th | 90th | 95th
Boys In millimeters
6~11 yearg===== - 422 1,348 | 11,5 3.97| 0.23| 6,0 7.0} 8.0} 11,0} 14,0 17.0| 19.0
6 years=====e=mece~~aa= - 2 6 * * * * * * * * * *
7 years-===—-—mmeen—a-- - 8 23118.3| 2.72(1.09| 16,0} 16.0 16,0 16.0| 19,0 | 22.0 | 24.0
8 years-----~==camcaoo 30 914 15,7| 3.91| 0.63( 10.0} 11,0 13,0 16,0 18,0 21,0 | 22.0
9 yeargm===m=~=mmmeea== 71 220 | 13,1| 3.78| 0,48 8.0| 8.,0|11,0| 12,0| 16,0 20.0 | 20.D
10 years===m~mmme=w=-- 123 422 1 11,4 3.41) 0,31 7.,0{ 8,0 9.0 11,0| 14,0 16.0| 17.0
11l years===mm==mamac=a- 188 585 9.9| 3.35| 0,25y 6,0 6,0| 8.,0| 9.0 12,0| 15,0} 17,0
Girls
6=11 years=====- 377 {1,252 | 14,0} 4,58 | 0,27| 7.0 8,0)11,0| 13,0 17.0{ 20.0| 23.0
6 yearsme==encccemeaac 5 18| 23,2 2.80| 1,50 19.0{ 19,0 | 21,5 25.0| 26.0§ 26.0 | 26,0
7 years=—~m=sccccame=a 9 33)19,3}2.92{1.19| 12,0 18,0 18.0| 19,0} 20.0 23.0 | 26.0
8 yearsee—=-scn-nmeaaw 33 104 | 18,3} 5.34 1,01 | 10,0| 11,5} 14,0 18.5| 21,0 26.0 | 27.0
9 yeargmm==e~cmmmm———— 67 2131 16.3| 3,74 0,53 11,0| 13,0} 13,0| 16,0| 18,0 21,0 [ 22.5
10 years=m=cmmcmmewmnax 129 427 113.6] 3.92} 0,46} 7.0| 8,0]12,0] 13,0 16.0) 19,0 | 20.0
11 yearsm===m=me—cec=- 134 457 | 11,6 | 3.34| 0,28 7,0] 8.0 9.0} 12,0| 13,0 16.0| 17.0

NOTE: 7 = sample size; N = estimated number of childrenm in population in thousands; X-= mean;

8§ = standard deviation; S-

= standard error of the mean.
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Table 16.

sex and age at last birthday: sample sizes,mean

and selected percentiles, United States, 1963-65

Triceps skinfold of children aged 6-11 years

weighing between 40-44,9 kilograms,
sstandard deviation, standard error of the mean,

by

_ Percentile

Sex and age n N X s 8

5th  {10th {25th |50th |(75th [90th |95th
Boys In millimeters
6=11 years=~=w-= 169 525| 15.1] 4.76] 0.46] 8.0| 9.5/ 12.0| 15.0| 18.0] 21.0{ 23.0
- 1
6 years§em===mcmm~—cma~ 1 3 * * * * * * * %* %* *
7 yearSmmmrmemaseenca= 1 2 * * * * * * * * * *
8 years======mmmmcaw~e 6 241 19,11 4,03 2,341 12.5| 12.5| 17.5| 17.5( 23.0| 24.0| 24.0
9 yearg==-—-=m—==mnaaa- 25 80( 18.2| 4.84 | 1.13| 12.0( 12,0| 15,0| 16.5| 22.0( 25.0| 25.0
10 years======m=cccaa~a 51 170 15.,5| 4.01 | 0.80( 8.0 11.0} 12,5| 15.0{ 19.0{ 21.0{ 22.0
11 years—------------- 85 246 | 13.2 | 4.2310.45( 7.0| 8.0]| 10.0} 12,5| 16.0| 19,0 21,0
Girls

6-11 years------ 219 693 15.9 | 5.17 | 0.41| 8.0| 9.0] 12,0 15.5| 20.0| 23.0| 25.0
6 yearsm=-mmmeecccea-- - - - - - - - - - - - -
7 yearsee==smemmac—c-- 3 9 * * * * * % % * * *
8 years-—mm=m=ceeceneaa- 18 55| 20,0 | 4.56 | 1,09| 12.5{13.0| 17.0( 20.0{ 24.0| 26.0| 30.0
9 years=e=sm==m---emeecea- 35 109 | 18.1 | 5.22 {1.02| 8.0]|10,0{ 15,0 18,0| 22,0| 24.0| 26.0
10 years-—-==ewec=emaa-- 69 214 | 16.6 | 5.11 | 0.55{ 8.0 | 10.0| 14.0( 16.0| 20,0| 24,0 25.0
11l years=-=-cceccacn-- 94 306 | 13.8 | 4,27 | 0.52) 7.0 9.0 11.,0| 14,0] 16.0{ 20.0| 22.0
NOTE: % = sample size; N = estimated number of children in population in thousands; X = mean;

8 = standard deviation; S = standard error of the mean.
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Table 17,

and selected percentiles, United States, 1963-65

Triceps skinfold of children aged 6-l1 years

weighing between 45-49.9 kilograms, by
sex and age at last birthday: sample sizes, mean, standard deviation, standard error of the mean,

_ Percentile
Sex and age n N X s 85
5th | 10th | 25th| 50th| 75th | 90th | 95th
Boys In millimeters
6-11 years--==== 97 305|17.5| 5.45| 0.56} 9.0 11,0 12,5| 17.0| 22.0| 25.0| 26.5
6 yearge-=—-=-cmcoaeaa 1 3 * * * * * * % * * *
7 years-~-—cm-mmcmeao—.oo [ 12 * * * * %* * * * * *
8 years=-om-m—moacmano 6 18| 21,8} 2.68( 1.47| 17,0§ 17,0| 20,5 22,0 25.0{ 25.0| 25.0
9 years=--=-~wmcm—cm~o 12 43421,9]6.13| 2,66} 12,0 12,5 18,5| 22.0| 26,0 30.0| 30.0
10 yearse~m=-sm=macacn- 14 43| 18,1 4.34| 0,923 12,0| 12,0| 14,0 18.0| 22,0 24.0| 24.0
11 years=---cecccccawa 60 185 15.3) 4.38} 0,63| 8.0| 10.,0| 12,0} 15,0| 18,0 21,0 23.0
Girls
6-11 yearg=«---- 134 435( 18.04 5,37} 0,62 9,0 11.0| 14.0| 18,0t 22,0 24.5| 27.0
6 years--—--=eo=moa—eno - - - - - - - - - - -
7 Vears-—-——sm—cocmm—u= 1 * * * * * * * * * *
8 years=--m-coceweano- 6 15| 22.3| 2.69| 1.42§ 18.0| 18.0| 20.5| 23.0} 24,0 26.0| 26.0
9 years=-~-m=emcm—noca 25 1024 21.2| 4,50]| 0.80| 15,0} 16.0| 18,0 20.0| 24.5| 27.0| 29.0
10 years====em-cccwca- 37 1134 18.9| 4.43| 0.90| 12,0] 12,0] 15.0} 20.0| 22,0 24.0| 26.0
11 years-=ceceme—caaca 65 202} 15.3| 4.,90| 0,72| 8.0 9.0| 12,0| 14.0]| 19.0| 22.0| 24,0
NOTE: 7 = sample size; N = estimated number of children in population in thousands; X-= mean;
8 = standard deviation; §; = standard error of the mean.
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Table 18,

Triceps skinfold of children aged 6-11 years weighing between 50-54.9 kilograms, by

sex and age at last birthday: sample sizes, mean, standard deviation, standard error of the mean,
and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s S5
5th | 10th| 25th| 50th{ 75th | 90th | 95th
Boys In millimeters
6-11 years-=-=- 48 141 (19.9] 4.88) 1,01 | 12,5| 13,0 | 17.0 | 20.0 | 23.0 | 26,0 | 28.0
6 yearse--—memcecccancea - - - - - - - - - - - -
7 years==meomccecauoan - - - - - - - - - - - -
8 yearses=c-mececcaa-- 2 8 * * * * * * * * * *
9 yearse—=sw-=-n~ccuaoana 3 7 * %* * * * %* * * * %*
10 years=====cccamena- 9 27 120.4| 2.60 | 1,42 | 16.0 | 16,0 | 20.0 | 20,0 | 21,0 {24.0 | 25.0
11 years-----c-wmeea-- 34 98 1{19.415,02] 1,10 11,0 | 13,0 {16.,5{ 19,0 | 22,0 | 24.0 | 26.0
Girls

6-11 years-~-~--- 64 199 | 19.1) 5.00{ 0,83 10,0 | 13.0 | 15.0| 20.0 | 23,0 [ 26,0 | 27.0
6 years-—~ecmeemecaccona - - - - - - - - - - - -
7 years-m~mee—=ocmamaa - - - - - - - - - - - -
8 yearsm-mmmmmmccmaan- 1 2 * * % * * * * * % %
9 yearS~==-memmeamcaeo 6 14 123,7) 2,03 1.38| 20,0 20.0 | 22,0/ 24.5 | 25.0 | 26,0 | 26.0
10 years=====cmcmmcuce 19 59 |21.8| 4.51] 1.04| 14,0 | 15.0 {19.0| 20,0 { 27.0 | 27,0 | 28.0
11 yearse=e=e==ecc=eax 38 123 117.2| 4.50} 0.97} 9.0} 12,0 |14.0| 17.0]21.0 |24,0 | 24,5
NOTE: # = sample size; N = estimated number of children in population in thousands; X-= mean;

8§ = standard deviation; §; = standard error of the mean.
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Table 19, Triceps skinfold of children aged 6~11 years weighing between 55-59,9 kilograms, by
sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,

and selected percentiles, United States, 1963~65

Percentile
Sex and age N X 8 S=
X |5th |10th }25th }J50th |75th |90th |95th
Boys In millimeters
6-11l years~===== 22 651 22,814.,0111,02| 16,0} 18,0} 20.0| 24,0 25.0] 28.0]| 29.0
6 years===w=mecemanca== - - - - - - - - - - - -
7 years-===memeemmem—- - - - - - - - - - - - -
8 years=memnean-a ————— - - - - - - - - - - - -
9 yearg=~memccmmuncna= 5 214 23,9 3.75( 7.89| 18.0} 18.0| 20.0| 25.0] 26.5; 29.0| 29.0
10 years===semmacacaw= 5 15| 22,0 2.22{ 1.35{ 20.0| 20.0} 20.0| 22,0| 24.0| 26.0} 26.0
11l years=-e==mcm=anac= 12 29| 22,3} 4.66 | 1.93| 15.0( 16,0| 19,5| 24.0| 25.0| 28.0( 31.0
Girls
6-11 years==-—==-= 26 89| 19.716.68| 1.46( 12,0] 12,0| 17.0| 22.0} 24.0| 26.0] 28,0
6 yearge~~cmcecmccceaa= - - - - - - - - - - - -
7 years===--a=cmscco-- - - - - - - - - - - - -
8 yearg=mme=nmmw=a ~mm——— - - - - - - - - - - - -
9 yearse=mm=mme=nmanna- 1 3 * * * * * % * * * *
10 years=m=~mem==mmaa= 4 13 * * * * * * * * * *
11 years==~=-=smosm—== 21 73119.,3|7.12}1.59§ 12,0| 12,0{ 12,0 22.0_ 25.0) 26.0| 26,0

NOTE: 7 = sample size; N= estimated number of
8 = standard deviation; S = standard error of the

children in population in thousands;jf = mean;

mearn,
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Table 20.

and selected percentiles, United States, 1963-65

Triceps skinfold of children aged 6-11 years

weighing between 60-64.9 kilograms, by
sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,

Percentile

Sex and age n N X s 85

Sth | 10th | 25th | 50th | 75th | 90th | 95th
Boys In millimeters
6-11 years~----- 11 31| 24.9) 3.23 |1.46| 22,0 | 22,0 23,0 25.0/ 28,0 28.0| 29.0
6 years--~----—c-ccee-x - - - - - - - - - - - -
7 years-—-eme-aceuowax - - - - - - - - - - - -
8 years-~~mommcocecono - - - - - - - - - - - =
9 Yearg-=--mmec-mmcme=- 3 3 o ¥ * % 3 3 E3 E3 &
10 years---w-commuan-- 2 * * * * % * % % k3 *
11 years---wevromeueex 6 15| 23.4| 3,06 {1.27} 15,0 [ 15.0 [ 23.0| 23,0 25.0| 26.0| 26.0
Girls

6-11 years------ 16 53| 23.1| 4.85 | 1.44 | 15,0 | 17.0 | 20.0( 22,0 28,0 | 30.0| 31.0
6 yearsw---—-c=-ccmmu-- - - - - - - - - - - - -
7 years----c--meomaoe- - - - - - - - - - - - -
8 years-----~c-wmcoo-- - - - - - - - - - - - -
9 years------ecmen-ao~ 1 3 % %* % * % * * * * %
10 yearg--==-=-=--=u-~ 3 9 * £ * ¥ ¥ * * * * £
11 years-----==--=--n- 12 411 22.9| 4.60 {1.75| 15,0 | 17.0 | 20,0} 22,0 28,0 29,0 30.0
NOTE: % = sample size; N = estimated number of children in population in thousands; X = mean;

§ = standard deviation; §; = standard error of the mean.

42



Table 21, Triceps skinfold of children aged 6-l1 years weighing between 65-69.9 kilograms, by
sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,
and selected percentiles, United States, 1963-65

Percentile
Sex and age N X s Sy
5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In millimeters
6-11 yearg===~~= 8 23128,2|4,06|6,55| 22,5 23,0 24.,0] 28.0| 32.0( 34.0| 34.0
6 years~=-w-emmacac—u- - - - - - - - - - - - -
7 yearse==smucccacacaa - - - - - - - - - - - -
8 yearg-=~m—c=ccancaew - - - - - - - - - - - -
9 yeargm==mem=mceeana= 2 6 * * * * * * * * * *
10 yearg==-===ccn—a~a= 1 3 * * * * * * * * % *
11 yearg===—==mema=a - 5 141 27.4( 3.82 | 6.46 22,5 22.5| 23,0} 30.0| 30.0( 32.0( 32.0
Girls
6~11 years-==-== 5 16 |1 20,0 | 4,49 | 6.72| 13,0 | 13,0 | 17.0| 20.0| 24.0| 26.0 26.0
6 yearge=-~mmmmccannaa - - - - - - - - - - - -
7 yearsm=memmccnecana- - - - - - - - - - - - -
8 yearge==semencemann— - - - - - - - - - - - -
9 yearg===wmmmecmcea—- - - - - - - - - - - - -
10 years=e~=c==ccma=u= - - - - - - - - - - -
11 yearg=w=~-emmnuena= 16 j20.0| 4.49 | 6,72} 13,0 13,0 | 17.0] 20.0} 24,0 26.0 26.0

NOTE: 7 = sample size; N = estimated number of children in population in thousands; X = mean;

§ = standard deviation; §; = standard error of the mean,
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Table 22, Triceps skinfold of children aged 6-11 years weighing 70 kilograms or more, by sex and
age at last birthday: sample sizes, mean, standard deviation, standard error of the mean, and
selected percentiles, United States, 1963-65

Percentile
Sex and age 7 N X s S v
5th | 10th | 25th | 50th | 75th {90th | 95th
Boys In millimeters
6~11 yearsme===n 4 11 * * %* % % * % % * %
6 yearsm~-me=~=ececaw-~=a - - - - - - - - - - - -
7 years—ewem=emmrenanan= - - - - - - - - - - - -
8 years=~runem—nacen—- - - - - - - - - - - - -
9 years-=w~-~-cccemau= - - - - - - - - - - - -
10 years==-~=mmecacanas 3 * * % * %* * * * * *
11 years=m=es--memmuaa- 3 8 * %* % * * * * * * %
Girls
6=-11 years~sme==- 6 21 % * * %* % % * * * *
6 yearsm—=emmmmammam—— - - - - - - - - - - - -
7 years=-r==s-meaecan= - - - - - - - - - - - -
8 years-—==--emeomeu==- - - - - - - - - - - - -
9 yearg-=-~—wecmnmca~= - - - - - - - - - - - -
10 years-==-==c=caw~== 3 12 % * * * * * * *
11 years-==co==mec—aa- 3 9 * * * %* * % * % * *
NOTE: # = sample size; N= estimated number of children in population in thousands; ji'= mean;
8 = gtandard deviation; §; = standard error of the mean,
Table 23, Correlations between the triceps and subscapular skinfolds of the Health Examination
Survey children and of English children, by race, sex, and age at last birthday
Health Examination Survey children English children!
Age White Negro
Boys Girls
Boys Girls Boys Girls
6 years~—--m=rcre=er- .73 .74 .80 .76 .60 .67
7 yearsmmesm—mcsmecanaa= .80 .63 .73 .87 .65 .71
8 years--=r=wee—cac=- .78 .82 .80 .87 .75 o 74
9 years==e==w e mmn—— .84 74 .84 .85 .75 .78
10 years—m=cwm-neca-- .80 .82 .80 .79 .78 .76
11 years==-=-mrcmcea- .82 .81 .76 .85 .80 .80

1S0URCE: Scott.!® Differential breakdowns by race not available,
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APPENDIX |
STATISTICAL NOTES

The Survey Design

The sampling plan of the second cycle of the HES
followed a highly stratified, multistage probability de-
sign in which a sample of the U.S. population (including
Alaska and Hawaii) from the ages of 6 through 11
years inclusive was selected. Excluded were those
children confined to an institution or residing upon any
of the reservation lands set up for the American Indians.

In the first stage of this design, the nearly 2,000
primary sampling units (PSU's), geographic units into
which the United States was divided, were grouped into
357 strata for the use of the Health Interview Survey
and the Current Population Survey of the U.S. Bureau
of the Census and were then further grouped into 40
superstrata for use in Cycle II of the HES.

The average size of each Cycle II stratum was 4.5
million persons, and all strata fell between the limits
of 3.5 and 5.5 million. Grouping into 40 strata was
done in a way that maximized homogeneity ofthe PSU's
included in each stratum, particularly with regard to
the degree of urbanization, geographic proximity, and
degree of industrialization. The 40 strata were classi-
fied into four broad geographic regions (each with 10
strata) of approximately equal population and cross-
classified into four broad population density groups
(each having 10 strata), Each of the resultant 16 cells
contained either two or three strata. A single stratum
might include only one PSU (or only part of a PSU as,
for example, New York City, which represented two
strata) or several score PSU's,

To take account of the possible effect that the rate
of population change between the 1950 and the 1960
Census might have had on health, the 10 strata within
each region were further classified into four classes
ranging from those with no increase to those with the
greatest relative increase, Each such class contained
two or three strata.

One PSU was then selected from each of the 40
strata. A controlled selection technique was used in
which the probability of selection of a particular PSU
was proportional to its 1960 population, In the con~-
trolled selection an attempt was also made tomaximize
the spread of the PSU's among the States. While not
every one of the 64 cells in the 4x4x4 grid contributes

a PSU to the sample of 40 PSU's, the controlied selec-
tion technique ensured the sample's matching the
marginal distributions in all three dimensions and being
closely representative of all cross-classifications.

Generally, within a particular PSU, 20 ED's (cen-
sus enumeration districts) were selected with the
probability of selection of a particular ED proportional
to its population in the age groups 5-9years in the 1960
Census, which by 1963 roughly approximated the pop-
ulation in the target age group for Cycle 11, A similar
method was used for selecting one segment (clusters
of households) in each ED, Each of the resultant 20
segments was either a bounded area or a cluster of
households (or addresses). All of the children in the
age range properly resident at the address visited
were EC (eligible children). Operational considerations
made it necessary to reduce the number of prospective
examinees at any one location to a maximum of 200,
The EC to be excluded for this reason from the SC
(sample child) group was determined by systematic
subsampling. If one of the sample children had a twin
who was not a sample child, this other twin was brought
in for examination, and while the results wererecorded
for use in a special substudy of twins, this twin was not
included in the 7,119 children under the present
analysis.

The total sample included 7,417 children 6-11
years of age of whom 96 percent were finally examined.
These 7,119 examined children represented the roughly
24 million children in the United States who met the
general criteria for inclusion in the sampling universe
as of mid-1964,

All data presented in this publication are based on
"weighted" observations. That is, data recorded for
each sample child are inflated inthe estimation process
to characterize the larger universe of whichthe sample
child is representative. The weights used in this in-
flation process are a product of the reciprocal of the
probability of selecting the child, an adjustment for
nonresponse cases, and a poststratified ratio adjustment
which increases precision by bringing survey results
into closer alignment with known U,S, population figures
by color and sex for single years of age 6-11,

In the second cycle of the HES the sample was the
result of three stages of selection—the single PSU
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from each stratum, the 20 segments from each sample
PSU, and the sample children from the eligible children.
The probability of selecting an individual child is the
product of the probabilities of selection at each stage.

Since the strata are roughly equal in population
size and a nearly equal number of sample children were
examined in each of the sample PSU's, the sample
design is essentially self-weighting with respect to the
target population; that is, each child 6-11 yearsold had
about the same probability of being drawn into the
sample.

The adjustment upward for nonresponse isintended
to minimize the impact of nonresponse on final esti-
mates by imputing to nonrespondents the characteristics
of "similar" respondents. Here "similar' respondents
were judged to be examined children in a sample PSU
having the same age (in years) and sex as children not
examined in that sample PSU.

The poststratified ratio adjustment used in the
second cycle achieved most of the gains in precision
which would have been attained if the sample had been
drawn from a population stratified by age, color, and
sex and made the final sample estimates of population
agree exactly with independent controls prepared by the
U.S. Bureau of the Census for the noninstitutional pop-
ulation of the United States as of August1, 1964 (approx-
imate midsurvey point) by color and sex for each
single year of age 6-11. The weights of every responding
sample child in each of the 24 age, color, and sex
classes are adjusted upward or downward so that the
weighted total within the class equals the independent
population control,

A more detailed description of the sampling plan
and estimation procedures is included in earlier re-
ports of the Vital and Health Statistics series, %5
Series 11, No. 1%describes the techniques used in
Cycle I which are similar to those of Cycle II.

Parameter and Variance Estimation

As each of the 7,119 sample children has an
agsigned statistical weight, all estimates of population
parameters presented in HES publications are computed
taking this weight into consideration. Thus,X, the esti-

mate of a population mean,” x,” is computed as follows:
N
X=Zw X; /= w;, where X;is the observation or

measurement taken on the ;% person and w, is
the statistical weight assigned to that person,

The HES has an extremely complex sampling plan,
and obviously the estimation procedure is, by the very
nature of the sample, complex as well, Amethod is re-
quired for estimating the reliability of findings which
"reflects both the losses from clustering sample cases

NOTE: The list of references follows the text.
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at two stages and the gains from stratification, ratio
estimation, and post:stratification.''25

The method for estimating variances in the HES
is the half-sample replication technique, The method
was developed at the U.S, Bureau of the Census prior
to 1957 and has at times been given limited use in the
estimation of the reliability of results from the Current
Population Survey, This half-sample replication tech-
nique is particularly well suited to the HES because
the sample, although complex in design, is relatively
small (7,119 cases) and is based on but 40 strata, This
feature permitted the development of a variance esti-
mation computer program which produces tables con-
taining desired estimates of aggregates, means, or
distributions, together with a table identical in format
but with the estimated variances instead of the esti-
mated statistics. The computations required by the
method are simple, and the internal storage require-
ments are well within the limitation of the IBM 360-50
computer system utilized at the National Center for
Health Statistics.

Variance estimates computed for this report were
based on 20 balanced half-sample replications. Ahalf
sample was formed by choosing one sample PSU from
each of 20 pairs of sample PSU's, The composition of
the 20 half samples was determined by an orthogonal
plan. To compute the variance of any statistic, this
statistic is computed for each of the 20 half samples,
Using the mean as an example, this is denoted X,
Then, the weighted mean of the entire, undivided sample
(X )is computed, The variance of the mean is the mean
square deviation of each of the 20 half-sample means
about the overall mean. Symbolically,

20 —
Var.(J—f)=i_§l-(—‘X.——_}Q
20
and the standard error of the mean is the square root
of this. In a similar manner, the standard error of
any statistic may be computed.
A detailed description of this replication process
by Philip J. McCarthy, Ph.D., has been published.?

Standards of Reliability and Precision

All means, variances, and percentages appearing
in this report met defined standards before they were
considered acceptably precise and reliable.

The rule for reporting means and percentiles con-
sisted of two basic criteria, The first criterion was
that a sample size of at least five was required, If this
first criterion was met, then the second criterion,
that the coefficient of variation [i.e., the standard
error of the mean divided by the mean(s;/f)] was to
be less than 25 percent, must have been demonstrated,
Thus, if either the sample size was too small, or the
variation with respect to the mean was too large, the
estimate was considered neither precise nor reliable



enough to meet the standards established for publi-
cation.

Hypothesis Testing

Although this report on skinfolds is primarily
descriptive, it is often desirable to make statistical
comparisons between two groups such as males and
females or 6-year-olds and 7-year-olds. Classically,
if a statistician wishes to test the difference between
two means (or, put differently, to test whether two
samples could have been drawn from the same pop-
ulation), he could do so by setting up a normal deviate
in which he would ugilize the means and standard
errors of the means as computed from the samples.
The statistic
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is then compared to a table of normal deviates to de-
termine whether or not there is, in fact, a difference
between the two groups. (Note thatthe abovemakes the
assumption that the two groups are independent and
that s%

While the technique may appeal to many, inthe
analyses of this veport this technique is not used for
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(1) Use of the z statistic makes necessary the
assumption of normality. As is clearly shown
by the percentile distributions of the variables
considered in this report, this assumption is
badly violated,

(2) Because of the many breakdowns of the HES
sample, innumerable tests of this nature could
be performed and, with each new test, the
probability of rejecting a hypothesis incorrectly
may be .05, but if such tests are performed,
the probability of making at least ocne mistake
somewhare in those 10 tests is something
closer to ,50.

It was therefore decided to place the greatest
emphasis on a relationship remaining consistent over
both sexes (or races) and all ages under consideration.
In other words, to say that ""girls have median triceps
skinfolds greater than boys for all ages between 6 and
11 years’ has far more meaning and interpretability
than to say ''the mean triceps skinfold for 6-year-old
girls is significantly greater than the corresponding
mean for 6~year-~old boys, and the mean ... for 7-year-
old girls is significantly greater than the mean for 7-
year-old boys, 8-year-old girls, etc,," as determined
by a normal deviate, In these analyses, consistency
rather than a statement about a successionof individual

probability levels is the factor considered most im-
portant in demonstrating & relationship.

Analysis of Correlations Among Skinfolds

For each of the 7,119 children in the sample three
skinfolds were recorded. The correlation coefficients
were computed for each of the three possible pairs of
these three skinfold measurements in the following
manner:

- - [ - - £ = r)
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where w, is the weight assigned to the i™ individual
and X and Y are the two skinfold measurements being
correlated,

Three correlation coefficients were computed for
each of the 24 age-sex-race categories. The results
are presented in table 10. As described in the text, it
was decided to rank, within each age-sex-race group,
the three correlation coefficients under consideration.
The distribution of these ranks is shown in table I

Note that if each of the pairs was correlated
equally, it would be expected that the average rank In
each column would be "2," so that the sum of the ranks
in each column would be 48, The greater the deviation
from 48, the more significant is the difference between
pairs of correlation coefficients. It is evident from the
ahove table that the highest ranks were assigned to the
two trunk skinfolds (i.e., subscapular and midaxillary),
indicating the highest degree of association of all pos-
sible pairs, while the ranks were smallest for the
triceps-midaxillary correlation, indicating the weakest
relationship.

A procedure was sought which would enable a
probability level to be assigned to the ranks presented
above to further support the initial observations such
as a standard nonparametric procedure, Freedman's
chi square was not used because the correlation co-
efficients for the various pairs of skinfolds are not
independent. Thus, an alternative procedure was sought
which required no assumption of independence. The W,
statistic described in "Some Aspects of the Statistical
Analyses of the 'Mixed Model™ by Gary G. Koch and
Pranab Kumar Sen, which appeared in Biomeirics,
March 1968, is particalarly appropriate here and is
based on the ranks described above,

This procedure yields aw, equal to 13.10 with 2
degrees of freedom when it is applied to this data.
Since W, is distributed as chi square, it can be said
with 99 percent confidence that there is a significant
difference in correlation cotfficients computed from the
various combinations of skinfolds,
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Table I,

measurements, by race, sex, and age

Distribution of ranks of correlation coefficients for pairs of skinfold

Race, sex, and age

Skinfold pair

Triceps~
subscapular

Triceps -
midaxillary

Subscapular-
midaxillary
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Regional and demographic characteristics by which
the population has been classified for this report are
defined as follows,

Age and Sex

Population was classified into 12 age-sex groups-—
the six ages 6-11 years by sex. For 95 percent of the
children the given age was verified by birth certifi-
cates, Age stated by the parents was accepted as the
true age for the other 5 percent, Age is expressed as
years attained at last birthday.

Skinfolds were reported by race for white and

. Negro children. Children of other races were not
sampled sufficiently for comparison purposes; these
children represented only 0.45 percent of the sample.

APPENDIX 1

DEMOGRAPHIC VARIABLES

Region

Northeast ~=~---~

Regional data are presented for four regions of
the continental United States.

QO O O

States Included

Maine, Vermont, New Hampshire,
Massachusetts, Rhode Island,
Comnecticut, New York,
Pennsylvania, New Jersey.
Minnesota, Wisconsin, Michigan,
lowa, Missouri, Illinois, Indiana,
Ohio

Delaware, Maryland, Virginia,
District of Columbia, West Virginia,
Kentucky, Tennessee,

North Carolina, South Carolina,
Georgia, Florida, Alabama,
Mississippi, Arkansas, Louisiana
Washington, Oregon, Idaho, Montana,
North Dakota, South Dakota,
Wyoming, Nebraska, Kansas,
Colorado, Utah, Nevada, California,
Arizona, New Mexico, Texas,
Oklahoma
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APPENDIX 1l

TECHNIQUES OF MEASUREMENT AND QUALITY CONTROL

introduction

In normal, healthy, and well-nourished individuals,
as much as 25 percent of the total mass of the body
can consist of fat cells in quantities large enough to
form a definite adipose tissue. Although a significant
proportion of this fat is located internmally, often
surrounding organs such as the kidney, more than
half of it is found subcutaneously where it "blankets"
the individual, In a number of regions of the body the
adipose layer may be ' lifted" with the fingers, i.e.,
pulled away from underlying tissues, to form a skin-
fold. The skinfold therefore consists of a double layer
of subcutaneous fat and skinwhose thickness may be
measured with appropriate equipment and by exercising
reasonable care (figure I),

The major methodological concerns involved inthe
measurement of skinfold thickness are:
® The calipers utilized. There are a number of cali-
pers now available which give comparable results.
Figure II illustrates the Lange caliper, now manufac-
tured by Cambridge (Maryland) Scientific Industries,
Inc,, and used in the Health Examination Survey. As
with all acceptable calipers, it is spring-loaded to the
closed position and compresses the fold with aconstant
pressure of 10 grams/mm.? throughout its range of
openings. The calipers are readily calibrated using a
standard aluminum step wedge with widths in incre-
ments of 10 mm. If the needle indicator strays even
slightly from the exact mark, it can be realigned very
easily. Extensive data available at Cambridge Scientific
Industries demonstrate that the spring loading is vir-

Figure I.
subcutaneous fat and skin.
with the Lange caliper.
thropoiogy, Temple University)
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Diagram of the technique for measuring a skinfold, a double layer of
In this case,
(Drawing courtesy of Muriel Kirkpatrick, Dept. of An-

the triceps skinfold is being measured



Figure I1.

tually constant and that occasional slight indicator
fluctuation is the only drift in the instrument; when the
needle is realigned, the measurement becomes precise
again,
® The technique ulilized, The most comprehensive
description of the actual technique is given by Brofek !
as follows (see figure I):
The "skin" should be lifted by grasping firmly the
fold between the thumb and the forefinger. A firm
grip, not exceeding the pain threshold, eliminates
or at least substantially reduces the variations
in the apparent thickness of skinfold that would
result from wide differences in-the pulling force
of the fingers.

The width of the skin that is enclosed between the

hFrom Bro¥ek, J.,The measurement of body composition, in M. F. A.
Montagu, ed., An Introduction to Physical Anthropology, ed. 3,
1960, pp. 637-686. Courtesy of Charles C. Thomas, Publisher,
Springfield, lllinois.

Lange caliper.

fingers is an important factor. It cannot be stand-
ardized, in its absolute size, for all the sites of
the body. With a thick subcutaneous layer a wider
segment of the skin must be "pinched" in order to
form a fold than when the adipose tissue is poorly
developed, as it is on the dorsum of the hand. For
a given site the width of the skin should be mini-
mal, still yielding a well defined fold.

The depth of the skinfold at which the calipers are
placed on the fold also requires comment. The two
sides of the fold are not likely to be parallel, when
the skin is lifted by one hand, being narrower
near the crest and larger toward the base. When
the calipers are placed at the base, the resulting
measurement is too large. Here, again, thecorrect
distance from the crest is defined as the minimal
distance from the crest at which a true fold, with
surfaces approximately parallel fo each other and
to the contact surfaces of the calipers, is obiained
upon the application of the calipers io the skin,
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Some caliper models only approximate but do not
actually achieve the parallelism of the contact
surfaces, However, such parallelism isadesirable
feature of the calipers. In very obese individuals at
some sites no true skinfolds, as defined above,
can be obtained. The measurements are still use-
ful as indicators of fatmess but the "skinfold”
measurements are then larger than a double value
of skin plus the subcutaneous layer, taking into
account the compression of the tissues by the
calipers. It is recommended to lift the skinfold at
a distance of about 1 cm, from the site at which the
calipers are to be placed and the skinfold measured.

®The site selected for measurement, The thickness
of the subcutaneous tissue may be measured at any
number of sites, and the choice of a site is dictated
largely by the problem under investigation. Atthe same
time, certain sites have become more or less stand-
ardized as locations which are readily accessible,
which may be more accurately measured, which have a
layer of fat of relatively uniform thickness, and which
serve as a reasonable sample of all the subcutaneous
fat of the body. For Cycle II three sites were selected:
(1) #riceps, over the triceps muscle halfway between
the elbow and the acromial process of the scapula, with
the skinfold parallel to the longitudinal axis of the
upper arm; (2) subscapular, 1 cm. below the inferior
angle of the scapula in line with the natural cleavage
lines of the skin; and (3) midaxillary, in the mid-
axillary line, but with the fold perpendicular to it,
midway between the nipple and the umbilicus,

HES -Measuring Technique

Trained observers measured all skinfolds to the
nearest 0,5 mm, The values were read aloud to a re-
corder, also a trained measurer, who repeated aloud
each number back to the observer as it was recorded
in the proper space on the record form, This repetition
served both as a doublecheck to the measuring tech-
nician and to reduce the recorder's errors. The meas-
urement was repeated, and if it did not coincide with
the first one, a third one was taken.

All skinfolds and body measurements were per-
formed in a regular sequence to minimize the number
of position changes the child was required to make,
The sequence is illustrated on the measurement re-
cording form (figure III).

All of the individuals performing body measure-
ments in the HES were experienced X-ray technicians
who had been trained in anatomy and the identification
of specific body landmarks, In addition, X-ray tech-
nicians tend to work well with people and are skilled
in giving the examinee verbal orders along with the
necessary handling to achieve proper positioning.

Each technician received more than a month of
intensive training before being considered proficient in
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making body measurements. In this training, he be-
came skilled with the equipment, the precise locations
of the body atwhichthe measurements were to be taken,
and the technique of measurement itself, The major
sources of measurement error by the trainee were .
improper positioning of subject's body, improper se-
lection of specific body landmarks, and improper tech-
nique in applying the calipers. Incorrect reading from
the instrument (usually transposition of numbers) also
occurred. The measurements of each technician were
carefully compared with those of the other three and
with the measurements of the two supervisors (Dr.
Peter V,V, Hamill, the medical advisor, and Dr.
Francis E. Johnston, the anthropologic consultant) be-
fore they were officially accepted as recordable data.

Broadly conceived, training and quality comtrol
have two major goals—(1) to substantially reduce the
variability introduced by errors of measurement and
(2) to assess the magnitude of the remaining residual
error, The achievement of the first goal requires not
only suitable initial training but also a persistent on-
going system of quality control. Achieving the second
requires the construction of experiments designed to
quantify specific components of the error of measure-
ment,

Training and quality control for taking body meas-
urements consisted of seven identifiable procedures,
some emphasizing the training component and some the
assessment of quality in Cycles II and III: !

(1) Careful training of the examiners.

(2) Periodic direct observation by the medical advisor
and the anthropologic consultant as measurements
were being taken with correction of errors when
necessary.

(3) Practice and retraining during dry runs, The first
day at each location (that is, approximately one day
a month) was devoted to dry runs, during which all
equipment was retested and recalibrated and reg-
ular practice procedures were carried out. Each
technician and either a supervising technician or
the supervisors measured one or more people
several times, Discrepancies in measurements
were discussed and any steps necessary to im-
prove the techniques were taken. Although these
were primarily training sessions, they afforded an
ongoing informal assessment as to the quality of
the data,

iAs a careful and thoughtful quality control program tends to be an
evolving process, the most extensive and systematic monitoring for body
measurements performed in any of the cycles thus far in the HES was
performed in Cycle III (youths 12-27 years, data collection 1966-70).
This formal system of replicate examinations which was instituted in
Cycle 111 is referred to in item 7, below, and is described in detail on
page 57 of this discussion along with an argument for the validity of
applying Cycle I1I experience to Cycle I1.
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BODY MEASUREMENTS
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Figure [1l,

(4) Approximately every 6 to 9 months an intensive

evaluation of measurement technique was con-
ducted by the supervisors. These sessions lasted
2 days and involved the measurement, each time,
of two boys. One boy was quite fat and the other
was linear in physique. On the first day both boys
were measured by each of the four technmicians
with the supervisors acting as recorders, The
following day the procedure was repeated, thus
giving both inter-observer and intra-observer com-
parison of sets of measurements. It was only at
this time that the technicians were allowed to see
the previous measurements and to compare theirs
with their own and with the other three sets. Major

SAMPLE NO. (1-8)

Body measurement recording form.

discrepancies were noted and attempts were made
to establish the sources of differences and to
eliminate them. In addition, such matters asunder-
lying principles of growth and development and the
significance of the survey were discussed.

These sessions were intended to include as-
sessment of errors due to technician differences,
to differences in physiques of subjects, to the site
of the skinfold, as well as to interactions among
these sources of error. For a variety of reasons,
e.g., number of subjects and a greater number of
technicians in Cycle III than originally specified in
the model for the analysis of variance, the assess-
ment was ultimately abandoned,
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(S) A daily instrument check was performed on the
calipers using the step wedge as described in the
section "Calipers Utilized," earlier in this appen-
div

Several additional calipers were on hand both
to enable the staff to periodically return the instru-
ments to the factory for cleaning and for double-
checking their precision and to insure against the
loss of data in the event of instrument loss or

damage.

(6) In Cycle II, the two Examining Caravans converged
from the East and from the West on the Greater
Chicago area, at which two stands were conducted
(described in reference 5). After theregular exam-
inations had been completed in the normal fashion,
and without prior warning, Caravan I reexamined
approximately S0 children who had been examined

by the staff of Caravan II and vice versa.

(7y The analysis of a set of 301 replicate examinations,
taken during 30 stands over the 4 years of Cycle
I, provided an estimate of the magnitude of
measuring error. These data are the subject of the
detailed analysis in the following pages and are
judged to provide a fair estimate of the actual

residual variable measurement error as it oc-
curred during the Cycle II and Cycle Il measure-

N
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ments of skinfolds,

Surveillance and Evaluation of Residual

Measurement Process Error

This section is extracted from a recentpublication,
Quality Conivol in a Notional Health Examination Suy-
vey. 28 This unusually lucid and well-organized report
on quality control was written by Wesley Schaible, the
quality control officer of the HES. Material within
brackets has been added to focus the discussion on
gkinfold measurements.

Monitoring Systems

Despite efforts to reduce measurement errors,
residual errors of a magnitude large enough to war-
rant concern occur with some regularity [in any anthro-
pometric survey]. There is, therefore, a real and
urgent need to have a system whereby these residual
errors can be monitored, The concept of quality con-
trol is based on the desire to obtain end products of a
certain quality. Thus, one of the main purposes of a
monitoring system is to indicate whether the measure-
ments produced by a certain measurement process
attain the desired quality. A second purpose is to make
possible quantitative summary descriptions of residual

NOTE: The list of relerences follows the text.
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measurement errors to aid in the interpretation of
survey data.

The most extensive system of monitoring used in
the HES in Cycle Il was the collection and evaluation
of replicate data. Replicate measurements are useful
for a variety of purposes—for example, as a means of
increasing precision of estimates of individual measure-
ments, as a training technique, and as a monitoring
system which includes the objective of final evaluation
of measurement errors, These objectives are not in-
compatible, and replicate data collected primarily for
one of these objectives often indirectly, ifnot directly,
accomplish one or both of the remaining two, For this
reason replicate data are most often collected with a
combination of these objectives in mind, The single
most important source of replicate datainCyclelll was
the replicate examinations, in which approximately 5
percent of the regular examinees were returned to the
examination center for a second complete examination
except for drawing blood and taking X-rays,

Biases and Controls in Replicate Measurements

A major source of uncertainty in estimates derived
from replicate measurements is in the inability tomake
the replicate measurement under precisely the same
conditions and in the same mammer as for the original
measurement, This uncertainty is difficult to evaluate
and most attempts to do so are restricted to subjective
statements concerning the direction and/or size of the
bias and the need for concern in the analysis of data,

Several policies regarding Cvcle III replicate
examinations were specific in tne attempt to obtain
measurements taken under the same conditions and in
the same manner., Replicate examinations were not
conducted during a speciiic time, but whenever pos-
sible were interspersed among the regular examina-
tions. An original examination was given priority over
a replicate examination in that none was scheduled if
it occupied time needed for a regular-examination. In
practice there was often space to interject replicate
examinations in the schedule without interfering with
regular examinations. However, this priority plus the
fact that replicates were drawn from those examined
increased the likelihood that a replicate examination
would be scheduled toward the end of the examination
period. Nevertheless, the attempt to space the replicate
examinations in the schedule was a valuable policy
in that the interspacing of replicate and original exam-
inations created an atmosphere more conducive to the
replicate examination's being conducted in essentially
the same manner as the original.

The examiners had been informed of the purpose
and importance of the reexaminations, It was emphasized
that they should not vary their procedures on a repli-
cate examination or in any way try to collect "better”
data than they normally would. Thereafter, the conduct
of a replicate examination was net given any greater



emphasis than any other instruction since overem-
phasizing ''sameness" might have created more bias

than it should have eliminated,
At the time of the original examination neither the

observer nor the examinee knew whether ornotihe
examinee would be rebturned fora replicaie examination,
During the replicate examination, observers were not
specifically informed that an examinee was a replicate
although no attempt was made to conceal this fact since
in an examination as lengthy as that given in HES the
examinee would undoubtedly be remembered by several,
if not all, examiners. Even though an examinee might
be remembered, it was extremely unlikely that an
examiner would remember a specific measurement
after a time lapse of 2 or 3 weeks. Some bias might be
introduced by the examiner's knowledge ofthereplicate
status of an examinee, but generally this bias would
seem quite small when compared to the measurement
error and in some cases to the biases associated with
the knowledge and familiarity gained by the examinee
during the original examination. Examinee bias can be
important, especially in measurements for which a
response 1s elicited or when the true value of the
measurement has changed because of a time lapse,
Since the time lapse was usually 2 or 3 weeks, some
appreciable changes might occur in certain measure-
ments such as weight. However, for most of the data
collected the actual change Jover time] canonlybe very
small, so this effect may usually be neglected. [For
example, the examinee's previous experience is much
more likely to affect, to some extent, the true repli~
cability of the psychological tests and those physiologic
tests requiring high levels of subject participationsuch
as the treadmill and spirometry; but on those procedures
in which the subject is passive, such as EKG and skin-
fold measurements, with very little learning involved,
the effect of the previous experience is almost zero in
Cycle 11L]

Replicate data were obtained on approximately 70
percent of those selected for such examinations. One
explanation for this low rate is that the persuasion and
followup efforts were not as intensive as for regular
examinees. This is a partial result of giving priority
to regular examinees if interviewer or examination
time was limited, There also seems to be an increased
objection to returning for a second examination, as
demonstrated in the most frequent reasons for refusal:
"One time is enough' and "I can't miss school again."

Selection of Replicate Examinees

The selection of Cycle Il examinees for replicate
examinations was random within certain restrictions
imposed by practical considerations, One of the re-
strictions was that replicates were selected only from
those examined during the first week and a half of the
approximately 3% weeks of examinations at any one
location. This time period was chosen to facilitate the

interspersing of replicate examinations with originals
in the examining schedule without interfering with the
time allotted for original examinations and without
scheduling additional time to accommodate replicates,
In a voluntary survey it is obviously impossible to
follow a statistically random process in scheduling
subjects, so those scheduled during the first week and
a half are not, in the strict sense, a random sample of
all those scheduled, though they may be randomly
distributed for those features which are significant.
Evidence that replicates might be considered "repre-
sentative” is found in the fact that youths of certain
ages, locations, incomes, etc., are not routinely more
likely to be scheduled during any particular segment
of the examination schedule, However, the availability
and desires of the subjects do influence the compo-
sition of the replicate sample, For instance, an exam-
inee whose participation in an original examination
was achieved only after repeated contacts by survey
personnel is more likely to have been excluded from
a replicate examination since it is unlikely that he
would have recelved an original examination during the
first week and a half. The schedule of locations con-
sidering time of year, sequencing of examinations,
relatlon to other events which might make subjects
more or less available, and other related aspects give
no obvious discriminatory factor, After examining these
and other relatively minor considerations there appears
to be no reason to believe that the subjects scheduled
and examined during the first part of a stand differ
from those scheduled and examined during the latter

pordon of a stand with respect to the data gathered.
Another restriction on complete randomness inthe

selection of examinees for replicate examinations was
the exclusion of those examinees who were "'geograph-
ically inconvenient' to the examination center, "Geo-
graphically inconvenient” was arbitrarily defined as a
distance of 30 miles or greater; although if conditions
dictated, exceptions were sometimes allowed., A pri-
mary consideration in choosing a site for the exam-
ination center was the centrality of the location in
relation to the sample segments (a segment is a
cluster of households). Since segments were drawn
with probability proportional to population, most seg-
ments were in relatively populated areas; and so the
examination center was also in or adjacent to a
relatively populated area. Therefore, the subjects de-
leted by this 30-mile restriction usually resided in
relatively less populated areas; sothisrestrictionmay
create a bias in the replicate data if, in fact, charac-
teristics and errors of concern differed by population
density. Even if differences did exist, the total effect
of this restraint was not great since it excluded only
approximately 10 percent of the eligible examinees,
There were other minor restrictions of medical and
operational nature imposed on the complete random-
ness of the replicate sample, but they were not readily
asgociated with large differences. Also they deleted at
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most only 1-2 percent of the eligible examinees and
for these reasons are of small consequence.

Since the purpose of replicate examinations is to
give information about errors, the matter of concern
between those excluded and those eligible for selection
is mot the possible differences in.the values of meas-
urements but the possible differences in the errors
associated with the measurements as shown by the
discrepancy between two measurements on the same
subject. It should also be noted that although subjects
did influence measurement errors [for some types of
examinations], the environment, procedures, and exam-
iners were also highly influential, The consideration
of these additional influences causes a completely
random selection of subjects to be of somewhat less
concern,

(Note: This concludes the material extracted from
Schaible's paper.)

Evaluation of Residual Measurement

Error in Skinfold Measurements

The residual error of measurement was estimated
from a set of 301 replicate examinations conducted, as
outlined below, during Cycle Il of the HES, There is

every reason to believe that this assessment, although
derived from studies in the subsequent cycle of exam-

inations (i.e., Cycle III), is valid and completely
applicable because the conditions of the body measure-
ment examinations were essentially identical in the
two cycles, There were, however, three differences:
(1) the children examined during Cycle-Il were younger
and smaller; (2) two skinfolds (median calf and supra-
iliac) were added in Cycle III, but the location and
measuring technique of the other three remained

Table II.

identical; and (3) a total of 11 technicians made meas-
urements during Cycle III, while in Cycle II, the same
four technicians participated in equal degrees through-
out the entire cycle, Otherwise, the instrument and its
calibration, the technique, the training procedures, the
selection of technicians (in fact, two of the four tech-
nicians from Cycle II continued for several years into
Cycle III), the examining environment, and the chief
medical advisor and the anthropologic consultant were
the same,

There is no reason to suspect that the relative
errors of measurement for the Cycle II children differ
significantly from those of Cycle III. Thus, the only
appreciable differences in quality control consider-
ations for body measurements between Cycles II and
III are in the greater number of technicians utilized
in Cycle Il and its longer duration (4 years compared
to 2% years), These were just about counterbalanced
by the more strenuous and more systematic surveillance
in Cycle 111, '

Body measurements were taken on 6,768 youths
and these children comprised the HES Cycle Ill sample.
At 30 of the 40 locations (or stands) visited throughout
the United States, replicate body measurements were
obtained on 301 children., That is, an average of 10
youths were reexamined at each stand; Of the 301
youths, 224 were reexamined by a technician other than
the one initially measuring the youth, while the re-
maining 77 were reexamined by the same technician.
All together during the 4 years, 11 technicians partic-
ipated in replicate measurements for this phase of the
quality control program.

Table Il presents the percentage of total exami-
nations performed by each technician and the percent-
ages of intra-examiner and inter-examiner replicates
in which the 11 technicians were involved,

Percentage of regular and replicate examinations performed by each technician

Technician number Percentage of regular

Replicate examinations

Cycle IIT examinations
Percentage of intra- Percentage of inter-
examinations examinations
1 0.8 1.3 0.9
2 13.4 2.7 10.2
3 22.8 21.3 21.4
4 6.1 4,0 2.7
5 13,5 10.7 16,7
6 6.1 5.3 6,5
7 3.7 5.3 4,9
8 15,1 24,0 16.4
9 11.3 16.0 13,3
10 3.0 2.7 3.6
11 4,1 6.7 3,6
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The above table indicates some possible sources
of bias which may affect the analysis of replicate data,
For example, assume technician number 9 was able to
replicate his own measurements very well, but his
readings were quite different from those of the other
examiners, Obviously, his results would be overrepre-
sented in the replicate analysis because he examined
only 11.3 percent of all youths in the actual survey, but
did 16 percent of the intra-examiner replicate examina~-
tions and 13.3 percent of the inter-examiner replicate
examinations, Because of this technician's overrepre-
sentation in the replicate study, the distribution of
intra-examiner differences would cluster closer to
zero than it really should have since this examiner
self-replicates well, On the other hand, the inter~
examiner distribution of differences would be consider-~
ably more skewed than it should have been since this
technician does not agree well with the other technicians?
measurements, Similar discrepancies are obvious for
other technicians. An example of an opposite effect to
that cited above is technician number 2, who did only
2,7 percent of the intra-examiner replicate measure-
ments and 10.2 percent of the inter-examiner replicate
measurements, but did 13.4 percent of all examinations
in Cycle I,

Thus, the various combinations of observers for
the inter-examiner replicates and the proportions of
intra-examiner replicates were not controlled so as to
be balanced among the observers, In the survey proper
the examinations were similarly not proportionately
distributed among the observers—an imbalance caused
by the variation in the length of time the various tech~
nicians were associated with the survey,

The foregoing indicates that the distribution of
numbers of replicate examinations done by each tech-
nician is not the same as the distribution of the total
number of survey examinations dome by each in Cycle
111, This is one of the inherent problems of the present
replicate data, and limits to some extent implications
to the survey as a whole, Nevertheless, the reader
should be aware of the many problems confronting those

26 s .
who conduct large-scale health surveys™and in this
context, the present systematic approach to the col-
lection of replicate body measurement datais adequate,

Results of Replicate Examinations

The absolute differences between the first and the
second examinations were computed for each child on
each of the three skinfolds of interest and the results
are presented below,

NOTE: The list of references follows the text,

Inter-Examiner Differences

There were 224 youths reexamined by a technician
other than the one who did the initial examination, The
distributions of absolute differences between the findings
of the two examinations are shown in table III,

For each of the three skinfold measurements the
modal difference was 0.5 mm., but the triceps skinfold
appears to have more large differences than either the
subscapular or midaxillary skinfolds; this is reflected
in the triceps' larger mean difference (1.89 mm.) as
well as its greater median difference (1.5 mm,) as
compared with those of the other two, The distributions
of subscapular and midaxillary differences have very
similar means to each other along with equal medians
and modes.

A widely used measure of replicability is the sta-
tistic ¢,, the technical error of measurement defined
as o,= \/Edz . This assumes that the distribution

n

of replicate differences is normal and that the errors
of all pairs can be pooled. The results of the calcula-
tions of this statistic are shown in table IlI, As ex-
pected, the largest value belongs to triceps skinfold
with the subscapular and midaxillary sites exhibiting
little difference.

Triceps: 1.89
Subscapular: 1,53
Midaxillary: 1.47

This comparison is somewhat misleading since the
triceps is the largest of the three skinfold measure-
ments and has the greatest variance (see tables 1-3).
On the other hand, the midaxillary and subscapular
skinfolds are highly correlated and have similar
distributions since both are trunk measurements. By
expressing the technical error relative to the appro-
priate mean, a coefficient of variation (i.e., a meas-
ure of relative error) is obtained, Thus,

technical error

average measurement -
Since, in Cycle IIl, the average values for these

skinfolds over all ages and sexes were:

coefficient of variation = 100

Triceps: 12,25
Subscapular: 9,97
Midaxillary: 8.47

the following are the coefticients of variation:

Triceps: 15.44
Subscapular: 15,37
Midaxillary: 17.39



Table III. Distribution of inter-examiner differences between the initial and the replicate exami-
nations for the three skinfolds

Absolute Triceps skinfold Subscapular skinfold Midaxillary skinfold
differ- Difference
ence, d, squared,
in mm. d? Frequency!| Percent Frequency! | Percent Frequency! | Percent
0.0 0.00 21 9.4 48 21.4 40 17.9
5043 0.25 52 23,2 61 27,2 64 28,6
20,6 0.00 0 0.0 1 0.4 0 0,0
“0.9 0.00 0 0.0 1 0.4 0 0.0
1.0 1.00 37 16.5 42 18,7 43 19,2
1.5 2,25 21 9.4 17 7.6 25 11,2
2.0 4,00 16 7.1 15 6.7 17 7.6
2.5 6.25 22 9.8 11 4.9 9 4.0
3.0 9.00 18 8.0 4 1.8 6 2.7
3.5 12,25 10 4,5 3 1.3 3 1.3
4,0 16.00 11 4.9 6 2.7 3 1.3
4.5 20.25 4 1.8 0 0.0 1 0.4
5.0 25,00 1 0.5 5 2.2 6 2.7
5.5 30.25 2 0.9 3 1.3 1 0.4
6.0 36,00 2 0.9 2 0,9 2 0.9
6.5 42.25 2 0.9 1 0.4 0 0.0
7.0 49,00 2 0.9 0 0.0 0 0,0
7.5 56.25 0 0.0 0 0,0 1 0.4
8.0 64,00 0 0.0 1 0.4 1 0.4
8,5 72,25 0 0,0 1 0.4 0 0.0
9.0 81.00 0 0.0 1 0.4 0 0.0
9.5 90,25 0 0.0 0 0.0 1 0.4
10.5 110.25 0 0.0 1 0.4 1 0.4
11.0 121.00 1 0.5 0 0.0 0 0.0
12,0 144,00 1 0.5 0 0.0 0 0.0
12,5 156,25 1 0.5 0 0.0 0 0.0
Sample size, n 224 100.0 224 100.0 224 100.0
Mean difference,
d, in mm. 1.89 1.34 1.33
Median in mm. 1.5 1.0 1.0
Mode in mm. 0.5 0.5 0.5
Zd2 1601.5 1051.7 971.5
2d%2n 3.58 2,35 2,17

'Number of replicate examinations exhibiting indicated differences.
Such differences may be caused by failure of technicians to round measurement to nearest half-
millimeter or by a miscoding error undetected during imputation.

Viewed in terms of relative error, the triceps uo
longer appears the most poorly replicated measurement;
in fact, the midaxillary now appears the most poorly
replicated.

Intra-Examiner Differences

A similar analysis was also conducted for the 77
youths reexamined by the same technician. The dis-
tributions of differences are shown in table IV,

Here, the situation is the reverse of the one
observed for inter-examiner differences, the triceps
measurement having the smallest mean difference of
the three, though all have equal medians. The modal
difference for the subscapular measurement is zero
and 0.5 mm, for both the triceps and midaxillary
measurements, The technical error of the triceps
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measurement is lower than either of the others with
the two trunk measurements apparently very similazr:

Triceps : 0.80
Subscapular: 1.83
Midaxillary: 2,08

Computation of coefficients of variationaccentuates
the intra-examiner precision in triceps measurement,
The coefficients of variation are as follows:

Triceps: 6.51
Subscapular: 18.33
Midaxillary: 24.51

The triceps measurement obviously has the lowest
coefficient of variation of the three skinfold measure-
ments under consideration, while the midaxillary skin-
fold exhibits the worst replicability of the three,



Table IV. Distribution of intra-examiner differences between the initial and the replicate exami-
nations for the three skinfolds

Absolute Triceps skinfold Subscapular skinfold Midaxillary skinfold
differ- Difference
ence, d, squared, d?
in mm. Frequency! | Percent Frequency! | Percent Frequency! | Percent
0.0 0.00 21 27.3 29 37.7 24 31.2
0.5 0,25 27 35.1 22 28.6 24 31,2
1.0 1.00 13 16.9 i1 14.3 14 18,2
1.5 2,25 7 9.1 4 5.2 4 5,2
2,0 4,00 4 5.2 2 2,6 5 6.5
2.5 6.25 2 2.6 2 2,6 1 1.3
3.0 9,00 2 2.6 2 2.6 1 1.3
3.5 12,25 0 0.0 1 1.3 0 0.0
4,0 16,00 1 1.3 1 1.3 0 0.0
4,5 20,25 0 0.0 0 0.0 1 1,3
5.0 25,00 0 0.0 1 1.3 2 2,6
6.0 36,00 0 0.0 1 1.3 0 0.0
19.0 261,00 0 0.0 1 1.3 0 0.0
23.0 529,00 0 0.0 0 0.0 1 1.3
Sample size, n 77 100.0 77 100.0 77 100.0
Mean difference,
d, in mm. 0.78 1.05 1.10
Median in mm. 0.5 0.5 0.5
Mode in mm. 0.5 0.0 0.5
Zd? 98.0 514.2 663.5
2d%2n 0.64 3.34 4,31

'Number of replicate examinations exhibiting indicated differences.

Within each skinfold, the significances of differ-
ences between the intra- and inter-observer errors of
measurement were tested by computing the F ratios
of their squares. The results were as follows:

Triceps: 4.20
Subscapular: 1,42
Midaxillary: 1.29

Tests of these at the .01 level (to keep the overall
error rate below 5 percent) showed that the triceps is
the only skinfold of the three in which the inter - and
intra-examiner techmical errors differ significantly.
That is, agreement was significantly better when the
same observer replicated the initial measurement of
the triceps, For the other two skinfolds, the error as-
sociated with two observers was no greater than the
intra-observer error,

These findings indicate that error in skinfold meas-
urement is related to both the site and number of
observers utilized. The measurement of the thickness
of the triceps skinfold involves more highly individual
techniques, probably related to the precise spot over
the muscle, the manner in which the fold is "picked
up," and the point at which the caliper faces make
contact with the skin, In addition, although a formally
analyzed study was not conducted, a clinical impression
was formed in the training sessions that the precise
site chosen for measurement was mozre critical in the
triceps region than in either the subscapular or mid-
axillary regions (presumably the subcutaneous fat

varies in thickness more in the triceps region as one
strays from the exact site—i.e., around the circum-
ference of the arm-—than in the other two regions).
A single observer will become quite consistent in
terms of his or her own technique, and self-replication
will be quite high,

On the other hand, such individualized techniques
are not as important for the two trunk sites since the
adipose layer in these regions is thinner and more
uniform in thickness than in the arm. The associated
error is more likely to be randomized and not to be so
strongly affected by "examiner-specific" factors.

Conclusions

From the above, some conclusions may be drawn
relative to the error of measurement associated with
the HES, The median error for all skinfolds is 1.0 to
1.5 mm, ‘This error, though absolutely small,isrela-
tively quite high in view of the usual thickness of skin-
folds encountered, In addition, quite large errors can
occur, replicate differences of 12,5 mm, being observed
for the triceps and 10.5 mm, for the subscapular and
midaxillary folds. These errors remain as residuals
despite the careful quality control exercised through-
out Cycles II and IIl, The meaning of such errors may
be evaluated only in light of the fact that the measure-
ment of body fat is of considerable biomedical import
and, in many cases, skinfolds provide the only esti-
mates available,
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With well-trained and supervised observers, the
residual errors of measurement are the same for the
subscapular skinfolds regardless of whether one or
several observers are utilized. Such is not the case
for the triceps, however, because the residual is
significantly less when only one observer does the
measuring, On the other hand, the possibility of sys-
tematic errors is greater with only one observer,
leading to a potentially systematic bias in the distri-
butions,

In 2 longitudinal study, a single observer isalways
preferable. The major purpose of such a design is to
determine change in individuals over time. A single
observer will provide more consistent readings and
therefore a more accurate estimate of change. How-
ever, since use of a single observer increases the
possibility of systematic bias, the reliability of longi-
tudinal studies is reduced for estimates of the distri-
bution of absolute values in the general population,

In a cross-sectional study, multiple examinersare
preferable so far as the subscapular and midaxillary
skinfolds are concerned. Not only are residual errors
of measurement the same regardless of whether one

or several observers are used, but also the systematic
bias introduced by use of a single observer will be
eliminated,

For cross-sectional studies involving the triceps
skinfold, the situation is more complex. If the purpose
is to estimate the distribution of the triceps skinfold
in a population, multiple examiners will provide better
estimates since systematic error will be more likely
to be reduced,

If the purpose is to make comparisons of triceps
skinfold between groups, then the design of the study,
based on considerations of all factors, must reconcile
two opposing problems:

(1) Multiple examiners will increase the variability of
the distribution because of the inclusion of inter-
examiner errors of measurement,

(2) Single-examiner measurements will result in a
variance more comparable to the true value for the
population, However, since a single observer may
measure different kinds of individuals in a system-
atically different way, new problems of biasmay be
introduced.
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