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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 1 analyzed and 
discussed data of height and weight by age, sex, 
race, and geographic region of the United States, 
while the second report2 carried the analysis and 
discussion of height and weight data further by 
considering some measurable socioeconomic 
variables. 

Cycle I of the HES, conducted from 1959 to 
1962, obtained information on the prevalence of 
certain chronic diseaseq and on the distribution 
of a number of anthropometric and sensorychar
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 I are described in two 
previous reports3”and most of the results are 
published in Series 11 reports under the desig
nation PHS Publication No. 1000. 

lProfessor 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 II 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.5 

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 a percentage of bodyweight. 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 andwithin 
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.6-8 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, pulledaway 
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 sites are 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 that these 
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
vened to consider the problem of bodycomposition 
research and its application has recommended the 
taking of skinfolds as an integral part of any ex
amination procedure.g 

A logical sequence of reports of findings of 
Cycle II 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 at three 
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 i,s given for the clinical use of tables 
of skinfold distribution by body weight in conjunc
tionwith weight-by-height tables from Report No. 
104.1 in this series. 



METHOD 

At each of 40 preselected locations b 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 triceps (or upper awn) 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 infiascapular) skin-
fold, on the back immediately below the inferior 
angle of the scapula; and (3) the midaxillary (or 
l&era1 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 possible, and recorded to 
the nearest half-millimeter(ma.). Measurements 
were taken twice, and, where necessary, any 

bSee the sectionThe Survey Design in appendis I. 

discrepancies were resoIved 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/mm.* 
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 arepresentedin appendix III, pages 57-60. 
and more detailed descriptions of the technique 
of measuring skinfolds and of quality control are 
given on pages SO-56 

In all of the 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 mean age of each category, therefore, 
approximates the midpoint of the whole year, e.g., 
the 8-year-old male group consists of a l-year 
cohort whose mean age is 8.51 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 parent was 
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 wereclas
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 5th 

CDiscussed in the section Parameter and Variance 
Estimation in appendix I. 
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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 skewnessap
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. 

BOYS
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Age Differences 

Figures l-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 the distributions 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 11 years. 
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Figure I. Distribution by selecred percentiles of the triceps skinfold of U.S. children, by sex and age. 
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Figure 2. Distribution by selected percentiles of the subscapular skinfold of U.S. children, by sex and age. 
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Figure 3. Distribution by selected percentiles of the midaxillary skinfold of U.S. children, by sex and age. 

5 



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 separately? A comparison of the me
dians may be seen graphically in figures 7-9. 
For any of the three skinfolds, white girls dis

- - Boys 

L 
;'orj 11 11 

6 7 8 9 IO 11 
AGE IN YEARS 

Figure 4. Median 	 triceps skinfold of U.S. children,
by sex and age. 

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

‘61 
AGE IN YEARS 

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

T-	 - Boys 
I’- Girls 

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 to the’two 
male groups, Negro girls have medians for the 
three skinfolds which exceed those of Negro boys 
at virtually 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 7. Median triceps skinfold of U.S. children, 
by race, sex, and age. 
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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 

0 I I I I I 
7 8 9 10 11 

AGE IN YEARS 

Figure 9. 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 cut as 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 in the distri
bution of skinfolds becomes even more clear by 
viewing the differences among the means. In 
general, the differences between the means of 
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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). 

- White boys 
- -White girls‘3f- - * - Negro boys 
rm==*~Negro girls 
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z IO-
26 
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Figure IO. Mean triceps skinfold of U.S. children, 
by race, sex, and age. 

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 
andmidaxillary folds at the 5th, lOth, 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

d cz 00 
6 7 8 9 10 11 

AGE IN YEARS 

Figure II. Mean subscapular skinfold of U.S. chil
dren, by race, sex, and age. 
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Figure 12. Mean midaxillarv skinfold of U.S. chil
dren, by race, sex, and age. 

most all cases. For example, at the subscapular 
site, the lOth-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, on the other hand, 
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there are differences at all percentiles. Tlnat is, 
the differences in limb fat, as measured by the 
triceps skinfold, between whites and Negroes of 
the same sex exist not only in the 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 
8 and 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. TheHES sample 
is broken down into four regions: Northeast, Mid-
west, South, andWest. The differences, where they 
exist, are numerically small, although a certain 
consistency may be seen. In almost 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 West donot fall into this pattern, 
tending to be on the smaller side, in terms of 
median 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, comparing the 
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 andgirls, 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 
Y values were available, again as seen in table 
10. Utilizing these 24 sets, the following pro
cedure was carried out. Within each set, the 
pairing which gave the highest correlation was 
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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 Y 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.e 

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 Wn 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 .Ol level. 

Skinfold Distributions by Age and Weight 

Although skinfolds are rapidly becoming use
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 

eSee the section Analysis of Correlations Among Skinfolds 
in append& 1. 

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.fThe 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----------- 8 yr. 8 yr* 

Height-------- 46 in. 54 in. 
(116.8 cm.) (137.2 cm.) 

Weight-------- 45 lb. 75 lb. 
(20.4 kg.) (34.0 kg.) 

Triceps fold-- 10 mm. 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 N0.104~ 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 lb., 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,lagain utilizing 
table 17, it may be seenthat, for a height of 54 in., 
his weight of 75 lb. places him very near 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, 

fFor criteria determining sufficient numbers of children for 
a cell, see the section Standards of Reliability and Precision in 
appendix I. 
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for his weight and age, a triceps skinfold thick
ness of 10 mm. places him at the 50th 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 future report 
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 increasedmarkedly 
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 andmuch smaller sam
ple numbers than characterizes the HES. 

The data presented in this report constitute 
the most comprehensive distributions presently 
available 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 as little affected 
by errors of measurement as it is possible to make 
them. 

The sophisticated sampling techniques insure 
that the distributions in fact 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 to techniques 
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 on the arm and 
leg are well correlated lo 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 is desir
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 S-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 wellJ2However, 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 with age 
is greater in children with optimal and above-
optimal diets such as oneoften 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 ll-year-old cohort of girls (table 2). 
The difference between the 5th 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 a normal dis
tribution have little, if any, meaning, and their 
use may very well lead to 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 bedisplacedaway 
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

position research, and was even recognized in
tuitively before it could be objectively meas
ured. The distributions in tables l-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 lb). 
At 7 years of age, theSOth-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. Thedemonstra
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,13during preadolescence by Piscopo, I4 
and among young adults by Newman.15 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 ofeither 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 betweenthe 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 
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greater skewness found among whites in the HES 
data was also found in Newman’s study of army 
recruit&l5 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 
midaxillary 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. Whenthe 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 amongmore 
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 in the two popula
tions. 

If this speculation is correct, then the dif
ferences in limb fat between whites and Negroes 
may be attributed to hereditary andenvironmental 
factors, while those in trunk 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 limbsI’ and that they 
differ in limb musculature as welLi However, 
these speculations about the differences in fat 
control mechanisms for the trunk and limb must 
be restricted to children from 6 through I1 years 
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. In general, 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 reach as 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.E: 

gThe 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 II) 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 
eprdemiologic convenience. (2) The second reason is logistic. 
As depicted on a map by McDowell,5 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 less on the trunk (based upon 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, I9 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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Figure 13. Distribution by selected percentiles of 
the triceps skinfold of II-year-old U.S. and English 
girls. 
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Figure 14. Distribution by selected percentiles of 
the subscapular skinfold of II-year-old U.S. and Eng
lish girls. 

U.S. white children have consistently higher 
skinfolds than children of the same age range from 
the Peruvian Andes.“’ These differences are in the 
order of lo-20 percent for the trunk and close 
to 50 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 ~1.l~ 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 a near normal distribution 
by the use of logarithms and then used standard 
statistical measures appropriate for normal dis
tributions to describe the transforms, such as the 
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 HES have thicker triceps skin-
folds than Chinese boys and girls of thesame age 
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regardless of socioeconomic class, the differences 
being clear cut in both sexes. This held true 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 wereconstructed 
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 is needed 
if studies are to be comparable. 

Correlations Among Skinfoids 

As mentioned earlier, the correlations among 
skinfolds suggest a general “fatness” component, 
but at the same time, indicate moreindependence 
between trunk and limb sites than betweenthe two 
trunk sites compared to each other. This certainly 
suggests that, when conducting studies or exam
ining individuals, estimates of both trunk andlimb 
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 Sc0tt.l’ The higher 
correlations are to be found among American 
children; for American Negroes, the Y’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 are very close to 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 generalmeasurement 
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 ne 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, provide a 
set of descriptions of the distributions of skin-
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 high caloric intake of American 
children and because of the value of skinfold 
thicknesses in nutrition surveys, 22-24 they may 
be taken as statistically adequate standards of 
fatness for children with one of the highest caloric 
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. 

11, ihis surve;, a nztiosYd~ . probabilityI‘ 
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 

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, girls have 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 greater for the limbs than for the trunk. 
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 (the most 
widely used in obesity studies) are also presented 
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by 5 kg. body-weight categories to be used, in be taken as statistically adequate standards of 

conjunction with weight-for-height tables in Re- famess for children in countries with a high 

port No. 104’ in this series, for evaluating the average caloric intake. 

thickness of the fat layer relative to an individ- U.S. children were found to have thicker 

ual’s height and weight. skinfolds than do London schoolchildren, children 


The use of the skinfold measurements as of the Peruvian Andes, and Hong Kong boys and 
standards, both clinical and epidemiologic, is girls. Adequate explanation of these differences 
discussed. Considered as a whole, the data may 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 Sji 

I 5th 10th 25th 50th 

Boys In millimeters 

6-11 years-- 3,632 12,081 I 9.4 4.281 0.14 5.a 5.5 7.0 8.0 

6 years----------- 575 2,082 8.1 2.79 0.17 5.0 5.0 6.0 8.0 
7 years----------- 632 2,074 8;4 3.17 0.14 4.5 5.0 6.0 8.0 
8 years----------- 618 2,026 9.0 3.77 0.19 4.5 5.0 6.5 8.0 
9 years----------- 603 2,012 10.0 4.96 0.28 5.0 6.0 7.0 8.5 
10 years---------- 576 1,963 10.1 4.43 0.23 5.0 6.0 7.0 9.0 
11 years 628 1,924 11.0 5.32 0.25 5.0 6.0 7.0 9.5 

Girls 

6-11 years-- 3,487 11,703 11.5 4.61 0.15 6.0 7.0 8.0 10.0 

6 years----------- 536 2,016 9.7 3.39 0.20 5.5 6.0 7.0 9.0 
7 years---------- 609 2,010 10.4 3.61 0.19 6.0 6.5 8.0 10.0 
8 years----------- 613 1,960 11.4 4.43 0.17 6.0 6.5 8.0 10.5 
9 years-- __-_ - ____ 581 1,945 12.3 4.84 0.25 6.0 7.0 9.0 11.0 
10 years---------- 584 1,904 12.6 5.12 0.32 6.0 7.0 9.0 12.0 
11 years -_________ 564 1,868 12.6 5.19 0.25 6.0 7.0 9.0 12.0 

75th 90th 95th 

11.0 15.0 18.0 
- -

9.0 12.0 13.0 
9.5 12.0 14.0 

11.0 13.5 17.0 
12.0 16.0 20.0 
12.0 16.0 20.0 
14.0 19.0 22.0 

14.0 18.0 21.0 

11.0 14.0 16.0 
12.0 16.0 17.0 
13.5 18.0 20.0 
14.5 19.0 22.0 
15.0 20.0 23.0 
15.0 20.0 23.0 

NOTE: 12 = sample size; N= estimated number of children in population in thousands;X = mean;
S = standard deviation; SP = standard error of the mean. 
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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 12 N x s sg. 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years-- 3.632 12.081 I 5.8 3.41 0.10 3.5 4.0 4.0 5.0 6.0 8.5 13.0 - - -

6 years--- -__-_-.._ 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 ----_______ 632 2,074 5.1 2.46 0.11 3.0 4.0 4.0 4.5 5.5 6.5 8.0 
8 year----- ..- 618 2,026 5.5 2.90 0.14 3.5 4.0 4.0 5.0 6.0 8.0 10.0 
9 year---- --_-- 603 2,012 6.2 3.86 0.21 3.5 4.0 4.0 5.0 6.0 9.0 14.0 
10 yea-j-s---- -_ -_ __ 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---------- 628 1,924 7.1 4.46 0.18 4.0 4.0 4.5 6.0 8.0 13.0 i7.0 

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 
E 

6 years _--___-____ 536 2,016 5.5 2.67 0.17 3.0 4.0 4.0 5.0 6.0 8.0 10.0 
7 years----------- 609 2,010 6.1 3.04 0.20 4.0 4.0 4.0 5.0 6.5 9.0 12.0 
8 years---- -_-- 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---------- 564 1,868 8.5 4.90 0.26 4.0 4.0 6.0 7.0 10.0 15.0 20.0 

NOTE:32= sample size;N= estimated number of children in population in thousands;x= mean; S= 
standard deviation; s- I standard error of the mean.

X 
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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 s S-x 

5th 10th 25th 50th 75th 90th 95th 

-Boys In mill imeters 

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------ - 575 2,082 4.1 2.01 0.09 2.5 3.0 3.0 4.0 4.0 5.0 6.5 
7 years----------- 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----- --___ - 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----------- 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---------- 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---------- 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----------- 609 2,010 5.3 2.86 0.17 3.0 3.0 4.0 4.0 6.0 9.0 11.0 
8 years----------- 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----------- 581 1,945 7.0 4.65 0.30 3.0 3.5 4.0 5.5 8.0 14.0 18.0 
10 years---------- 584 1,904 7.4 4.98 0.36 3.0 3.5 4.0 6.0 8.0 15.0 20.0 
11 year----..------ 564 1,868 7.9 4.97 0.22 3.5 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;
S = standard deviation; S%= standard error of the mean. 

22 



Table 4. Triceps 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 

Race, sex,
and age x s sz 

Percentile 

5th 10th 25th 50th 75th 90th 95th 

WHITE In millimeters 

Boys 6-11 
years------- 9.8 6.0 a.5 11.0 

6 years------------ 489 1,787 a.3 2.82 0.18 6.0 6.5 a.0 9.5 12.0 13.0 
7 years------------ 551 1,781 a.7 3.20 0.16 6.0 7.0 a.0 10.0 12.0 14.5 
a years------------ 537 1,739 9.3 3.80 0.20 6.0 7.0 a.0 11.0 14.0 17.0 
9 years------------ 525 1,730 10.4 5.06 0.30 6.0 7.0 9.0 12.0 17.0 21.0 
10 years----------- 509 1,692 10.5 4.41 0.22 6.0 7.5 9.5 13.0 16.0 20.0 
11 years----------- 542 1,662 11.5 5.32 0.27 6.0 a.0 10.0 14.0 19.0 22.0 

Girls 6-11 
years------- 11.8 0.16 6.0 a.5 14.0 la.0 21.0-

6 years------------ 461 1,722 10.0 3.39 0.21 6.0 6.5 a.0 10.0 11.0 14.0 16.0 
7 years------------ 512 1,716 10.8 3.47 0.21 6.5 7.0 a.0 10.0 12.5 16.0 la.0 
a years------------ 498 1,674 11.7 4.34 0.18 6.0 7.0 9.0 11.0 14.0 la.0 20.0 
9 years------------ 494 1,663 12.7 4.83 0.28 7.0 a.0 9.0 11.5 15.0 20.0 22.5 
10 years----------- 505 1,632 13.0 5.08 0.34 6.0 7.0 9.0 12.0 16.0 20.0 23.0 
11 years----------- 477 1,605 12.9 5.07 0.26 7.0 7.5 9.0 12.0 16.0 20.1 22.0 

NEGRO 

Boys 6-11 
years------- 464 1,642 7.2 3.13 0.22 4.0 4.0 5.0 6.5 a.0 11.0 13.0- - -

6 years------------ a4 289 7.0 2.26 0.23 4.0 5.0 5.5 7.0 a.0 10.0 11.0 
7 years------------ 79 286 6.4 2.14 0.27 4.0 4.0 5.0 6.0 7.0 9.0 10.0 
a years------------ 79 279 7.1 2.98 0.34 4.0 4.0 5.0 6.5 a.0 12.0 13.0 
9 years------------ 74 269 7.2 2.99 0.42 4.0 4.0 5.0 6.5 a.0 11.0 14.0 
10 years----------- 65 264 7.6 3.49 0.39 4.0 4.0 5.5 7.0 9.0 11.0 13.0 
11 years----------- a3 255 a.1 4.32 0.56 4.0 4.0 6.0 7.0 9.0 12.0 la.0 

Girls 6-11 
nears------- 523 1,629 9.5 4.50 0.17 5.0 5.5 6.5 a.0 11.0 15.0 20.0- -

6 years------------ 72 281 7.9 2.84 0.54 5.0 5.0 6.0 7.0 9.0 11.0 14.0 
7 years------------ 93 284 a.3 3.68 0.34 5.0 5.0 6.0 7.5 9.0 12.0 16.0 
a years------------ 113 281 9.6 4.59 0.28 5.0 5.0 6.5 a.0 11.0 14.0 20.0 
9 years------------ a4 265 10.2 4.45 0.48 5.0 6.0 7.0 9.0 12.5 15.5 19.0 
10 years----------- 77 266 10.3 4.74 0.48 5.0 6.0 7.0 9.0 12.0 20.0 20.2 
11 years----------- a4 253 10.9 5.58 0.60 4.0 6.0 7.0 10.0 12.0 20.0 25.0 

NOTE: n = sample size; N= estimated number of children in population in thousands; x= mean;
5 - standard deviation; St = standard error of the mean. 
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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, N x s s;;and age 

5th 10th 25th 50th 75th 90th 95th 

WHITE In millimeters 

Boys 6-11 
years------- 10,391 3.56 

-
3.5 4.0 4.0 6.0 

6 years-------.---- 489 1,787 4.9 1.90 0.11 3.0 3.5 4.0 4.0 5.0 6.5 7.0 
7 years------------ 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------------ 537 1,739 5.6 3.07 0.17 3.5 4.0 4.0 5.0 6.0 8.0 12.0 
9 years------------ 525 1,73c 6.3 4.07 0.24 3.5 4.0 4.0 5.0 6.0 10.0 15.0 
10 years----------- 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----------- 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 
years------- 10,012 

- 7.2 4.36 0.17 4.0 4.0 4.5 6.0 8.0 

6 years------------ 461 1,722 5.6 2.84 0.19 3.5 4.0 4.0 5.0 6.0 8.0 10.5 
7 years------------ 512 1,716 6.2 3.07 0.22 4.0 4.0 4.0 5.0 7.0 9.5 12.0 
8 yeaj-s------------ 498 1,674 6.9 4.00 0.17 4.0 4.0 4.5 6.0 8.0 12.0 16.0 
9 years------------ 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--------m-- 505 1,632 8.2 5.03 0.33 4.0 4.0 5.0 6.0 9.5 L6.0 20.0 
11 years----------- 477 1,605 8.6 4.85 0.29 4.0 4.0 6.0 7.0 LO.0 L6.0 20.0 

NEGRO 

Boys 6-11 
years------- 464 1,642 2.01 0.11 3.0 4.0 6.0 8.0 

6 years------------ 84 289 4.7 1.38 0.14 3.0 4.0 4.0 5.0 6.0 6.5 
7 years------------ 79 286 4.6 1.14 0.16 3.0 4.0 4.0 5.0 6.0 7.0 
8 years------------ 79 279 5.0 1.42 0.18 3.0 4.0 4.0 6.0 6.5 7.0 
9 yeaj-s------------ 74 269 5.2 1.57 0.20 3.0 4.0 4.0 6.0 6.5 8.0 
10 years----------- 65 264 5.5 2.12 0.22 3.5 4.0 4.0 6.0 8.0 12.0 
11 years----------.. 83 255 5.9 3.41 0.30 3.5 4.0 4.0 6.0 8.0 14.0 

Girls 6-11 
years------- 523 1,629 6.6 3.85 0.20 4.0 4.0 4.0 6.0-

6 years------------ 72 281 4.9 1.07 0.16 4.0 4.0 4.0 5.0 5.5 6.0 
7 years------------ 93 284 5.5 2.87 0.29 3.0 4.0 4.0 5.0 6.0 7.0 
g years------------ 113 281 6.4 3.40 0.25 4.0 4.0 4.0 5.0 7.0 10.0 
9 years------------ 84 265 7.0 4.25 0.46 4.0 4.0 5.0 6.0 7.0 10.0 
10 years----------- 77 266 7.6 3.93 0.48 4.0 5.0 5.0 6.0 8.0 11.0 
11 years----------- 84 253 8.5 5.28 0.54 4.0 4.0 5.5 7.0 9.0 14.0 

NOTE: fi = sample size; N= estimated number of children in population in thousands;X = mean;
S = standard deviation; S-x = standard error of the mean. 
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Table 6. Midaxillary 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, n iv x s spyand age 

5th 10th 25th 50th 75th 90th 95th 

WHITE In millimeters 

Boys 6-11 years------- 3,153 10,391 5.2 3.73 0.11 3.0 3.0 3.0 4.0 5.0 8.0 

6 years----..------- 489 1,787 4.1 2.12 0.10 2.5 3.0 3.0 4.0 4.0 5.0 
7 years------------ 551 1,781 4.5 3.39 0.13 3.0 3.0 3.0 4.0 5.0 6.0 
8 years------------ 537 1,739 4.9 3.15 0.17 3.0 3.0 3.0 4.0 5.0 7.0 
9 years------------ 525 1,730 5.7 4.05 0.26 3.0 3.0 3.5 4.0 6.0 10.0 
10 years----------- 509 1,692 5.7 3.99 0.16 3.0 3.0 3.5 4.0 6.0 10.0 
11 years----------- 542 1,662 6.5 4.68 0.25 3.0 3.0 4.0 5.0 7.0 13.0 

Girls 6-11 
years------- 2,947 10,012 6.5 4.37 0.17 

E3.0 3.0 4.0 5.0 E7.0 12.0 - -

6 years------------ 461 1,722 5.0 3.03 0.18 3.0 3.0 3.5 4.0 5.0 8.0 
7 years------------ 512 1,716 5.4 2.92 0.19 3.0 3.0 4.0 4.5 6.0 9.0 
8 years------------ 498 1,674 6.3 4.04 0.17 3.0 3.0 4.0 5.0 7.0 11.0 
9 years------------ 494 1,663 7.2 4.80 0.35 3.0 3.5 4.0 5.5 8.0 14.0 
10 years----------- 505 1,632 7.5 5.04 0.40 3.0 3.5 4.0 6.0 9.0 16.0 
11 years----------- 477 1,605 8.0 5.06 0.23 3.5 4.0 5.0 6.0 10.0 16.0 

NEGRO 

Boys 6-11 
years------- 464 1.642 4.2 2.02 0.11 3.0 3.0 3.0 4.0 4.0 6.0 

6 years------------ 84 289 3.9 1.13 0.13 3.0 3.0 3.0 4.0 4.0 5.5 
7 years------------ 79 286 3.9 1.24 0.21 2.5 3.0 3.0 4.0 4.0 5.0 
8 years------------ 79 279 3.9 1.17 0.12 3.0 3.0 3.0 4.0 4.5 5.0 
9 years------------ 74 269 4.1 1.47 0.23 3.0 3.0 3.0 4.0 4.0 6.0 
10 years----------- 65 264 4.7 2.55 0.22 3.0 3.0 3.a 4.0 5.0 7.0 
11 years----------- 83 255 4.9 3.40 0.28 3.0 3.0 4.0 4.0 5.0 6.5 

Girls 6-11 
years------- 523 1.629 5.5 3.45 0.17 3.0 3.0 4.c 4.0 6.0 8.0 

6 years------------ 72 281 4.1 1.29 0.18 3.0 3.0 3.c 4.0 5.0 6.0 
7 years------------ 93 284 4.7 2.39 0.21 3.0 3.0 3.c 4.0 5.0 7.0 
8 years------------ 113 281 5.4 3.36 0.22 2.5 3.0 3.c 4.0 6.0 9.0 
9 years------------ 84 265 5.6 3.29 0.34 3.0 3.0 4.c 5.0 6.5 8.0 
10 years----------- 77 266 6.3 4.39 0.44 3.0 3.0 4.c 5.0 7.0 10.0 
11 years----------- 84 253 7.0 4.30 0.49 3.0 4.0 4.c 5.0 8.0 13.0 

13.0 

7.0 
8.0 

10.0 
15.0 
15.0 
18.0 

16.0 

10.0 
11.0 
15.0 
18.0 
20.0 
19.0 

7.0 

6.0 
6.0 
6.0 
7.0 

10.0 
13.0 

13.0 

7.0 
8.0 

11.0 
12.0 
16.0 
16.0 

NOTE: n = sample size; N= estimated number of children in population in thousands; X = mean;
S = standard deviation; Sji = 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, 

sex, and age x s 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 years------------------ 148 481 8.5 2.60 0.35 5.0 6.0 7.0 8.0 10.0 12.0 14.0 
7 years------------------ 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------------------ 154 465 10.8 5.14 0.58 5.0 6.0 8.0 9.0 12.0 18.5 24.0 
10 years----------------- 139 432 10.3 4.23 0.29 5.5 6.0 8.0 9.0 12.0 16.0 20.0 
11 years----------------- 150 418 11.7 5.67 0.46 5.0 6.0 8.0 LO.0 14.0 21.0 23.0 

Girls 6-11 years--- 889 2.685 12.2 4.85 0.12 6.0 7.0 9.0 L1.0 15.0 19.0 22.0 -

6 years------------------ 142 489 10.2 3.49 0.31 6.0 6.5 8.0 LO.0 12.0 15.0 17.0 
7 years------------------ 160 479 11.2 4.08 0.31 6.0 7.0 8.0 LO.0 13.5 16.0 18.0 
8 years------------------ 178 526 11.9 4.69 0.25 6.0 7.0 8.0 11.0 15.0 18.5 20.0 
9 years------------------ 146 447 13.7 5.44 0.34 7.0 8.0 10.0 L3.0 16.0 21.5 25.0 
10 years----------------- 127 344 13.5 4.81 0.61 6.5 8.0 10.0 L2.0 17.0 21.0 22.0 
11 years----------------- 136 400 13.4 5.40 0.36 7.0 7.0 9.0 L2.0 17.0 21.0 24.0 

MIDWEST 

Boys 6-11 years----
E961 3,428 9.6 4.23 0.09 	 5.0 6.0 7.0 8.0 11.0 14.5 19.0 - - -

6 years------------------ 138 530 8.4 2.88 0.20 5.0 6.0 7.0 8.0 9.0 12.0 13.1 
7 years------------------ 163 570 8.7 3.17 0.20 5.0 6.0 7.0 8.0 10.0 12.0 14.0 
8 years------------------ 164 589 8.9 3.41 0.17 5.0 5.0 6.5 8.0 11.0 13.0 15.0 
9 years------------------ 157 568 10.3 5.14 0.47 5.0 6.0 7.5 9.0 12.0 17.5 22.0 
10 years----------------- 174 621 10.1 4.22 0.28 6.0 6.0 7.0 9.0 13.0 16.0 18.5 
11 years----------------- 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 L1.0 14.0 18.5 22.0 

6 years------------------ 134 509 10.5 3.94 0.23 6.0 6.0 7.5 10.0 12.0 16.0 19.0 
7 years------------------ 179 632 10.7 3.18 0.34 6.5 7.0 8.0 LO.0 13.0 16.0 16.0 
8 years------------------ 151 522 11.8 4.34 0.31 6.0 7.0 9.0 L1.0 14.0 17.0 22.0 
g years--------,---------- 158 574 12.6 4.76 0.58 7.0 7.0 9.0 L1.0 15.0 19.0 22.5 
10 years----------------- 163 546 13.5 5.54 0.55 6.5 7.0 9.0 L2.0 16.0 23.0 26.0 
11 years----------------- 150 554 13.3 4.73 0.37 7.0 8.0 10.0 LT.0 16.0 21.0 22.0 

NOTE: 12 = sample size; N= estimated number of children in population in thousands; X- mean; 
s = standard deviation; 3: = 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, 196396%con. -

Percentile 
Geographic region, n Nsex, and age 

5th 10th 25th 50th 75th 90th 95th 
I I I I I I 

SOUTH In millimeters 

Boys 6-11 years----	 850 2.874 8.9 0.24 4.0 6.0 10.0 14.4 18.0 = 

(j years------------------ 144 550 7.8 2.43 0.23 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 years------------------ 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 
11 years----------------- 147 441 10.6 5.60 0.40 5.0 5.5 7.0 8.0 13.0 19.0 23.0 

c 

6 years------------------ 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 10.0 13.0 17.0 20.0 
10 years----------------- 148 509 11.9 5.51 0.37 6.0 6.0 8.0 11.0 14.0 20.0 22.0 

Girls 6-11 years--- Z857 2,876 10.8 4.65 0.23 5.5 6.0 8.0 10.0 12.0 17.0 20.1 

11 years----------------- 155 508 12.0 5.55 0.69 6.0 6.5 8.0 11.0 14.5 20.0 26.0 

WEST 

Boys 6-11 years---- =Z928 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 5.0 6.0 7.0 9.0 12.0 12.5 
7 years------------------ 168 562 8.2 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 years----------------- 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 8.5 10.0 12.0 15.0 
7 years------------------ 121 402 9.8 3.07 0.25 6.0 6.5 8.0 9.5 12.0 14.0 15.0 
8 years------------------ 148 494 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 14.0 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 
11 years----------------- 123 405 11.7 4.86 0.73 6.0 7.0 8.0 11.0 14.0 20.0 22.0 

NOTE: n = sample size; N= estimated number of children in population in thousands; x= mean;
S = standard deviation; Sz = standard error of the mean. 
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Table 8. Subscapular 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 
GeographixLd zgion, n N 8 s s;sex, 

5th 10th 25th 50th 75th 90th 95th 

NORTHEAST In millimeters 

Boys 6-11 years---- 893 2,673L 6.5 3.73 0.25 3.5 4.0 4.5 5.0 7.0 10.0 15.0 

6 years _--_-- --_----- --_- 148 481 5.2 1.74 0.20 3.5 3.5 4.0 5.0 6.0 7.0 8.0 
7 years------------------ 154 446 5.5 2.54 0.29 3.5 4.0 4.0 5.0 6.0 7.0 10.0 
8 years- ---_--------- ---- 148 431 6.7 4.05 0.49 3.5 4.0 4.0 6.0 7.0 11.0 17.0 
9 years _-__-_____-_______ 154 465 7.1 4.43 0.64 4.0 4.0 4.5 6.0 7.0 13.0 20.0 
10 years----------------- 139 432 6.8 3.65 0.28 3.5 4.0 4.5 6.0 7.5 11.0 15.0 
11 years----------------- 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------------------ 142 489 6.2 3.03 0.26 4.0 4.0 4.5 5.5 7.0 8.0 12.0 
7 years------------------ 160 479 6.9 3.77 0.38 4.0 4.0 4.5 6.0 7.0 11.5 15.0 
8 years------------------ 178 526 7.5 4.81 0.35 4.0 4.0 4.5 6.0 8.0 14.0 18.0 
9 years ----_-------__---- 146 447 9.6 6.04 0.45 4.0 5.0 6.0 7.0 11.0 20.0 23.0 
10 years----------------- 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------------------ 138 530 4.9 1.61 0.11 3.0 3.5 4.0 4.5 5.0 6.5 7.0 
7 years------------------ 163 57.0 5.1 2.15 0.12 3.0 4.0 4.0 5.0 5.0 7.0 8.0 
8 years------------------ 164 589 5.2 2.25 0.20 3.0 4.0 4.0 5.0 6.0 7.0 8.0 
9 years------------------ 157 568 6.0 4.03 0.35 3.5 4.0 4.0 5.0 6.0 10.0 15.0 
10 years----------------- 174 621 6.1 3.58 0.25 3.5 4.0 4.0 5.0 6.0 9.5 14.0 
11 years----------------- 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 0.30 4.0 4.0 5.0 6.0 8.0 12.0 16.0 

6 years------------------ 134 509 6.0 3.33 0~26 3.0 4.0 4.0 5.0 6.5 9.0 13.0 
7 years------------------ 179 632 5.9 2.40 0.21 4.0 4.0 4.5 5.0 7.0 8.0 10.0 
8 years------------------ 151 522 7.0 4,14 0.23 4.0 4.0 4.5 5.5 7.5 12.0 16.0 
9 years------------------ 158 574 8.0 4.68 0.67 4.0 4.0 5.0 6.0 10.0 15.0 18.0 
10 years----------------- 163 546 8.6 5.16 0.50 4.0 4.0 5.0 7.0 10.0 17.0 20.0 
11 years----------------- 150 554 8.1 4.05 0.62 4.0 4.5 6.0 7.0 9.0 14.0 16.5 

NOTE: n = sample size; N= estimated number of children in population in thousands; X= mean; 
s = standard deviation; Sz = standard error of the mean. 
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Table 8. Subscapular 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 
Geographiicdreeg>on, 

sex, 
5th 10th 25th 50th 75th 90th 95th 

SOUTH In millimeters 

Boys 6-11 years---- 850 !,874 6.0 8.0 

6 years------------------ 144 550 4.6 1.13 0.11 3.5 4.0 4.0 5.0 6.0 6.5 
7 years------------------ 147 495 5.1 2.62 0.25 3.0 4.0 4.0 5.0 6.0 8.0 
8 years------------------ 145 459 5.2 2.15 0.15 4.0 4.0 4.0 5.5 7.0 8.0 
9 years------------------ 146 502 5.8 3.44 0.22 4.0 4.0 4.0 6.0 8.0 17.0 
10 years----------------- 121 427 6.5 4.68 0.43 3.0 4.0 4.0 6.0 13.0 20.0 
11 years----------------- 147 441 7.2 5.03 0.30 4.0 4.0 4.0 8.0 14.0 20.0 

Girls 6-11 years--- 857 2,876 4.36 0.25 4.0 4.0 4.0 6.0 
-Z -

6 years------------------ 123 458 5.1 2.22 0.27 3.0 4.0 4.0 5.0 5.5 6.5 7.5 
7 years------------------ 149 498 6.3 3.55 0.52 3.5 4.0 4.0 5.0 6.5 10.0 13.0 
8 years------------------ 136 418 6.5 3.22 0.19 4.0 4.0 4.0 6.0 7.0 11.0 13.0 
g years------------------ 146 485 6.7 4.11 0.36 4.0 4.0 4.0 5.5 7.0 11.0 18.0 
10 years----------------- 148 509 8.1 5.25 0.39 4.0 4.0 5.0 6.0 10.0 16.0 20.0 
11 years----------------- 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 
- E 

6 years------------------ 145 522 4.9 2.55 0.29 3.0 3.0 4.0 4.0 5.0 7.0 8.0 
7 years------------------ 168 562 4.8 2.49 0.21 3.0 4.0 4.0 4.0 5.0 6.0 7.5 
8 years------------------ 161 548 5.2 2.73 0.34 3.0 4.0 4.0 4.5 6.0 6.5 8.5 
9 years------------------ 146 477 5.8 3.32 0.39 3.0 3.5 4.0 5.0 6.0 9.0 12.0 
10 years----------------- 142 483 6.0 3.20 0.29 3.0 4.0 4.0 5.0 7.0 9.0 10.5 
11 years----------------- 166 516 6.8 1.01 3.46 4.0 4.0 4.5 6.0 8.0 L3.0 18.0 

Girls 6-11 years--- 806 !,806 6.3 3.38 3.28 3.5 4.0 4.0 5.0 7.0 LO.0 12.5 
-

6 years------------------ 137 560 4.8 1.51 3.22 3.0 3.5 4.0 4.0 5.5 7.0 7.0 
7 years------------------ 121 402 5.1 1.70 0.17 3.5 4.0 4.0 4.0 6.0 7.5 8.0 
8 years------------------ 148 494 6.4 3.01 D.35 3.5 4.0 4.0 6.0 8.0 LO.5 12.5 
9 years------------------ 131 440 7.0 6.22 0.57 4.0 4.0 5.0 6.0 7.0 L2.0 16.0 
10 years----------------- 146 505 6.9 3.46 D.55 4.0 4.0 4.5 6.0 8.0 LO.0 14.0 
11 years----------------- 123 405 7.8 k.50 0.42 	 4.0 4.0 5.0 6.0 9.0 L4.0 18.0 

-

NOTE: m = sample size; N= estimated number of children in population in thousands; 2 = mean; 
s = standard deviation; S, = 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 

Percentile
Geographic region, 

sex, and age 
5th 10th 25th 50th 75th 90th 95th 

NORTHEAST In mi limeters 

Boys 6-11 years---- 893 2,673 3.62 0.24 3.0 3.0 4.0 6.0 9.0 13.0 - - - -

6 years- --__ -_-- 148 481 4.0 1.49 0.17 2.5 3.0 3.0 4.0 4.0 5.0 6.5 
7 years------------------ 154 446 4.3 2.27 0.21 2.5 3.0 3.0 4.0 5.0 6.0 7.0 
8 years -_--_--------_---- 148 431 5.6 3.64 0.38 3.0 3.0 3.5 4.5 6.0 10.0 13.0 
9 years------------------ 154 465 6.0 4.06 0.63 3.0 3.0 3.5 5.0 6.5 10.0 16.5 
10 years----------------- 139 432 5.8 3.86 0.29 3.0 3.0 4.0 4.5 6.0 10.0 14.0 
11 years ---_e-----_----_- 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 years-- --_- 142 489 5.3 2.77 0.17 3.0 3.0 4.0 5.0 6.0 8.0 9.0 
7 years------------------ 160 479 5.6 3.62 0.38 3.0 3.0 4.0 4.0 6.0 10.0 13.0 
8 years------------------ 178 526 6.4 4.16 0.34 3.0 3.0 4.0 5.0 7.0 12.0 16.0 
9 years------------------ 146 447 8.0 4.87 0.42 3.0 4.0 5.0 6.0 9.0 15.0 19.0 
10 years----------------- 127 344 8.0 4.76 0.61 3.0 4.0 4.5 7.0 10.0 14.0 18.0 
11 years------- 136 400 8.6 5.59 0.51 4.0 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 years --_---- 138 530 4.2 2.12 0.18 3.0 3.0 3.0 4.0 4.0 6.0 7.0 
7 years------------------ 163 570 4.5 2.44 0.19 3.0 3.0 3.0 4.0 5.0 6.5 7.5 
8 years------------------ 164 590 4.5 2.35 0.23 2.5 3.0 3.0 4.0 5.0 6.0 8.0 
9 years------------------ 157 568 5.7 4.45 0.54 3.0 3.0 4.0 4.0 6.0 9.0 15.5 
10 years----------------- 174 621 5.5 3.99 0.28 3.0 3.0 3.5 4.0 5.0 10.5 14.0 
11 years----------------- 165 550 6.3 4.49 0.42 3.0 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------------------ 134 509 5.5 3.88 0.25 3.0 3.0 3.5 4.0 6.0 9.0 11.0 
7 years------------------ 179 632 5.5 2.54 I.29 3.0 3.0 4.0 5.0 6.0 8.0 10.0 
8 years------------------ 151 522 6.3 4.26 1.36 3.0 3.0 4.0 5.0 7.0 11.0 16.0 
9 years-- ____ - -__-____ --_. 158 574 7.4 6.91 1.70 3.0 3.5 4.0 6.0 9.0 16.0 18.0 
1.0 years----------------- 163 546 8.1 5.63 I.93 3.0 4.0 4.0 6.0 9.0 19.0 22.0 
11 years- ---_ 150 554 8.0 4.58 1.47 f.0 4.0 5.0 6.0 10.0 15.0 18.0 

NOTE: TV = sample size; N = es t imated number of children in population in thousands;X = mean; 
S = standard deviation; SF = 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 sz 

sex, and age 
5th 10th 25th 50th 75th 90th 95th 

SOUTH In millimeters 

Boys 6-11 years---- 850 2,874 4.8 3.21 0.15 3.0 3.0 7.0 10.0 - - -

6 years------------------ 144 550 3.8 1.01 0.12 3.0 3.0 5.0 5.0 
7 years------------------ 147 495 4.2 2.05 0.18 3.0 3.0 6.0 8.0 
8 years------------------ 145 459 4.3 1.86 0.13 3.0 3.0 6.0 8.0 
9 years------------------ 146 502 4.9 3.27 0.30 3.0 3.0 7.0 12.0 
10 years----------------- 121 427 5.7 4.14 0.37 3.0 3.0 12.0 17.0 
11 years----------------- 147 441 6.2 4.91 0.32 3.0 3.0 12.0 19.0 

Girls 6-11 years--- 857 2,876 6.0 
-

4.13 -
0.20 3.0 3.0 11.0 15.0 

6 years------------------ 123 458 4.3 2.38 0.25 3.0 3.0 3.0 4.0 5.0 6.0 7.0 
7 years------------------ 149 498 5.2 2.83 0.38 3.0 3.0 4.0 4.0 6.0 10.0 13.0 
8 years------------------ 136 418 5.6 3.43 0.18 3.0 3.0 4.0 4.0 6.0 9.0 13.0 
9 years------------------ 146 485 5.9 4.22 0.27 3.0 3.0 4.0 4.0 6.0 10.0 17.0 
10 years----------------- 148 509 7.1 5.28 0.29 3.0 3.0 4.0 5.0 8.0 14.0 20.0 

6 years------------------ 145 522 4.3 2.88 0.29 2.5 3.0 
d==L

3.0 4.0 4.0 5.5 7.0 
7 years------------------ 168 562 4.6 4.85 0.47 3.0 3.0 3.0 4.0 4.0 6.0 8.0 
8 years------------------ 161 548 4.8 3.55 0.42 3.0 3.0 3.0 4.0 5.0 6.0 7.0 
9 years ---_ - 146 477 5.4 3.58 0.37 3.0 3.0 3.5 4.0 6.0 10.0 13.0 
10 years----------------- 142 483 5.4 3.29 0.27 3.0 3.0 4.0 4.0 6.0 7.5 12.0 
11 years----------------- 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 5.9 3.75 0.21 3.0 3.0 4.01 4.5( 6.5 10.0 14.0 

6 years------------------ 137 560 4.3 1.80 0.23 3.0 3.0 3.0 4.0 4.5 6.0 7.0 
7 years------------------ 121 402 4.7 2.16 0.10 3.0 3.0 3.5 4.0 5.0 6.5 8.5 
8 years------------------ 148 494 6.3 3.79 0.32 3.0 3.0 4.0 5.0 8.0 11.0 14.0 
9 years------------------ 131 440 6.8 k-25 0.45 3.0 4.0 4.0 5.0 7.0 14.0 17.0 
10 years----------------- 146 505 6.5 3.74 0.49 3.0 3.0 4.0 5.0 8.0 11.0 16.0 
11 years----------------- 123 405 7.4 5.01 0.43 3.0 4.0 4.01 6.01 8.0 13.5 17.0 

11 years----------------- 155 508 7.5 4.!3 0.52 3.0 4.0 4.0 6.0 9.0 14.0 17.0 

m 

Boys 6-11 years---- 928 3,107 5.1 Z3.85 0.24 3.0 3.0 3.0 4.0 5.0 7.0 12.0- - -

NOTE: 12 = sample size; N= estimated number of children in population in thousands; x = mean;
S = standard deviation; Sj;,= standard error of the mean. 
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Table 10. Sample sizes and weighted coefficients of correlation for all pairs of the 
triceps, subscapular, and qidaxillary skinfolds of children, by race, sex, and age
at last birthday: United States, 1963-65 

- -

T Correlation coefficients 

Race, sex, and age n N Triceps- Triceps- Subscapular
subscapular nidaxillary qidaxillary

skinfolds skinfolds skinfolds 

Total, all racesI---- 7,119 23,784 .8071 .7889 .8721-

White, both sexes------ 6,100 20,403 .8100 .7891 .8719 
Boys
Girls----------------------

3,153
2,947 

10,391
10,012 :E .7873 

.7891 
.8729 
.8670 

Negro, both sexes------ 987 3,272 .8247 .8116 .8775 
Boys-----------------------
Girls----------------------

464 
523 

1,642
1,629 

.8095 

.7952 
.7904 
.7834 

.8711 

.8730 

WHITE 

Bovs 
6 years-------------------- 489 1,787 .7332 .6799 .86397 years-------------------- 551 1,781 .8006 .6819 .6448
8 years-------------------- 537 1,739 .7806 .7572 .8555 
g years-------------------- 525 1,730 .8429 .8310 .9191 
10 years------------------- 509 .8041 .8019 .8969 
11 years----------.--------- 542 E, .8233 .8079 .8895 

Girls 

6 years-------------------- 461 1,722 .7361 .6842 
--------..----------- 512 1,716 .6255 .5731 

; g~~=~----------__________ 498 1,674 .8179 .7618 .8092 
9 years-------------------- 494 1,663 .7447 .8124 .7276 
10 years------------------- 505 1,632 .8172 .7700' .8027 
11 years------------------- 477 1,605 .8100 .7981 .9441 

NEGRO 

Boys 

6 years--------------------
7 years--------------------
8 years--------------------

84 
79 

289 
286 
279 

.7984 

.7318 

.7995 

.6418 

.7368 

.7405 

.7837 

.8478 

.8673 
9 years-------------------- :: 269 .8428 .8114 .8788 
10 years------------------- 264 .7980 .7964 .8731 
11 years------------------- E 255 .7592 .7626 .8775 

Girls 
6 years-------------------- 281 .7582 .6609 .7672

7 years-------------------- ;3' 284 .8717 .8160 .9093

8 years-------------------- 113 281 .8697 .8439 

9 years-------------------- 84 265 .8463 .8248 

10 years------------------- 266 .7859 .8202 

11 years------------------- iI 253 .8537 .8673 


IIncludes white, Negro, and other races. 
NOTE: n = sample size; N= estimated number of children in population in thousands. 
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Table 11. Triceps skinfold of children aged 6-11 years weighing between 15-19.9 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 Iz N 

-

Boys 

6-11 years------	 219 774--

6 yews--------------.. 156 563 
7 years--------------- 47 158 
8 year---------------- 13 43 
9 years--------------- 3 8 
10 year---------------

11 years--------------

Girls 

6-11 years------- 304 1,086
G -

6 years--------------- 190 722 
7 yeas--------------- 84 275 
8 years--------------- 24 70 
9 years--------------- 5 16 
10 yes--------------- 1 3 
11 years--------------

P s sz 
5th 10th 25th 50th 75th 90th 95th 

In millimeters 

I 6.7 1.52 0.12 4.0 5.0 - 6.0 - 7.0 X8.0 8.5 

6.8 1.51 0.12 4.5 5.0 6.0 7.0 8.0 9.0 
6.3 1.51 0.27 4.0 4.0 5.0 6.0 8.0 8.0 
6.2 1.28 0.41 3.0 5.0 6.0 6.0 7.0 7.5 

* * * * * * * * * 

8.0 2.09 0.21 5.0 5.5 6.5 8.0 9.0 11.0 

8.0 2.01 0.24 5.0 6.0 6.0 8.0 9.0 11.0 
8.3 2.18 0.31 5.5 6.0 7.0 8.0 9.0 10.5 
6.4 1.88 0.45 4.0 4.0 5.0 6.0 8.0 8.0 

* -A * * * j: * -A * 
* d * * * * * * * 

9.0 

9.0 
9.0 
8.0 

* 

12.0 

11.0 
12.0 

9.0 
* 
* 

NOTE: 12 = sample size; N= estimated number of children in population in thousands;2 = mean; 
= standard deviation; Sg = standard error of the 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 sz 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 928 3,207 7.5 
- - 2.16 0.14 4.0 5.0 6.0 7.0 9.0 10.0 

6 years--------------- 328 1,220 8.1 2.31 0.20 5.0 6.0 6.5 8.0 9.0 11.0 
7 years------------- 336 1,080 7.4 1.96 0.09 4.5 5.0 6.0 7.0 8.5 10.0 
g years-------------- 169 578 7.0 1.83 0.13 4.0 5.0 6.0 7.0 8.0 9.0 
9 years--------------- 72 251 6.6 2.15 0.39 4.0 4.0 5.0 6.0 8.0 9.5 
10 years-------------- 18 65 6.3 1.86 0.73 3.5 4.0 4.0 7.0 8.0 9.0 
11 years-------------- 5 14 6.4 1.79 1.00 4.0 4.0 5.0 7.0 8.0 9.0 

Girls 

6-11 years------ 890 3,050
- 9.2 2.59 i0.13 5.5 6.0 7.0 9.0 10.5 12.0 

6 yea-,-s--------------- 269 1,014 9.7 2.58 /0.19 6.0 7.0 8.0 9.5 11.0 13.0 
7 years--------------- 310 1,026 9.2 2.44 ,0.20 6.0 6.0 7.5 9.0 11.0 12.5 
g years------..-------- 196 627 8.9 2.80 ,0.21 5.0 6.0 7.0 9.0 10.0 12.0 
9 years--------------- 79 264 8.5 2.36 I0.31 5.0 6.0 7.0 8.0 10.0 11.0 
10 years-------------- 30 101 8.2 2.17 ,0.34 5.0 5.0 6.0 8.0 10.0 11.0 
11 years-------------- 6 18 7.3 2.69 

- i1.38 4.0 4.0 6.0 8.0 8.0 13.0 

NOTE: ?Z= sample size; N= estimated number of children in population in thousands; x= mean; 
s = standard deviation; Sz = 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 12 N x s SE 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 1,013
- 3,339-

8.3 2.73 -
0.12 
-

6.5 8.0 -
12.0 

6 years--------------- 78 258 10.0 3.50 0.49 4.5 6.0 8.0 9.0 12.0 14.0 17.5 
7 years--------------- 196 662 9.1 2.65 0.20 6.0 6.0 7.0 9.0 10.0 12.0 14.0 
8 year---------------- 288 928 8.5 2.57 0.21 5.0 5.5 7.0 8.0 10.0 12.0 13.0 
9 yelp-------------- 247 797 8.0 2.63 0.17 5.0 5.0 6.0 8.0 9.0 11.5 13.0 
10 years-------------- 148 518 7.3 2.15 0.16 4.0 5.0 6.0 7.0 8.0 10.0 11.0 
11 years-------------- 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 years------ 858 2,852 10.6 3.10 0.13 6.0 8.0 10.0 2.0 15.0 16.0 

6 yeas--------------- 54 194 13.0 3.73 0.53 7.0 7.5 11.0 12.5 15.5 18.5 20.0 
7 years--------------- 157 528 11.9 3.04 0.30 8.0 8.0 10.0 11.0 14.0 16.0 17.0 
8 years--------------- 243 773 11.0 2.80 0.21 7.0 8.0 9.0 11.0 13.0 14.0 16.0 
9 years--------------- 213 717 10.1 2.56 0.15 7.0 7.0 8.0 10.0 12.0 13.5 15.0 
10 years-------------- 138 459 9.1 2.65 0.23 6.0 6.0 7.0 9.0 11.0 12.0 14.0 
11 years-------------- 53 180 8.1 2.86 0.45 4.0 4.0 6.0 8.0 10.0 11.5 15.0 

NOTE: TZ= sample size; N= estimated number of children in population in thousands; x = mean;
S = standard deviation; S, = standard error of the mean. 
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Table 14. Triceps skinfold of children aged 6-11 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 

Percentile 
Sex and age n x s 32 

5th 10th 25th 50th 75th 90th 95th 

Boys. In millimeters 

6-11 years------ 691 2.312 3.12 6.0 6.0 7.0 9.0 11.0 14.0 15.5 
-

6 years------..-------- 9 29 13.7 2.85 1.17 10.0 10.0 12.0 l.3.0 17.0 18.0 18.0 
7 years------------..-- 40 136 11.5 3.92 0.84 6.0 7.0 8.5 12.0 14.0 17.0 19.0 
8 years--------------- 104 336 10.8 3.46 0.44 ,.;. 0 7.0 8.0 10.0 13.0 16.0 17.0 
9 years--------------- 160 569 9.8 2.97 0.27 6.0 6.5 8.0 9.0 11.0 14.0 15.5 
10 years---..---------- 204 688 9.1 2.69 0.21 6.0 6.0 7.0 9.0 10.5 12.0 14.0 
11 years-------------- 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 years------
-

584 1,941 
-

12.1 3.71 0.13 7.0 8.0 9.0 12.0 14.0 17.0 19.0 
-

6 years--------------- 14 52 17.0 2.52 0.69 14.0 14.0 16.0 16.5 19.0 20.0 20.0 \ 
7 yews--------------- 45 136 15.5 3.38 0.48 10.0 11.5 13.0 15.5 18.0 20.0 22.0 
8 years--------------- 92 313 14.1 3.43 0.44 9.0 10.0 12.0 13.0 16.0 20.0 21.0 . 
9 years--------------- 149 503 12.3 3.30 0.30 8.0 8.0 10.0 12.0 14.0 17.0 18.0 
10 years-------------- 151 494 11.2 3.18 0.26 6.0 7.0 9.0 11.0 13.0 15.0 18.0 
11 years-------------- 133 442 9.8 2.90 0.30 6.0 7.0 8.0 9.0 11.0 13.0 15.0 

NOTE: n= sample size; N= estimated number of children in population in thousands; x= mean; 
s = standard deviation; Sz = standard error of the mean. 

36 



Table 15. Triceps skinfold of children aged 6-11 years weighing between 35-39.9 kilograms, by 
sex and age at last birthday: sample sizes,mean,standard deviation, standard error of the mean,
and selected percentiles, Ii-cited States, 1963-65 

Percentile 
Sex and age n iv x s '$‘ 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 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--------------- 2 6 * * * f * * * * * * 
7 years--------------- 8 23 18.3 2.72 1.09 16.0 16.0 16.0 16.0 19.0 22.0 24.0 
8 years--------------- 30 91 15.7 3.91 0.63 10.0 11.0 13.0 16.0 18.0 21.0 22.0 
9 years--------------- 71 220 13.1 3.78 0.48 8.0 8.0 11.0 12.0 16.0 20.0 20.0 
10 years-------------- 123 422 11.4 3.41 0.31 7.0 8.0 9.0 11.0 14.0 16.0 17.0 
11 year--------------- 188 585 9.9 3.35 0.25 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 yews-----..--------- 5 18 23.2 2.80 1.50 19.0 19.0 21.5 25.0 26.0 26.0 26.0 
7 yews--------------- 9 33 19.3 2.92 1.19 12.0 18.0 18.0 19.0 20.0 23.0 26.0 
8 yews--------------- 33 104 18.3 5.34 1.01 10.0 11.5 14.0 18.5 21.0 26.0 27.0 
9 yes---------------- 67 213 16.3 3.74 0.53 11.0 13.0 13.0 16.0 18.0 21.0 22.5 
10 yews-------------- 129 427 13.6 3.92 0.46 7.0 8.0 12.0 13.0 16.0 19.0 20.0 
11 years-------------- 134 457 11.6 3.34 0.28 7.0 8.0 9.0 12.0 13.0 16.0 17.0 

NOTE: 12 = sample size; N= estimated number of children in population in thousands;X= mean;
S= standard deviation; $= standard error of the mean. 
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Table 16. Triceps skinfold of children aged 6-11 years weighing between 40-44.9 kilograms, by
sex and age at last birthday:

United
sample sizes,mean,standard deviation, standard error of the mean,

and selected percentiles, States, 1963-65 

Percentile 
Sex and age n N x s sj; 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 169 525 15.1 4.76 E 9.5 -12.0 - 15.0 - 18.0 - 21.0 23.0- -

6 years--------------- 1 3 * * * * * 9%. * * Jc * 
7 y,ears--------------- 1 2 * * * J( * * * * * * 
8 years------------..-- 6 24 19.1 4.03 2.34 12.5 12.5 17.5 17.5 23.0 24.0 24.0 
9 years--------------- 25 80 18.2 4.84 1.13 12.0 12.0 15.0 16.5 22.0 25.0 25.0 
10 years-------------- 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 4.23 0.45 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 years--------------
7 years--------------- 3 9 * * * * * * * * * * 
8 years--------------- 18 55 20.0 4.56 1.09 12.5 L3.0 L7.0 20.0 24.0 26.0 30.0 
9 years--------------- 35 109 18.1 5.22 1.02 8.0 LO.0 L5.0 18.0 22.0 24.0 26.0 
10 years-------------- 69 214 16.6 5.11 0.55 8.0 LO.0 L4.0 16.0 20.0 24.0 25.0 
11 years-------------- 94 306 13.8 4.27 0.52 7.0 9.0 L1.0 14.0 16.0 20.0 22.0 

t
NOTE: n = sample size;N = estimated number of children in population in thousands; A = mean;

S = standard deviation; Sz = standard error of the mean. 
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Table 17. Triceps skinfold of children aged 6-11 years weighing between 45-49.9 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 SE 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 97 

1 

305 

3 

I17.5 

* 

5.45 

* 

0.56 

* 

9.0 

* 

11.0 

* 

12.5 

* 

17.0 

* 

22.0 

* 

25.0 

* 

26.5 

*6 year----------------

7 years--------------- 4 12 * * * 3r * * * * * * 
8 years--------------- 6 18 21.8 2.68 1.47 17.0 17.0 20.5 22.0 25.0 25.0 25.0 
9 years--------------- 12 43 21.9 6.13 2.66 12.0 12.5 18.5 22.0 26.0 30.0 30.0 
10 years- _____- _______ 14 43 18.1 4.34 0.92 12.0 12.0 14.0 18.0 22.0 24.0 24.0 
11 years-------------- 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 years------ 134 435 18.0 5.37 0.62 9.0 11.0 14.0 18.0 22.0 24.5 27.0 

6 years---------------

7 years--------------- 1 3 * * * * * * * * * * 
8 years--------------- 6 15 22.3 2.69 1.42 18.0 18.0 20.5 23.0 24.0 26.0 26.0 
9 years--------------- 25 102 21.2 4.50 0.80 15.0 16.0 18.0 20.0 24.5 27.0 29.0 
10 years-------------- 37 113 18.9 4.43 0.90 12.0 12.0 15.0 20.0 22.0 24.0 26.0 
11 years-------------- 65 202 15.3 4.90 0.72 8.0 9.0 12.0 14.0 19.0 22.0 24.0 

NOTE: 12= sample size; N= estimated number of children in population in thousands; x= mean;
S = standard deviation; S's = 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 12 N x s sz 

5th 10th 25th 50th 75th 90th 95th 

Boys In mill imeters 

6-11 years------ 48 141 4.88 12.5 23.0 26.0 28.0- - -

6 years---------------

7 years--------------- - - -
8 years--------------- 8 * R * * * * * * 
9 years--------------- 7 t * d * * * * * 
10 years-------------- 27 20.4 2.60 1.42 16.0 16.0 20.0 24.0 25.0 
11 years-------------- 98 19.4 5.02 1.10 11.0 13.0 16.5 24.0 26.0 

Girls 

6-11 years------ 64 	 0.83 23.0 26.0 27.0-

6 years---------------

7 years---------------

8 years--------------- 1 2 * * * * * * * * * * 
g years-------------- 6 14 23.7 2.03 1.38 20.0 20.0 22.0 24.5 25.0 26.0 26.0 
10 years-------------- 19 59 21.8 4.51 1.04 14.0 15.0 19.0 20.0 27.0 27.0 28.0 
11 years-------------- 38 123 17.2 4.50 0.97 9.0 12.0 14.0 17.0 21.0 24.0 24.5 

-

NOTE: n = sample size; N = estimated number of children in population in thousands; X= mean;
S = standard deviation; SE = 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 N ' ' '2 5th 10th 25th 50th 75th 90th 95th 

In millimeters 

6-11 years------ 22 65 22.8 4.01 1.02 16.0 18.0 20.0 24.0 25.0 28.0 29.0 

6 years---------------

7 yews---------------

8 years--------------- -

g yeaj----------- 5 21 23.9 3.75 7.89 18.0 18.0 20.0 25.0 26.5 29.0 29.0 
10 years-------------- 5 15 22.0 2.22 1.35 20.0 20.0 20.0 22.0 24.0 26.0 26.0 
11 yews-------------- 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 19.7 ,6.68 1.46 12.0 12.0 17.0 22.0 24.0 26.0 28.0 

6 yews---------------

7 years--------------- m 

8 yews---------------

9 years--------------- 1 3 * * * * * * * * * * 
10 years-------------- 4 13 * * * * * * * * * * 
11 years ---..--- 21 73 19.3 7.12 1.59 12.0 12.0 12.0 22.0 25.0 26.0 26.0 

NOTE: n = sample size; N- estimated number of children in population in thousands;X = mean; 
S = standard deviation; Sjc = standard error of the mean. 

41 



------ 

Table 20. Triceps skinfold of children aged 6-H. years weighing between 60-64.9 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 sz 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 3.23 1.46 23.0 25.0 28.0 28.0 

6 years--------------- I 

7 years--------------- I 

8 years--------------- il 

9 years--------------- 3 -2 * * 

10 years-------------- 2 * Jr JC * 9; 

11 years-------------- 6 23.4 3.06 1.27 23.0 23.0 25.0 26.0 26.0 

Girls 

6-11 years------ 16 23.1 4.85 28.0 

6 years--------------- I 

7 years--------------- -

8 years- ---_----_---- -

9 years--------------- 1 3 * Gr * 9< ;rc Jr Jr * Jr * 

10 years--- -_-,- - 3 9 +I JC x Jr * ?< :< Jc * * 

11 years-------------- 12 41 22.9 4.60 1.75 15.0 17.0 20.0 22.0 28.0 29.0 30.0 
-

NOTE: n = sample size; N= estimated number of children in population in thousands; X= mean;
S = standard deviation; Si = standard error of the mean. 
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Table 21. Triceps skinfold of children aged 6-11 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 12 N x s .s% 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 8 23 28.2 4.06 6.55 22.5 23.0 24.0 28.0 32.0 34.0 34.0- - - - -

6 years---------------

7 yews---------------

8 yews---------------

9 yews--------------- 2 6 * * * * * * * * * * 
10 years-------------- 1 3 * * * * * * * * * * 
11 years-------------- 5 14 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 20.0 4.49 6.72 13.0 13.0 17.0 20.0 24.0 26.0 26.0 

6 yews..------------..- -
7 years---------------

8 years---------------

9 years--------------- -
10 years--------------

11 year--------------- 5 16 20.0 4.49 6.72 13.0 13.0 17.0 20.0 24.0 26.0 26.0 

NOTE: n = sample size; N- estimated number of children in population in thousands;X = mean;
S = standard deviation; Sz = 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 12 N x s % 

5th 10th 25th 50th 75th 90th 95th 

Boys In millimeters 

6-11 years------ 4 11 * * * * * * * * * * 
- -

6 years------------
7 years--------------
a years --__---_-- h 

9 yews-----..---------
10 years-------------- 1 3 * * * * 
11 years-------------- 3 a * * * * 

Girls 

6-11 years------ 6 21 * * * * 
- - - - -

6 years-----------.---

7 year---------------

a years---------------

9 years-----..---------

10 years-------------- 3 12 * * * * * 

11 years-------------- 3 9 -k * * * * 


NOTE: ~8= sample size; N= estimated number of children in population in thousands; 2 = mean;
S = standard deviation; Sz = 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 I English children1 
I 

I I 
Age White Negro I I 

Boys Girls 
Boys Girls Boys Girls 

6 years-------------- .73 .74 .a0 .76 .67
7 years-------------- .80 .63 .73 .a7 .718 years-------------- .7a .a2 .a0 .a7 .74
9 years-------------- :% .74 .a4 .a5 .7a
:"1 yr~------------- .a2 187: l 79 .76 

.a2 .a1 .a5 .a0 

'SOURCE: Scott.1° Differential breakdowns by race not available, 
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APPENDIX I 

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 land6 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 of the 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 to maximize 
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 controlled selec
tion technique ensured the sample’s matching the 
marginal distribution6 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 II. 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). Operationalconsiderations 
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 which the sample 
child is representative. The weight6 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 figure6 
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 is intended 
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 August 1, 1964 (approx
imate midsurvey point) by color and sex for each 
single year of age 6-l 1. 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 Stutistics series. 4, 5 
Series 11, No. 14describes the techniques used in 
Cycle 1,which are similar to those of Cycle II. 

Parameter and Variance Estimation 

As each of the 7,119 sample children has an 
assigned 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,“r,” is computed as follows: 

x=,i,wi Xi/l: wi, where X, is the observation or 
measurement taken on the ith person and wi 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. 

at two stages and the gains from stratification, ratio 
estimation, and poststratification.“% 

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. A half 
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 7. 
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, 

var.(z)= i?l (X-Z)? 

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.25 

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 [Le., the standard 
error of the mean divided by the mean(s&?)] 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 
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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 utilize the means and standard 
errors of the means as computed from the samples. 
The statistic 

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 that the above makes the 
assumption that the two groups are independent and 
that s; - v 2.) 

While the technique may appeal to many, in the 
analyses of this report this technique is not used for 
two basic reasons: 

(1) Use of the I 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 one mistake 
somewhere in those 10 tests is something 
closer to SO. 

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 
IL 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, &year-old girls, etc.,” as determined 
by a normal deviate. In these analyses, cbnsistency 
rather than a statement about a succession of individual 

probability levels is the factor considered most im
portant in demonstrating P 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: 

where wi is the weight assigned to the ith 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 1. 

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 
above 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 Biometrics, 
Ma-ch 1968, is particularly 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 coWicients computed from the 
various combinations of &infolds. 
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Table I. Distribution 	 of ranks of correlation coefficients for pairs of skinfold 
measurements, by race, sex, and age 

Race, sex, and age 

WHITE 

Boys 

6 years -------L------------------
7 years
8 years
9 years _-------------------------
10 years-------------------------
11 years-------------------------

Girls 

6 years L-------------------_____C 
7 years--------------------------

8 years ------------------L-------
9 years ------------------L-------
10 years-------------------------
11 years-------------------------

NEGRO 

6 years--------------------------

7 years _-------------------------
8 years--------------------------
9 years--------------------------
10 years-------------------------
11 years-------------------------

Girls 

6 years--------------------------
7 years--------------------------
8 years--------------------------
9 years--------------------------
10 years-------------------------
11 years-------------------------

Total----------------------

Skinfold pair 

Triceps- Triceps- Subscapular
subscapular midaxillary midaxillary 

49 32 63 
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APPENDIX II 

DEMOGRAPHIC VARIABLES 

Regional and demographic characteristics by which Region States Included 
the population has been classified for this report are 
defined as follows. Northeast Maine, Vermont, New Hampshire, 

Massachusetts, Rhode Island, 
Age and Sex Connecticut, New York, 

Pennsylvania, New Jersey. 
Population was classified into 12 age-sex groups- Midwest Minnesota, Wisconsin, MiChigaII, 

the six ages 6-11 years by sex. For 95 percent of the Iowa, Missouri, Illinois, Indiana, 
children the given age was verified by birth certifi- Ohio 
cates. Age stated by the parents was accepted as the South ______- e-e _ Delaware, Maryland, Virginia, 
true age for the other 5 percent. Age is expressed as District of Columbia, West Virginia, 
years attained at last birthday. Kentucky, Tennessee, 

North Carolina, South Carolina, 
Race Georgia, Florida, Alabama, 

Mississippi, Arkansas, Louisiana 
Skinfolds were reported by race for white and West Washington, Oregon, Idaho, Montana, 

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

Wyoming, Nebraska, Kansas, 
Colorado, Utah, Nevada, California, 
Arizona, New Mexico, Texas, 

Region Oklahoma 

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

-o-
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APPENDIX III 

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 internally, 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 I1 lifted” with the fingers, i.e., 
pulled away from underlying tissues, to form a skin-
fold. The skinfold therefore consists of a doubEe 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 in the 
measurement of skinfold thickness are: 

l The calipers utilized. There are a number of cali
pers now available which give comparable results. 
Figure II illustrates the Langecaliper, 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.2 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. Diagram of the technique for measuring a skinfold, a double layer of 
sub,cutaneous fat and skin. In this case, the triceps skinfold is being measured 
with the Lange caliper. (Drawing courtesy of Muriel Kirkpatrick, Dept. of An
thropology, Temple University) 
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Figure I I. Lange cal i per . 

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 utilized. The most comprehensive 
description of the actual technique is given by Brosek h 
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&k, J.,The measurement of body composition,in M. F. A. 
Montagu, e d., An Introduction to Physical hth’ropoiogy, ed. 3, 
1960, pp. 637-686. Courtesy of Charles C. Thomas, Publisher, 
SpringfIeld,Illinois. 

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 to each other and 
to tke contact surfaces of the calipers, is obtained 
upon the application of the calipers to the skin. 



Some caliper models only approximate but do not 
actually achieve the parallelism of the contact 
surfaces. However, such parallelism is a desirable 
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 fatness 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 skinfoldmeasured. 

*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. At the 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) t&e& 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) midatilh~y, 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 

making body measurements. In this training, he be-
came skilled with the equipment, the precise locations 
of the body at which the 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 control 
have two major goals-(l) 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: i 

(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 programtends to be an 
evolvingprocess,the most extensiveand systematicmonitoring for body 
measurementsperformed in any of the cyclesthus far in the HES was 
performed in Cycle III (youths 1247 years, data collection 1966-70). 
This formal system of replicate examinationswhich was instituted in 
Cycle III is referred to in item 7, below, and is de&bed in detail on 
page 57 of this discussionalong with an argumentfor the validity of 
applyingCycle III experienceto Cycle II. 
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HEALTH EXAMINATION SURVEY-II  

BODY MEASUREMENTS v GPO:lssC’l.tO’ls 

STANDING (FLOOR) l 

- - -*-

*Incm 


MEASUREMENTS NOT DONE OR SIDE VARIED-specify which and give mason ..--__-_______ .-..-_- _. 


____--_- -__- -.---I-

Figure III. bdy measurement  

(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 technicians 
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 al lowed to see 
the previous measurements and  to compare theirs 
with their own and  with the other three sets. Major 

UYFLC No. ~1-3~ 

recording form. 

discrepancies were noted and  attempts were made  
to establish the sources of dif ferences and  to 
eliminate them. In addition, such matters as  under-
lying principles of growth and  development and  the 
signif icance 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 specif ied in 
the model  for the analysis of variance, the assess
ment was ultimately abandoned.  
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(5) 

(6) 

(7) 

A daily instrument check was performed on the 
calipers using the step wedge as described in the 
section “Calipers Utilized,” earlier in this appen
dix. 

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. 

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 the regular exam
inations had been completed in the normal fashion, 
and without prior warning, Caravan I reexamined 
approximately 50 children who had been examined 
by the staff of Caravan II and vice versa. 

The analysis of a set of 301 replicateexaminations, 
taken during 30 stands over the 4 years of Cycle 
III, 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 III measure
ments of skinfolds. 

Surveillance and Evaluation of Residual 

Measurement Process Error 

This section is extracted from a recent publication, 
Quality Control in a National Health Examination SUY
uey. 26This 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 
skinfold 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 references Follows the text. 

measurement errors to aid in the interpretation of 
survey data. 

The most extensive system of monitoring used in 
the HES in Cycle III 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, if not 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 data in Cycle III was 
the replicate examinations, in which approximately 
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 manner 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 tnti attempt to obtain 
measurements taken under the same conditions and in 
the same manner. Replicate examinations were not 
conducted during a specitic 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 scheduIed 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 not given any greater 
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emphasis than any other instruction since overem
phasizing “sameness” might have created more bias 
than it should have eliminated. 

At the time of the origMa1 examination neither the 
observes TWY the examinee knezi, whether ornotthe 
examinee would be returnedfora replicate 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 of the replicate 
status of an examinee, but generally this bias would 
seem quite smalI 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 is 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 [over time] canonly be 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 Ill.] 

Replicate data were obtained on approximately 70 
percent of those selected for such ex;lminations. One 
explanation for this low rate is that the persuasion and 
followup effort5 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 III 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 syvey 
personnel is more likely to have been excluded from 
a replicate examination since it is unlikely that he 
would have received an original examination during the 
first week and a haIf. The schedule of locations con
sidering time of year, sequencing of examinations, 
relation to other events which might make subjects 
more or less available, and otfier 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 
portion of a stand with respect to the data gathered.

Another restriction on complete randomness in the 
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
inadon center was the centrality of the locadon in 
reladon to the sample segments (a segment is a 
cluster of households). Since segments were drawn 
with probability propordonal 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; so this restrictionmay 
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 
associated with large differences. Also they deleted at 
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most only l-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 not 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 iq Skinfold Measurements 

The residual error of measurement was estimated 
from a set of 301 replicate examinations conducted, as 
outlined below, during Cycle III of the HES. There is 
every reason to believe that this assessment, although
derived from studies in the subsequent cycle of exam
inations (Le., 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.11 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. Percentage of regular and replicate 

Percentage of regularTechnician number Cycle III examinations 

2’ 19: 
2 2218 

1% 
6’ 15:1; ?: 

9 11.3 

i”1 2:: 

identical; and 13) 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 111. 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 III 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 III. 

Body measurements were taken on 6,768 youths 
and these children comprised the HES Cycle III 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 II 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. 

examinations performed by each technician 

Replicate examinations 

Percentage of intra- Percentage’ of inter-
examinations examinations 

237 100*; 
2113 2I:4 

104:; 162:: 
24:0 i.;2: 

16:4 
16.0 13.3 

Z 
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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 wellwith 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 III. 

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 done by each in Cycle 
III. 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 
who conduct large-scale health surveysz6and 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. 

MTE: The list of references follows the test. 

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 b, the technical error of measurement defined 
as aa=dqn. This assumes that the distribution 

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 III. As ex
pected, the largest value belongs to triceps skinfoId 
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 l-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, 

coefficient of variation = technical error 
average measurement x 100 

Since, in Cycle III, the average values for these 
skinfolds over all ages and sexes were: 

Triceps: 19.25 
Subscapular: 9.97 
Midaxillary : 8.47 

the following are the coefficients of variation: 

Triceps: 15.44 
Subscapular: 15.37 
Midaxillary : 17.39 



‘Sable III. Distributionof inter-examiner differences between the initial and the replicate exami
nations for the three skinfolds - - = 

Absolute Triceps skinf old Subscapular skinfold Midaxillary skinfold 

differ- Difference 

ence,

in mm. d* Frequencyi Percent Frequency1 Per cent Frequencyi Percent 

0.00 
0.25 5’: 9.4 

23.2 
48 
61 

0.00 
0.00 

0
0 2: :: 

1.00 
2.25 ;: 

16:s 
9.4 

42 

4.00 16 1': 
6.25 11 
9.00 4 

12.25 
16.00 6' 

d, sqqared, 


0 2 
'2Ez 6 

30:25 5 1 

36.00 2 

42;25 

02 
2 


49.00 i 

56.25 0 

64.00 0 1 

72.25 0 

81.00 

90.25 


110.25 
121.00 
144.00 
156.25 

Sample size, n 224 100.0 224 100.0 224 100.0
Mean difference, 

di; in mm. 1.89 1.34 1.33
Median in mm. 1.5 1.0 1.0
Mode in mm. 

160?: 105?75 97X
%2n 3:58 2135 2117 

‘Number of replicate examinatxons exhibiting indicated differences. 
‘Such differences may be causedbyfailure of technicians to round measurement to nearest half-

millimeter or by a miscoding error undetected during imputation. 

Viewed in terms of relattve error, the triceps: 110 measurement is lower than either of the others with 
longer appears the most poorly replicated measurement; the two trunk measurements apparently very similar: 
in fact, the midaxillary now appears the most poorly Triceps : 0.80
replicated. Subscapular: 1.83 

Midaxillary: 2.08 
Intra-Examiner Differences 

Computation of coefficients of variation accentuates 
A similar analysis was also conducted for the 77 the intra-examiner precision in triceps measurement. 

youths reexamined by the same technician. The dis- The coefficients of variation are as follows: 
tributions of differences are shown in table IV. 

Triceps: 6.51 
Here, the situation is the reverse of the one Subscapular: 18.33 

observed for inter-examiner differences, the triceps Midaxillary : 24.51 
measurement having the smallest mean difference of 
the three, though all have equal medians. The modal The triceps measurement obviously has the lowest 
difference for the subscapular measurement is zero coefficient of variation of the three skinfold measure-
and 0.5 mm. for both the triceps and midaxillary ments under consideration, while the midaxillary skin-
measurements. The technical error of the triceps fold exhibits the worst replicability of the three. 

58 



Table IV. Distribution of intra-examiner differences 
three 

between the initial and the replicate exami
nations for the skinfolds-


&;;t;te 
Difference 

Triceps skinfold r
L 

Subscapular skinfold Midaxillary skinfold 

ence, d, squared, d2 
in mm. 

0.00 
0.25
1.00
2;25
4.00 
6.25 
9.00

12.25 
16.00 
20.25
25.00
36.00 

261.00
529 .oo 

Sample size, n 
Mean difference ,

d, in mm. 
Median in mm. 
Mo$e in mm. 

z%l 

‘Number of replicate 

Within each skinfold, 
ences between the intra
measurement were tested 

Frequency’ Percent Frequencyi Per cent Frequency1 Per cent 

27.3 37.7 24 31.2 
35.1 28.6 24 31.2 
16.9 14.3 14 18.2 

5.2 4 
59:; 2:: 

: 
22 i:: 
010 0' 

2: 
1:3 

2:
a:0 
1.3 

77 100.0 

1.10 
0.5 

6630-55
4:31 

examinations exhibiting indicated differences. 

the significances of differ-
and inter-observer errors of 

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 .Ol 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 technical 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. ln 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 more critical in the 
triceps region than in either the subscapular or mid
axiIlary 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, is rela
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 III. 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 a longitudinal study, a single observer is always 
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 examiners are 
preferable so far as the subscapular and midaxillary 
skinfolds are concerned. Not only are residual errors 
of measurement the same regardless of whether one 

-ooo

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: 

Multiple examiners will increase the variability of 
the distribution because of the inclusion of inter-
examiner errors of measurement. 

Single-examiner measurements wil1 result in a 
variance more comparable to the true value forthe 
population. However, since a single observer may 
measure different kinds of individuals in a system
atically different way, new problems of bias may be 
introduced. 

*U.S. GOVERNMENT PRINTING OFFICE : ,972 5lk207/22 
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