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Skinfold Thicknesses at Seven Sites in Rural Guatemalan
Ladino Children Birth Through Seven Years of Age’

By R. M. Maling,? J.-P. Habicht, C. Yarbrough,3 R. Martorell,® and R. E. Klein3

ABSTRACT

Age changes and sex differences for seven skinfolds are reported for a mixed
longitudinal sample of 1,119 rural Guatemalan Ladino children birth
through seven years of age. For this mixed longitudinal sample, there are
approximately 5,030 observations for the triceps and subscapular skinfolds
and approximately 2,055 observations for the biceps, midaxillary, anterior
thigh, lateral thigh and calf skinfolds. All seven skinfolds increase sharply
in thickness between birth and 3-6 months of age, followed by a decrease
to 18-21 months. The increase in fat thickness during the first six months
is less than that reported for well nourished children. After 21-24 months
of age, skinfold thicknesses in five of the seven sites increase, while the re-
maining two level off. Sex differences in skinfold thicknesses are variable
between birth and four years, being more apparent in the two thigh skin-
folds. After four years of age, girls have thicker skinfolds, Rural Guatemalan
children have smaller skinfolds than samples of well nourished children.
Factors that may be related to these observations are discussed.

The adequacy of weight and height as indicators of growth and nutri-
tional status of young children in developed and developing countries
is rcasonably well established. Such mcasures of gross body size and
mass, however, provide little specific information on the composition
ot the body, which is frequently viewed in terms of leanness and fat-
ness (Malina, 1969). To this end, skinfold thicknesses taken at a variety
of body sites are used widely as measures of subcutancous fatness.
Body fat varies considerably with nutritional status, and its measure-
ment provides an estimate of calorie reserve available to the individual.
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Hence, the study of skinfold thicknesses in populations living under
variable nutritional circumstances has received much attention. Repre-
sentative skinfold data for example, are available for school age chil-
dren from a variety of ethnic groups the world over (ITammond, 1955;
Pett and Ogilvic, 1956; Fry, 1960; Wadsworth and Lee, 1960; Ferro-
Luzzi, 1962; Ferro-Luzzi and Ferro-Luzzi, 1962; Roche and Cahn,
1962; Tanuner and Whitchouse, 1962; Nagamine et al. 1963, 1964; Rob-
son, 1964; Fry et al. 1965; Malina, 1966, 1971; Irisancho and Baker,
1970, Jenicek and Demirjian, 1972; Johnston et al. 1972; Malina et al.
1972). Such information for preschool children (birth to 5 or 7 years)
in developing areas of the world is, however, limited. Some observa-
tions have been made on Asiatic Indians (Goel and Kaul, 1971), Suri-
nam Indians (Glanville and Geerdink, 1970), Australian aborigines
(Abbie, 1967), Papuans and New Guineans (Jansen, 1963; Malcolm,
1969, 1970a, 1970b), Colombians (Mora Parra et al. 1970), Nigerians
(Rea, 1971), Caribbean Negroes (Robson et al., 1971), and Ethiopians
(Belew et al. 1972). More recently, triceps skinfold measurements have
been used in conjunction with arm circumference to provide an esti-
mate of arm muscle circumference as an index of protein-calorie mal-
nutrition (Jelliffe, 1966; Jellilte and Jelliffe, 1969). In many of the cited
studies sample sizes are small and age categories are disparate. Since
the subcutaneous fat composition of the body is undergoing rapid
changes carly in life, grouping children into rather broad age cate-
gorics, e.g., birth to 5 months, 6 to 12 months, 1 to 2 years, etc., may
mask the true variability and change in the development of subcuta-
neous fatness during infancy and ecarly childhood. Tt likewise limits the
value of sample comparisons at thesc ages, especially in field studics of
nutritional status. There is a nced for data collected at frequent inter-
vals during infancy and early childhood. In this report, age changes
and sex differences for seven skinfolds in a mixed longitudinal sample
of preschool rural Guatemalan Ladino children living under conditions
of mild to moderate protein-caloric malnutrition are presented.

METHODS

The data presented here are mixed longitudinal observations on
1,119 clinically normal rural Guatemalan Ladino children, under study
by the Division of Iluman Development of the Institute of Nutrition of
Central America and Panama (INCAP). Medical examinations of all
children established their clinical normality. It should be noted, how-
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ever, that mild to moderate protein-caloric malnutrition is endemic in
this population (IHabicht et al. 1973). The sample comprises approxi-
mately 8496 of all children who were 0 to 84 months of age within the
period of January, 1969 through May 1, 1972, in four villages in the
department of El Progreso* northwest of Guatemala City. The villages
are on the Atlantic slopes of the Guatemalan highlands at altitudes
between 300 meters and 1,100 meters.

The study sample are participants in a longitudinal supplementa-
tion program to clucidate the cffects of improved nutrition on mental
development (Klein et al. 1973), so that the nutritional and health
standards of this village are better than the average in rural Guatemala.
Medical care provided to the villages has alterced the high mortality
and morbidity fgurcs so that the skinfold data may he viewed as typi-
cal of the growth of children in clinically good health but suboptimal
nutritionally (Ilabicht et al. 1973). No consistent differences were ap-
parent in a variety of anthropometric dimensions of children in the
four villages; hence, data from the four villages were pooled for the
present report.

All measurements were taken by a trained and standardized an-
thropometrist, using a Ilarpenden skinfold caliper. Seven skinfolds
were measured at the following sites:

(a) Triceps—measured over the triceps muscle midway between the
acromial and olecranon processes. The measurement site was lo-
cated by placing the middle fingers of cach hand on the acromial
and olecranon landmarks respectively and then estimating the
midpoint with the extended thumbs. This method was quicker
and more reliable than locating the midpoint by mcasurement.

(b) Biceps—measured over the biceps muscle at the same level as the
triceps skinfold landmark.

(¢) Subscapular—measured one centimeter below the inferior angle of
the scapula.

(d) Midaxillary—mecasured at the level of the xiphoid in the midaxil-
lary line. This was the same level at which chest circumference
was measurcd.,

(e) Anterior Thigh—measured midway between the greater tro-
chanter and lateral condyle of the femur on the anterior aspect of
the thigh. The measurement site was located in the same manner
as that described for the triceps skinfold.

+ None of these four villages in the present study have been previously stidied
by INCAP.
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(f) Lateral Thigh—measured at the same level as the anterior thigh
skinfold, but on the lateral aspect of the thigh.
(g) Calf—measured on the posterior aspect of the calf at the level of
the maximum calf circumference.
All skinfolds were measured on the left side of the body with the child
in a seated position. The measurement location for all skinfolds except
the subscapular was marked on the child’s body. All skinfolds were
measured to the nearest 0.1 mm (Division de Desarrollo Humano,
INCAP, 1971, Habicht, n.d.).
Measurement error standard deviations for each skinfold are pre-
sented in Table 1. Monthly standardization sessions were conducted

Table 1

Measurement Error Standard Deviation in Standardization
Sessions and in the Field

Field Estimated
Orphanage Replicates Within Child

Skinfold n Replicates (n = 146) Variation
Triceps 117 0.47 mm 0.64 mm 0.43 mm
Biceps 97 0.26 mm 0.69 mm 0.64 mm
Subscapular 117 0.27 mm 0.34 mm 0.21 mm
Midaxillary 107 0.21 mm 0.41 mm 0.35 mm
Anterior thigh 97 0.62 mm 0.83 mm 0.55 mm
Lateral thigh 97 0.95 mm 0.98 mm 0.24 mm
Calf 92 0.27 mm 0.62 mm 0.56 mm

in a local orphanage, while field replicates were obtained on a random
group of approximately 107 of the study sample, re-measured at a
one week interval. In all instances the field measurement standard de-
viations were higher than the corresponding orphanage standardization
values. This was not entirely unexpected because variability in the field
situation included not only technical errors of measurement, but also
day-to-day variations. The orphanage replicates, on the other hand,
were completed on the same day; for these replicates measurement
location marks were removed and then re-marked. Based upon the
orphanage and field replicates, the weekly within child variation was
estimated (Table 1). The results suggest that much of the variation in
the skinfolds measured was due to fluctuations within the child rather
than to the field measurement procedures per se.
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Skinfolds were measured at birth or 15 days of age, and at 15 spe-
cific age intervals through 84 months. The permitted variation around
the measurement intervals was =3 days at 15 days of age, =5 days
from 3 through 24 months. of age, and =7 days from 30 through 84
months of age. Specific age intcrvals and sample size per age group are
indicated later in the report. Triceps and subscapular skinfolds were
measured since the beginning of the study, while the other five skin-
folds were incorporated since April, 1971. IHence, the mixed longitudi-
nal data on the study sample include approximately. 5,030 observations
for the triceps and subscapular skinfolds, and approximately 2,055
observations for the other five skinfolds.

Subsequent to measurement, skinfold values which were clearly
unusual for the age of the child were discarded. The rate of discard
was approximately 0.2%. In the latter stages of data collection for the
study sample this procedure was subject to verification by re-measure-
ment.

Throughout the report mean skinfold thickness rather than median
is used, despite the existence of statistically significant skewing in older
ages. We do this because absolute differences between means and me-
dians are small (typically 0.1-0.2 mm), and the skew, though signifi-
cant, is not large. Only in older girls (5-7 years) do skew values
approach 2; otherwise, the values generally range between 0.5 and 1.2.
Thus, procedures using means seem acceptable.

REsuLTs

Sample sizes per age group, means and standard deviations around
the means, and medians for each skinfold in rural Guatemalan Ladino
children birth through 7 years of age are presented in Tables 2 and 3
for boys and girls respectively. Age trends are illustrated for cach skin-
fold in Figures 1 through 4.

All skinfolds show a rapid increase in thickness from birth or 15
days to 3 months of age. With the exception of the biceps and calf
skinfolds which show a continued increase to 6 months, the five other
“skinfolds decrease in thickness slightly to 6 months of age. From 6 to
18-21 months of age, all seven skinfolds decrcase in thickness, the slope
of decrease being especially marked between 6 and 12 months. Five
of the seven skinfolds, the triceps, biceps, subscapular, axillary and lat-
eral thigh, then show a gencral increase in thickness between 21 and
36-42 months of age. During this same time, the calf and anterior thigh
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Table 2

Skinfold Thickness in Rural Guatemalan Ladino Boys

Triceps Biceps Subscapular Midaxillary Anterior Thigh Lateral Thigh Calf
Age

Group n X sd Md n X sd Md n X sd Md n X sdNMd n X sd Md n X sd Md n X sd Md

Birth 29 4.5 1.0 4.4 29 4.4 1.2

=
. 4.4 s
15 days 118 4.7 1.1 47 71 4.2 09 42 11854123532 71411040 71 6918 65 71 8130 74 71 6.1 1.6 6.1 =
3months 208 7.4 17 7.1 80621361 207 711571 8086115659 79 124 2.8 124 80 13.7 3.1 14.1 79 102 2.1 10.3 .
6months 195 7.2 19 69 7163 1.4 6.1 195 6.7 15 65 72 54 1.2 5.1 72 123 2.2 12.1 72 12.8 2,5 12,5 72 10.5 1.8 10.5 §
9 months 192 66 1.8 6.2 76 6.1 1.3 6.0 192 6.2 1.4 6.1 76 4.8 1.0 4.7 76 11.4 2.2 113 76 11.6 2.2 11.3 76 99 1.8 9.7 =
12 months 188-6.3 1.6 6.1 80 5.6 1.1 54 188 5.7 1.1 56 80 4.4 1.0 43 80 9.8 20 99 80 104 19 102 79 89 1.6 8.8 :as
15 months 185 6.1 1.6 59 74 55 1.1 53 18554 1.] 5.2 74 420841 74 9318 90 74 9718 94 74 8216 7.8 ol
18 months 178 6.1 1.6 59 76 53 1.05.1 178 52 1151 76410941 76 8619 81 768 9519 91 78 7.714 75 a
21 months 165 6.1 1.5 5.9 69 54 1.1 5.1 166 5.1 1.0 49 69 4208 40 68 8216 79 69 9316 93 69 7215 7.1 =

24 months 182 63 1.5 6.1 76 58 1.3 57 182521051 76 441141 76 8318 81 76 98231 93 76 7414 7.3
30 months 165 6.7 1.6 6.4 61 6.2 1.2 6.1 165 5.3 1.1 51 61 46 1.3 43 61 82 1.7 8.0 61 11.0 1.8 10.7 61 7312 7.1

ot

36 months 170 6.8 1.6 6.7 65 6.0 1.0 61 170 53 1.1 52 65 43 1.1 41 64 8418 80 6511318 114 65 7.2 14 6.9

42 months 167 7.0 1.9 6.8 64 6.0 1.3 59 166 5.2 1.0 5.1 64 441041 64 82 17 79 6411318113 64 7.1 14 6.9
48 months 160 6.5 1.4 6.3 57 59 1.4 5.6 160 5.3 1.0 51 57 431139 &7 7418 7.0 57 10,7 2.3 10.7 57 6.7 14 6.5
60 months 145 6.0 1.5 5.7 58 49 13 45 14548 08 47 58370835 58 6215 61 58 9021 85 58 5712 56

72months 128 53 1.4 5.0 59 42 08 4.1 128 4506 44 59340633 39 5915 57 59 8219 80 59 5311 5.1
S84 months 116 5.1 1.5 4.7 44 40 09 39 118 46 08 45 4433 06 32 44 5209 51 44 7318 6.9 44 5011 52




Table 3

Skinfold Thickness in Rural Guatemalan Ladino Girls

Triceps Biceps

Subscapular Midaxillary Anterior Thigh Lateral Thigh Calf
Age
Group n X sdMd n X sd Md n X sd Md n X sd Md n X sd Md n X sd Md n X sd Md
Birth 16 4.7 0.9 4.6 16 4.3 0.8 4.2

13 days 108 49 1.1 49 68 4.1 0.7 41 108 56 1.2 5.7 66421139 66 7.6 21 69 66 8424 7.7 66 62 1.6 8.0
3 months 165 7.3 1.8 7.1 7263 1.3 6.1 1653 7.2 1,772 7163 16 6.4 70 13.2 2.6 13.1 72 14.5 2.8 150 72 10.4 19 103

6months 159 7.2 16 7.1 69 6.8 1.1 66 159 7.0 1.5 69 68 5.6 1.2 5.5 69 13.0 2.2 13.1 69 13.6 2.1 13.3 68 10.6 1.8 10.3
9 months 160 66 1.6 64 73 6.3 1.1 6.3 159 6.4 1563 73521249 73 11.1 22109 75 11.7 23 11.7 73 99 1.7 99
12 months 154 6.3 1.5 6.2 68 5.7 1.1 5.7 154 59 1.5 5.8 68 4.5 1.1 43 68 10.3 2.0 10.1 68 10.6 2.0 10.3 68 9.1 1.5 8.9
15 months 146 6.0 1.4 59 63 5.7 1.1 5.9 146 55 1.2 5.3 63 44 09 43 63 100 1.8 9.9 63 103 2.0 10.0 62 85 1.5 8.3
18 months 153 6.1 1.4 60 69 5.6 1.2 57 154 531251 6943 1041 69 94 20 85 69 102 2.1 100 69 8.1 1.5 8.0
21 months 136 6.2 1.3 6.2 60 5.7 1.0 5.9 137 5.1 1.5 51 60 42 0.9 40 60 9.1 1.8 86 60 106 2.0 10.1 60 8.1 15 8.0
24 months 142 6.3 1.6 6.2 61 5.8 1.1 5.9 141 5.2 1.1 5.2 61 42 1.04.1 62 87 18 87 61 104 23 104 61 7817 7.9
30 months 151 6.9 1.7 6.7 66 6.2 1.0 61 151551253 65451143 66 87 20 89 66112 23 107 66 74 14 7.3
36 months 147 74 19 7.1 48 64 1.4 6.1 147 5.8 14 57 49 48 14 49 49 8.6 2.2 83 48 118 2.2 119 49 74 14 73
42 months 146 74 19 74 42 59 1.1 59 145 58 1355 43451443 43 8219 7.9 43 116 2.5 113 43 73 153 73
48 months 149 6.9 1.8 6.8 56 5.9 1.4 5.9 149 55 1.2 5.3 357 43 12 41 57 84 18 81 57 11.7 2.0 11.3 57 7.4 14 7.1
60 months 149 6.4 1.6 6.3 53 5.2 1.5 52 150 54 13-52 58431339 58 80324 7.7 58 109 22 105 57 6.7 15 63
72months 137 6.1 1.6 59 51 4.7 1.2 46 136 50 1.0 49 51370934 51 7518 69 5010322 99 50 65 14 6.2
84 months 120 5.7 1.7 5.2 53 43 1.1 3.9 121 501050 53350933 53 7018 67 53 9724 92 53 6216 59
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Fic. 3. Mean thigh skinfold thickness in rural Guatemalan Ladino boys and girls.

skinfolds show somewhat of a plateau. After 42 months of age in boys,
all skinfolds show a steady decrease in thickness through 84 months. In
girls, on the other hand, the tendency of skinfold thicknesses to de-
creasc is apparent after 42 months only for the triceps skinfold, after
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Fic. 4. Mean calf skinfold thickness in rural Guatemalan Ladino boys and girls.

48 months for the biceps, lateral thigh, anterior thigh and calf skin-
folds, and after 60 months for the subscapular and axillary skinfolds.
The general slope of the decredse in skinfold thicknesses at these ages
is steeper for the five skinfolds on the extremitics than for the two on
the trunk, suggesting, perhaps, differential fat reduction on the ex-
tremities and trunk between 4 and 7 years of age.

Sex differences in skinfold thicknesscs vary over age and with the
specific measurement site (Figure 5). At the triceps and subscapular
sites, for example, there are negligible sex differences until 24 months,
after which girls, on the average, have thicker skinfolds through 7
years. The biceps and axillary skinfolds show variable sex differences
through 4 years, after which girls have thicker skinfolds. With two ex-
ceptions, girls have, on the average, larger thigh skinfolds throughout,
the sex differences being most marked at 4 years of age and older. A
similar pattern is apparent for the calf skinfold, though sex differences
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are smaller and more variable than those for the thigh skinfolds prior
to 4 years of age.

IDiscussioN

The general pattern of age changes in subcutaneous fat develop-
ment during infancy and early childhood of well nourished children is
one of rapid rise from birth to 9-12 months, with a subsequent gradual
decrease to 6-7 years of age (Hammond, 1955; Garn et al. 1956; Tanner
and Whitehouse, 1962; Mora Parra ct al. 1970). The fall after 12
months, however, is not necessarily smooth. In the present study sam-
ple, all seven skinfolds increased sharply in thickness between birth-15
days and 3-6 months of age, followed by a decrease to 18-21 months.
The increase in fat thickness during the first six months of life is gen-
crally less than that reported for well nourished children. In the latter,
subcutaneous fat thickness continues to increase until about one year
of age, while in the present sample the fat gain falters at 3-6 months
and gradually decreases throughout infancy. Thus, the decrease in sub-
cutaneous fat appears to occur 3-6 months earlier than that generally
reported. This probably reflects the caloric inadequacy of breast milk
with insufficient food supplementation that is prevalent in the study
villages from this age until weaning. The median age of weaning in the
Guatemalan Ladino villages is 18 months, which corresponds quite well
with the nadir of the dip in all the skinfolds at 18-21 months of age.
Thus, infants in the present study gain slightly less fat during the first
six months of life and begin to lose it carlier than better nourished
children.

After weaning or at about 21-24 months of age, the Guatemalan
data show a rise in five of the seven skinfolds until 42 months of age.
During this time, the remaining two skinfolds tend to level off, not
showing a dccrease in thickness, The significance of this rise and/or
platcau in skinfold thicknesses at these early childhood ages possibly
reflects a shift in the limiting nutrients of the diet. After weaning in
this population, the dict is limited in protein (IIabicht et al. 1972,
1973), and cxcess calories will be laid down as fat instead of being used
for growth, which is stunted because of protein deficiency. By about
42-48 months of age, the caloric excess over proteins relative to the
growth needs of the children is less severe and the fat folds then show
a parallel decrease described in well-nourished children.

The general pattern of a premature peak in skinfold thicknesses fol-
Jowéd by a decrease and then a secondary peak is found in other data
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reported for preschool children in underdeveloped areas. Malcolm
(1969, 1970a, 1970b), for example, reported an early reduction in sub-
cutancous fat at 3-6 months of age for small samples of New Guinea
infants. However, only Malcolm’s data for girls show a tendency for a
slight increase in fat thickness after the early reduction. New Guinea
boys, on the other hand, show a continuous decrease in fatfold thick-
nesses until 3-4 years of age. Rea (1971) reported a “recovery phase”
in the growth of Nigerian children between 21 months and three years.
During this time, the rate of growth excecded the British norms. In
Rea’s sample, the mean triceps skinfold values move steadily towards
and approximate the 50th percentile. In the Guatemalan Ladino chil-
dren, the triceps skinfold values only approximate the 10th percentile
of these ages. However, the subscapular skinfold values move steadily
from the 25th percentile to the 50th percentile of the British standards
between 24 and 36 months, and remain at the 50th percentile at 42 and
48 months. Similarly, the data of Robson et al. (1971) show an increase
in the triceps skinfold thickness from 2 to about 4 years of age in Carib-
bean Negro children. Age changes in the subscapular skinfold did not
show such a pattern; rather, this skinfold was somewhat stable over
these ages.

Sex differences are apparent at some skinfold sites between birth and
4 years of age; nevertheless, the consistency and magnitude of these
differences are variable. They tend to be more apparent in the anterior
and lateral thigh skinfolds at these ages (Figure 5). From 4 through 7
years of age, however, girls have,.on the average, thicker skinfold mea-
~surcments at all sites. The sex differences at these ages are more marked
in the three lower extremity skinfolds compared to the two upper ex-
tremity and two trunk skinfold measurements. The absolute magnitude
of the sex differences in the two thigh skinfolds and the calf skinfold is
approximately twice as large as those in the other sites. The pattern of
sex differences between birth and 7 years of age is generally similar to
that noted in other samples from both developed and developing areas
of the world (Hammond, 1955; Tanner arid Whitehouse, 1962; Abbie,
1967; Malcolm, 1969, 1970a, 1970b; Mora Parra ct al. 1970). Neverthe-
less, it should be noted that most studies are limited to the triceps and
subscapular skinfolds.

Data available for comparative purposes are derived to a large ex-
tent mostly from the triceps and subscapular skinfolds. Comparisons of
skinfolds between different populations, however, is rendered difficult
by the magnitude of error associated with skinfold mecasurement, by
technician variability, by variation in skin compressibility, by variation
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among types of calipers used, as well as by the normal variation in fat
thickness characteristic of growing children. Further, subcutaneous fat
is one of the most variable components of the body’s composition, being
affected primarily by diet and physical activity. ITence, comparisons,
though suggestive of absolute population differences, need to be inter-
preted with caution.

The mean skinfold thicknesses of the rural Guatemalan Ladino
children are generally smaller than those of children in developed
countries (Pett and Ogilvie, 1956; Roche and Cahn, 1962; Tanner and
Whitehouse, 1962). They are likewise smaller than those of urban chil-
dren in the upper socio-economic strata in developing countries (Mora
Parra et al. 1970). The mean skinfold thicknesses of the Guatemalan
sample are generally similar in magnitude to those of urban lower class
children in Bogota (Mora Parra et al. 1970), Caribbean Negroes (Rob-
son et al. 1971), and high altitude Andeans (Frisancho and Baker,
1970), while they are consistently higher than those of young children
in New Guinca (Malcolm, 1969, 1970a, 1976b) and Papua (Jansen,
1963). In contrast, the mean skinfolds of the study sample are slightly
smaller than those of very small samples of Australian aboriginal chil-
dren (Abbie, 1967). Thus, variation among the mecan skinfold thick-
nesses of the samples compared is considerable. This is particularly
apparent among the children from developing areas of the world, who
probably vary to a large extent in their nutritional status. Many of the
preceding comparisons arc, further limited by sample size and age cate-
gories, especially at the younger ages. The children in the present study
sample were seen within a few days of the ages indicated for specific
age groups. In contrast, many studies group children as those five
months and less, between 6 and 11 months, 1 to 2 years, etc.

The Tanner and Whitehouse (1962) standards for the triceps and
subscapular skinfolds are, perhaps, the most widely used skinfold
norms. Plotting the present mean values on the Tanner and White-
house standards for British children shows the INCAP children of both
sexes to have triceps skinfolds that are between the 25th and 50th per-
centiles at 3 months, and generally at or below the 10th percentile be-
tween 6 months and 7 ycars. In contrast, the mean values for the sub-
scapular skinfolds in both sexes approximate the 75th percentile of the
British standards at 15 days, the 90th percentile at 3 months, and the
75th percentile at 6 months. From one through 7 years, the subscapular
skinfold values vary between the 25th and 50th percentiles, approxi-
mating the 50th percentile between 3 and 4 years of age in boys and
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girls. Whether the foregoing comparisons imply differential fat reduc-
tion on the extremities and trunk in marginal nutritional status, or
whether they are artifacts of measurement variation is not clear. This
last possibility merits consideration because measurement techniques
for skinfolds are variable. Mcthods of reporting observer error for skin-
fold measurements are likewise variable (Burkinshaw, ct al. 1973;
Johnston et al. 1972; Womersley and Durnin, 1973). Although mea-
surement errors for skinfolds in the present study (Table 1) are less
than those reported for three skinfolds in another standardized survey
(Johnston et al. 1972), there is no assurance that the techniques are
comparable with other studies considered in the discussion any more
than that the data are comparable among themselves. This is a serious
limitation for comparative growth studies. This limitation can perhaps
be remedied easily through periodic replicate sessions with those en-
gaged in ongoing growth studies. Such sessions would provide estimates
of differences in skinfold measurements due to technical variation. Esti-
mates of replicability, which should accompany reports of skinfold
data, would also be provided.
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