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INTRODUCTION

Nutrition has a double faceted challenge-—that of preventing states
of malnouristment and of reducing illnesses that are related to excessive
nutritional intake (l1). Normal healthy children have a genetically deter-
mined physical growth pattern that is affected by envirommental factors,
including nutrition (2,3). Progress along this pattern is one criterion
used to assess the nutritional status of children (4,5) and is a reflection
of the nutritional status of the population 2s a whole (8).

Relatively simple anthropometry has been used in surveys throughout
the world to assess protein-energy malnutrition (PEM) in children (7-13).
Recently attention has shifted from surveys to continuing surveillance of
growth of children (l4-16) because children have long been recognized as
being "at risk" nutritionally (17). Interest in the use of anthropometric
measurements to monitor growth of children is increasing becausz of the
possibility of moderate malnutrition among marginated groups (16,18-22),
the incidence of obesity among childrem (23), and the indication that many
hospitalized patients need special nutritional support (24,25),

The purpose of this report was to review the literature regarding the
use of anthropometric measurements to assess the nutritional status of

preschool children.



NUTRITIONAL ASSESSMENT

Accurate assessment of nutritional status is crucial to the cycle
of planning, implementing, and evaluating intervention programs. The
issue of hunger looms over the world. In 1974 the United Natioms
reported that more than 460 million people were permanently hungry. In
a step to end hunger, the United States has established a number of
federal programs to assure an adequate diet to every citizen. Food aid
programs may represent the unsung yet most effective antipoverty efforts
of the last 15 years, but they still are far from adequate in their use
as a tool of public policy (21). Malnutrition has become a subtle prob-
lem, characterized by a lack of various essential nutrients. Nutrition
must be raised to a positive concept and the stigma of welfarism associ-
ated with nutrition programs must be removed (26). The Presidential
Commission on World Humger (20) recommended that resources of domestic
hunger programs be increased and that the continuing nutritional status

of Americans be assessed in a2 systemic way.

NUTRITIONAL RISK OF THE CHILD

National surveys (11,18,19) have identified preschool children and
pregnant and lactating women as groups most at nutritiomal risk. This
risk is compounded by marginal environments. A position paper by the
American Dietetic Association on a Natiomal Nutrition Policy (14) stressed
that surveillance on a continuing basis would involve reliable procedures
to diagnose individuals who may be at nutritiomal risk. 7

The physical status of children of preschool age has been of consid-
erable concern throughout the world. Mortality among l1-5 year old child-

ren in developing countries is highest among the 1-2 year old group (6).



1f children survive the first 2 years, they often adapt to the health
risks of their environment through stunted growth, and in this sense are
less endangered by malnutrition than 1 and 2 year old children (12).

The susceptibility of the child to nutritional deprivation will be
greater during periods of more rapid growth (1).

The second year of life is fraught with risk. Jelliffe (27) sug-
gested the word "secotrant" to signify the risk involved in the tran-
sition through the second year. The second year in particular is a
period of rapid growth with high nutritional needs for swiftly increasing
muscle mass (6). Increases in physical size are achieved by increase in
both number and size of cells, and organs are vulnerable to compromised

nutrition during stages of hyperplasia (3).

EVALUATION OF GROWTH OF CHILDREN

Tissues of the body grow at different rates. Increments in body
weight represent the growth of many tissues (28). The interaction of
genetic and environmental factors, including nutrition, effect differ-
ences among populations of children in body size, shape, and rate of
growth. Larkin et al. (29) and Fitzhardinge and Steven (30) concluded
that a multiplicity of factors existed as the cause of growth failure.
Specifically, while birth weight seems strongly related to subsequent
growth achievement, it cannot be used to explain all cases of inadequate
growth in children.

Growth is marked by changes in body shape as well as increase in
body size. Longitudinal studies reflect important information about
changes in body composition. The ratio of subcutaneous fat and muscle
changes early in life. After a rapid rise in fat from birth to 1 year

of age, a gradual decline in fat follows to 6 or 7 years of age (31).



Superimposed on changes in fat content of the body are changes in muscle
tissue. The muscle width grows at about twice the rate of bone width.
The child is at nutritional risk in this critical age period if a deficit
of amino acids leave the child incapable of following this growth
progression (32).

Rate of growth is considered a sensitive indicator of nutritional
status of the child. One time measurements or cross—-sectional surveys
with each child seen only once, show size achieved at a particular age.
Serial observations or longitudinal studies over a defined period permit
an extremely useful calculation of growth (1,6,33). TIwo measurements
which permit calculation of growth of children provide a more fruitful
interpretation than a single measurement of size. The larger the time
span over which multiple observations are made, the surer will be the
judgment whether the measurements of a given child are normal (5). Growth
charts are constructed with the assumption that children maintain their

relative sizes during growth and stay in the same percentiles (3,5).

NUTRITIONAL STATUS

Nutritional assessment measures the prevalence of disease by ome or
more indicators of nutritional status. The prevalence may be only an
inexact approximation of the "true" prevalence of malnutrition (34).
Nutritional monitoring and surveillance measure changes in the prevalence
of "true" disease or in the risk of disease and require serial observa-
tions. Surveillance identifies potential problems. In nutritional
screening a cut-off point is selected to identify an exact number of
malnourished persons who can be treated. Criteria for screening depend
not just on information but on the resources at hand. The cost of miss-

ing a case of malnutrition (false negative) and the cost of treating a



well nourished child as malnourished (false positive) will limit numbers
of persons to be treated where resources are scarce (34).

A source of confusion about indicators of nutritional status is the
expectation placed on these indicators (13). It is unreasonable to expect
the same indicator, such as arm circumference, to reflect equal usefulness
in acute and chronic malnutrition (35), in vitamin deficiency and in
protein-energy malnutrition (7), and as a predictor of morbidity.
Anthropometry on presumably well childrem has an unmeasurable reassurance
value (3).

Ideally nutritional assessment in the health program begins with an
examination of the community to determine how the quality of 1life relates
to the nutritional status of the community. After assessment of the com-
munity, four basic methods are employed. Dietary studies give presumptive
evidence of nutrient intake which can help explain possible reasons for
further findings. Laborztory investigations provide objective but limited
biochemical measurements of nutrients within the bedy. Clinical studies
evaluate physical signs of nutritional health or deficiency. Anthropo-
metric methods employ standardized equipment and procedures to obtain

physical measurements.



ANTHROPOMETRY OF PRESCHOOL CHILDREN

Among the basic methods of nutritional assessment, anthropometry
has the distinction of having the highest accuracy and medium cost and
requiring little skill and & minimum of time (15). A proliferation of
nutritional status indices has occurred in the search for the most accu-
rate, feasible, and economic anthropometric measurements (12). The
relationship between various measurements and their relative advantages
was described by the World Health Organization in a review of anthropo-
metry in nutrition surveillance (17).

A comprehensive nutritional assessment procedure includes a profile
of serial anthropometric measurements. Anthropometric measurements are
frequently the first step in nutritional assessment. Because a child
grows with time, no single set of measurements can characterize nutri-
tional status. They have been used to measure growth, body mass, and
body composition in the assessment of protein-energy malnutrition (PEM)
in children. There is limited evidence that growth inhibition and body
disproportion in human beings occurs, except in relation to protein and
energy intake (17).

The Committee on Nutritional Anthropometry of the Food and Nutritiom
Board of the National Research Council was established in 1951 (36). The
committee acknowledged that no well defined methods and standards were in
existence for the application of anthropometry to nutritional evaluation.
The monograph on Assessment of Nutritiomal Status in the Community by
Jelliffe (6) included standardized methods which continue to be used to
identify and classify grades of PEM in children whose status may lie

occult beneath the tip of the PEM iceberg (fig. 1) (37).
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Fig. 1 The protein-energy malnutrition iceberg (37).

The difficulties of making anthropometric measurements on children
begin with reliability of measurements and recordings and with decisions
of which measurements to take, on which age group, and how to interpret
data (17). Measurements should be made as much as possible the way the

measurzments were made for reference standards.

PROFILE OF MEASUREMENTS

Not all measurements are equally informative at all ages through
maturity. Tne Committee on Nutritional Anthropometry (36) suggested
measurements for the 1-6 year old group as follows:

-minimum list for emergency conditions--length (crown-heel maximum),
stem length (crown-rump maximum), standing length, weight

-additional for surveys——chest circumference, arm and calf circum-
ferences, and head circumference which could be eliminated at
3 years of age

-desirable for surveys——bicristal and biacromial diameters amnd skin
folds over triceps, below scapula and midaxillary

-desirable for surveys, but impractical--postero—-anterior X-ray
film of hand and wrist



Jelliffe (6) recommended weight, length or height, arm circumference,
and triceps skin fold where ages were known precisely and the following
ratios if ages were not verifiable: weight-for-head circumference,
weight=for-height, chest circumference-for-head circumference, and arm
circumference-for-height. Despite this recommendation, recent textbooks
of pediatrics (38-40) continued to omit discussions of arm circumference
and skin folds.

Authors of current pediatric jourmal articles usually referred to
weight, height, and head circumference (41-44) and less frequently to
skin folds and arm circumference (45,46). Hospital nutrition support
services are beginning to clarify their methods of assessment, but only
a few authors (24,25) specified special parameters for assessment of
children's needs for nutritional suppert. Growth curves of the National
Center for Health Statistics (NCHS) (47) based on length or stature,
weight, and head circumferences for children 0-36 months and for 2-18
vears of age have been distributed to state and local health departments
and have been adapted for use in hospitals, clinics, and physicians’
officas (4,48).

Side of the body for measurements. By intermational convention

some eighty years ago, the left side of the body was recommended for
measurements (49), Generally the left side was chosen for measurements
in surveys (12,13,49-51). Some authors (7,35,52)-did not specify which
arm was used and Burgert and Anderson (53) used both arms to compare
triceps skin fold values between different calipers. Foster et al. (54)
and Keet et al. (55) used the right arm for arm measurements. The Health
Examination Survey (56) was based on skin folds on the right arm. Per-

centiles for triceps skin fold and arm muscle circumference in the



Ten-State Nutrition Survey of 1968-1970 (18) were based on right arm
measurements., Blackburn et al. (57) described the protocol of nutri-
tional assessment of hospitalized patients. During examination, arm
measurements were to be taken on the non-dominant arm. The Handbook of
Clinical Dietetics (58) recommended measurements on the dominant arm.

Age at which measurements are taken. Participants of a conference

on "The Assessment and Recording of Measurements of Growth of Children”
(5) recommended that weight, height or lenmgth, and head circumference
should be takern at birth, at nursery discharge, and at 1, 2, 4, 6, 12,
18, 24, 30, and 36 months. Height and weight should continue to be taken
at yearly intervals. Christakis (1) recommended that evaluation of
growth data usually should be done at three month intervals in children
under two years of age, but six month or yearly intervals were satis-
factory for children over age two. During the course of therapy of mal-
nourished hospitalized persons, body weight should be obtained daily and
other anthropometric measurements every three weeks (57).

Some standards are based om age while others are age-independent.
Measurements such as age-appropriate weight, length, and various cir-
cumferences are based on the principle that there are differences in
rates of growth at various ages. Anthropometric techniques are based on
measurement of ome variable thought to be greatly affected by nutriture
(numerator) compared with one less affected (demnominator). The most
obvious unaffected denominator is age. Since twenty deciduous teeth
usually have erupted by 2 1/2 years of age, the dental second year may be
used to establish approximate age (38).

If ages are not verifiable, ratios of a labile tissue to a stable
tissue are recommended. Age-independent anthropometry is based on the

ratio of a nutritionally unstable tissue such as subcutaneous fat or



10

muscle mass compared with tissue upon which short-term malnutritiom is
likely to have less effect, such as height and head circumference (59-61).
Since fat and muscle are most affected by acute malnutrition, weight and
limb circumferences and mid arm muscle mass are likely to be reduced. The
ratios of weight-for-height, arm circumference-for-height, and arm circum-
ference=for-head circumference are comparisons of protein-energy stores
with linear mass, The widely used denominator of height is relatively
unaffected by acute nutriture, but is, of course, affected by chronic
malnutrition (62).

Unlike age-independent anthropometry which is intended for a broad
age range of early childhoeod, precise-age independence requires an approx-
imate age category, especially of infants and secotrants (6l). Measure-
ments of this type may be of tissues which show a gradual change in the
year considered; i.e., arm circumference shows a gradual change in the
2-4 year span (60) and triceps skin fold thickness changes gradually

through the 1-5 year span (55).

SELECTION OF PARAMETERS OF MEASUREMENT

Traditionally the ¢linical assessment of growth is accompanied by
basic measurements of height and weight, because rate of gain in both
height and weight is accepted as a sensitive indicator of a child's state
of health (29). Aside from height and weight, other indices may be of
limited value in estimating nutritional status of U.S. children (1). If
other indices prove meaningful for evaluating physical growth, the infor-
mation should be applied. All measurements complement each other., Weight
reflects body mass and height reflects linear growth., Arm circumference
reflects muscle development or waste, whereas skin fold indicates calorie

reserves.
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Weight. Body weight alone is a limited measure of gross body size.
The increment in weight gain during the second year is slightly less than
the birth weight., A slow but constant yearly increment in weight aver-
aging 2.0 kg during the third, fourth, and fifth years is apparent (38).
Pomerance (63) collected data which reflected an average yearly increment
of 2.3 kg from the second through the fifth year.

The National Center for Health Statistics (NCHS) reference data (47)
for body weight from 2-18 years included standardized examination clothing
weighing less than 0.1 kg between 2-5 vears of age, and 0.1-0.3 kg from
6~18 vears of age. Thus, shoes should not be worn during measurements.
Weight was recorded to the nearest 0.1 kg (52,54) or to the nearest
0.25 kg (64). Beam, or lever, balance scales were preferred to spring-
type scales because the latter become easily stretched from frequent use
with expansion of the spring (6). Spring-type scales were used {12,13,63)
and were standardized frequently with known weights.

Height or length. Measurements of height or length reflect total body

length. Height increases at a slowly declining rate until the onset of
puberty. Infants usually increase their length by 50Z in their first year.
Their length usually is doubled by 4 years of age and tripled by 13 years
of age (3). The average child grows approximately 12.5 cm in the second
year of life, 7.6~10 cm in the third year and approximately 5-7.5 cm per
year thereafter until the growth spurt of puberty (2,63). Height veloc-
ities of less than 5 cm per year indicates need for further evaluation at
a health center (66).

Standardized procedures for height or length are important., The NCHS
reference data (47) for stature were obtained with children in stocking

feet. Various reports (5,6,12,50) state that standing height is measured
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against a calibrated wall perpendicular with the floor, using a head
board for horizontal fit at a right angle to the child's crown (fig. 2).
The chin is parallel to the floor, bare heels are together, and heels,
buttocks, and shoulders touch the vertical surface. Height usually is
measured to the nearest 0.l em (54,64). Stadiometers have been used in
some studies (33,47,66). Platform scales with moveable measurable rods
were not recommended for measuring heights of children (5).

Supine body length (fig. 3) requires two examiners. One person holds
the top of the infant's head in contact with a fixed headboard and the
other holds the feet with toes pointed upward and brings a moveable foot
board into contact against the heels (5). Hansman (67) and Pomerance (63)
stretched out one leg leaving the other free so the infant would not feel
restrained during their respective 40 year Denver study and 20 year New
York study.

Length versus height. Some controversary exists about age to begin

standing height instead of recumbent length. Vaughan et al. (38) sug-
gested that recumbent length could be more accurate under 5 years of age
at which time standing height becomes more comvenient. According to

Owen (5), recumbent length should be measured to the third year of life,
although it may be impractical beyond 18 or 24 months. Hamill and co-
workers (4) acknowledged that 2 year old children may be unwilling or
unable to stand for satisfactory measurement of stature, so recumbent
length may be used to 3 vears. Hansman (67) measured children supine to
2 years and erect, subsequently. Length was used by Cheek et al., (52)
and by Anderson (12) on children age 1-5 who were "too young to stand".
Children between 3 and 6 years did not always comprehend the direction to
stretch. Keys (36) stated that crown-heel length should be determined on

patients who cannot readily stand.
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infant (6).
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Fig, 2 Measurement of
height of the child (6).

Fig. 4 Measurement of head
circumference (6).

Fig., 3 Measurement of length of the

Fig. 5 Determination Fig. 6 Measurement Fig, 7 Measurement of
of midpoint of upper of mid-upper arm cir- triceps skin fold with
arm (37). cumference (37). calipers (37).
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The recumbent length may be as much as 2 cm greater than height
(4,36); the difference may be closer to 1 cm after 4 or 5 years of age.
If recumbent length is used beyond 5 years, the value obtained may be
reduced by 1 cm to correspond to height (38). The difference would sug-
gest growth deceleration. Percentile rankings would shift downward if
length were plotted on the birth to 36 month chart of NCHS and stature
were plotted at the next visit (4). The 2-18 year charts of NCHS specify
height although some reference data taken between 2 and 3 years of age
were, In fact, recumbent lengths.

Head circumference. The rapid increase in brain mass is accompanied

by a rapid increase in the head circumference prenatally and during the
first year. Head circumference achieves two-thirds of its potential

growth by 24 months of age (68). Even though head circumference may not

be useful for identifying malnourished children, it is an important screen-
ing measurement for micro- and macrocephaly due to nonnutritional medical
abnormalities (4). A normal head size reflected the acute nature of a
severe PEM of recently weaned Jamaican childrem (35). These children had

a mean head growth of 1.9 cm after seven weeks of rehabilitation compared
with an estimated gain of 0.75 cm.

The head circumference is taken to the nearest 0.1l cm with a non-
stretchable tape which is applied firmly around the head just above the
supra—orbital ridges or most prominent part of the frontal bulge, anteri-
orly, around the head at the same level on each side, and over that part
of the occiput which gives maximum frontal-cccipital circumference
(fig. 4) (3,5,6,68). Head measurement may be discontinued at 3 years
of age (36,38).

Chest circumference. The wvalue of the chest circumference is in

relation to the head circumference. After the first six months of life,
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the chest circumference should overtake that of the head, and the ratio
of chest to head circumference should be greater than 1 (6). The chest
of a child with PEM does not develop well; thus the chest circumference
reflects nutriture. The chest circumference is taken mid-respiration

at the level of the xiphoid cartilage to the nearest 0.1l cm (36,38).
Coodin et al. (69) measured children at the level of nipples during quiet
breathing but not necessarily at mid-respiration. The measurement is
taken recumbent up to 5 years; the child stands thereafter (38).

Arm circumference, Various arm circumference indicators have been

proposed (60). They have the advantage of being potentially easier, more
rapid, and less expensive to obtain than weight and height. Arm circum=~
ference can be used to detect PEM in the vulnerable age group when mild
forms of PEM may be missed by height and weight parameters (33). Am
circumference also can be used in relation to height or age. The mid-
upper arm circumference allows a simple, but accurate, method of assessing
the skeletal muscle compartment (70) which reflects the status of PEM.
Growth retardation as shown by muscle depletion and by low weight-for-age
are characteristic findings of PEM in children (6).

To measure arm circumference the midpoint of the upper arm must be
determined (tig. 5). With the arm bent at the elbow at a 90° angle and
palm up, the midpoint is measured along the dorsal side of the upper arm
between the acromial process of the scapula (bony protrusion on posterior
of upper shoulder) and the olecranal process of the ulna (bony point of
elbow). Measuring of mid-upper arm circumference follows location of
midpoint with the arm hanging flaccid. A nomstretchable tape, 7-12 mm
wide, is tightened snugly but not enough to cause skin contour indentatiomn

or pinching (fig. 6) (6). The measurement is taken to the 0.1 cm.
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Skin fold thickness. Since subcutaneous adipose tissues constitute

approximately 50%Z of adipose tissue stores, skin fold measurements can be
used to judge total body fat (59). Skin folds can be measured accurately
only at sites where a clean fold can be picked up from underlying tissues.
The triceps and subscapular skin folds are considered to be the most
satisfactory sites for measurement; they represent limb and trumk fat
{56). The triceps skin fold thickness (TSF) was considered preferable by
Jelliffe and Jelliffe (37) since standards are available.

Measurements of TSF are taken at a previously located midpoint on
the upper arm on the posterior side directly in line with and mipoint to
the acromion and olecranon of the child with the arm hanging free (fig. 7).
{6). TFoster et al, (54) placed partly closed right hand, palm up, into
palm of left hand to measure skin fold for right arm. On crying babies,
Keet et al. (55) had an assistant flex the elbow 45°.

The subscapular skin fold is measured 1" below the inferior angle
of the scapula with the fold picked up at an angle of 45° to the spine
(51,55,56). Biceps skin fold is measured over the midpoint of the muscle
belly with the arm resting supinated on the subject's thigh (71). Frontal
thigh skin fold is measured at the point of maximum circumference (72).

The examiner grasps a vertical pinch of skin and subcutaneous fat be-
tween thumb and forefinger 1 cm superior to site of measurement. The
skin fold is gently pulled away from the underlying muscle tissue. This
may be accomplished better by tightening the muscle, then relaxing it.
While maintaining a grasp of skin fold, the jaws of the caliper are placed
over the skinfold and allowed to close on its full pressure. Calipers
should exert a constant pressure of 10 gm/mm2 at all openings. Measure-

ments generally were recorded to the nearest 1 mm or 0.5 mm.
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STAND§RDS OF REFERENCE

Identification of potential health and nutrition problems is based omn
"standards" which may have been derived from study samples. Appropriate
standards must be selected based on the population being examined, avail-
ability of data on that segment of population presumed to have achieved
optimal growth, and recommendations of agencies who have endeavored to
standardize data from different parts of the world (1). Actual measure-

ments can be compared to standards by:
7 standard = actual measurement / standard x 100

The Boston-lowa standards, also called the Stuart-Meredith standards,
were based on two sources of data. Standards of height and weight of
children l-4 years of age were based on measurements of children in Boston
in the 1930's (73). Standards for children age 5-18 years of age were
based on measurements of children and adolescents of Iowa City in the
early 1940's (74). These norms have been used as reference standards in
the United States and abroad. Although they are not based on the U.S,
preschool population in the 1970's (10,29), the American Academy of Pedi-
atrics recommended their use e continued for evaluation of height and
weight until data collected in the Health Examination Survey (HES) can be
used for new standards (5).

The head circumference standards developed by Nellhaus (68) also
were recommended until data collected by the Fels Research Institute from
1929-1975 were grouped into percentiles by the National Center for Health
Statistics (75). Tanner and Whitehouse (49) recently revised standards
for triceps and subscapular skin folds on British children. Based on data
derived from the United States Ten-State Nutrition Survey of 1968-1970

(18), Frisancho (9) reported percentiles for triceps skin fold, upper arm
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circumference, and muscle mass. Zeitlin (72) published percentile curves
to serve as a reference standard for maximum thigh circumference. The
current standards of reference are collated in appendix A-F,

Need for local standards. Jelliffe (6) stated that local standards

in developing countries were based on measurements of children from low
socioeconomic groups, who were, in fact, underncurished. Development of
local standards were encouraged for different ethnic groups with poten-
tially different patterns of growth (5,6,8).

The NCHS percentiles were recommended by the Natiomal Academy of
Science Committee on Nutrition Advisory to the Center for Disease Control
(76) and were recognized by participants in a workshop on "Physical Growth
of Ethnic Groups Comprising the United States Populatioms" as the most
appropriate available reference data (77). Data reported on preschool
Indian children in Manitoba indicated that the NCHS growth standards for
height, weight, and head circumference were valid and appeared to be appli-
cable to children of most races (69). Habicht et al. (78) also considered
that standards developed in western countries were relevant to children of
most ethnic groups. They reported very small differences in growth among
well-to=-do ethnic groups——3% for height and 6Z for weight. In contrast
the growth differences in poor areas approached 12% for height and 307 for
welight.

Gallo and Mestriner (79) reported om data collected on 2,115 children
from birth to 18 years in Somalia. They found wide differences in the
Somali means for height, weight, weight-for-height, and circumferences and
the NCHS means. They proposed the comstruction of local growth charts.
The Somali mean for height fell between the 10th and 25th percentiles of
NCHS while the mean for weight fell between the 5th and 25th percentiles

causing the Somali subjects to be analyzed below average for their age.
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Deviation from these NCHS standards was more likely to be due to
envirommental factors, particularly nutrition, than to racial or ethnic
differences. Although differences exist among ethnic groups living in
similar conditions in other parts of the world, the use of NCHS percen-
tiles for all persons in the United States for weight and height was
considered unlikely to cause serious error (77). The large sample data
of the NCHS generated the extreme 5th and 95th percentiles and makes the
national reference data more reliable than data from previous smaller
samples.

Fryer and coworkers (80) compared weights and heights of preschool
children in the twelve North Central states of the United States with the
Iowa (74), Boston (73), Denver (67), and Ohio norms, They reported that
the growth pattern of the North Central childrem was similar to those
norms established 30 years before.

Graystone (28) and Cheek et al. (52) used the Boston growth curves
as reference standards since their-data came from North American children.
They justiﬁied the use of U.S5. growth charts in both Guatemala and Peru
by the observation that well fed urban middle class children of the same
genetic background exhibited a growth pattern identical with the U.S.
percentile distribution. Keet et al. (55) used the 50th percentile values
of the Boston standards for height and weight. Height and weight of
children in a Mississippi pilot study were plotted on the Iowa and Boston
charts (22). Data of healthy Negro preschool children plotted on Iowa
charts were within the normal range (81). Owen et al. (19) found that
16% of low income black and white children of the 1968-1970 Preschool
Nutrition Survey were below the 3rd percentile of the Iowa and Boston

height and weight standards. Shakir (33) expressed heights of Baghdad
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children, 3-72 months of age as a percent of the Boston standards.
Underwood et al. (32) used the Iowa standards on 1-18 year olds in West
Pakistan since the 50th percentiles of those standards were found to be
applicable to healthy populations of high socioeconomic levels of diverse
racial backgrounds.

Percentiles. Use of growth charts provide program personnel with
standard forms for assessment of physical growth (4,48) and for identi-
fication of individuals with unexpected growth patterns. They can be
utilized by all levels of workers in nutrition related fields and can be
education toocls for parents, policy makers, and others (1). The commonly
used growth charts have a series of percentile areas that represent ave~-
age and acceptable ranges of body size according to age and sex (4).
Twice the standard deviation (mean + 2 S.D.) covers 95% of the distri-
bution; and 68% of a normal distribution is included in one standard
deviation of the mean.

Tanner and Whitehouse (49) emphasized that percentiles are observed
values of children, not what ought to be. They stated that the actual
centiles observed imply nothing as to desirability of people to have a
particular distribution, although the population at the 3rd and 97th
centiles certainly should be regarded as "at risk". Percentile lines of
growth charts are smoothed averages. Individual patterns tend to be less
smooth or regular because of error in measurement and because of true
variation in growth due to growth spurts. The extent to which deviation
from an established pattern identifies abnormality is not sharply defined
(5). Besides true individual variation, a variability in physical growth

is caused by racial, socioeconomic and geographic conditions (18,28,29).
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Interpretation of data. A difficult aspect of interpretation of

data concerns the significance of a given measure. Measurements of phys-
ical growth are interpreted in relation to some expected value considered
to be normal or usual for the child of the age, sex, and genetic potential
being measured. No hard data are available for the probabilistic assump-
tion that the atypical child is more likely than the typical child to have
disease (5).

Normal growth is likely to be represented by measurements between
the 25th and 75th percentiles (4). Measurements between the 10th and
25th percentiles and between the 75th and 90th percentiles may or may not
be normal. Normalcy depends on the pattern of previous or later measure-
ments and on envirommental factors affecting the nutriture of the child.

Preschool children are not expected to cross percentile lanes. Data
which fall above the 90th and below the 10th percentiles may indicate the
need for referral for medical evaluation, with the measurements above the
95th and below the 3th percentiles given priority. Acute illness or
nutritional deficiency may be suspected when stature-for—-age is above the
10th percentile of NCHS, but weight-for-stature is below the 5th percen-
tile (82). Obesity may be suspected when weight-for-stature is greater
than the 95th percentile. Accurate skin fold measurements can differen-
tiate between obesity and unusually good muscle development, both of
which can place the child above the 95th percentile for weight-for-height.
The NCHS weight-for-height charts were constructed using data on girls
90~137 em tall and less than 10 year old, and on boys 90-145 cm tall and
less than 11.5 vears old. The charts are not appropriate for pletting
weight-for-stature values for any child showing physical signs of pubes-

cence (4).
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Evaluation and diagnostic procedures at the Kansas University Medi-
cal Center consider wvalues for height less than the 5th percentile to be
abnormal (66). Roche and McKigney (77) reported that a child at age 3
who was below the 3rd percentile for weight was at greater risk than one
who was below the 3rd percentile at 6 years of age. Larkin et al., (29)
classified children as having growth failure if height or weight or both
was below the 3rd percentile.

The basis for an individual child's 3rd percentile rank for height
or weight below 97% of her or his peers may be due to many factors
including: intra-uterine growth, prematurity, maternal deprivationm,
inadequate diet, illness during infancy, and small parents (29). Growth
achievement does not necessarily reflect present eating patterns. How-
ever, protein-energy deficiency and low income were generally associated
with poor growth achievement (6,22). Data from the Ten-State Nutrition
Survey were used to evaluate the influence of income level on growth (18).
Mean height and weight for white children were almost always greater for
the high income groups. The mean skin fold thickness and head circum-
ference measurements reflected this same tendency.

Fitzhardinge and Steven (30) reported that small infants maintained
their disadvantage through 4-5 years. Only 22% of the underweight child-
ren studied by Larkin and coworkers (29) had low birth weights of less
than 2.5 kg. Some of these low birth weight children had overcome an
initial growth handicap when they entered the study at 14 months of age.
But a majority of the low birth weight children had inadequate growth

patterns in both height and weight.
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RELATION BETWEEN NUTRITIONAL STATUS AND ANTHROPOMETRY OF CHILDREN

Anthropometry alone cannot define nutritional status. It may aid
in identification of malnutrition. It may distinguish chronic and acute
stages of undernutrition, but the diagnosis of type and severity of
protein-energy malnutrition (PEM) depend on the integration of clinical
and biochemical data with dietary background and anthropometric measure-
ments. Body weight and length usually are part of the initial evaluation

of nutriture and other parameters provide indepth assessment.

BODY WEIGHT AND LENGTH (HEIGHT)

Height and weight are the anthropometric measurements most in use.
The measurement of weight has enjoved the prestige of being the best
index of nutrition and growth of children (7). Changes in height are
slower to respond to factors that are detrimental to growth than are
changes in weight, Growth responses are noted in changes in weight before
changes are noted in other aspects of growth.

Variations of weight. Satisfactoryv growth of children must include

adequate increases in body fat, lean body mass, bone, muscle, and body
organs. Weight varies with all body tissues. As an index of growth,
weight is subjected to greater variation than height and may be conspic-
uously unreliable as a measure of body fatnmess (45). Weight alone or
even weight related to height was recognized as an inadequate measure of
fatness in the Ten-State Nutrition Survey (18) so skin fold measurements
also were included.

Overweight. Since fat changes markedly with variations of dietary
intake and has a large influence on weight, weight gain may not be a wise

index of satisfactory growth (28). Growth should be achieved without
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excessive fat deposit (83). Increased fat deposition must be considered
when weight is used to evaluate growth of children. A child who is grow=-
ing well by the index of weight may be adding excessive fat tissue (84).

Interrelationships of obesity and cardiovascular disease and hypertension.

(85) and the question of progression of obesity into adult life have
raised concern about the wisdom of using weight gain as an index of
satisfactory growth, if indeed, the child may be adding excessive adipose
tissue (23,86),

Hueneman (23) observed children at 6 months of age who were above
the 90th percentile for weight, Their high skin fold measurements sub-
stantiated the gain of large amounts of fat. When about one half (n=270)
of these fat children were studied as 3 years of age (83), less than omne
fourth were still over the 90th percentile for weight. A trend to lean-
ness was detected with increasing age.

Dine et al. (87) questioned the relationship between accretion of
height and weight during the first several years of life and height,
weight, and degree of ponderosity at age 5. They examined 582 children
in private c¢linic practice and concluded that a generalization could not
be made of the concept that obese infants become obese children. Thirty
percent of the variation in weight and ponderosity indexes at age 5 could
be accounted for by the measurement of weight in the first years of life.
No account could be made for the other 707 of the variation. The per-
centage of children whose measurements for height, weight, and various
weight-height ratios fell into the highest decile (90-100) at age 5 are
shown by the single bars for each index in figures 8,9. The location of

those children within all deciles at ages 4, 3, 2, 1 year, 6 months, and

birth are shown in successive panels below the panels for the heaviest
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or above 90th percentile for height or above 90th percentile for weight/
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of children at other ages (87). index ratios at age 5, and location

of children at other ages (87).

children at age 5. Thus for weight (fig. 8), 387 of the children in the
top height group at age 5 also were in the top decile at age l. For the
weight/height ratio (fig. 9), 40% were in the top decile at age 1. For

1/3

the height/weight (ponderal ind=x), 387 were in the top decile at

age 1. And for the weight/height?

ratio (Quetelet index), 367% were in
the top ratio at age 1. Factors influencing weight at age 5 were only
partially related to ponderosity during the first years of life. About
36-40% of the children who were in the top deciles could be "tracked"
toward a trend in ponderosity by age 5.

Large birth weights of infants born to diabetic mothers did not

correlate with weights of children who were traced at ages ranging from
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4-13,5 years (mean 7.8 years) (46)., Similar numbers of nondiabetic
children had heights and weights greater or less than the 50th percen-
tiles. Twenty percent of the children had weights and combined skin
folds which exceeded the 90th percentile. Their obesity correlated well
with maternal obesity rather than with birth weight.

Jerusalem children (88) whose mean calorie intake was below 100% of
the United States Recommended Dietary Allowance (RDA) were slightly
heavier than the U.S. reference population. The percentage of children
with decreased calorie intakes increased with age, but this decrease in
intake did not reflect the distribution of the weight percentile. Nor
was an association found between calorie intake and height percentile,
although the mean protein intake was 200%7 of the RDA. At age 30 months,
43% of the children were below the 50th percentile for weight and height.
By 48 months of age, 447 were below the 50th percentile for weight and
55% of the children were below the 50th percentile for height.

One of the problems of the study of ponderosity in early childhood
is the lack of a precise cutoff point for identification between obesity
and overweight. Both are part of a continuum. Brasel (86) indicated
that most clinicians agree that an infant who is above the 85th percen=-
tile of weight-for-height on a growth chart should be considered obese.
The obesity risk of the infant is increased for the child who continues
to cross weight-for-age percentile lanes. The infant who crosses from
the 50th to the 60th to the 70th percentile lane is at greater obesity
risk than the infant with a birth weight at the 80th percentile and who
remains there during childhood (86).

Underweight. Low income was associated with a high percentage of

children falling below the 15th percentile for weight. The Ten=-State
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Nutrition Survey (18) showed that this association was greater in the
under 5 age group (29%) than among older children.

A criterion for weight deficiency for admission to a Women, Infant,
and Children (WIC) program is less than the 10th percentile of weight
according to NCHS or Boston-Harvard standards (89). Severe weight-for-
age deficit «60% expected) failed to distinguish severely clinically
malnourished children from those whose underweight was due to short
stature (90), nor did weight-for-age discriminate between acute and
chronic forms of malnutrition. Waterlow's criteria (91) for the point
at which malnutrition begins was a weight-for-age less than 80%Z of the
50th percentile of standard.

Underweight was defined by Bollag (44) as a weight that was greater
than one standard deviation below the expected weight-for-height when he
studied children hospitalized with diarrhea. Although 38% of the child-
ren had heights greater than the 50th percentile, 47%Z of the children
were underweight. Since weight-for-height reflects current nutritiomal
status, the underweight status was considered to be current. However,
weight deficiency did not merely reflect the acute stage of dehydration.
The children probably were underweight before the onset of diarrhea.

Scrimshaw (92) reported that preschool children of developing coun-
tries may have calorie intakes that are close to the estimated minimal
energy intake of basal metabolism rate x 1.5. The child adjusts to
decreased energy intake by reduced activity. Acute infections increase
protein requirements. The infected child needs a margin above the normal
protein requirement to allow rapid repletion before the next acute infec-
tion. The depleted body adjusts by retaining nitrogen more efficiently

than one which is replete. As repletion occurs, retention of nitrogen
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becomes less efficient, following saturation kinetics. Even with calorie
intake 10Z above normal needs, lean body mass is lost unless the diet is
500 calories more than the normal requirements (92). Edema contributes
to body weight and often masks the loss of weight of both lean body mass
and fat in undernutritien.

A relationship between nutritional status and body weight was
observed by Rao and Singh (7). The observed differences in anthropo-
metric measurements were compared with averages of children with signs of
PEM and vitamin deficiencies. 1In all groups of children, weight was
found to have the closest relationship with other measurements. The
median weights of normal, PEM, and vitamin deficient females were 8l.4 cm,
78.0 cm, and 80.3 cm, respectively. For males the weights were 82.4 cm,
78.6 cm, and 83.0 cm, respectively. Comparison of the correlation
coefficients gave evidence that weight, weight-for-height, and calf cir-
cumference, in that order, showed maximal variations and were the most
sensitive anthropometric measurements in the assessment of PEM.

Owen and coworkers (22) reported that 167% of the Mississippi pre-
school children they studied had weights and heights that fell below the
3rd percentile of Boston charts. Urine amino acid tests remained normal,
but 10% of the Negro children (85% of the sample) were excreting small
quantities of beta-aminoisobutyric acid which is normally detected in
trace amounts. The height and weight deficit was not correlated w}th the
incidence of anemia which had a trend of decreasing incidence with increas-
ing age. Fifteen percent of 1-6 year old children had hemoglobin values
below 10gm/100 ml. The incidence fell to 3.8% for 3-6 year old children.

The 50th weight percentiles of preschool children of the Ten-State

Nutrition Survey (18) are shown in table 1. Values are variable, but the
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TABLE 1

Weight 50th percentiles (kg) of Ten-State Nutrition Survey 1968-1970 (18)

Age midpoint, Boston Puerto Mexican-
years Standard White Black Rican American
Males
1 10.1 10.01 9.77 8.60 9.60
2 12.6 12.34 12.25 12,83 12.90
3 14,0 14,17 14,53 15.70 13,70
4 16.5 16.22 16.43 16.15 16.37
5 19.5 18.54 18.54 17.40 18.10
6 21.9 20.54 20.48 20,40 20.04
Females
1 9.8 9.31 8.72 9.00 9.35
2 12.3 11.82 12,05 11.90 11.73
3 14.4 13.38 13.77 13.60 14,00
4 16.4 15.47 15.30 15.97 14.90
5 18.8 17.65 17.61 16.70 16.67
6 21.1 19.57 19.75 20.23 19.92

data appear to reflect that Mexican-American and Puerto Rican children
lagged slightly below the Boston standards and behind the white amd black
children of comparable age in median weight.

Height and skelecal length relationships. Linear growth reflects

primarily the increase in length of the skeleton, with small contributioms
from the tissues between vertebrate and long bones (84). Height-for-age
can be looked upon as an indication of long-term dietary history. By
contrast, weight-for-height reflects the current dietary intake of the
child (93). Linear growth is more stable than weight as an indicator of
development. At any age, taller children have greater amounts of lean
body mass than smaller children (3). Most children are lean relative to

their earlier body configuration (38).
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The 15th percentile was used as a cutoff for relative short for age
children in the Ten-State Nutrition Survey (18) and it reflected a high
prevalence of undersized children. In a "normal" standard, one would
expect to find 15% of the children with height below the 15th percentile.
However, 41% of the white children and 367 of the black children under
6 years of age were under this level which indicated an excess of under-
sized children in the ten states surveyed. This excess also was asso-
cilated with poverty levels.

By using growth data from the Fels Research Institute, Garm (94)
introduced the heights of parents into the evaluation of height of child-
ren. The heights of both parents were averaged to give a midparent stat-
ure. The mean heights of children of each sex at yearly age levels were
calculated according to parental size. The height of a child being
measured could then be evaluated according to potential gemetic size.

Hawk and Brook (45) concluded there was a significant genetic con-
tribution to the variation of both height and weight, although body fat-
ness appeared largely determined by envirommental factors. The corre-
lation of 256 midparent and growing offspring measurements were highest
for height (0.67 males, 0.63 females), less for weight (0.47 males,

0.42 females), and insignificant for combined skin folds (0.23 males,
0.24 females). The correlations for body weight were between those for
height and skin fold because weight is affected by the other measurements.

Small-for-date infants were followed through 4 years of age by
Fitzhardinge (30). In general, accelerated velocity of growth in the
first 6 months made it possible for them to attain their individual
growth curve by 2-3 years. Their average weight and height at 4 years
remained between the 10th and 25th percentile. A large 35% of the heights

and weights fell below the 3rd and only 8% were above the 50th percentile.
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About 37% of the children referred to the Kansas University Medical
Center (KUMC) from January 1972 to May 1977 (66) for evaluation of short
stature were classified as having familial, primordial or genetic shert
stature, all involving a chromosomal abnormality or a family history of
parental short stature (table 2). The diagnosis of the category of short
stature did not vary with age, except in the diagnosis of skeletal dis-
orders, which were identified at 2 years of age. Males comprised most of
the largest diagnostic category of constitutional short stature, which
indicated that growth rate was normal (=5 cm per year) but that skeletal
age was retarded. Growth rates were improved after treatment of endo-

crine and chronic nutritional disorders.

TABLE 2

Referrals for evaluation of short stature at KUMC,
January 1972 to May 1977 (66)

Average Average Growth rate
Category (n) Total Males age Growth rate post—
diagnosis treatment
4 % year cm/year cm/year
Non-endocrine (109) 75 51
constitutional (52) 36 92 10.1 5,28
familial (l6) 11 62 8.4 bdo4
primordial (18) 12 61 8.9 4.9
genetic (21) 14 10 9.3 4,6
skeletal (2) 2 100 2.0 4,5
Endocrine (32) 22 50 9.4-14 2.5-4.0  5.2-7.3b
Chronic nutrition (3) 3 65 9.3 4.0 8.5%¥5,0°

8311 growth rates of non-endocrine groups differed significantly from
those of endocrine groups at P 40.05,

ball post-treatment growth rates differed significantly from pre-
treatment rates at P £0.05.

Cmeant+S.D.

Criteria used by the KUMC to assess growth rate were: a) any child

with a growth rate less than 5 cm per year was likely to have endocrine
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or chronic nutritional disease as cause of short stature; b) any child
with a growth rate less than 5 cm per year that "fell off" from a normal
growth curve may have had an endocrinological cause of short stature;

¢) the growth rate for non-endocrine-caused short stature paralleled the
normal growth curve with a growth rate of at least 5 cm per year. Child-
ren with constitutional short stature had retarded bone age with signif-
icant growth potential. Undernutrition will retard bone growth and delay
calcification of the skeletal centers of ossification (3). The incidence
of stature retardation due to chronic nutritional disease was 3Z%.

Acute changes in nutriture were not reflected in stature. Short
stature did not appear to be associated with clinical malnutrition except
that a significantly lower amino acid ratio was reported than in control
subjects (P £0.001) (90). Stunted children were more frequently anemic
(89,90).

Growth curves and grids. Height and weight are dynamically related

to each other through an increase of both in the growing child (95).
Physical growth along predicable patterns has become a standard on which
to evaluate how a child is growing and to assess nutriture. On the
growth curves, each percentile line is a constant percent of the normal
weight for age, taking the 50th percentile as normal or 100 percent weight
for age.

A grid for plotting weight against height without regard for age is
based on the principle that in healthy growth, development proceeds along
a channel of a given body type on an age schedule specific for the sub-
ject, and that each child should be his or her own standard of comparison
(84). The grid is divided into two connected graphs. By plotting actual
measurements on a chart, one can determine how a child is developing.

Height and weight when plotted for one age give information relative to
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other children of the same age. Several measurements at different ages
enable one to visualize the child's progress in growth, Most children
stay in approximately the same percentile lane. Those children who fall
below the 5th percentile (meaning that only 5% of the population are
lighter or shorter) should be screened further for genetic, nutritional,
or other environmental causes of retarded growth.

The growth standards eonstructed by NCHS (47) are presented in
smooth curves, but data of individuals are characterized by peaks and
valleys. Growth spurts may not correspond to smoothed curves and
monthly plateaus and spurts are normal. The data of the tallest children
(above the 95th percentile by 8 years of age for girls and by 9 1/2 years
for boys) were eliminated from calculations of grids of NCHS assuming the
tallest children may have entered puberty. In a pormal population of
children of the same height, the heavier child also will be older. Body
weight can be distributed by stature groups because the age-independence
is close enocugh to the weight-for-height.

Jaworski (48) consolidated the eight growth charts of NCHS and
designed one single height and weight growth chart applicable for boys
and girls from birth to 11 vears (appendix G). The smoothed percentiles
of NCHS all were within 1/2 inch and 1/2 pound from the combined averages.
This chart was presented with 5th and 95th percentiles only to simplify
routine pediatric office use.

Growth rates. The increment in growth is the change in a parameter

between observations (84). Growth rates or increment curves are more
informative than size attained. Increments of growth in children, that
is, height-for-age, weight-for-age, weight-for-height, are informative if
repeated measurements are taken, Serial measurements aid in monitoring

the consistency of children in maintaining a percentile lane of growth.
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Interpretation of weight is complex. Adipose tissue and lean body mass
are both components of weight. The failure to distinguish between gain
or lass of either component is a source of dissatisfaction with ratios
of weight.

The increment (I} in weight will be the difference in value of

weight (W) at one time (t) and another value at a later time (t+l) (63):
I = Wedp - We or I = 44f - 40# = 4f

The use of increments has a disadvantage because a child who adds 5 pounds
at age 3 is not growing at the same rate as a child who adds 5 pounds at
age 4., Pomerance (63) obtained increments in height and weight of pedi-
atrié patients across a broad economic base in New York City over a

20 year period beginning in 1949. Increments in height and weight are

shown in table 3.

TABLE 3

Increments in weight and height of boys and girls,
age 1-6, 50th percentile (63)

Age intervals Boys Girls Boys Girls
Weight(1lb.oz) Height (in)

12-15 months 1.8 1.9 1.25 1.25
15-18 months 1.4 1.6 1.25 1.25
18-21 months 1:5 . 1.0 1425
21 month - 2 years 1.3 15 1.0 1.0
2-2 1/2 years 2.4 2.4 1.5 1¢8
2 1/2- 3 years 2.4 2.8 1.25 1.5
3-3 1/2 years 2.4 2.4 1uB 1.5
3 1/2- 4 years 2.0 2.8 1.25 125
4- 4 1/2 years 2.8 2.8 1.5 1.5
4 1/2- 5 years 2.8 2.0 T.28 1.25
5 - 6 years 4.8 4,12 2.5 2.5
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Velocity (Vi) of growth is the rate of incremental changes over an

accepted interval between visits and is expressed as a percent (63):

v, = Wegy = W x 100%Z or Vg = b4t - 40f x 100% = 10%

Ve Zo7

The measurement of the velocity of growth is possible only when the child
has been measured at successive ages. Velocity of growth is achieved
within a stated period of time, usually 6-12 months (63,84)., The veloc-
ity curve shows the period of relative fast or slow growti. Since veloc-
ity is not affected by the initial size, it should be a valid measurement
of growth. A decrement or negative velocity indicating weight loss would
be possible. Linear measurements reflect only stability or positive
velocity.

Pomerance (63) suggested that since growth was not perfectly related
to age by simple linear measurements, the use of logarithmic expressions
compensated for lack of true linearity. Smoothed curves of percentiles
for weight velocity (appendix H) and height velocity (appendix I) are
expressed as percent gain for each age interval. Intervals are calculated
for the x-intercept of present observation back to the previous ome (63).

The velocity curve has significance to the nutritional requirements
of the body. A steady supply of nutrients is needed for cell multipli-
cation and increase in cytoplasm, and for extracellular materials essen=~
tial to body function during periods of rapid growth. If nutrients are
limited during rapid growth, the body becomes more vulnerable to growth
than during periods of slow steady increase. The second year of life is
considered a time of rapid growth for the preschool child.

Height and weight indexes. Since height and weight have been inade-

quate as sole indices of growth, a number of indexes of more meaningful
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measurements have been devised. These indexes relate weight to height in
an attempt to assess adiposity. Some may be more suitable for adults
than for children.
RELATIVE WEIGHT: ratio between the observed weight and the standard
weight for sex and height. While it reflects the current status of
the child (93), the identification of obesity by 120% IBW may not be
applicable to children (94).
WEIGHT/HEIGHT: this simple ratio appears to underestimate obesity.
WEIGHT/HEIGHTZ: (Quetelet index or body mass index BMI) takes into
accou~t that height is a linear measurement and weight reflects
body mzzs or volume; this index minimizes changes in height but is

not as good as other indexes for children (87). It may produce
errors in classification at the extreme of the height range.

WEIGHT/HEIGHTB: suggested as more applicable to children because

weight is not independent of height during growth (84).

HEIGHT/WEIGHT1/3: (ponderal index) tends to overestimate incidence

of obesity in short individuals. A higher value indicates thinness

and a lower value indicates obesity (87).

WEIGHT INDEX: difference between actual weight-for-height ratio

and normal weight-for-height ratio. A perfect pattern would be

zero since weight and height increase with age (30,95).

Weight-for-age and weight-for-height were acceptable criteria to
identify children who were malnourished in 1966 (6). The weight-for-
height index appeared to DuRant and Linder (64) and to Anderson (12) to
be a reliable measure of relative body weight and the best single anthro-
pometric indicator of current nutriture in preschool children more than
one year old. It also provides an estimate of the risk of current
malnutrition.

Weight-for-height is an excellent indicator of recent nutritional
status, while height-for-age indicates long-term nutriture (91). Height-
for-age also indicates shortness or tallmess and weight-for-height indi=-
cates thinness or fatness. A 90% of reference weight-for-height limit

provided a useful cutoff point for defining malnutrition imn 9-66 month

o0ld children measured by CARE (12).
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At a weight index of 1.0, the child is normal regardless of weight
or length. Classification of nutriture by weight-for-height or weight-
for-age requires an accurate scale and either knowledge of age or accu-
rate measurement of height. Since changes in weight and height are con-
current during any 6 month period during the early yvears, an index for
assessing weight in relation to height is sometime desirable for programs
concerned with weight changes (95). Participants of a 1975 workshop
organized by the Natiomal Institute of Child Health and Human Development
(77) recommended that the weight-for-height ratio was inappropriate for
screening purposes because ethnic groups differ in relative leg length.

Weight-for-age measurements have limited application for children
(82,96) and may conceal "stunting" and "wasting" conditions. Results of
studies lend direct support to the observation that weight-for-height
better identifies clinical malnutrition than does weight-for-age or
height-for-age. Rural El Salvadoran children (90) who were categorized
as severely malnourished by "stunting" ( «82.5%Z expected height-for-age)
or "wasting" (<£80% expected weight-for-height) were re-examined for
clinical assessment of severe malnutrition. Only 13% of the "stunted"
children but 947 of the "wasted" children were malnourished by clinical
judgment. The acute nutritional deficiency and lower ratio of nonessen-
tial to essential amino acids resulted in catabolism of body muscle and
release of endogenous essential amino acids.

Waterlow (91) observed that in two hypothetical children with a
similar weight~-for-age deficit (table 4), the physical states of the two
were not the same. The 707 deficit in weight-for-height of child A repre-
sented an acute state of malnutrition. Growth as shown by height had been

satisfactory until an acute nutritional or infectious episode halted the
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TABLE 4

Comparison of two hypothetical children with the same
deficit in weight-for-age (91)

Normal A B
Age (year) 1 1 1
Weight (kg) 10 7 7
Height (ecm) 75 75 65
% Weight-for-age 100 70 70
% Height-for-age 100 100 87
% Weight-for-height 100 70 100

growth in weight. The deficit height-for-age of child B reflected
retardation in linear growth over a long period of time. Child A may

be referred to as "wasted" since underweight refers to children who are
below the expected weight-for-age. Child B may be described as "stunted"
and "nutritionmal growth failure". From the public health point of view
they are both PEM, but they do have different natural histories and
preventive measures will differ.

Chronic undernutrition and severe PEM are related. A history of
growth failure increased by eightfold the incidence of clinically severe
PEM of children from a rural Mexican community (97). Not all children
who were judged to be chronically undernourished by their growth failure
developed clinically severe PEM. Children with PEM were not signifi-
cantly retarded in growth in comparison to children without PEM, although
both groups had a similar growth history. A steady fall-off from pre-
dicted height and weight levels seemed to result from chronic nutritional
deprivation.

Over- and underweight deviations are a subject of concern from the

nutritional point of view. However, the height deviation of the small
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child is of greater concern than of the tall child (70). The skeletal
dimensions are much less affected in mild to moderate PEM than the
reserves of protein (muscle) and calories (fat) (37).

Fast or slow growth of a child is not necessarily abnormal. Some
children grow slowly and always remain small; others grow rapidly and
always remain large. The tendency to judgmental terms such as advanced
or retarded suggests that children should not deviate from the central
trend and that deviation implies abnormality.

Conclusions on use of measurements of weight and stature. Yearly

weight gains of 2.3 kg per year are expected of children after their
second year. Weight gain may be an unreliable measure of body fatness
although changes in body weight are noticed before changes of other phys-
ical measurements. Despite concern of professionals about the inter-
relationship of obesity and risks of health, the genmeralization that
obese infants become obese children was questioned. However, 36-407 of
overweight children at age 5 were classified overweight at age 1 by
various height and weight indexes. Weight between the 25th to 75th per-
centiles is considered normal. Children who are above the 85th percen-
tile of weight-for-height should be considered. obese and those who are
one standard deviation below the expected weight-for-height should be
considered underweight.

In the assessment of PEM, weight and weight-for-height ratios showed
maximal variation and were sensitive anthropometric measurements. Weight-
for-height reflected current nutritional status. Height-for-age was con-
sidered an indication of long-term nutritional status. Genetics contrib-
uted to variation of both weight and height, but envirommental factors

were the determinant in body fatness. Annual increments of height
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decreased each year, but a growth rate less than 5 cm per year was indic-
ative of endocrine disease or chromic nutritional disease which caused
short stature in childhood.

Growth spurts of children may not correlate with smoothed curves of
growth charts. By plotting measurements, the clinician can determine how
the child is developing relative to persons of the same age and how the
child is progressing. Velocity rates are not commonly used, but they
reflect the need of nutrients for cell multiplization and increase in
cytoplasm during periods of rapid growth. The various ratios of height
and weight fail to distinguish between changes in adipose tissue and lean
body mass of children; they may be more suitable for adults than for
children. Weight-for-age has limited application for chilidren.

Children whose measurements fall below the 3rd or 5th percentile
should be screened for causes of retarded growth. Healthy growth pro-
ceeds along the child's specific channel on the grid or chart, The child
is not expected to shift percentile lanes. Judgments of retarded or
advanced growth imply that deviation from the central trend is abnormal.

The pattern of growth of children is individualized.

SKIN FOLD THICKNESS MEASUREMENTS

Measurements of skin fold thickness have been and are being used with
greater frequency to provide a reasonable estimate of subcutaneous fat
reserves (1,64,70,98,99), a quantitative index of calorie reserves
(6,31,56), a measure of fatness or leanness (51), a basis for differen-
tiating between obesity and overweight (3), and a clarification of the
relationship between height and weight (5). They have the potential for

identifying children who are obese or severely undernourished 1,4,55).
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Assumptions of skin fold thickness. The validity of skin fold

measurement rests on the assumptions that fat is the major variable of
the body (6,99) and the measurement of subcutaneous fat will reflect
total body fat (56). These measurements are based alsc on assumptions
of distribution of fat around muscle and bone and of skin thickness
(100)., The increase in subcutaneous fat resulting from high calorie
intake and low energy expenditure 1s assumed to reflect increase in
calorie reserves (9).

Infrequent use among clinicians. Although skin fold thickness

measurements have been used in nutritional status surveys, they have not
become popular among clinicians. A reason for their infrequent appli=-
cation in clinical practice may be the question as to what the measure-
ment actually means relative to measurements of other children (5,64).
While it is unlikely that a child suffering chronic calorie undernutri-
tion may exhibit a greater than 10th percentile skin fold thickness,
this lower percentile may be exhibited by children in intensive athletic
training (99).

The triceps skin fold thickness (TSF) measurement is of limited
value in the diagnosis of malnutrition (10l1). When the cause of the
malnutrition is primarily semistarvation, there is a reduction in TSF
reflecting loss of body fat, a reduction in muscle mass reflecting loss
of skeletal muscle, and reduction in body weight reflecting both muscle
and fat losses. However, if the stress is trauma or infection, these
anthropometric measurements are maintained in the normal range initially
and the visceral proteins are reduced.

The use of calipers by clinicians presents technical difficulties

(5,6,99). Persons who have participated in nutritional surveys were
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trained with standard procedures and usually carried through complete
surveys. Malina (98) correlated duplicate readings taken one week apart
by one person on randomly selected white male subjects of all ages and
recorded reliability coefficients of 0.91, 0.94, and 0,95 for triceps,
subscapular, and midaxillary sites, respectively. Repeated measurements
by one observer may vary as much as 5% and variability among trained
personnel may vary by 10%Z (86).

Another reason that skin fold thickness measurements are not popular
is the question of validity of skin fold as a good index of body fat
(50,64,102,103). Skin fold measurements are hard to make on obese per-
sons because of the difficulty in palpating the fat-muscle interface (103).
No valid skin fold measurement is possible on the most obese children
because a proper skin fold cannot be raised clear of tissues undermeath
(49). The change in skin fold thicknesses is not proportional to loss
of body weight in well children (64). For example, an obese child may
lose 20 pounds with little change in skin fold thickness.

Correlation of skin fold thickness with other measurements. The

measurement of TSF has been utilized in obesity studies of adults more

than other skin folds (71,100). Total body fat and lean body mass are

usually not measured in routine screening or medical examinations, but

research findings from such studies delineate important age-associated

changes in body composition (77). Flynn et al. (50) plotted derived fat

values? against TSF values for 4-6 year old Negro and white childremn. 1In

this age group, little relatiomship (r=0.4) existed. This was in agreement
8perived fat values: Total body fat was derived by subtracting lean

body mass from total body weight., Lean body mass was derived from

Forbes formula dividing the milliequivalents of K by Forbes factor of

68.1. Total body K was calculated by counting gamma emissions of
naturally occurring 40 (50).
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with the opinicn from the Committee on Nutrition of the American Academy
of Pediatrics (99) that the estimation of body density, water, or potas~-
sium from skin fold measurements is difficult and especially so, in

children. When skin fold thickness was correlated with direct measure-
ment of fat in adults, the caliper measurements were 60% accurate (104).

Correlation of skin fold thickness with nutritional status. For

popﬁlations characterized by low degrees of fatness, the measurement of
subcutaneous fat mey not be a sensitive indicator of nutritiomal status
and growth (9). If subcutaneous fat is preserved by adequate caloric
intake, even in view of protein deficiency, the reliability éf skin fold
measurements in PEM may not be applicable (55). Keet and coworkers (55)
in Cape Town found that there was a good correlation between weight and
height-for-age and skin fold thickness in children between 1-5 years of
age. Children suffering from PEM usually were below the 3rd percentile
in weight, height, and head circumference. Triceps and subscapular skin
folds usually were below the 10th percentile, and mostly far below the
3rd percentile. Underwood and coworkers (32) agreed with these skin fold
findings. Well-fed children had height, weight, head circumference, and
skin folds above the 3rd percentile, with few exceptions. The correlation
coefficient (r=0.52) between weight and skin fold was significant. The
correlation between height and skin fold was similar to that between
weight and skin fold at r=0.59.

Skin folds ought to be comsidered in relation to body weight (56).
Although the weight-for-height of girls studied by Coodin et al. (69)
exceeded the NCHS standards, the girls were not considered obese because
their TSF measurements were in the low to normal range of the British
standards (49). Consider the measurements of two boys, each 6 years of

age and each with the same TSF measurement. Beoy I has a weight near the
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Boy I Boy II
age 6 yr 6 yr
weight 18 kg 32 kg
height 100 cm 136 em
weight/height 95 th 50 th percentile
TSF 9 mm 9 mm
percentile TSF 95 th 50 th percentile

95th percentile in weight-for-height and a TSF at the 95th percentile
according to NCHS (75). Boy II, apparently larger, ranks at the 50th
percentile in weight-for-height and has a TSF at the 50th percentile.
Boy I, though not heavy, is fat, The heavy boy is not fat. Thus the
estimation of fatness sharpens the evaluation of growth status of
children.

Correlation of limb and trunk fat measurements. The quantity of

subcutaneous tissue varies in different regions of the body (31,98). The
TSF is the most frequently taken measure of adipose fat and is used to
estimate limb fat. The subscapular and midaxillary folds are indicative
of trunk fat and are well correlated with limb fat in the 6-=11 year age
range (56). The coefficients of correlation among the triceps, sub-
scapular, and midaxillary skin folds were computed by age, sex, and race
for the black and white children of the Health Examination Survey (56).
Thcre were no differences in correlations by age and sex. The combined
correlations ranged from 0.79 to 0.87, indicating that for children in
the 6-11 year age group, the thicknesses were strongly related in a
positive direction. Correlation (r=0.87) between the two measurements
of trunk fat was the highest and that (r=0.79) between the limb fat and
midaxillary skin folds was the lowest. Subscapular and triceps skin folds
were highly related in a linear fashion,

The correlations for the children of the Health Examination Survey

were very similar in magnitude and direction to those presented by
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Malina (105) for a smaller sample of 6-13 vear old children. For those
children, the trunk measurements had the highest correlation (r=0.93),
while correlations for triceps and either trunk measurement were r=0.82,
The assumption was made that a child who had greater limb fat deposits
also had greater fat deposits on her or his trunk. However, both sites
change during growth, so both measurements are recommended (56).

Garn and coworkers (106) evaluated subscapular and triceps skin folds
of Michigan children. They reported that skin folds were correlated to
body weight, that subscapular skin folds showed a greater (r=0.73) cor-
relation to body weight than triceps (r=0.70) in white children, and that
the subscapular value was as useful as summing the two values in the
evaluation of quantity of body fat.

Variation of skin fold thickness with age, sex, and race. A review

of literature revealed that skin fold thickness of various sites varied
with race, age, and sex (31,54,56,64) of children. Complete standards
for all these groups are not readily available to clinicians.

Age. A yearly decrease of fat content of the body is evident during
childhood and is reflected in figure 10 (107) from white participants in
the Ten-State Nutrition Survey. The TSF of children decreases from age 3
for both sexes until age 5 for girls and age 7 for boys, when a slight
increase is apparent in older children. The preschool fatness loss in
the male is one of the aspects of changing levels of fatness in the life
cycle., Boys at age 2 years have a median (50th percentile) skin fold of
10 mm which declines gradually and, at approximately the age of 8 years,
reaches its lowest value of 8 mm, In contrast girls have a stable TSF of
10 mm between 2-8 years of age, thereafter showing a rapid increase (108).
The 5th and 95th percentiles for boys and girls, age 1-6, is 5-6 mm and

14-16 mm (9).
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Fig. 10 Life-cycle fatness trends in females and males for white
participants in the Ten-State Nutrition Survey, 1968-1970 (107).

Malina et al. (31) reported that skin folds showed a rapid increase
in thickness from birth to 3-6 months of age, followed by a decrease in
thickness from 6 to 18-21 months of age. At that time, triceps, biceps,
subscapular, axillary, and lateral thigh skin fold increased and calf
and anterior thigh skin folds stabilized until 36-42 months of age.

An increase in skin fold thickness measurement with age also is
greater in children with calorie intake over requirements (18). One
assumption about body fat is that an absolute lower limit is necessary
for body functions (56). However, the upper limit may be altered by
extrinsic factors which affect the energy needs of the body. Skin fold
measurements are reliable in assessment of suboptimal nutrition and early

PEM, particularly where exact ages are not known. The standard values of
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the triceps and subscapular skin folds vary with less than 2 mm between
the ages of 1-5 years, so that exact ages may be of less importance than
when dealing with weight (55).

Race, Various data indicated there were significant ethnic differ-
ences in the distribution of subcutaneous fat (11,50,51,54,56,98).
Causasian children had higher median skin folds than Negro children,
indicating more fat in most age groups or less lean body mass. However,
the Preliminary Findings of the Health and Nutrition Examination Survey
(HANES) (11) could not aid in determining if these differences were due
to differences in nutrition, since statistically significant differences
in median TSF were observed in children in the income groups above poverty
level,

The nature of the difference for fat distribution was evident in the
site at which measurements were taken, that is, limb or trunk.. In the
case of limb fat, race was the determinant of skin fold thickness. Omn the
trunk, sex was the determinant of skin fold thickness.

Flynn et al. (50) and Malina (98) reported that white boys had more
fat (weight minus lean body mass) than Negro boys, but that all girls
had comparable amounts. White children 5-14 years of age, studied by
Foster et al. (54) had a2 mean TSF value that was consistently larger by
2.5 mm than that of black children. Robson et al., (51) compared the mean
triceps and subscapular skin fold thicknesses of Negro children of the
Island of Dominica in the Caribbean with English children and found a
similarity in trends by age in both sexes and of both races for both sites
of measurement. The amount of fat in the triceps region was less in Negro
than Caucasian races. The subscapular thicknesses of both sexes of both
races were not significantly different. The weighted mean differences

between their skin fold measurements is shown in table 5.
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TABLE 5

Skin fold thickness in Caribbean and English children (51)

Weighted mean difference, mm

Subscapular
male 0.19
female 0.73
Triceps
male 1.67
female 2,25

The distribution of skin fold thickness shows a considerable skewness
to the right at every age beyond 5 years for girls and beyond 7 years for
boys. This skewness in fat may be seen, for example, by examining the
TSF table (9) of 5 year old white girls (appendix D). The difference
between the 50th and 95th percentile is 6 mm (from 10.0 to 16.0 mm) while
the difference between the 5th and 50th percentile is only 4 mm
(from 6.0 to 10.0 mm). Since the distribution is asymetrical, the mean
will be displaced away from the center of distribution and the standard
deviation cannot be used to define the middle two-thirds of the distri-
bution (56).

Sex, Differences in the amount of body fat exist between boys and
girls. The 5-14 year old girls studied by Foster and coworkers (54) and
the 6-11 year old girls of the Health Examiniation Survey (56) displayed
a 25% larger TSF than boys, and the sexes showed different patternms of
gaining subcutaneous fat at the triceps site after age 5, the girls gain=-
ing until age 9 and the boys decreasing in triceps thickness to age 7,
followed by a slight increase. From 4-7 years of age, girls had, on the
average, thicker skin folds at all sites measured by Malina et al. (31).

This sex difference of fat reflects body composition variation and is
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not just a body size variation. Boys and girls of the same body weight
exhibit differences in the amount of body fat.

Application of standards of skin fold thickness, Current standards

for triceps and subscapular skin folds of British children were published
by Tanner and Whitehouse (49). The triceps skin fold measurements of
white subjects from 0-44 years old who were included in the Ten-State
Nutrition Survey of 1968-1970 have been published as percentiles by
Frisancho (9). The triceps skin fold wvalues of black subjects were pub-
lished in the Ten-State Nutrition Survey report (18). These standards
facilitate the classification of children by percentile norms in the
evaluation of nutritional grades. Since North American children have
relatively high calorie intakes and skin fold measurements have value in
nutrition surveys, the standards published by Frisanchc may be taken as
adequate standards of nutritiomnal calorie reserves for children with high
calorie intakes (56).

High calorie intake is reflected in increases in subcutaneous fat,
The levels of fatness that are considered average to U.S. populations are
found only in the upper ranges of the fat distribution of other popula-
tions, so skin fold measurement may not be a sensitive indicator of
nutritional status and growth for other populations (9). Crispin et al.
{109) reported that all measurements (height, weight, body circumferences,
and muscularity) except skin fold thickness tended to be greater for
children from middle to upper middle income families than for the children
of families receiving public assistance. When skin fold thickness is
greater than the 85th percentile (86) or 90th percentile (82), the child
should be under supervision., When the skin fold value exceeds the 95th
percentile, referral to a treatment center for counseling usually is

desirable (82).
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Evaluation of nutritional status must take into account ethnic
variations in fat deposit (105). Jelliffe (6) cited a critical need for
locally applicable standards. Interpretation of size of some ethmic
groups relative to the national reference standard should be made with
care (77)., The possibility that the amount of fat in the triceps region
is less in Negro than in Caucasian races would suggest that a more accu-
rate assessment of nutritional status might be obtained if skin folds and
other anthropometric measurements were not used interchangeably for
ethnic groups. Data collected from groups other than Negro and white
children were not included in the Ten-State Nutrition Survey report (18).

Parsons et al., (24) assessed the nutritional status of hospitalized
children on admission and determined that 67 cf the children had deficit
skin folds ( £5th percentile of the Ten-State Nutrition Survey). Although
20% of the children had at least one subnormal anthropometric measurement,
a significant decrease in skin fold was the only change demonstrated on
patients still hospitalized after 2 weeks. The mean TSF decreased from
10.33 mm to a mean of 8,21 mm (PA=0.01)._ These children were identified
as surgical patients who apparently had received adequate nitrogen intake
but a deficit of calories.

Triceps skin fold thickness showed a dramatic increase (2.0+0.9 mm)
on Kenyan children (110) after drug treatment for Ascaris, roundworm,
infection compared to a decrease of 1.1+1.2 mm in control groups. Weight
gain and arm circumference measurements did not differ between the two
groups. This finding suggested that even light Ascaris infection affected
putritional status in young children and that only the triceps skin fold
thickness (of the measurements made) was sensitive to the change in nutri-

ture. Parasitic infestation is very common among some populations. Stool
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examination of Brazilian children revealed that 60% of the children had
parasites (111).

Conclusions of skin fold thickness measurements. The use of skin

fold thickness as az measure of fatness or leanness or of nutritiomnal
status may be a valuable tool, provided standards appropriate to ethnic
groups are used. Its use in surveys has been primarily for identifying
children who are severely malnourished, because these measurements are
assumed to reflect total body fat and therefore, calorie reserves. The
application of skin fold measurements in clinical practice could serve
as a basis for differentiating between obesity and overweight and could
be a valuable tool for detection of early obesity in childhood.

With correct procedures and interpretation, the use of calipers for
measuring skin fold thickness is reliable. However, valid measurements
of the extremely obese child are not possible. A poor correlation (r=0.4)}
existed between skin fold thiclmesses and other measurements of total
body fat in 4~6 year old children. The correlation coefficients between
skin fold and either weight (r=0.52) or height (r=0.59) were significant,
indicating that for populations with low degrees of fatness, measurement
of subcutaneous fat may not be a sensitive indicator of growth. If skin
folds are considered in relation to body weight and percentiles are
plotted, a good estimate of fatness is obtained. Although triceps and
trunk skin fold measurements are strongly related in a positive direction,
both measurements are recommended during periods of growth.

Skin fold thickness varies with age, sex, and race. The standard
values of the skin folds vary less than 2 mm between the ages of 1-5 years.
Skin fold measurements are nonlinear. The triceps skin fold of children

decreases at age 3 for both sexes., A slight increase is apparent at age 5
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for girls and at age 7 for boys before the prepubertal gain in thickness.
Excessive calorie intake can alter skin fold thickness measurement with
age and a heavier child also will have a larger skin fold.

Boys and girls of the same body weight exhibit differences in amount
of body fat; girls have skin fold measurements 25% thicker than do boys.
The nature of significant ethnic differences in distribution of fat is
evident in sites of measurement. On the basis of limb fat, Caucasian
children have 25% thicker skin folds than Negro peers. Trunk measure-
ments are not noticeably different between these two racial groups. Com-
parison of skin folds of North American children with children of other
countries is difficult because the children from other countries usually
come from lower income and lower nutritiomal backgrounds. Triceps skin
fold thickness appears to be sensitive to a deficit of calories following

hospitalization and to infectiom.

ARM CIRCUMFERENCE MEASUREMENTS

The arm circumference (AC) as a public health index of PEM of early
childhood was reviewed by Jelliffe and Jelliffe in 1969 (37) and has been
used increasingly, particularly to study nutriture of children 1-5 years
of age (7,10,12,13,33,35,50,54,112,113). The techniques of AC include
accurate measurement with a tape (ll4) or a plastic bangle which is
passed to mid arm (112),

Zerfas (114) claimed that AC measurement had as much predictive
value as weight, height, and skin folds in assessment amd was considered
to be more practical and cheaper to obtain than other soft tissue indices.
Not all authors agreed that AC was an adequate predictor of nutritional
status (7) nor that it gave a precise diagnosis (102). It is used because

of its presumed lesser involvement by subcutaneous edema (37). The
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presence of nutritional edema labels a child as severely malnourished
irrespective of AC measurement (115).

Search of the literature did not reveal that AC was used often as
an indicator of obesity in children. Measurement of AC was most fre-
quently used to calculate arm muscle mass (Frisancho (9). Because it
correlated well with the calculated mid arm muscle circumference,
Jelliffe (6) assumed that AC could be used by itself. The AC may serve
well as a single measure of nutritional status. Its critical limit is
the application of the correct technique of measurement and the inter-
pretation of the measurement. If the measurement is taken to the nearest
0.1 cm and the error in taking the measurement is in the order of 0.5 cm
in both directioms, a relatively large error is present in relation to
the narrow range of observed AC measurements.

Standards for arm circumference. According to Jelliffe (6), arm

circumference measurements have been compared with values derived from
a sample of Polish children; these values continued to serve as a ref-
erence until data from the Health and Nutrition Examination Survey became
available in 1974 (9). Compared to height and weight, AC shows little
change during childhood. Arm circumference is believed to be relatively
constant between the age of 1-5 years (60),'increasiug only 1.5 em in
normal 1-6 year old children (33). During this period, growth is occur-
ring but it is accompanied by a change in muscle-fat proportion (60).
Arm circumference may indicate differences in fat stores.

Some of the mean arm circumferences reported.in literature are
summarized in table 6. The data reported by Rac and Singh (7), Keller
et al, (17), and Frisancho (9) confirmed that the AC increases 0.8-1.4 cm

from 12 or 18-60 months of age. Little difference (<0.6 cm) was noted



TABLE 6

Arm circumference of preschool children

as reported in the literature

54

Study Age Number Males Females Combined Source
months arm circumference (em)
Anderson 9-66 1433 15.4 Colombia
(12) 744 16.4 Costa Rica
2023 15.8 Dominican
Republic
1822 14,1 India
1258 14.2 Pakistan
Cheek et al. 36-48 7 15.8% Guatemala
(52) 48-60 4 17.2
60-72 6 16.1
Flynn et al. 48-60 34 17.4% 17.3% U.S. Negro
(50) 48-60 32 16.1 16.3 U.S. white
Rao and Singh 12-36 1234 12,.8%% 12, 6%% India
(7) 36-60 1058 13.7 13.7 :
12-60 2292 13.2 13.1
Keller et al. 12-23 .~ 500 14.0% Phillip~-
(17) 24-35 =500 14.5 pines
36-47 =500 15.0
48-60 =500 15.1
Frisancho 6-17 313 15,2%% 14, f%% U.S, white
(9) 18-29 350 15.7 15.5
30-41 373 16.1 15.7
42-54 423 16.5 16.2
54-65 495 16.9 16.9

*mean values

between AC of males and females.

apparent.

(50) exceeded by 1.0-1.3 cm those of white children.

**median values

Geographical differences in AC were

Arm circumferences of black children studied by Flynn et al,

In addressing the Western Hemisphere Nutrition Congress V in 1977,

Waterlow (16) recommended basing diagnosis of undermutrition on both AC

and weight-for-age.

At the Tenth International Congress of Nutritiom,
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Shakir (115) recommended cutoff limits for levels of nourishment:
14,0 ¢cm, normal; 12.5-14.0 em, mild to moderate PEM; 12.5 cm, critical
PEM.

An AC of 16.5 cm was considered by Shakir (33) as a constant stand-
ard for Baghdad children ages 1-6 and one that could be used when present
ages were unknown. Bangles of 12.6 cm and 14.1 cm inner circumferences
were used as diagnostic values for identification of severe and moder-
ately malnourished 6 month to 6 year old children in India (112). Normal
Indian children, age l-5 years (7) had median AC values of 13,1 em for
boys and 13.2 cm for girls, while those children classified as PEM were
found to have median AC values of 12.2 cm for boys and 12.1 c¢cm for girls.
Trowbridge and Staehling (13) used 14.0 cm as the cutoff between nourished
and malnourished children in El1 Salwvador.

Diagnosis by CARE of sgevere malnutrition for children in developing
countries with an AC of 13.5 cm or lower (12) agreed with diagnosis of
severe malnutrition by weight-for-age or weight-for-height criteria.
Although there was agreement between the AC standard and the other
measurements of 3=5 year old children, a larger proportion of acutely
malnourished 1-3 year old children were identified because the 1-3 year
0ld children had smaller AC than did 3=5 year ocld children.

Correlation of AC indicators with nutritional status. Several

nutritional indices based on AC have been designed for use with children:
age-constant AC, AC-for-age, AC-for-height, AC-for-head circumference,
and AC-for weight. Rao and Singh (7) found that simple, age-constant AC
was not as sensitive an indicator as other indices in a less well nour-

ished population.



56

Age-constant AC. Age-constant or age-independent AC is based on the
theory that this measurement changes little between the ages of 1-5, As
shown by the 50th percentile values for AC for children (appendix D), the
AC increases approximately 117 in girls and 15% in boys between the ages
of 1-5 (9). It is an average of 0.5 cm larger in normal children 3-5
vears old than in those 1-3 years old (7,12). Thus a deficit AC in older
preschool children indicates more severe malnourishment than it does in
younger children.

Children diagnosed as malnourished by AC appear to be nutritionally
vulnerable due to thinness and to a very likely low weight as well. Am
age-constant AC favors inclusion of 1-3 year old children in the "at
nutritional risk"™ category (12). The low AC criteriom of 12.5 cm cor-
rectly identifies 100% of young children who are acutely malnourished
according to clinical evaluation (90). Simple AC can be used with little
loss of sensitivity to identify children with low weight-for-age and low
weight-for-height in areas where ages are not known accurately (13).

Arm circumference-for-age. Trowbridge and Staéhling (13) used 60%
of median weight-for-age to define true malnutrition and compared AC-for-
age with age-constant AC. Arm circumference-for-age provided a slightly
greater sensitivity to malnutrition than did simple AC, but it was not
statistically significant.

Arm circumference-for-head circumference. This ratio did not yield
statistically significant different results from that of AC alome (33).
This index appeared to Keller et al, (17) to offer no advantage.

Arm circumference-for-height. Arm circumference-for-height was the
least sensitive of three indicators tested by Trowbridge and Staehling

(13). Both AC-for-age and age-constant AC defined malnutrition more
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accurately than did AC-for-height. Arm circumference-for-height was not
statistically different from AC alone in a study by Shakir (33). A weak
coefficient of correlation existed between AC and height which decreased
with age from r=0.48 for ages 1-2 to r=0.34 for ages 4-6 (17).

Anderson (12) tested two circumferences that seemed promising for
field use--age-constant AC and AC-for-height. Data were collected by
CARE in 1976 in five developing countries to compare measurements of
weight, height, and AC on 7304 children age 9-66 months with various pre-
viously developed nutritional status indices. A positive correlation was
shown between AC and weight-for-age and weight-for-height; the corre-
lation increased as the rate of height deficit increased among countries.

In India and Pakistan with high rates of sever malnutrition and
stunting, AC had a positive correlation with weight~-for-height, which was
stronger than the correlation between weight-for-age and weight-for-
height., 1In Colombia and the Dominican Republic, these correlations were
equal. In Costa Rica, where stunting was minimal, the correlation of AC
with weight-for-height was not as strong as the corfelation of ﬁeight—
for-age with weight-for-height. These findings supported the usefulness
of measuring AC in areas of stunted growth; i.e., where more than 30Z
of the preschool children attain less than 82.5% (90) or less than 90X
(12) of a standard height-for-age. Conversely, if children are not
stunted, AC-for-height is not a useful measure. Anderson (12) did not
recommend the use of AC-for-height as 2 measure of malnutrition because
she found a less than 507 agreement between these indicators: £ 85%
reference AC-for-height; <607 weight-for-age; and <807 weight-for-
height. A 54-75% agreement existed between age-constant AC and AC-for-

height at < 857 reference AC-for-height (table 7).



58

TABLE 7

Rates of malnutrition by arm circumference measurements in children,
studied by CARE, ages 9-66 months (12)

Age- AC-for- Agreement
Country Mean AC constant height of AC and
AC AC-for-height
cm + SD Z<£13.5 cm Z <85% 4
Colombia 15.4 + 1.3 5.4 2.9 54%
Costa Rica 16.4 + 1.4 o2 0.9 75%
Dominican 15.8 + 1.4 3.5 2.4 677
Republic

India 14,1 + 1.2 29,4 19.1 657
Pakistan 14.2 + 1.3 24.7 16.3 66%

QUAC. The QUAC (Quaker arm circumference) stick reported by Shakir
(116) and by Loewenstein and Phillips (113) provides a quick measurement
of AC-for-height. The height measuring stick is marked off in AC values
in three colors according to 85Z, 80%, and 75% of a standard AC-for-
height, over a height range of 70-132 cm. The QUAC stick is based om
the principle that AC reflects the soft tissue mass of the body and that
height is not reduced in acute malnutrition. Acute epidodes of soft
tissue mass loss can be identified. The QUAC stick measurement is inde-
pendent of age., Both 85% and 80%Z of a standard AC-for-height have been
used as a suitable upper borderline limit for PEM. When compared with
the Boston standards of 80% weight-for-age, a 807 QUAC value was con-
sidered the upper borderline limit for PEM and a 60% QUAC value was the
level for severe PEM. The QUAC value of 837 sometimes classified child-
ren as malnourished when they were not classified so by weight-for-age
standards. Shakir (116) considered this overdiagnosis better than missing
a diagnosis of malnutrition. A screening survey identified 20% of a

juvenile population at the 75% QUAC level who were severely malnourished
(1133,
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Arm circumference-for-weight. Skewness seen in AC data is not
unexpected because it reflects the dependence of AC on body weight and
triceps skin fold thickness (54). Arm circumference may be expected to
give roughly the same information as weight. There was a strong posi=-
tive correlation between AC and weight (12); it decreased with age,
from r=0.72 at age 1-2 to r=0.52 at age 4-7 (17). Keet (55) showed a
correlation of r=0.92 between 1-5 years of age.

Bangles. Jelliffe and Jelliffe's claim (37) that bangles gave
similar and accurate information to tape measurements for identification
of malnutrition was not confirmed by Ramachandran and coworkers (112),
who studied children aged 6 months to 6 years in India, Bangles of inner
diameters of 4 cm and 4.5 cm and respective inner circumferences of |
12.6 cm and 14,1 cm were used for diagnostic value in identification of
moderate and severely malnourished children. With the left arm in a
horizontal positicon, the bangle was passed to mid arm to evaluate if
the mid AC was below or above 12.6 cm.

The children were cross-classified as normal or malnourished using
Harvard weight-for-age grades of: >907%, Normal; 75-90Z, Grade I PEM;
60-75%, Grade II PEM; and <«<60%Z, Grade ITII PEM. The standard of weight-
for-age was used since it is known that among anthropometric measurements,
weight has the closest relation to PEM (70,116). The Harvard standard
was considered valid considering that the well-to-do children in India
were as tall and heavy as North American preschool children.

The 12.6 cm bangle test was found to be unsatisfactory on children
3-6 years of age, because only one half (49.8%) of the childrem with
Grades II and III PEM were identified correctly. The false negative rate

was 50.2% and the false positive rate was 12.1%. The test also was
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unsatisfactory for children under 3 years of age. Nearly 40%7 of the
children who were normal or mildly malnourished were incorrectly identi-
fied as moderately or severely malnourished. The recommendation was
made by Shakir (116) to continue use of a tape along with a weight-for-
age chart.

Correlation between arm circumference indicators. Age-constant AC,

when compared with AC-for-age and 807 weight-for-age, gave comparable
results (table 8), except in the first year of life (33). TUnder age 1,
age—constant AC tended to overdiagnose more normal children as malmour=-.
ished. This misdiagnosis was in favor of the child. Children 13-72
months of age were equally identified by > 85% and <76% AC-for-age or by
>14.0 cm and <12.5 cm age-constant AC. The center ranges of 76-85%
AC-for-age or 12.5-14.0 cm age-constant AC were inconsistent in identi-

fying children who had been 807 weight-for-age.

TAELE 8

Comparison of 80Z weight-for-age with percentages of arm standards
on Baghdad children, age 13-72 months (33)

7 % AC-for-age St. Age-constant AC St.
Age, Wt-for-age

months Boston St. N >85% T76=-85% «76% >14.0 12,5-14.0 <12.5
cm cm

13-60 over 80% 360 294 66 0 288 72 0

under 807 187 4 48 135 2 48 137

61-72 over B0Z 71 64 7 0 57 14 0

under 80Z% 12 1 9 2 2 8 2
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Conclusions on the use of AC measurements. The AC alone was as use-

ful to predict malnutrition as height, weight, skin folds, and various
ratios of AC to nonlabile measurements. Nutritional edema in a child did
not affect AC measurements, but did automatically label a child as
severely malnourished. Arm-circumference measurements have been used for
detection of undernourishment and for calculation of arm muscle mass.
1ittle research has been done with AC measurements to predict obesity.

Mean AC values varied with the population studied and ranged from
12,6=17.4 cm for the age group 12-60 months. Cutoff limits to identify
severe malnutrition also varied. Arm circumference changes little over
the preschool years, although there is a change in the muscle-fat propor-
tion. The constancy of AC between 1-5 years of age makes it an age-
independent index.

While most authors agreed that AC was a valuable tool, its sensi-
tivity to nutritiomal status was questioned in the less well nourished
population than those from which the standards were drawn. Comparable
results were obtained from age-constant AC and AC-for-age. Arm circum-
ference identified children with low weights. The correlation of AC with
weight increased with incidence of stunting, but it also decreased with
age of the child. Arm circumference-for-height, by measurement of both
or by use of the QUAC stick, was not useful except in stunted populatiocns.
Children tended to be overdiagnosed as malnourished with AC-for-height.
Arm circumference-for-head circumference did not result in any statisti-
cally significant results, so was considered of little value for nutri-
tional assessment. Bangles tended to classify normal or mildly mal~
nourished children as moderately or severely malnourished. If arm cir-
cumference is chosen as a parameter of nutriture, it should be used with

a weight-for-age chart.
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ARM MUSCLE MEASUREMENTS

The triceps skin fold (TSF) and arm circumference (AC) are two
practical measurements for assessing nutritional status, but each mea-
surement has its limitations. The skin fold does not measure satis~
factorily the amount of fat that is the principal energy reserve of the
body. A thin ring of fat om a muscular arm may contain as much fat as a
thicker ring on a puny muscle (102). Since AC measures fat and muscle
combined (114), it does not give a precise diagnosis, but it may reflect
a difference in fat stores (52). Combined values for TSF and AC are
used to derive estimates of muscle mass which give an indication of the
body's muscle or its main protein reserves.

Data from the cross-sectional sample of the Ten-State Nutrition
Survey of 1968-1970 (18) which included individuals of low, middle, and

upper income groups were used to derive three estimates of muscle size

(9): .
1) arm muscle diameter (mm) = 591%?21— - TSF (mm)

2) arm muscle circumference (mm) = AC (mm) - -r(TSF {mm) )

AL

2y =
? 4

(arm diameterz)

3) arm muscle area (mm

The percentiles for AC and TSF, mid arm muscle circumference, arm muscle
area, and arm muscle diameter were developed by Frisamcho (9) and are
given in appendix D, E. During the early childhood years, there is an
increase of nearly 35% in arm muscle area. At the same time, the diameter
and circumference of muscle increase only 16Z, leading to an underestima-
tion of tissue changes.

A nomogram developed by Gurney and Jelliffe (102) provides a con-
venient calculation of arm muscle circumference, arm muscle area, and arm

area (appendix J). The value that is intersected by a line that joins
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the AC and TSF is the arm muscle circumference. The arm area and arm
muscle arez are alongside their respective circumferences. The arm muscle
area on the nomogram is determined as the difference between the arm and
muscle areas.

Relation to protein reserves. Growth in size of muscularity is

related to greater stature (117). The measurements of muscularity in
children serve as a general index of nutritional status. If skeletal
musculature is maintained, the muscle size indicates that protein require-
ments are met for growth and maintenance of body tissues. Greater muscle
size is related to greater protein reserves. Conversely, small muscular
measurements reflect less protein reserves than do the large muscular
measurements (9).

In developing countries, the fat layer makes only & small contribu-
tion to arm volume and AC is an adequate indicator of arm muscle mass.
Studies of children in the U.S. indicate this is not true. Of pediatric
patients with an arm muscle area smaller than the 5th percentile (25),
only 60% had an AC less than the 5th percentile, indicating the importance
of calculating the muscle area. In children with high calorie intakes,
loss of muscle mass may be masked by subcutaneous fat (52).

Poor muscle development or muscle wasting are cardinal features of
all forms of PEM, especially those of early childhood (6). The reduction
in muscle size occurs as a compensatory mechanism to provide amino acids
for gluconeogenesis and hepatic synthesis of plasma proteins (117).

Brooke and Wheeler (35) rehabilitated 25 Jamaican children with relatively
severely affected arm muscle area, weight, and skin fold thickness. The
acute nature of the malnutrition was assessed by relatively unaffected
head circumference and body length. After seven weeks on a high fat diet,

accelerated growth of lean tissues as well as adipose tissue was striking.
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2 2

The arm muscle area rose from a mean of 6.8 cm® to 9.9 cm

.

78%Z of normal (12.7 cmz) for mean age of 1.3 years. During rehabilitaticn

or from 54% to

skin folds increased 1207 and the Increase in arm muscle area exactly
paralleled that of weight gain. Since fat stores were severely depleted,
the accelerated growth of lean tissue indicated that surplus of energy
was available beyond the formation of adipose tissue for the high energy
cost of new tissue synthesis, reflected both as stored emergy and energy
consumed in oxidative synthetic processes.

Use of standards. In their survey of hospitalized pediatric pa-

tients, Merritt and Suskind (25) computed AC and TSF percentiles for age
from the percentiles of the Ten-State Nutrition Survey (18) and from arm
muscle area percentiles from data of Frisancho (9). Patients with arm
measurements below the 15th percentile with first degree malnutrition
were placed in an "at risk" category. Patients with arm values below
the 5th percentile for age were defined as Grades II and III malnutriticn
and classified as "probably malnourished'. Arm muscle area was compara-
tively sensitive to weight-for-height (P «0.05). The significant rela-
tionship of the weight-for-height and arm muscle area and total lympho-
cyte count suggested that many of the patients had reduced lean body mass
and were at visk of nosocomial infection. A relation with serum albumin
level was suspected with arm muscle circumference although insufficient
values were found in the charts to study the trend.

Although 50% of the surgical infants studied by Parsons et al. (24)
had low total serum proteins (<6 gm/dl), none of them had reduced serum
albumin levels ( <3.5 gm/dl). Thus they were not considered high risk

for being protein undernourished.
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Conclusions on arm muscle measurements. The combined values of

TSF and AC measurements were used to derive an estimation of muscle mass
which was an indication of the main protein reserves of the body, the
greater muscle size reflecting that protein requirements were met for
growth. A nomogram developed by Gurney and Jelliffe (102) provided a
convenient calculation of arm area, arm muscle area, and arm muscle cir-
cumference.

Poor muscle development or muscle wasting were cardimal features of
all forms of PEM, especially those of early childhood. Persons with arm
muscle measurements below the 15th percentile were categorized as “at
risk” and persons with arm values below the 5th percentile for age as
"probably malnourished”. Arm muscle area was sensitive to weight-for=-
height. During rehabilitation, the increase in a muscle area paralleled
that of weight gain. In areas where calorie stores were minimal, the
fat layer (TSF) made only a small contribution to arm valume and AC was
an adequate indicator of muscle mass. This was not true of childrem with
higher calorie intakes, in whom loss of muscle mass may be masked by sub-
cutaneous fat, indicating the importance of calculating a muscle diameter,

circumference, or muscle area.

THIGH CIRCUMFERENCE

Reference standards for maximum thigh circumference (TC) were pub-
lished by Zeitlim in 1979 (72) using percentile curves derived from
measurements of a sample of 1080 economically favored newborn infants and
children to 5 1/2 years from the Boston area and New Haven. Zeitlin also
measured a sample of 513 6-48 month only low income Filipino children to
test for sex differences in TC and for usefulmess of the TC in identi-

fying malnutrition. The measurements of the children in the lower
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nutritional status were not used for derivation of standards. A range
of expected percentiles was determined around the median values at a
series of three or six month age points to 60 months of age (appendix F).

Correlation with arm circumference (AC). The left thigh was mea-

sured at the maximum circumference in a plane perpendicular to the femur.
The left AC and the skin folds of triceps, subscapular, and frontal thigh
at the point of maximum circumference, weight, and length were measured.
The TC was similar to the AC but was proven to be slightly more consist-
ent. A correlation of r=0.83 was derived across the 0-5 year age range
between TC and AC. The larger size of the thigh reduced the percent of
error associated with the smaller circumference of the upper arm. Thigh
circumference also was found to correlated with weight-for-age and weight-
for-length according to standards of the National Center for Health
Statistics at r=0.80 (73).

Unique aspects of TC. A single standard applicable to both sexes in

the preschool period makes TC unique among anthropometric measurements
(fig. 11). The mean TC of girls was 1.9 mm larger than for boys in the
U.S. groups, but nonsignificantly lower in the Filipino sample, The mean
weight-for~length of U.S. girls also was nonsignificantly higher and girls
had a thigh skin fold which average l.l4 mm larger than that for boys.
Analysis of variance of TC using data from the Bosgon and the Filipino
samples failed to show significant sex differences. Thus there appeared
no reason to create separate setgs of standards for TC for the sexes in the
0-5 year age range.

Another unique aspect of the TC curve was its saddle shape. A
maximum TC was exhibited at 12 months in well nourished children and at

18 months by children in the lowest percentiles. At 12 months a marginal
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(72).

reduction in size of TC occurred in well nourished children, which
ironically is the same 12-21 month age period when many child populatioms
exhibit growth failure due to inadequate weaning practices and to
infection.

Zeitlin (72) explained that the relatively comstant TC between 12-21
months may reflect energy requirements for motor activity of children.
Data indicated that thigh skin fold diminished by almost 2 mm as the
child began to walk. The hypothesis offered was that thigh and buttocks
serve as a depot of fat stores which are used to meet increased energy
needs concurrent with the dramatic decline of appetite at 12 months of
age. Preferential wasting of these fat stores spares other body tissues
in infant malnutrition., Although the thigh skin fold diminishes, the

muscle growth continues to increase in nourished children. Thus TC
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remains relatively constant between 12-21 months, followed by a slight
but steady increase in size through 60 months of age.

The reference standards for TC were derived as a screening index in
low income countries for selecting malnourished infants and young child-
ren to participate in nutrition intervention programs. They can be used
to monitor nutritional status. A possible use is in monitoring obesity
in the home in the absence of scales. Both TC and AC may be better de~
scriptors of vulnerable target groups than other anthropometric measure-
ments which are biased by age (15). Thigh circumference has the addi-
tional advantage of being free of sex bias and allows good measurement

accuracy.

Conclusions on thigh circumference measurements. Since mid upper

arm circumference correlates with maximum thigh circumference at r=0.83
and weight-for-age and weight-for-length correlates at r=0.80, the use
of TC as a simplified index to monitor nutritional status should be
explored further. Percentile curves were derived by Zeitlin in 1979. A
single reference standard for TC was found applicable to both sexes aged
0-5 years. Like the arm circumference which shows little change in the
preschool yvears, the TC remains almost constant at 27.8 cm between 12-21
months. The mean TC for both sexes age 0-5 years was 28.9 ecm. It in-
creased to 34,7 cm by 60 months of age.

The average thigh skin fold decreases by almost 2 mm between 12-21
months while the muscle growth continues to increase, thus giving an
apparently constant TC. The decrease of skin fold implies that the thigh
stores fat which is the preferential source of energy during the weaning
and an in malnutrition. Zeitlin considered the AC a better selector of
autritional status than AC because the larger size of the thigh reduced

measurement error and because it was applicable to both sexes.
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SIMMARY AND CONCLUSIONS

Normal healthy children have a genetically determined physical
growth pattern that is affected by envirommental factors, including
nutrition. The second year in particular is a period of rapid growth
with high nutritional needs for swiftly increasing muscle mass. The
purpose of this report was to review the literature regarding the use
of anthropometric measurements to assess the nutritiomal status of pre-
school children.

Standards developed for nourished children in western countries
are considered to be relevant to children of most ethnic groups. Normal
growth is likely to be represented by measurements between the 25th and
75th percentiles. Children who are growing normally are not expected to
cross percentile lanes.

Height-for-age reflects chronic nutriture. Weight-for-height is an
indicator of current nutritional status. Genetic§ contributes wvariation
to both height and weight, but environmental factors are the determinant
in body fatness., The various ratios of height and weight fail to distin-—
guish between changes in adipose tissue and lean body mass of children.
Weight gain may not be a wise index of satisfactory growth because the
child may be adding excessive fat tissues.

Fxcessive calorie intake can alter skin fold thickness measurements
with age. For populations characterized by a low degree of fatness, the
measurement of subcutaneous fat may not be a sensitive indicator of nutri-
tional status and growth. Authors disagreed whether arm circumference
was an adequate predictor of nutritional status, but they generally
accepted a lower limit of 12.5 cm to identify 1-5 year old children who

are malnourished according to clinical evaluation.
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If skeletal muscle is maintained, the muscle size indicates that
protein requirements are met for growth and for maintenance of body
tissues. The muscle protein is rapidly mobilized when calorie intake is
inadequate. The loss of muscle mass may be masked by subcutaneous fat
in children with high calorie intakes, indicating the importance of cal-
culating a muscle diameter, muscle circumference, or muscle area.

Since thigh circumference correlated well with arm circumference,
weight-for-age, and weight-for-height, the use of thigh circumference as
a simple index of nutriture should be explored. The constancy of both
circumferences throughout ages 1-5 years makes them age-independent
indexes, which can be used when the child's age is unknowm.

Alone, anthropometry cannot define nutritionmal status, but it may
identify risks of malnutrition. It may aid in distinguishing chronic and
acute stages of malnutrition. It may reveal the subtle mild and moderate
forms of protein-energy malnutrition. Anthropometry is recommended to
identify children at nutritional risk and to monitor their nutritional

status.



71

ACKNOWLEDGMENTS

The author would like to express sincere appreciation to Dr. Beth
Fryer, Major Professor and Professor of the Department of Foods and
Nutrition, for her guidance and support throughout the preparation of
this report. Thanks is extended aliso to Dr. Kathleen;ﬁ;;;;l, Associate
Professor of Foods and Nutrition, and to Dr. HarjorierStiﬁh, Professor
of the Department of Family and Child Development, for serving as
members of the committee and reviewing the manuscript.

To her family, she extends her love and gratitude for her rich
rural Kansas heritage. Special appreciation is expressed to the members
of the author's religious community, the Sisters of the Congregation
of St. Joseph, who have been supportive and leaders of efforts to
continually search new ways to serve persons who find themselves in
marginated enviromments. May this effort help in some small way to

alleviate the suffering of children everywhere.



72

LITERATURE CITED

1. Christakis, G. (1973) DNutritional Assessment in Health Programs,
American Public Health Assoc., Washingtom, D.C.

2. Silver, H. K. (1974) Growth and development. 1In: Current Pedi-
atric Diagnosis and Treatment, 3rd ed. (Kempe, C., H., Silver, H. K. &
0'Brien, D., eds.), pp. 9-23, Lange Med. Publications, Los Altos,
California,

3. Pipes, P. L. (1977) Nutrition: Growth and development. In:
Nutrition in Infancy and Childhood, pp. 1-18, C. V., Mosby Company,
St. Louils, Missouri.

4, Hamill, P. V. V., Drizd, T. A., Johnson, C. L., Reed, R. B., Roche,
A, F. & Moore, W. M. (1979) Physical growth: WNational Center for
Health Statistics percentiles. Am. J. Clin., Nutr., 32, 607-629,

5. Owen, G. M. (1973) The assessment and recording of measurements
of growth of children: Report of a small conference. Pediatr. 51,
461-466.

6. Jelliffe, D. B. (1966) Direct nutritional assessment of human
groups. In: The Assessment of the Nutritional Status of the
Community, pp. 50~78, World Health Organ. Mongr. Series 53, World
Health Organization, Geneva.

7. Rao, K. V. & Singh, D. (1970) An evaluation of the relatiomship
between nutritional status and anthropometric measurements. Am. J.
Clin., Nutr. 23, 83-93,

8, Prasad, R., Kumar, R. & Dayal, R. S. (1971) Physical growth and
c€evelopment from one to five years. Ind. Pediatr. 8, 105-119,

9. TFrisancho. A. R. (1974) Triceps skin fold and upper arm muscle
size norms for assessment of nutritional status. Am. J. Clin. Nutr.
27, 1052-1058.

10. Robson, J. R. K., Larkin, F. A., Bursick, J. H. & Perri, K. P.
(1975) Growth standards for infants and children: A cross-sec-
tional study. Pediatr. 56, 1014-1020,

11. National Center for Health Statistics (1975) Preliminary findings
of the First Health and Nutrition Examination Survey, United States,
1971-1972, Anthropometric and clinical findings. Vital and Health
Statistics. DHEW Pub. No. (ERA) 75-1229., Health Rescurces Adminis-
tration, Rockwville, Maryland.

12. Andersom, M. A. (1979) Comparison of anthropometric measures of
nutritional status in preschool children in five developing coun-
tries. Am. J. Clin, Nutr. 32, 2339-2345.



13.

14-

15.

16'

17.

18.

19.

20-

21.

22,

23.

24'

25.

26.

73

Trowbridge, F. L. & Staehling, N. (1980) Sensitivity and specific-
ity of arm circumference indicators in identifying malnourished
children. Am. J. Clin., Nutr. 33, 687-696.

American Dietetic Association Board of Directors (1980) Position
paper on a national nutritiom policy. J. Am. Diet. Assoc. 76,
596-599,

Austin, J. E. (1978) The perilous journey of nutrition evaluatiom.
Am, J. Clin. Nutr. 31, 2324-2338.

Waterlow, J. C. (1977) Anthropometric and biochemical findings in
marginal malnutrition. In: Nutrition in Transition: Proceedings
Western Hemisphere Nutrition Congress V, Quebec (White, P. L. &
Selvey, N., eds.), pp. 273-280, American Medical Assoc., Wisconsin.

Keller, W., Donoso, G. & DeMaeyer, E. M. (1976) Anthropometry in
nutritional surveillance: A review based on results of the WHO

collaborative study on nutritional anthropometry. Nutr. Abstr. Rev.
46, 591-609.

Center for Disease Control (1972) Ten-State Nutrition Survey in
the United States, 1968-1570 1III. Clinical, anthropometry, dental.
DHEW Pub. No. (HSM) 72-8131. Health Services and Mental Health
Administration, Atlanta, Georgia,

Owen, G. M., Kram, K., M., Garry, P. J., Lowe, J. E. & Lubin, A. H.
(1974) A study of nutritional status of preschool children in the
United States, 1968-1970. Pediatr. 53 (Supplement, Part 2), 597-646.

Presidential Commission on World Hunger (1979) Preliminary Report
of the Presidential Commission on World Hunger, Sect. III.12,
Washington, D.C.

Kotz, N. (1979) Hunger in America: The Federal Response. Field
Foundation, New York.

Owen, G. M., Garry, P. J., Kram, K, M., Nelsen, C. E. & Montalvo,
J. M. (1969) Nutritional status of Mississippi preschool children.
A pilot study. Am. J. Clin. Nutr. 22, 1444-1458.

Huenemann, R. L. (1974) Envirommental factors associated with
preschool obesity. I. Obesity in six-month-old children. J. Am.
Dietu ASSOC. ﬁ, 480-487-

Parsons, H. G., Francoeur, T. E., Howland, P., Spengler, R. F. &
Pencharz, P. B. (1980) The nutritional status of hospitalized
children. Am. J. Clin. Nutr. 33, 1140-1146.

Merritt, R. J. & Suskind, R. M. (1979) Nutritional survey of hospi-
talized pediatric patients. Am. J. Clin. Nutr. 32, 1320-1325,

Simon, A. (1975) Hunger. In: Bread for the World, pp. 3, 86,
Paulist Press, New York.



27.

28.

29.

30.

31.

32,

33.

34,

35-

36.

37.

38.

39.

40,

74

Jelliffe, D. B. (1969) The secotrant--a possible new age category
in early childhood? J. Pediatr. 74, 808-810.

Graystone, J. E. & Cheek, D. B. (1978) The role of body composition
in the assessment of growth and nutrition. J. Human Nutr. 32,
258-263.

Larkin, F. A., Perri, K. P., Bursick, J. H. & Robson, J. R. K,
(1976) Etiology of growth failure in a clinic population. J. Am.
Diet, Assoc. 69, 506-510.

Fitzhardinge, P. M. & Steven, E, M. (1973) The small-for-date
infant. I. Later growth patterns. Pediatr. 49, 671-681.

Malina, R. M., Habicht, J. P., Yarbrough, C., Martorell, R. & Klein,
R. E. (1974) Skinfold thicknesses at seven sites in rural
Guatemalan Ladino children birth through seven years of age. Human
Biol. 46, 453-469.

Underwood, B. A., Hepner, R., Cross, E., Mirza, A. B., Hayat, K. &
Kallue, A. (1967) Height, weight, and skinfold thickness data
collected during a survey of rural and urban populations of West
Pakistan. Am. J. Clin. Nutr. 20, 694-701.

Shakir, A. (1975) Arm circumference in the surveillance of protein-
calorie malnutrition in Baghdad. Am, J. Clin, Nutr. 28, 661-665.

Habicht, J. P. (1980) Some characteristics of indicators of nutri-
tional status for use in screening and surveillance. Am. J. Clin.
Nutr. 33, 531-535.

Brooke, 0. G. & Wheeler, E. F. (1976) High energy feeding in
protein-energy malnutrition. Arch. Dis. Child. 51, 968-971.

Keys, A. (1956) Recommendations concerning body measurements for
the characterization of nutritional status. In: Body Measurements
and Human Nutrition (Brozek, J., ed.), pp. 1-13, Wayne University
Press, Detroit.

Jeliiffe, E. F. P. & Jelliffe, D, B. (1969) The arm circumference
as a public health index of protein-calorie malnutrition of early
childhood. I. Background. J. Trop. Pediatr. 15, 179-188.

Vaughan, V. C., McKay, R. J., & Nelson, W. E., eds. (1975) Develop-
mental Pediatrics. In: Nelson Textbook of Pediatrics, 10th ed,
pp. 26-50, W. B, Saunders Company, Philadelphia.

Gellis, S. S. & Kagan, B. M, (1976) Current Pediatric Therapy,
W. B. Saunders Company, Philadelphia.

Marlow, D. R. (1977) The preschool child. In: Textbook of Pedi-
atric Nursing, 5th ed., pp. 601-708, W. B. Saunders Company,
Philadelphia.



41,

42,

43,

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

75

Zmora, E., Gorodischer, R. & Bar-Ziv, J. (1979) Multiple nutri-
tional deficiencies in infants from a strict vegetarian community.
Am. J. Dis. Child 133, 141-144,

Grossman, H., Duggan, E., McCammen, S., Welchert, E. & Hellerstein,
S. (1980) The dietary chloride deficiency syndrome. Pediatr. 66,
366-374.

Chase, H. P., Kumar, V., Caldwell, R. T. & 0O'Brien, D. (1980)
Kwaskiorkor in the United States. Pediatr. 66, 972-976.

Bollag, U. (1980) Social and nutritional parameters of acute
diarrhea. Arch. Dis. Child. 55, 711-714.

Hawk, L. J. & Brook, C. G. D. (1979) Family resemblances of height,
weight, and body fatness. Arch. Dis. Child. 54, 877-879.

Cummins, M. & Norrish, M. (1980) Follow-up of children of diabetic
mothers. Arch. Dis. Child. 55, 259-264.

National Center for Health Statistiecs (1976) NCHS Growth Charts.
Monthly Vital Statistics Report, Vol. 25, No. 3 Supplement (HRA)
76-1120. Bealth Resources Administration, Rockville, Maryland.

Jaworski, A. A. (1980) One boy-girl chart for office use from eight
NCHS growth charts. Clin. Pediatr. 19, 546-548,

Tanner, J. M. & Whitehouse, R. H. (1975) Revised standards for
triceps and subscapular skinfolds in British children. Arch. Dis.
Child. 50, 142-145.

Flynn, M. A., Murthy, Y., Clark, J., Comfort, G., Chase, G. &
Bentley, A. E. T. (1970) Body composition of Negro and white
children. Arch. Environ. Health 20, 604-607.

Robson, J. R. K., Bazin, M. & Soderstrom, R. (1971) Ethnic differ-
ences in skin-fold thickness. Am. J. Clin. Nutr. 24, B864-868.

Cheek, D. B., Habicht, J. P., Berall, J. & Holt, A, B, (1977)
Protein-calorie malnutrition and the significance of cell mass
relative to body length. Am. J. Clin, Nutr. 30, 851-860.

Burgert, S. L. & Anderson, C. F. (1979) A comparison of triceps
skin fold values as measured by the plastic McGaw caliper and the
Lange caliper. Am. J. Clin. Nutr. 32, 1531-1533.

Foster, T. A., Voors, A. W., Webber, L. S., Frerichs, R. R. &
Berenson, G. S. (1977) Anthropometric and maturation measurements
of children, ages 5 to 14 years, in a biracial community--the
Bogalusa Heart Study. Am. J. Clin. Nutr. 30, 582-591,

Keet, M. P,, Hansen, J. D. L. & Truswell, A. S. (1970) Are skin-
fold measurements of value in the assessment of suboptimal nutritiomn
in young children? Pediatr. 45, 965-972,



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69,

76

National Center for Health Statistics (1972) Skinfold thickness of
children 6~11 years, United States., Vital and Health Statisties.
Series 11, No. 120. DHEW Pub, No. (HSM) 73-1602, Health Services
and Mental Health Administration, Rockville, Maryland.

Blackburn, G. L., Bistrian, B. R., Maini, B. S., Schlamm, H. T. &
Smith, M. F. (1977) Nutritional and metabolic assessment of the
hospitalized patient. J. Parenteral Enter, Nutr. 1, 11-22,

American Dietetic Association (1981) Normal diet. In: Handbook of
Clinical Dietetics. p. Al9, Yale University Press, New Haven.

Pike, R. L. & Brown, M. L. (1975) Body composition. In: Nutrition:
An Integrated Approach, pp. 761-794, John Wiley & Sons, New York.

Jelliffe, D, B, (1969) Field anthropometry independent of precise
age. J. Pediatr. 75, 334-335.

Jelliffe, D. B. & Jelliffe, E. F. P. (1971) Age-independent
anthropometry. Am. J. Clin. Nutr. 24, 1377-1379.

Lowenstein, F. W. & 0'Connell, D. E. (1974) Selected body measure-
ments in boys ages 6-11 years from six villages in southern Tunisia:
An international comparison. Human Biol. 46, 471-482,

Pomerance, H. H. (1979) A longitudinal study: Incremental growth
and velocity curves. In: Growth Standards in Children, pp. 107-
128, Harper & Row, Publishers, Inc., Hagerstown, Maryland.

DuRant, R. H. & Linder, C. W. (1981) An evaluation of five indexes
of relative body weight for use with children. J. Am. Diet. Assoc.
78, 35-41.

Morley, D. (1973) The road-to-health card. In: Paediatric
Priorities in the Developing World, pp. 124-147, Butterworth &
Company, London.

McDonald, P. J. & Moore, W. V. (1978) Short stature: Evaluation
and diagnosis procedures at KUMC. J. Ks. Med. Soc. 79, 93-97.

Hansman, C., (1970) Anthropometry and related data, anthropometry,
skinfold thickness measurements. In: Human Growth and Development
(McCammon, R. W., ed.), pp. 101-154, Charles C. Thomas, Springfield,
Illinois.

Nellhaus, G. (1968) Head circumference from birth to eighteen
yvears. Practical composite international and interracial graphs.
Pediatr. 41, 106-114.

Coodin, F, J., Dilling, L. A., Haworth, J. C. & Ellestad-Sayed, J.
(1980) Growth and nutrition of Manitoba preschool Indian children.
III. Anthropometry. Human Biol, 52, 563-578.



70.

71.

12,

73.

74,

75.

76'

1.

78.

79.

80‘

8l.

B2.

77

Blackburn, G. L., Bistrian, B. R., Maini, B. S., Benotti, P.,
Bothe, A., Gibbons, G., Smith, M. F. & Schlenn, H. (1976) Manual
for Nutritional Metabolic Assessment of the Hospitalized Patient,
presented at the 62nd Annual Clinical Congress of the American
College of Surgeons, Chicago.

Durnin, J. V. G. A. & Rahaman, M. M. (1967) The assessment of the
amount of fat in the human body from measurements of skinfold
thickness. Brit. J. Nutr. 21, 681-689.

Zeitlin, M. (1979) The derivation of a reference standard for
maximum thigh circumference of preschool children, aged 0-5 years.
Human Biol. 51, 11-21,

Vickers, V. S, & Stuart, H. C. (1943) Anthropometry in the pedia-
trician's office. Norms for selected body measurements based on
studies of children of North European stock. J. Pediatr. 22,
155-170.

Jackson, R. L. & Kelly, H. G. (1945) Growth charts for use in
pediatric practice. J. Pediatr. 27, 215-229.

National Center for Health Statistiecs (1977) NCHS Growth Curves
for Children, Birth-18 vears, United States. Vital and Health
Statistics Series 11, No. 165, DHEW Pub. No. (PHS) 78-1650.
Hyattsville, Maryland.

Committee on Nutrition Advisory to CDC, FNB, NAS-NRC (1974) ' Com-
parison of body weights and lengths or heights of groups of child-
Ten. Nutr. RE‘V- }3, 284"288.

Roche, A. F. & McKigney, J. I. (1976) Physical growth of ethnic
groups comprising the U.S. population. Summary Report. Am. J. Dis.
Child 130, 62-64.

Habicht, J. P,, Martorell, R., Yarbrough, C., Malina, R. M. & Klein,
R. E. (1974) Height and weight standards for preschool children.
How relevant are ethnic differences in growth potential? Lancet 1,
611-615.

Gallo, P. G. & Mestriner, M. F. (1980) Growth of children in
Somalia. Human Biol. 52, 547-56l.

Fryer, B. A., Lamkin, G. H., Vivian, V. M., Eppright, E. S. & Fox,
H. M. (1972) Growth of preschool children in the North Central
Region. J. Am, Diet. Assoc. 60, 30-37.

Murphy, D. Y., Guthrie, R. A., & Woodruff, C. W. (1967) Evaluation
of nutritional status of head start children (abstr.). Am. J. Clin.
Nutr. 20, 370.

Fomon, S. J. (1976) Screening and followup. In: Nutritiomal Dis-
orders of Children: Prevention, Screening, and Followup. DHEW Pub.
No. (HSA) 76=5612, Health Services Administration, Rockville,
Maryland.



83.

84.

85,

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96,

78

Huenemann, R. L. (1974) Envirommental factors associated with
preschool obesity. 1II. Obesity and food practices of children at
successive age levels. J. Am. Diet. Assoc. 64, 488-491,

Beal, V. A. (1980) Nutritiom, growth, and body composition. In:
Nutrition in the Life Span, pp. 18-45, John Wiley & Sons, New York.

Munoz, S., Munoz, H. & Zambrano, L. F. (1980) Blood pressure in a
school age population. Distribution, correlations, and prevalence
of elevated values. Mayo Clin. Proc. 55, 623-632.

Brasel, J. A. (1979) 1Infantile obesity. In: Dialogues in Infant
Nutrition, Vol. 1, No. 4, Health Learning Systems, Inc., Bloomfield,
New Jersey.

Dine, M. S., Gartside, P. 8., Glueck, C. J., Rheines, L., Greene, G.
& Khoury, P. (1979) Where do the heaviest children come from? A
prospective study of white children from birth to 5 years of age.
Pediatr. 63, 1-7.

Palti, H., Reshef, A, & Adler, B. (1979) Food intake and growth of
children between 30 and 48 months of age in Jerusalem. Pediatr. 63,
713-718.

Weiler, P. G., Stalker, H., P., Jennings, S. W, & Fister, W. T.
(1979) Anemia ag a criterion for evaluation of a special supple-
mental food program for women, infants, and children. Pediatr. 63,
584=590.

Trowbridge, F. L. (1979) Clinical and biochemical characteristics
associated with anthropometric nutritional categories. Am. J. Clin.
Hutr. é.g_’ 758_766.

Waterlow, J. C. (1973) Note on the assessment and classification
of protein-energy malnutrition in children. Lancet 2, 87-89.

Scrimshaw, N. S. (1978) Through a glass darkly, Nutr. Today 13,
14-20, 32-34.

Waterlow, J. C. (1972) Classification and definition of protein-
calorie malnutrition. Brit. Med. J. 3, 566-569.

Garn, S. M. (1965) The applicability of North American growth
standards in developing countries. Can. Med. Assoc. J. 93, 914-919.

Edwards, K. A. (1978) An index for assessing weight change in
children: Weight/height ratios. J. Appl. Behav. Anal. 11, 421-429.

Guthrie, H. A, (1979) Evaluation of nutritional status. Im:
Introductory Nutrition, 4th ed., pp. 385-409, The C. V. Mosby
Company, St. Louis.



79

97. Scholl, T. 0., Johnston, F. E., Cravioto, J., Delicardie, E. R. &
Lurie, D. S. (1979) The relationship of growth failure (chreomic
undernutrition) to the prevalence of clinically severe protein-
energy malnutrition and to growth retardation in protein-energy
malnutrition. Am., J. Clin. Nutr. 32, 872-878.

98, Malina, R. M. (1966) Patterns of development in skinfolds of
Negro and white Philadelphia children. Human Biol. 38, 89-103.

99, Committee on Nutrition of the American Academy of Pediatrics (1968)
Measurement of skinfold thickness in childhood. Pediatr. 42,
538-543.

100. Womersley, J. & Durnin, J. V. G. A. (1977) A comparison of the
skinfold method with extent of "overweight" and various weight-
height relationships in the assessment of obesity. Brit. J. Nutr.
38, 271-284,

10l. Bistrian, B. (1980) Anthropometric norms used in assessment of
hospitalized patients. Am. J. Clin. Nutr. 33, 2211-2213.

102, Gurney, J. M. & Jelliffe, D. B. (1973) Amm anthropometry in nutri-
tional assessment: Nomogram for rapid calculation of muscle cir-
cumference and cross-sectional muscle and fat areas. Am. J. Clin.
Rutr. 26, 912-915.

103. Sanchez, C. L. & Jacobson, H. N. (1978) Anthropometry measure-
ments, a new type (letter). Am. J. Clin. Nutr., 31, 1116-1117.

104, Booth, R. A. D., Goddard, B. A, & Paton, A. (1966) Measurement of
fat thickness in man: A comparison of ultrasound, Harpenden
calipers and electric conductivity. Brit. J. Nutr. 20, 719-725.

105, Malina, R. M. (1971) Skinfolds in American Negro and white child-
ren. J. Am, Diet. Assoc. 59, 34-40.

106. Garn, S. M., Rosen, N. N. & McCann, M. B. (1971) Relative values
' of different fat folds in a nutritional survey. Am. J. Clin. Nutr.
24, 1380-1381.

107. Garn, S. M. & Clark, D. C. (1975) Nutritiom, growth, development,
and maturation: Findings from the Ten-State Nutrition Survey of
1968-1970. Pediatr. 56, 306-319.

108, Garn, S. M. & Clark, D. C. (1976) Trends in fatness and the ori-
gins of obesity. Pediatr. 57, 443-456. ’

109. Crispin, S., Kerrey, E., Fox, H. M, & Kies, C. (1968} Nutritional
status of preschool children. II. Anthropometric measurements and
interrelationship. Am. J. Clin. Nutr. 21, 1280-1284.

110. Stephenson, L. S., Crompton, D. W. T., Latham, M. C., Schulpen,
T. W. J., Nesheim, M. C. & Jansen, A. J. (1980) Relationships
between Ascaris infection and growth of malnourished preschool
children in Kenmya. Am. J. Clin. Nutr. 33, 1165-1172,



111,

112-

113.

114,

115,

116.

117.

118,

80

Desai, I. D., Taraves, M. L. G., Dutra de Oliveira, B. S., Douglas,
A., Duarte, F. A. M. & Dutra de Oliveira, J. E. (1980) Food
habits and nutritional status of agricultural migrant workers in
Southern Brazil. Am. J. Clin. Nutr. 33, 702-714.

Ramachandran, K., Parmar, B. S., Jain, J. K., Tandom, B. N. &
Gandhi, P. C. (1978) Limitations of film strip and bangle test
for identification of malnourished children. Am. J. Clin. Nutr.
31, 1469-1472,

Loewenstein, M. S. & Phillips, J. F. (1973) Evaluation of arm
circumference measurement for determining nutritional status of
children and its use in an acute epidemic of malnutrition: Owerri,
Nigeria, following the Nigerian Civil War. Am. J. Clin. Nutr. 26,
226-233.

Zerfas, A. J. (1975) The insertion tape: A new circumference
tape for use in nutritional assessment. Am. J. Clin. Nutr. 28,
782-787.

Shakir, A. (1975) Simple age-independent field methods for screen-
ing and monitoring malnutrition in young childrem. In: Proceedings
of the Tenth International Congress of Nutrition, p. 409, Victory-
sha Press, Kyoto, Japan.

Shakir, A. (1973) QUAC stick in the assessment of protein-calorie
malnutrition in Baghdad. Lancet 1, 762-763.

Frisancho, A. R., Garn, S. M., & McCreery, L. D. (1971) Relation-
ship of skinfolds and muscle size to growth of children. I. Costa
Rica. Am. J. Phys. Anthropol. 35, 85-90.

Coward, W. A. & Lunn, P. G. (1981) The biochemistry and physiology
of kwashiorkor and marasmus. Brit. Med. Bull. 37, 19-24,



APPENDIX

81



A.

B.

D.

APPENDIX

Percentiles of weight (kg) by sex and age, 1.5-18 years,
from National Center for Health Statisties 1977 (75). . .

Percentiles of height (cm) by sex and age, 1.5-18 years,
from National Center for Health Statisties 1977 (75). . . .

Percentiles for length, weight and head circumference for
boys and girls, birth-36 months, from National Center for
Health Statistics 1977 (58) . L ] - L - L] - L] - - - - - - . -

Percentiles for upper arm circumference (mm) and triceps
skin fold (mm) for white preschool children from the
Ten=-State Nutrition Survey of 1968=1970 (9) +. + &« ¢ ¢ « ¢

Percentiles for upper arm muscle diameter, arm muscle
circumference, and arm muscle area of white derived from
the Ten-State Nutrition Survey of 1968-1970 (9) . . . + . .

Percentiles for maximum thigh circumference, 0-60 month-old
children, from tke Boston and New Haven area-(712) ., . . . .

Continuous boy-girl growth chart, 0-11 years (48} . . . . .

Curves of percentiles for weight velocity in boys and
girls, birth-12 years, expressed as percent gain for
each age interval (6 3) * ‘e . L] L] - - . L ] L] L ] - - L] L - L - -

Curves of percentiles for height velocity in boys and
girls, birth-12 years, expressed as percent gain for each
age interval (63) L L - L - . L] - L] L] L * - L - - . £ ] - . *

Nomogram for rapid calculation of muscle circumference and
cross-sectional muscle and fat areas: Nomogram for
Children(lOZ)------o.ooo-ot---cnoou-

82

83

84

85

86

87

88

89

90

9l

92



83

APPENDIX A
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from Natiomal Center for Health Statistics 1977 (75)
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BONEIIY o ospn osoe e mis & 3 B I S GER B SR Gy BN sRsmmEos S e e 1962 | 2045 | 2226 | 2484 | 2788 | 3204 Aan
85 vears i s et el s 2068 | 2164 | 2370 2658 3008 | 3473 i7sa
9.0 veary . .. | 2182 2292 | 2527 | 2846 | 3244 | 1760 4064
9.5 years 2305 | 2429 | 2694 | 1045 | J494 | 2061 4185
100 years . c S Ce . 2436 | 2576 | 2871 1255 3753 | 4370 4717
10.5 vears ¢ s o s E %z W e G e op e e T y ... | 2575 | 2732 | 3057 | 3472 4017 | 4684 5057
11 0yearn .. .. ... RPN % & d Sl = 2724 | 27897 3249 3695 4284 | 4996 54 0Q
115 years . . 5 S 2§ R SRR S SR 5 2 28B3 | 307V | 3448 | 3923 4548 | 51031 57.42
12Qvears .. ... . v - e e e e e .. ... 3052} 3291 | 3652 | 4153 | 48407 | 5599 60 81
TEENRIEE 1o wox v e wos s A8 W E ERR N SR R B Raw AN GvreRienEimens s + . i 3230 | 3442 | 2859 | 43B4| 505 | 5881 b4 12
110 vears ... - .. = sz £ S T S FUE B e 20 - - .1 34714 | 1635 | 4065 | 4610 | 5291 51 4% 6730
I S5years . ... . 3 BE A W § B M SR BN N = . SRR A .. .| 1598 | 1826 4265 | 4B 26| 55 11 B3 87 70 10
14.0 yeart . o P - s ima wr s wmasimEm - .1 1778 8011 | s454 | S028| 5709 | 5804 7308
T T o T T . . . J945| 4181 | 4628 | 5210 | S58B4 | §795 75.59
150 vears . . B SEENE  Greelei Mo ; 4099 | 4338 | 4782 | 5368 | K032 | 6354 7778
155 years . =5 EAEEs : . 5 4232 | 4472 4910 | 5496 | 6148 | 7079 1953
1B0wears . ... ... L iz B i 3 , - | 4341 ) 4578 | 5009 | 5589 6229 | 7 6B 8099
16.5 years T . = A 44 20 45 54 5075 | 5644 6275 7218 8193
17 0 vears . i R - {4474 | 4704 | S5Y 14| 5669 | 6291 7238 82.45
VISwedet & = .ow= o v § B 3w % owE W e S DHIESE o - TR 4 4508 | 4733 | 5133 | 5671 §28BY | 72137 8262
180 years . . ; 4526 | 4747 | 5119 | 5662 | 6278 | 1225 8247




APPENDIX B

Percentiles of height (cm) by sex and age, 1.5-18 years,
from National Center for Health Statistics 1977 (75)

84

Smouther  pErreateas

Sex and aga
5th ] mmTzsm 50th 75th i ot} ]’ 35un
Maie Stature i rnrmr
20 years 325 815 851 263 : M2 929 i Ha
25vemrs ..ol ol ool ol Ly z 454 86.5 885 904 | 9219 756 | 374
TOwews o ¢ il hamE § B e s ek : 890 | oa3| 926| 949 i 975’ w01l mza
35 vears 925 | 939 964 | 71 W17 10410 1061
4Qyears . ... 958 973 1000 | 1029 | 1057 | )%?l 1099
4.5 years 229 | 1006 | 034 | 1064 ! rogn[ 1na 111s
SOvears . . . .. ... 1020 | 1037 ] a5 | 1wee9 | 123} nsa 1170
5.5 yrars 1049 | 1067 | 1096 | i3 e niz2 1203
6.0 vears 107.7 | 1096 | 1123 ) 116 | 11321 1219 1735
6.5 years 1oa | 11217 | 1|53l 1199 11222 249 126 6
7.0 vears 1130} 11504 1180 ¢ 1217 i1250: 1779 : 1297
75 yaars 1466 | 1176 | lmr,| 1744 | 1278 108 | w2y
8.0 years fo1g o 1202 - 122 1270 113051 1336 | 1357
85 vears it205 ! 122710787 | 1725 12220 1365, 1384
90 years j1229 (12521 12221 1322, 1360 | 1394 1418
95 years = | 1251 1276 1303 | 1343 I]R‘gi 1474 | 144 3
10.0 yrurs ... Pa2z7 | 13008 1334 ) 1279 | 1a15 ) 1485 | aml
10.5 years b13001 | 1326 1389 | 1402 | 1445, 1482 | 1515
VUOVERE & wons ooa s s 1326 | 13511 1287 | 1933 | 1473 1521 | 1549
11 Syears 1350 ) 13772 | 1415 | 1864 | 1511 ] 1556 | 152§
12.0 vears 1376 | 1403 | 1344 | 1497 | 1546 | 1524 7 'RZ2
125 vears 1402 | 1430 § 1474 | 1510 15321 1612 | 168!
130 vears 1423 | 1458 | 1505 | 1565 | 161 R | 1670 | 169 3
135 vears 1S 2| 4R T 1536 | 1501 | 053] 1y | 1234
140 years 1488 | 513l 1569 | 1831 ' 1635 1718 i 17
145 years 1E20 1 1850 | IGD Y [ 662 | VNS | 1766 | 1795
15.0 vears 1052 | 12321 1532 | G20 | 174 178 9 1819
155 years [ 1521 | 1612 | 1482 | 1715 ;1763 | 1898 i 1839
160 vears . j181Y 1639} 1Az | 1735 [ 1731 ] sA2d 135 4
16.5 years FR LR S R - 1706 | 1752 ] 103! 18Zh 126 6
17 0 yeors , 1649 [ 1827 1719 | 1762 P 1235 | 1844 ’ 187 3
175 years ’ WuG | 1643 | 1724 | 1767 | 1810 | 1@sQ | 1376
18.0 years 1657 | 1887 1723 Vie8 (1312 1S3 1876
| |
i
20 years a1e! @21 | Aol ses ! m93’ 30| 916
2.5 yrars 816 | ®s1! Ar3| a0 275 950 %6
10 years 8531) ®31| 914 241 A1 M0 1706
15 years 917 | 939 9s2| 979 | was| 028 104 5
40vears - 950 a6 4 938 | 1016 | 1043 1DGE 108 3
45 vears [ 8981 237 | 22| 1050 | 979! 1102 120
5 0vyears | 1011 102 105 4 108 4 1114 1138 1155
55 years Y1032 ) wss5 | 10834 | 1115 | 114’ 1A 11§82
60 years Lroe6 ;1034 113l nae | e 1208 1227
65 vears [ 192 1m0l 1ar] 11s 1213 roa2 1761
70 years CMMTAL 136 NG3 | 1205 § 114 1A 175
75 yrars 114 4 1162 1 195 1236 ) 12751 1209 1129
80 vears 1168 nar: 1222 1264 05| 1300 1362
85 years 1125 1212 ) 104 1291 1338 1174 1395
30 years 1221 | 123940 272 p 1323 L 3g3 | ran? 1429
9.5 years 1243 | 1266 | 1106 ; 1223 & 1492 143119 146 2
10 0 vears 1225 1295 | 1336 | 1232 1 1423} a2 1495
105 vears 1304 | 1325 ) 1367 | 1415 4 1451 | 1808 1528
110 yaars 1335 | 1355, 200 | 1443 { 1403 | 1817 156 2
115 years 1365 | 1330 | 1435 | 1452 | 1526 | 569 159 5
12 0 years 1398 | 14213 | 1arp | 1515 | 1558 1500 162 7
125 years 1427 ) 1854 ] 1801 | 1546 , 1592 'RI 3 165 6
13 D yrars 1452 | 1420 | 1828 | 1521 ;IR 3, 152 ] 1681
135 years 1472 15001 1na 7| 1530 w32l 1873 1190
143 vears . 148 7 1815 199 1RO 4 164 § TGAT 1711
145 years 149 7 | 1525 | 1568 | 1612 | 1654 '633 1222
150 yrars 1505 | 1532 | 1572 | 1603 | 1663 | /0% 1728
156 years 1801 | 1836 ) 1575 | 1621 | 157 1i09 173
16 0 vears 1516 | 1530 ‘5731 524 | 1662 11 17312
165 years 1522 ) 1s46 | 15R2% ez 7| A2 2 1734
170 ears 16274 1530 | sz | ez g szl a2 1735
175 yraes biszz | 1554 »a00 | 1824 i !g:sl iy 113s
18 0 vears ' 1m3h | 1860 | 1804 IR3? | 1826 1110 115




APPENDIX C
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Percentiles for length, weight and head circumference for boys and girls,
birth-36 months, from National Center for Health Statistiecs 1977 (58)

PERCENTILES, BOYS ; PERCENTILES, GIRLS
AGE - MEASUREMENT T T +
months | 5t | 10th | 25th | 50th | 75th | 90th | 95th 5th | 10th | 25th [ 50th | 75th | soin | 95tk
46.4 47.5 49.0 50.5 51.8 53.5 54.4 Length—cm 454 | 46.5 482 489 | s1.0 520 | 529 !
18Ys 18% 19% 20 0% 21 217 _ength-in 17% 18% 19 9% | 23 | 20 | 20% |
BIRTH 2.54 2.78 3.00 327 184 282 | 415 Weight-kg 2.36 2.58 2.53 323 352 | 284 i 381
5ta E% 6%a T 8 84 av Waignt-io 5% 3% s 1 | 8 | Bk
1 I : :
326 33.0 138 343 158 6.6 a7z Head C-em | 321 329 335 143 348 | 355 359
12% 13 13% 133 14 13%2 2% Head C-in 12% 13 1% | 13% 13% 4 4%
50.4 51.3 53.0 546 56.2 51.7 58.5 Length—cm 49.2 50.2 519 s3.5 54.9 561 | 569
19% | 20% 0% | 21% | 22% | 22% 23 Length-in 19% 19% | 20v 21 21 22 | 227 |
! ‘
1 3.18 3.43 1.82 4.29 4.75 514 5338 | Weight-kg 2.37 322 | 358 198 4.38 465 | 492 |
7 ¥ avs g% | 10% | 114 | V1% | Weigni-o 6% 7 . 8 8% g% | 10% 1 10% |
H | | [ i
4.9 354 38.2 7.2 381 | 390 39.8 Head C—cm 34.2 348 | 358 36.4 371 ara | aa3 |
13% 4 14V 14% 5 ! 15 Ve 15¥2 Head C-in 13z 133% | 14 4%, 14%: 15 l 15 i
56.7 57.7 55.4 §1.1 §3.0 | 64.5 §3.4 Length—cm 55.4 562 57.8 59.5 61.2 627 | 834
22% 2% | 23% 24 4% | 5% | 25% Lsngth—n 213 22% 221 | 23 24 1 4% |25
3 4.43 4.78 5.32 5.98 8.56 T.14 7.37 Weighl-kg 4,18 447 4.88 5.40 s00 | sa39 | s74
9% I 1% 13% 14% | 15% 16% Weight-ib g v | 0% 12 13 | tam !
i i H
8.4 388 9.7 40.5 awr 25 431 Head C-cm | 37.3 78 ! 387 395 40.4 412 | 017 1
15 15% 15% 16 168% 18% 7T Head C-in IREEY 15 | 154 1572 16 6% | 15% |
53.4 644 §6.1 §7.8 §9.7 713 | 123 Length—cm | 1.8 5256 | 8§42 65.9 87.8 69.4 702 .
25 25 26 28% | 2TV 28 EEPA Length—in 244 24%, i 5% 25 28% | 27% TV |
H i
6 5.20 5.61 720 7.85 8.43 3.10 9.46 Weight-kg 579 | 812 | 650 7.21 7.83 838 73 |
13% 147 15% 17 % 1B ¥ 20 20% “‘Neght-ib 12% 3% AL B 15 T ! 18%2 18% I
4.5 120 428 438 44.7 | 455 462 Head C—<m 40.3 a0.9 415 ‘ 42.4 433 i 44.1 s |
16% 16% 16% 17 177 18 18% Head C-in 15% v 8% | 16% 17 1 a7 1”7 -
€8.0 9.1 70.6 723 74.0 75.9 771 Length—cm §6.1 57.0 68.7 l 70.4 72.4 74.0 75.0
26% | 2% 27% | 28%: | 29% 3 307 Lengin=in 26 26% 27 | 27w | 25%2 | 29% | 2%% f
9 782 7.95 8.58 2.18 9.88 | 10.48 | 1093 Weight-kg 7.00 7.34 7.89 8.56 9.24 3.53 | 107 |
16% 17% 18% 20% 21% 23% 24 Weignt-ib 15%2 1BYs 17% 18% 20% 21% | 2% !
45 440 448 458 46.6 475 48.1 Head C—cm 423 42.8 435 443 451 48.0 264 i
17Y% 17% 1T% i8 18% 18% 1 Heag C-in 18% 8% 17TV 17 17% 18 )
7.7 72.8 743 76.1 7.7 79.8 81.2 Length-cm 69.8 70.8 72.4 743 76.3 78.0 791 |
8% 28% | 29v a0 0% | 3% 12 Lengin—in 2T TV 2812 29% 10 30% L 31w !
12 8.43 8.84 9.49 | 10.15 | 10.81 | 11.54 | 11.99 Weight—kg 784 | 819 8.81 953 | 1023 | 1087 | 1124 |
18% 19Y2 21 2% 24 25+ 5% Aeight=i5 17% 18 19% 21 2% 24 4% |
|
“.s 453 46.1 47.0 479 48.8 43.3 Head C—cm 435 4.1 118 456 46.4 472 | 476 |
17% 7Y 18% 18%2 1834 3% 1572 Head C-in 170 7% 17% 18 18% 18% | 18% .
718 78.7 30.5 82.4 84.3 86.6 88.1 Length—cm 76.0 77.2 78.8 80.9 83.0 85.0 | 86.1 !
0 31 1% | 32w 3% a8 4% Lengin—n 30 30v CTIE B CE I B FEPO - C TR I T
18 9.59 9.92 10.67 11.47 12.31 13.05 13.44 Weight-kg 8.92 9.30 10.94 10.82 11.55 12.30 1276 |
21% 21% | 23n 25% | 27v | 28% | 28% Nesgnl-ib 19% | 0% 1 22% 22% | 25% 27 28t |
1 '
483 46.7 4T4 48.4 49.3 50.1 50.6 Head C-cm 45.0 I 455 46.3 4Tt 478 48.8 9.1 |
18% 182 18% 19 19%2 19% 20 Head C-n 17% | 18 | 8% -1 18% 18% 1 18% |
2.3 835 85.6 87.5 89.9 32.2 93.8 Length—cm 81.3 82.5 342 6.5 88.7 30.8 92.0 |
32v 2% | 33% | % 35v: | 6% 37 Lengih=in 32 2y | 33n 14 35 ELEPR T T
24 1054 | 10.85 | 11.85 | 12.59 | 1343 | 1429 | 14.70 Weight-kg 9.87 | 10.26 | 11.10 | 11.90 | 12.74 | 13.57 | 14.08 |
21% 24 25% | 27% | 29% | 31 | 32va Weight-Io 2% | 22 24v: | 26% 28 10 TR
473 477 483 49.2 502 : 510 51.4 Head C-cm 45.1 455 473 48.1 48.8 49.5 50.1
18Y: 18% 9 19% 18% 20 20% Head C-in 18% 18% 1872 19 18% 1974 18%
87.0 88.2 80.1 923 | 945 97.0 98.7 Length—cm 86.0 87.0 88.9 913 9.7 95.6 969 |
3w 34% | 35% 6% | 3% | 38% 8% Lengtn-in 33% 33 35 16 a7 3w | 8%
20 11.44 | 1180 | 1263 | 132.67 | 1451 | 1547 | 15.97 Weight-kg 1078 | 1121 | 1211 | 12.93 | 13.93 | 1481 | 1535 !
25VYa 25 2T% 0% a2 24 357 Weignt-ib 23% 24%, 26% 28%a 0% 2% 33%
48.0 484 49.1 49.9 510 51.7 52.2 Head C—cm a7.0 47.3 4.0 48.8 49.4 503 s0.8
18 19 191 19% 20 20 20Yz Head C-in 18Y: 18 19 19% 19% 19% 20
912 92.4 342 96.5 98.8  101.4 .| 1031 Length—cm 90.0 31.0 331 95.5 9&.1 | 100.0 | 1015 |
36 361 37 3 35 4 4072 Lengin—in 35 | 35% I5% v | 23w | osan 4 l
%6 1226 | 1289 | 1358 | 14.69 | 15.59 | 1666 | 17.28 Weighi-kg 11.60 | 12.07 | 12.99 | 13.93 | 1503 | 15.97 | 16.54 |
27 28 30 127 4% 6% a8 Weight-ib 25% 267 1 28% | 30% | 33% 354 35%
48.5 49.0 497 s0.5 51.5 52.3 52.8 Head C—cm 478 419 485 | 193 500 | S4.8 51.4
19% 19% 19% 20 20% 0% | 20% Head C—in 183 18%, 130} 19% | taM | 20 20% |
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APPENDIX F

Percentiles for maximum thigh circumference,
0-60 month old children, from the
Boston and New Haven area (72)

Age
months 3rd 10th 25th 50th 75th 90th 97th
0 157 167 178 190 203 211 223
3 181 194 208 223 237 249 265
6 201 216 232 248 264 277 295
9 218 230 245 260 284 298 317
12 231 243 256 275 296 313 340
18 242 250 264 280 298 313 327
24 243 253 265 281 300 314 328
130 248 - 260 276 293 309 325 340
36 256 270 286.5 304 323 337 350
42 266 280 296 314 334 348 360
48 275 288 303.5 322 343 360 372
54 280 293 311 328 352 370 382

60 285 299 316 336 360 378 392




Height in Inches

Pounds
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APPENDIX G

Continuous boy-girl growth chart, 0-11 year (48)

Name 5 — 95 Percentiles

1] 2 4 6 8 10 1 1% 2 3 4 5 5] 7 8 9 10 11 5

60 - —— —-—F—1 4+—1-—

HEIGHT 2 s

45 Z

¥ 110

1T 8 E 7
2 — — , e 100
- - b - S 2
- T 6 S T
25 )‘ . E—= : 90
- s e e T e
== =T 4 80
3 +— I —F—% T+
2 ¥ + T F A+ F -
L F—+ T T —F +———+—1
T Ve g —F "% - % F 5 e SEE S 3
E - - - - - - =
QP S S—" - T A I T - 80
0 —F—F - : —E::—;! X~ F—F—F
8 L —+ F +—F—F-F A+ —
6  —t—F—sF—F—F—F—F—F—F—F—7 50
F 2 —F <+ —F—F F + A + + Z P s —
+ ES & = 3 5 b T £ = C E 3 T
40 +—FF — = —+ —+ F—t & ¥+ e 40
T S S— — —— > S—— M " S S S 3
Y E S M — — e 2 S e TN S S S S 30
C SR SE— S — S - S S et S S  So—— >
¥ + - S + E ¥ X 1 E F +
¥ + + =+ = g = P = = = ¥ ] 3 3+ ¥
e T 20
E S ———— WEIGHT
=+ - 5  —— 10
+ + ¥ + + ¥ ¥ =+ F T =
F + + * + + F + —+ T + 8
1 1% 2 3 4 5 6 7 8 9 10 11

Years i

Inches

Waeight in Pounds



90

APPENDIX H

Curves of percentiles for weight velocity in boys and girls,
birth-12 years, expressed as percent gain
for each age interval (63)

Weight velocity in boys Weight velocity in girls
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APPENDIX T
Curves of percentiles for height velocity in boys and girls,

birth-12 years, expressed as percent gain
for each age interval (63)

Height velocity in boys
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APPENDIX J

Nomogram for rapid calculation of muscle

circumference

and cross-sectionzl muscle and fat areas:
Nomogram for children (102)

Arm Arm
Arm Arm muscle muscle Triceps
circumference area circumference  area Jatfold
fem) (cm?) {cm) fcm?) {mm)
270 -0 8.0 2 —
I s60 260 4= -
+— s20 N
260 — 540 . T
T s20 £ us
- 240 £
250 —1— 300 -:-- 440 6 =
= +— 400 —
240 —4— 460 20 |+ ] 3—:
= I %0 4
23.0 = 42,0 20.0 —:— 320 [U—-n
| '-- -
= w0 = -
220 —_ 59 - _"': 2=
I 0 +— 20 -
— -+
Lo - + - 14 =
— 340 0 —F -
5 160 —1— 200 -
200 —~ 20 i 16—
I 00 o +— 160 -
= 0 = -
19.0 —3} 80 4 ls-j
J 0 g S E
180 —~ 1zo 4 ° 20 ~
E- 240 -1 =]
170 — T
<4 20 100 —4— 80 2=
3 41 —
160 1 9 4 24 —
- 8.0 —_ -
150 — 180 J— 0 26 —
=5 - i
—+ 150 60 -~
140 — _-‘1 2% =]
= —— 20 <
=1 140 - =
13.0 — 40 — 30_-'
I 120 — ]
120 -E__ 32 —
i —f 8
e
——
100 —F 80
—
=]
=
S0 =
- 6.0
=
8.0 —L

To obtain muscle circumference:

I. Lay ruler between values of arm circumference and fatfold.

2. Read off muscle circumference on middle line.
To obtain tissue areas:

1. The arm areas and muscle areas are aiongside their respective circumferences.

2. Fat area = arm area — muscle area.
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Normal healthy children have a genetically determined physical
growth pattern that is affected by environmental factors, including
nutrition. The second vear, in particular, is a period of rapid
growth with high nutritional needs for swiftly increasing muscle mass.
The purpose of this report was to review the literature regarding the
use of anthropometric measurements to assess the nutritional status
of preschool children.

Standards developed for nourished children in westerm countries
generally were considered to be relevant to children of most ethnic
groups. Height-for-age reflects chronic nutriture. Weight-for-height
is an indicator of current nutritional status. The various ratios of
height and weight failed to distinguish between changes in adipose
tissue and lean body mass of children., Weight gain may not be a wise
index of satisfactory growth, because the child may be adding excessive
fat tissues. Calorie intake can alter skin fold thickness measurements
with age. Authors generally disagreed whether arm circumference was an
adequate predictor of nutritional status. The loss of muscle mass may
be masked by subcutaneous fat in children with high calorie intakes;
therefore, it is important to calculate a muscle diameter, muscle cir-
cumference, or muscle area. Since arm circumference correlates well
with thigh circumference, the use of thigh circumference as a simple
index of nutriture should be explored. The constancy of both arm and
thigh circumferences throughout the 1-5 year age period makes them age-
independent indexes. Anthropometry is recommended to aid the identi-
fication of children at nutritional risk and to monitor their nutritiomal

status.



