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ZNTRQDUCTION 

Since the first dietary studies were conducted in the 

United States by the Office of Experiment Stations in the 

early years of the twentieth century, efforts have been made 

to relate the dietary intake to certain physical conditions. 

At that time woz4cers noted that families idio had restricted 

diets did not look as healthy and well-kept as those who had 

a varied diet (Hills« Wait and White« 1909). 

As yet, very few highly significant statistical rela­

tionships have been obtained between nutrient intake and 

physical or chemical characteristics of the individuals. 

Several investigators have attempted to explain the lack 

of correlation. Putman et al. (19^9) and Sinclair (19'^8) 

claimed it to be due to experimental errors, to incorrect 

interpretation of the data, or a combination of these 

factors. 

Kruse (19^2) called attention to the time element 

that is involved in the development of tissue evidence of 

the deficiency diseases, and in the differences of the 

blood plasma ooncentrations from week to week. 

In Nutrition Reviews (19'^5) this comment appeared near 

the close of the discussion of the North Carolina survey: 
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It would appear that there is a fundamental 
fallacy Inherent In the short term nutrition 
survey In which dietary history^ or careful re­
cords of food Intake« physical measurements, 
biochemical and nioi?obiological determinations 
are carried out in so short a span. . . . The 
clinical signs which are diagnostic of deficiency 
diseases result from protracted deficiencies« the 
biochemical status at an Instant of time is a 
composite of underlying stores or deficits and 
the balance between recent losses and recent 
accruals from Intake; and the dietary stoxy is 
accurate only for the particular time when re­
cords are kept. (p. 108) 

The relationship between nutrient Intakes and Indices 

of nutritional status may be further obscured by the pre­

vailing individual variation within the so-called normal 

range. Babcock et al. (1953) stated that 

. . . high correlation between nutrients Ingested 
and concentration of blood constltuencs can not 
be obtained within the range of normal individual 
variation. Also at high levels of nutrient in­
take the tendency for the body to store« destroy 
or excrete excess nutrients and the general ab­
sence of gross lesions may prevent high correla­
tion of blood and physical findings with dietary 
Intake. Higher correlations are to be expected, 
therefore, from subjects whose nutritional status 
ranges from very poor to fair. (p. 8) 

All these factors probably do play an Important role 

in obscuring the relationships between chemical and physi­

cal findings, and the dietary Intake. 

Variations within age-sex groups throughout the school 

years have not been studied intensively. One of the aims 

in this study was to observe the differences in nutrient 

intakes and blood constituents of the children in relation 
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to differences in various physical measurements. Bach age-

sex group in height« weight and developmental level was 

divided into three smaller groups according to the mean and 

standard deviation of the age-sex group. One group con­

sisted of children who had physical measurements that were 

within plus or minus one standard deviation of the mean; 

another group consisted of children who had physical 

measurements that were within plus the second and third 

standard deviation of the mean« and another within minus 

the second and third standard deviation of the mean. The 

comparison of the mean values for each nutrient in the diet 

and of the mean concentrations for each blood constitxient 

for each of the three subgroups by age and sex may be 

expected to show differences related to physical measure­

ments. 

A second aim was to see whether the relationships be­

tween the physical, chemical and dietary findings are more 

apparent in the two extreme groups than in the average 

or middle group. This method of analysis is exploratory. 

It may be indicative of relationships which would merit more 

intensive analysis by regressions and correlations. It may 

also suggest a basis of sampling children for future 

nutritional status studies. 
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SOME NUTRITIC»iAL STATUS STUDIES OF SCHOOL CHllDREN 

IN THE UNITED STATES 

In the past ten years several studies have been made 

of large numbers of school children in an effort to evaluate 

their nutritional status. The investigators of the studies 

listed in Table 1 had as one of their objectives, the examin­

ation of the relationship between the nutrient intake and 

the physical« chemical and clinical observations. 

In four of the studies the investigators observed the 

same children over a period of time. Abbott et al. (19^^) 

observed 186 children in several rural schools in northern 

Florida for four years. Children in three orphanages were 

studied by Mack et al. (19^9) for two years. In Oroton 

Township (New York State) Young ̂  al. (1950) observed a 

group of children in the fall of 19'^8 and the spring of 

19'^9* In Maine« Clayton (19^4) niade observations on 220 

children from 1936 to 1940. All the other studies were 

cross-sectional in nature. 

Appz*oxlmately 85OO children were included in the 17 

investigations conducted in various sections of the Uhited 

States. The ages of the children extended from one to 

twenty years. In these selected studies most of the subjects 
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were from public schools rather than from ozi)hanages. The 

studies made by Mack and Urback (19̂ 9) and by Macy (19'̂ 8) 

Involved children In orphanages. 

The Investigators made a series of measxarements of 

nutritional status of the children, also they obtained from 

each child a record of his dietary Intake for a period of 

time. 

The largest and moat complete cross-sectional study of 

children has just been reported by the research workers of 

the Northeast Region. It was one of several regional studies 

of the nutritional status of population groups. The Bureau 

of Human Nutrition and Home Economics cooperated in cer­

tain of these Investigations. 

Some of the main conclusions of the entire group of 

studies regarding the nutrient Intake and the nutritional 

status of children are summarised in the following sections. 

Nutritive Values of Diet 

Apparently many children of school age could improve 

their dietary practices by consuming more milk, fruits and 

vegetables. Investigators frequently repox»ted deficient 

Intakes of ascorbic acid-, carotenoid- and calcium-rich 

foods. (Moschette al., 1952) Tucker et , 1952} 

Storvlck et , 1951 •) 
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m Qroton Toimshlpj New York State, Pllcher et al. 

(1950) found a higher ooneunqptlon of fruits and vegetables 

as the amoxmt of money spent per week or per meal Increased 

in the fami:(ir expenditures. The rural families used more 

fruits and vegetables than did the village families. 

The dietary habits of a group of one hundred Iowa 

children studied by Smith (1952) showed that over a period 

of thiee years the diets did not improve in the use of milk, 

fruits and vegetables. ^e Florida children (Abbott et al., 

1946) had poor intakes of milk, fruits and vegetables, in 

addition to the lack of iron due to the iron deficiency in 

the soil in i^ich most of the food was grown. 

Poor intakes of all nutrients were found by Youmans 

et (19^3) in their observations on the nutritional 

status of people in a rural community of Tennessee. Over 

one-third of the subjects had protein intakes that were less 

than 50 grams. The caloric value of the diets of the child­

ren was lower than any of the values reported by other 

investigators for similar age-sex groups. 

These studies from different parts of the country 

showed that the amount of milk, fruits and vegetables in a 

child's diet is determined by the family food budget, the 

season or the availability and the usual dietary habits. 



www.manaraa.com

-9-

Height and Weight 

The majority of the investigators have compared their 

height-weight data with the standard for boys and girls 

presented by Baldwin and Wood (1923) and reported the find­

ings in per cent deviation from the standard. According to 

this standard a fifth to a tenth of the children were ten 

per cent or more overweight, also an equal percentage was 

underweight (Babcock et al., 1933) Moschette et , 1952} 

and Moore et , 1951) • 

Clayton (19^^) found that a third of the Maine ohild­

ren in her study were below the mean measurements McCloy 

observed on Iowa children. Moyer, Beach et al. (1948) com­

pared the institutional Michigan children to Meredith and 

Boynton Standards. The majority of the children from two of 

the institutions tended to have weights lower than minus ten 

per cent of the standard) otherwise the majority of the 

children had weights equal to or above the standards. 

The Florida children had a definite retardation in 

growth as shown by the placement on the Wetzel Orid. The 

grid is a device used by Abbott and co-wox^ers to evaluate 

physical development. In two years under the influence of 

well-planned school lunches« the children were able to 

overcome the lag in growth and keep up to schedule. 
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The data suggested that 10 to 20 per cent of the 

children of school age were overweight or underweight, as 

determined by comparison with some standard. The extent of 

overweight or underweight may vary considerably from area 

to area. Abbott and co-wozicers (19^6) showed that under­

weight children may gain weight by eating a well-balanced 

meal at noon on each school day. 

Serum Ascorbic Acid Concentrations 

In their report on the serum ascorbic acid status of 

various groups of institutional children in Michigan, Moyer, 

Harrison et al. (19^8) noted a seasonal variation in their 

spring and fall observations. The range of means for the 

three institutions was 0.68 to 1.01 mg. per cent in the 

spring and 0.93 to 1.08 mg. per cent in the fall. These 

investigators also included a resume of some of the 

findings on the status of serum and plasma ascorbic acid 

concentrations of children studied in various sections of 

the country. In the studies where two observations were 

made the same seasonal differences were observed. Although 

Williams et al. (1931) obtained practically the same mean 

serum ascorbic acid concentration for the whole population 

in the spring and fall, the data showed a shift toward 
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the higher levels in the fall. 

In the Northeast Region Clayton et al. (1953) observed 

the lowest serum ascorbic concentrations among the children 

in the middle teen ages* The boys had lover values than 

the girls in this age group. Fincke (19'^6) in her study 

of the Oregon children noted no sex differences« but the 

mean concentrations decreased with age. The percentage of 

teen-age children in Oregon with serum concentrations less 

than 0.6 mg. per cent was about the saD» in tlw two studies 

conducted by Fincke (1946) and Storvick et al, (195I). 

Bessey and Lowry (19^^?) found that children from 

families in the higher socio-economic levels had fewer low 

concentrations of serum ascorbic acid than the children 

from the low socio-economic status. No matter what the 

economic status was^ these observers inferred that 50 per 

cent of the children studied were not getting adequate 

amounts of dietary ascorbic acid. 

The concentration of serum ascorbic acid can be raised 

by making the school Ituich rich in the nutrient. Harris 

et (19'^3) demonstrated that the children fed a special 

soup mix had higher concentrations th£un the controls who 

had the regular meals. 

From these data it appeared that the concentration is 

influenced by the intake, by the age of the child, also by 
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the sex; that ls> the girls tend to have higher levels than 

the boys at 13 to 15 years. The concentrations tend to be 

higher in the fall than in the spring» probably due to the 

higher intake of fresh fruits and vegetables during the 

summer. 

Serum Carotenold Concentrations 

Serum carotenold concentrations do reflect the carotene 

Intake of an individual. In the study of institutional 

children, Robinson et al. (1948) noted after a six weeks' 

diet rich in milk, fruits and vegetables a rise in the 

concentrations of the serum carotenoids of the children 

who previously had low values. 

Among the preadolescent children in Louisiana, 

Moschette et al. (1952) foimd a small percentage with low 

serum carotenold concentrations. Clayton et al. (1933) and 

Storvlck et al. (1951) reported that one-half to three-

foiirths of the children studied in the Northeast Region and 

in the Northwest Region had low concentrations} they were 

rated fair to poor, Bessey and Lowry (19^7) said half of 

the 1200 New York children had concentrations below 125 

micrograms per cent. One-third of the population in Qroton 

Township had concentrations below Williams' arbitrary 
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dlvldlng line4 60 micrograms per cent (Williams et al«, 

1951). 

Clayton et al. (1933) reported significant sex differ­

ences at the ages of 13 to 13 years. The boys had lower 

concentrations than the girls. 

From these reports it may be concluded that the serum 

carotenold concentrations of children varied with area> with 

sex> with season and with age« s^.so with intake of carotene-

rich foods. No conclusion can be made as to a satisfactory 

level of this blood constituent. 

Serum Alkaline Phosphatase Concentrations 

Abnormally high concentrations of serum alkaline phos­

phatase signify bone deformities (Kay, 1930)« abnormally 

low ones hypothyroidism (Talbot, 1939)* There is no agree­

ment concerning a satisfactory normal concentration. 

Bessey and Lowry (19^7) suggested 7 nitrophenol units 

(milllmoles per liter of serum per hour). Williams et al, 

(1951) concluded that 12 nitrophenol units for children and 

3 nitrophenol xmlts for adults were within normal range. 

Most reseaxHJh workers conqpare their data with Bessey and 

Lowry*s recommendations. 
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Several Investigators noted sex differences throtighout 

the age range. The girls reached a peak concentration at 

an earlier age than the boys (Harrison et » 19^8 and 

Clayton et , 1933) • Prom the fall to the spring observa­

tions Clayton and co-wox4cers reported a shift in the peak 

values of two nitrophenol units toward higher concentra­

tions. The authors could not fully account for this shift. 

The boys (13-15 years) were at an age when the levels were 

expected to rise. The girls (13-15 years) were past the 

age when a rise due to puberty Is expected. This rise* 

therefore, was due to other factors. 

Hemoglobin Concentration in the Blood 

The review of the literature relating to the hemoglobin 

concentration In the blood observed by a number of Investiga­

tors was reported by Barbour (19'^8) and Sbersole (19'^9)* 

Hemoglobin concentration In the blood Is often used 

as an Index of nutritional status« yet Its fluctuation from 

the normal Is often only apparent when the subject Is under 

severe deprivation for some time. Reynolds et (19't8) 

noted no difference between the hemoglobin concentrations In 

the blood of children who came from a rich farming area 

and those who came from a poor farming area. The poorest 
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conoentrations were found In the northeastern region of the 

United States among the girls of child-bearing age (Clayton 

et 1953s Williams et al., 1951)* Very few poor values 

were observed by Bessey and Lowry (1947)} and Storvick 

et al. (1951). 

Sex differences were observed by Kaucher et al. (19^8)} 

Clayton et al. (1953) and Finoke (1946) after 12 years of 

age. 

The hemoglobin concentrations of under-nourished child­

ren improved after they had been fed a nourishing noon meal 

at school over a period of time (Abbott et , 1946; 

Harris, 1943)* 

Nacy (1948) and Mack and Urback (1949) were able to 

show that the entire nutritional status of children can be 

improved by feeding children ample amounts of fruits, 

vegetables and milk. The differences in the nutritional 

status brought about by the dietary changes of the children 

ware measurable. 
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METHQDS USED TO STUDY THE NUTRITIONAL STATUS OF 

IOWA CHIIDREN 

This study Is part of a cooperative project with Iowa, 

Kansas and Ohio Agricultural Experiment Stations and the 

Bureau of Human Nutrition and Home Economics. Along with 

this study of food habits and nutritional status of child­

ren, an investigation was made of the organization and 

management of the school lunch program, of certain aspects 

of nutrition education programs in Iowa schools, and pos­

sible relationships between nutritional status indices and 

school achievements, personality and motor functions. The 

cooperative aspects broadened the scope of the study but 

at times influenced methods of procedure. 

The subjects in this study were representative of a 

large population of Iowa school children. The sampling was 

done according to a plan whereby the schools and the 

children in the schools were randomly chosen. Among the 

studies of food habits and nutritional status of school 

children, the Iowa study is thought to be unique in its 

efforts to apply scientific sampling methods and thus ob­

tain data representative of a large population of school 

children. 
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Sampllng of the Population 

The following two objectives were chosen as a basis 

for sampling the population of school children: 

1. To obtain some information regarding the food 

habits and the nutritional status of children who lived in 

the city« small towns and rural areas of Iowa. 

2* To obtain some information regarding the food 

habits and the nutritional status of children who partici­

pated and those who did not participate in a school limch 

program. 

The statistical personnel from the Iowa State College 

Statistical Laboratory recommended the following plan for 

sampling the schools in order to have schools representa­

tive of the various areas. The schools in Iowa were 

classified according to the following categories: 

I. According to the population of the city, town or 

community in which the school is situated 

a. Schools in cities of 30,000 or over 

b. Schools in cities and towns under 50,000 and 

all consolidated and independent schools with grades one 

to twelve 

c. Rural elementary schools 
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II. According to the organization of the schools 

a. Junior and senior high schools 

b. Elementary schools 

c. Consolidated and Independent schools with 

grades one to twelve 

III. According to the lunch program 

a. Pull meal^ 

b. Supplemental food* 

c. No Ixmch 

d. No Information 

It was recommended that at least two schools be randomly 

chosen for each of the ten classifications. 

The name, location, enrollment and number of grades In 

the school were obtained from the Iowa Educational Directory 

and from the records of the county superintendents. The 

name and the location of each school receiving federal re­

imbursement for full meals and for a milk program were 

^By full meal was meant a meal that supposedly met 
the federal government's specification for a type A lunch, 
or a complete hot meal was available to the child. 

*By supplemental food was meant either milk or a hot 
dish was supplied by the school to supplement the lunch 
brought from home. 
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provlded by the Director of the Iowa School Lunch Program. 

A qiieatlonnalre was mailed to the administrators of the 

other schools to determine whether they were operating a 

school lunch program, and if so what kind of a meal was 

served. 

The Information regarding each Iowa school was tallied 

according to the various categories. The results are shown 

in Tables 92, 93 and 94 (Appendix). 

The sample of schools was drawn randomly from the list 

of schools under each category. Snedecor's table of "ran­

domly assorted digits" was used for drawing the numbers for 

the sample (Snedecor, 1946). The result of this sampling 

is foxind in Table 95 (Appendix). 

In the fall of 1948 there was a change in the plans, 

precipitated by the desire on the part of some of the local 

cooperators to study intensively the operation and manage­

ment of the school lunches. Since lunch programs were 

establlahed more extensively in consolidated and Independent 

schools with grades one to twelve, it seemed desirable to 

draw a larger sample than originally planned from the 

stratum. The schools in this phase of the study are listed 

in Table 96 (Appendix). 

Since it was not possible to observe every child in 

the school, the school population was sampled by age-sex 
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groups. In order to cooperate with the plan which was 

adopted by Ohio and Kansas to study only the 9-10-11-year-

old children. It was decided to subdivide each sex into 

four groups: 

1. 6-7-8 yearsi 

2. 9-10-11 years, 

3. 12-13-14 years, and 

4. 15 years and above. 

Not less than three children were randomly drawn from 

each subdivision. The sample for the whole school was de­

signed to contain about 10 per cent of the school population. 

The sample was drawn from the school roll as it was ob­

tained from the principal or superintendent. The children 

under each category wex« numbered consecutively. The sample 

of children was drawn by using Snedecor's table of "ran­

domly chosen digits". In Table 99 (Appendix) are listed 

the number of children chosen in each school. 

With the exception of one school the wox4c on this 

sample of schools, representing the consolidated and inde­

pendent schools with grades one to twelve of Iowa, was 

completed during the winter of 1948-1949. 

In the fall of 1949 the schools in Population Groups I 

and II were re-surveyed to check changes that may have 

occurred in the classification of the schools in the past 
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two years. The schools with supplemental food were listed 

under schools with no school lunch program. The schools 

drawn for the new sample were listed in Table 98 (Appendix). 

In the revised sample of schools the children were chosen 

by a different plan from that used in the schools with 

grades one to twelve. This change was brought about by 

the fact that it was now possible to make a series of 

measurements of blood constituents known to be helpful in 

the determination of nutritional status. The staff could 

only handle 12 to 2^ children per day« consequently, two 

children regardless of size of school population were chosen 

for each age group and sex. In the schools where a school 

lunch program was in operation, two sets of children were 

chosen, one from the group that ate school lunch at least 

four tiroes a week and another from the group that carried 

their lunch or went home at noon. In Table 99 (Appendix) 

are listed the number of schools and number of children 

in this section of the sample. 

The Junior and senior high schools that had a school 

lunch program could not supply the information on whether 

or not a student ate regularly at school. Consequently, 

in this phase of the sample the lunch practice of the child 

was disregarded and the students were chosen at random 

from age and sex groups. Two girls and two boys were chosen 
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from all the children in the Junior and senior high schools 

at each of these age classifications: 12 years or below, 

13> I'i-^ 15* and 16 years, and 17 years and above. 

The schools in the sample were studied as planned, 

except for the rural elementary, and the urban Junior and 

senior high schools, also one school in the group of the 

consolidated and independent schools (Figure 1). 

As soon as the school sample was drawn, the principal 

or superintendent was notified either by letter or by a 

personal visit. The purpose of the survey and the manner 

that the data would be collected were fully explained to 

the school authorities. If they approved, arrangements were 

made to visit the schools. Cooperation was further enhanced 

by a letter to the administrators of the local schools from 

the State Director of the School Lunch Program, a past 

school superintendent well-known throughout the state. 

Conferences were also held with the State School Superin-

tendent and staff to explain the project and to secure 

their cooperation. 

The name of the child, age, and name and address of 

parents were obtained for each child in the selected school. 

After the sample of children was drawn, a letter explaining 

the study was sent to the parents (see Appendix). A 

"permission" slip was enclosed with each letter (see 
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Figure 1. The localities where the 6l schools in the study 
of the nutritional status of Iowa children were 
situated. 

I 
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Appendlx). If the parents were willing to have their child 

participate in the study« they signed the statement and re­

turned the slip. 

When the parents refused to have their child partici­

pate in the study or a child did not wish to take teats, 

another child from the same age-sex group was randomly 

chosen to replace the child who refused to be in the study. 

During the first year (1948-1949) when the contacts were 

made primarily by mail the proportion of refusals was large, 

about 50 per cent. In the following years the families were 

visited by a member of the research staff, and as a result 

the number of refusals fell to less than ten per cent. 

For the elementary school children in Population Groups 

I and II, a home visit was made by a research worker, at 

which time the study was further explained, also the mother 

was instructed on how to keep a seven-day dietary record. 

At the same time some information was obtained about the 

child's family and home environment. 

After all the arrangements had been made a research 

team went to the school to obtain the body nMtasurements and 

samples of blood. The children were taken from the class­

room two or three at a time. First, the blood samples were 

taken. In order to obtain a blood sample that contained a 

minimum amount of fat, also a sample that was not influenced 
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by the vitamins of a recent meal, the children came to 

school either without breakfast, or had a meal of carbo­

hydrate -rich foods like bread and Jelly or cereal with 

sugar. The children in Fopxilation Oroups I and II were 

served a breakfast consisting of sweet roll, orange Juice 

and milk as soon as the blood sample was taken. 

While part of the wozicers prepared the blood samples 

to take back to the laboratory at Iowa State College, Ames, 

for analysis, the other wozicers measured the children. 

Blood Sampling and Analysis 

Hemoglobin determinations as outlined by Bbersole 

(1949) were made on the children in consolidated and inde­

pendent schools with grades one to twelve. 

During the following winters of I949-I95I the blood 

samples were collected according to the technique outlined 

by Bessey, Lowry, and co-workers. If the school was near 

Ames, the capillary tubes containing the blood sample were 

centrifiiged and refrigerated. Otherwise the serum was 

measured into the aliquots needed for the different analyses. 

The aliquots were placed in serological tubes and sealed 

tightly with rubber stoppers to prevent evaporation. The 

aliquots for serum carotenoids were placed in a portable 
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refrlgerator containing dry Ice. The allquots of serum for 

ascorbic acid analyses were deprotelnlzed. A measured amount 

of supernatant liquid was removed from each sample, put Into 

a clean serological tube, stoppered and frozen. The allquots 

of serum for the alkaline phosphatase analysis were placed 

In the portable refrigerator containing Ice. Because the 

enzyme Is slowly Inactivated by the carbon dioxide released 

from the dry ice, regular ice was used to preserve the 

samples. 

The hemoglobin values for the children in Population 

Qroups I and II were determined by measuring the oxyhemo­

globin which is foxmed in the presence of ammonium hydroxide. 

Since this mixture is not stable over long periods of time, 

the measured blood was placed in small vials containing four 

millimeters of distilled water. The vials were stoppered 

and refrigerated. A known amount of concentrated ammonium 

hydroxide was added a short time before the samples were 

read in the Beckman spectrophometer. If the samples were 

transported to the laboratory on the same day (or within 

six hours) of collection, the blood was added immediately 

to a dilute solution of ammonium hydroxide and refrigerated. 

The concentrations of the different constituents in 

the serum were determined by the following techniques: 
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Serum aacorblc acid — Lowry, Lopez and Bessey (19^5) 

Serum carotenoid — Lowry, Brock and Lopez (19^) 

Serum alkaline phosphatase — Bessey, Lowry and Brock 

(1946) 

The data on each child were complete for most of the 

nearly 700 children studied In the period from 1949 to 

1931. ttofortunately, a blood analysis or a dieteucy record 

was not obtainable from a few children. Some children re­

fused to have tlMir finger pricked when it came time for 

the blood sample to be taken. Others under the stress of 

the situation did not bleed sufficiently well to provide 

a large enoxjgh sanqple for all the analyses. Occasionally 

the children lost their dietary record, or failed to keep 

a usable record. 
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Riysloal Measurements 

The children were measured In the late morning just 

before lunch and after they had emptied their bladders. 

The small girls wore their panties, the older girls 

their brassiere and panties* the snail boys their shorts 

and the older boys their "gym" trunks, lAien they were 

weighed and measured. All children were measured in their 

stocking feet. The small Borg bathroom scales used to 

weigh the children were checked at the Physios Department 

of Iowa State College and were certified to weigh correctly 

up to 273 pounds. Heights were measured against a paper 

scale idiich was glued against an upright board placed 

at right angles to a platform. The scale was prepared 

by tlM Iowa Child Welfare Research Station at the 

University of the State of Iowa. A right-angle headpiece 

was used to determine the point on the measuring scale 

which marked the highest point of the child's head. Each 

child was told to stand up straight, with the heels, hips, 

shoulders and back of the head touching the board, and to 

look straight ahead with arms hanging loosely at the sides, 

and to stand as tall as possible without lifting the heels 

from the floor. The heights were recorded to the nearest 

tenth of an inch, and the weights to the nearest half 
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pound. The heights and the weights were charted on the 

Wetzel Orld (Wetzel, 19^^!). 

Dietary Records 

During 19^8-1949 children of nine years and older were 

Instructed by a dietitian on how to keep a record of their 

dietary Intake. In the case of the younger children, clear 

complete instructions were sent home to the mother. During 

1949-1951 the dietitian visited the homes of the children 

who attended the elementary schools to explain to the 

mothers how the records were to be kept. The high school 

students followed the instructions and kept their own re­

cords. The amounts of food were recorded in household 

measures. 

During the time that the body measurements were made 

the dietitian reviewed the dietary record with the child to 

make certain that the dietary information was kept, as re­

quested. 

The dietary intakes were recorded by the child during 

the week that the blood sample was taken. In a few cases 

where the schedule did not permit ouch an arremgement, the 

record was kept the week preceding the time the blood sample 

was taken. 
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Dietary Calculations 

To obtain an estimate on the size of servings that 

children at different ages usiially ate« a small study was 

conducted on a group of Ames children ̂ ose ages were similar 

to those of the children In the study. The mother of each 

child recorded the serving of each food In household 

measures and In gram weight. From this pilot study It was 

observed that the size servings could be classified by age 

groups. The average gram weight was approximately 1/2 the 

usual adult serving for the 6-, 7- and 8-year-old children) 

2/3 the usual adult serving for the 9-« 10- and 11-year-

olds, and a full adult serving for the children 12 and above 

years. An adult serving was determined by the estimates for 

an average serving listed by Bowes and Church (19 6̂). 

These estimates were used when a child recorded a serving 

of a certain food without giving the approximate measure. 

Since these dietary data were to be placed on punch cards, 

the dietary record was translated Into terms suitable for 

punching. The amount of food eaten at each meal every day 

was listed along with the size servings, number of servings, 

and the code number for the food Item, as well as the code 

number for the child and the school that he attended. A card 

was punched for each food that the child ate at each meal. 
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The food energy and nutrient valiies for each food was 

"ganged punched" on these cards later. 

The food energy and nutrient value of each food was 

punched on a "so-called master card". The information on 

the nutritive value of each food was obtained mainly from 

the Composition of Poods- Raw. Processed and Prepared 

(U. S. D« A.« 1950) or from Pood Values of Portions Com­

monly Used (Bowes and Church, 1946). When it was necessary 

recipes were obtained from standard cook books. 

The cards containing the childnumber, food code 

and number of servings were sorted, so that all the cards 

with the same food code and same number of servings were in 

one pack. This pack, along with the master card, was placed 

in an 1. B. M. duplicator, whereby the nutritive values for 

the specific food were pimched on to the card. 

A summary card was punched for the total food energy 

value and nutritive content of each meal for each child. 

From this set of cards the total intake of the different 

nutrients for the week was obtained. The average intake 

of the different nutrlenta for each child waa calculated 

on a portable calculator. In turn, theae aeven-day dietary 

averagea were punched on a card and used in the various 

calculations as the mean dietary intakes of each child. 
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Analysls of the Data 

To show the central tendency and the variability of 

the distribution of the data for each age and sex, the mean 

standard deviation, stcmdard error of the mean and range 

were calculated for each age and sex. These calculations 

were made on the data for the following: dietary Intakes, 

heights, weights, developmental level, and for the concen­

trations of the blood constituents, heiroglobin, serum 

carotenoid, serum ascorbic acid, and serum alkaline phos­

phatase . 

The height, weight, developmental level and the differ 

ent blood constituents for each age-sex group were sub­

divided into three groups according to the mean and the 

standard deviation, in order to observe the dietary and 

blood constituent differences that may exist among children 

with different levels of physical status and blood consti­

tuents in an age-sex group. The three groups were as 

follows: Oroup 1 comprised of the children who were in 

the minus second or third standard deviations, Group II of 

the children who were in the plus second or third standard 

deviations, and Oroup III of the children within plus or 

minus one standard deviation. The comparisons among these 

three groups were based on the mean of the groups. 
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In order to quantify the comparison in the three groups 

of developmental levels for each age and sex, the individ­

uals from six to 18 years who were in Group I were pooled 

and considered in the calculations of the regz^ssions as 

one group of children with the same characteristic. The 

same was done for Groups II and III. Consequently, Group 

I consisted of all the children with the lowest develop­

mental level rating for each age-sex groups from 6 to 18 

years; Group II all the children from 6 to 18 years with 

the highest developmental levels} and Group III with all 

the children 6 to 18 years with average developmental levels. 

The regrassions of the developmental level on each nutrient 

and blood constituent were calculated for each group. 
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NUTRITIVE VALUE OF DIET OF IOWA CHIU>REN 

With the growth of the soientlfio spirit 
and method and Its application to all branches 
of learning it is not siirprislng to find that 
the attempt has been made to record carefully 
and express in chemical terms the food habits 
of man in different countries, the underlying 
idea being that such a summary of data should 
show the practice of those who were In health, 
comfort and vigor, irtiose lives were long and 
i^ose offspring were healthy, and that this 
would be valuable as a guide for others. Such 
an inference seems natural and reasonable, for 
it is difficult for those who believe that the 
human race has developed and improved as it has 
lived, and has constantly brought itself and 
its environment more nearly into harmony, to 
conclude otherwise than that the general customs 
of a race represent the accumulated wisdom of 
the ages of exMriment and experience which have 
gone before. (Langworthy, 1911* P* 10). 

In this study an Euialysis was made of the nutrient in­

take of 1188 Iowa children. The mean daily intake might be 

expected to represent a reasonably good standard. The 

children were in sufficiently good health to attend school. 

The data were collected during a period of economic 

prosperity (19̂ *8-1951). 

To obtain an over-all picture of the daily food energy 

and nutrient value of the diets, the mean, standard devia­

tion, standard error of the mean and the range have been 

calculated for each aex and yearly age group. 
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The standard deviation, standard error of the mean and 

the range are measures of variability. The mean plus or 

minus the standard deviation gives the limits within which 

two-thirds of the observations fall. The mean pl\is or 

minus the standard error of the mean gives the limits within 

which one may expect to find the means of other samples 

drawn from the same population. The range gives the spread 

of all the observations. From this amount of information 

one can observe the variability in the data, also whether 

the distribution is normal or skewed. 

The mean nutrient intake of the Iowa children will be 

evaluated in accordance with the Recommended Dietary Allow­

ances of the National Research Council (19^8) for each age 

and sex. The findings of this study will be contrasted 

with results of comparable studies from other parts of the 

United States. So as to make the Iowa data in these in­

stances conqparable to the data reported by other investiga­

tors» the Iowa data were recalculated into the same age-sex 

groupings used by other investigators. 

Food Energy Value 

mean food energy value of the diets of the boys 

either exceeded or closely approximated the allowances from 

6 to 16 years. Before 12 years the values for food energy 
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were above, and afterwards a little below, the allowances. 

in food energy value the diets of the girls were above 

the allowances until the ninth year. Thereafter the mean 

food energy values fell below the allowances except at 12, 

15 and 18 years. At these ages the means barely met the 

allowances. 

As judged from the standard error of the mean, similar 

studies on the same population would yield mean dally food 

energy values within 40' to 150 calories of the means pre­

sented In Table 2. The range of the Indlvldtu&l observations 

was extensive for each age and sex. The same observation 

was noted In the range of the food energy values which 

Moschette et al. (1952) obtained In Louisiana for the 48? 

preadolescent children from 8 to 11 years of age. These 

Investigators reported a range of 1164 to 5194 calories. 

For the similar age-groups and for both sexes the range 

for the Iowa children was IO56 to 4800 calories. The mean 

energy values of the diets of the Louisiana children 

appeared to be a little higher than those of the Iowa child­

ren. In Table 3 are tabulated the mean food energy values 

observed by Tucker et al. (1952) for the diets of the 

children In certain states in the Northeast Region, by 

Young and Pilcher (I950) for the children In Qroton Township, 
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Table 2 

Mean Dally Food Energy Value of the Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. cal. cal. cal. cal. 

Boys 

6 37 2201 3'»̂ .4 .̂6 1545 - 2919 
56 2166 327.2 53.7 1482 - 3221 I 54 2270 ^6j.p 50,p lk2k - 2834 

9 53 2433 468.8 6kA 1076 - 3374 
10 60 2417 398.3 51.4 1483 - 3308 
11 50 2615 396.8 56.1 1702 - 3743 
12 91 2740 725.3 76.0 962 - 4800 
13 45 2877 594.6 88.6 1737 - 3977 
14 39 3088 543.2 87.0 2082 - 4163 
15 32 3252 623.0 110.1 1796 - 4907 
16 31 3421 624.4 112.1 2443 - 5007 

21 3399 680.7 148.5 2159 - 4345 
17 3439 468.4 113.6 2828 - 4346 

Olrla 

II 

fa 
i960 313.6 44.4 1136 - 21 

8 1987 355.1 51.3 1140 - 2^65 
a 43 2025 345.1 52.6 1160 - 2559 
9 62 2282 322.2 40.9 1324 - 2891 
10 62 2280 359.4 45.6 1538 - 3143 
11 58 2262 430.5 56.5 1511 - 3359 
12 84 2568 501.3 54.7 1448 - 4145 
13 44 2471 576.1 86.9 1524 - 3472 
14 37 2487 500.5 82.3 1639 - 3887 
15 39 2594 395.0 63.2 1746 - 3172 
16 36 2312 437.0 72.8 1429 - 3401 
17 26 2374 632.7 124.1 1314 - 3328 
18 13 2420 469.1 I30.I 1454 - 3024 
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Table 3 

Mean Dally Food Energy Value of the Diets of Children 
of Iowa and of Other Places 

Age group 7-9 years 10-12 years 13-15 years 16-18 years 

Mean Mean Mean Mean 
Places No. cal. No. cal. No. cal. No. cal. 

Boys 

Iowa 163 2287 201 2612 116 3051 69 3419 
New York® 34 1569 29 2028 25 2193 19 2557 

uz\> wOTL rwp 
New Ypx4c" ^̂ 3 2150 43 2623 104 3099 9 3279 
Maine® — — 5 1920 85 2976 3304 
Rhode . 11 2667 48 2969 
Island^ 

2667 2969 

West . -- 101 2901 
Virginia® 

2901 

Tennessee^ 51 1726 58 1855 64 2494 69 2723 

Qlrls 

Iowa 153 2117 204 2393 120 2516 75 2321 
New Yoric® 23 1697 10 18% 20 2026 24 2275 

UX*0 WOlV 
New Yprtc® 1899 53 2173 113 2614 8 2145 
Maine® — -- 7 2227 123 2439 2213 
Rhode . 
Island® 

••• • •  45 2223 189 2004 

West — — -- -- .. 131 2035 
Virginia® 

2035 

Tennessee^ 51 1726 58 1855 63 1691 65 1975 

^Young and Plloher (1950) 

^Tucker, et al.(1952). 

®Youman8, et al. (19^3). 
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New York State, and by Yoxunans et al. (19^3) on a group of 

Tennessee children. 

The mean food energy values of the diets of Iowa 

children tended to be among the highest values« and may be 

contrasted sharply at most ages with comparable figures 

from Tennessee which tended to be the lowest of the group. 

Beal, Buxice and Stuart (19^5) presented the mean food 

energy value of the children that they had studied repeatedly 

over a period of 13 years by means of diet histories. The 

range of the mean energy food value for the children from 

6 to 10 years of age varied from 1932 to 2345 calories for 

boys and from 1897 to 2168 calories for girls. 

In general the mean food energy value of the diets of 

Iowa children was higher, and met the allowances more closely 

than the values that have been observed for the diets of 

children of the same age In other places of tto United 

States where similar studies have been conducted. 

Protein Value 

The mean dally protein content of the diets of the boys 

was greater than the allowances through the entire age 

range. The girls from 6 to 13 years either had protein 

Intakes greater than or nearly equal to the allowances. 
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From 13 to 18 years the protein content of the diet tended 

to be less than the recoimnendatlons. 

The protein Intake of these children varied widely 

among Individuals as well as between ages and sexes (see 

Table 4). The widest range of Intakes was found in the il­

ls- and 14-year-old boys and 12- and 17-year-old girls. In 

repeated studies In the same population the mean protein 

Intake will fall within 2 to 4 grams of the mean obtained 

for each age and sex in this study. 

The 48? preadolesoent Louisiana children (Moschette 

et 1952) had diets with a mean dally protein content 

of 69 grams. The range was 42.7 to 221.7 grams; the corres 

ponding range for the protein Intake of Iowa children was 

26 to 134 grams. The Iowa children seemed to have smaller 

protein Intakes than did the Louisiana children. 

The mean dally protein content of the diets of the 

children In Iowa was either higher than, or In the range of 

the values obtained by Tucker et (1952) and Young and 

Pllcher (1930). The Iowa children of all ages and both 

sexes seemed to have higher Intakes of protein than the 

Tennessee children (see Table 3). 
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Table 4 

Mean Dally Protein Content of the Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. gm. gm. gm. gm. 

Boys 

6 37 67 12.2 2.0 
7 56 65 11.4 1.5 
8 54 71 12.6 1.7 
9 53 74 17.0 2.3 
10 60 74 12.6 1.6 
11 50 P 15.9 2.2 
12 85 22.6 2.4 

45 86 18.8 2.8 
14 39 91 17.4 2.8 

32 93 17.2 3.0 
16 31 99 20.8 

21 105 17.2 3.8 
18 17 102 21.6 5.2 

I 
9 
10 
II 
12 

II 
ii 
II 

62 

4il 
37 
39 

26 
13 

60 
61 
63 

ra 
i§ 
74 
75 

69 
73 
72 

Qlrla 

11.1 
11.4 
12.0 
9.9 
13.5 
15.0 
15.1 
19.7 
17.0 
14.0 
13.7 
21.9 
14.0 

1.6 
1.6 
1.8 
1.2 
1.7 
2.0 
1.6 
2-i 
2.8 
2.2 
2.3 
4.3 
3.9 

4 

42 
26 
8 

4 
56 
66 
50 
72 
76 
75 

38 

J6 
»8 
42 

40 
44 
46 
32 
32 
44 

95 
97 
102 
111 
104 
134 
154 
130 
154 
112 
140 
132 
148 

81 
80 
86 
89 
108 
106 
128 
113 
112 
109 
90 
138 
95 
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lable 5 

Mean Dally Protein Content of the Diets of Children 
of Iowa and Other Places 

Age group 7-9 years 10-12 years 13-15 years 16-18 years 

Mean Mean Mean Mean 
Places No. gm. No. gm. No. gm. No. gm. 

Iowa 
New York® 

16; 
3^ 

Maine 
Rhode . 
Island" 

West . 
Virginia® 

Tennessee^ 

Iowa 
New Yoric® 

Maine 
Rhode . 
Island" 

West Vir­
ginia" 

Tennessee^ 

70 
73.7 

Qroton. Twp 
New York® 43 72.6 
MfllneD 

51 56 

^53 f§ „ 23 68.8 
Oroton. Twp 

New YorJ^ 44 63.8 
MalnaD 

51 56 

Boys 

201 
29 

80 
84.9 

43 87.6 
5 64.5 

58 57 

Qlrls 

204 73 
10 70.0 

53 72.8 
7 70.2 

58 '57 

116 '90 
25 106.7 

104 101.9 
85 90.9 
11 89.7 

64 83 

120 74 
20 

113 85.0 
123 76.8 
45 70.8 

63 48 

69 102 
19 97.6 

19 
48 

101 

69 

8 
§7 
189 

131 

65 

97.1 
94.5 
94.8 

93.6 

87 

74 75 71 
62.2 24 65.1 

fZ-5 68.2 
63.5 

66.1 

60 

®Young and Pllcher (1950). 

^Tucker, et al. (1952). 

®Youraans, et al.(1943). 
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Pat Value 

In Table 6 for all ages and both sexes are tabulated 

the inean« standard deviation, standard error of the mean 

and range of the calculated fat content of the diets of 

Iowa children* The mean intake of dietary fat increased 

with age for the boys and the girls to 18 and 12 years, 

respectively. 

For each age and sex approximately 43 per cent of the 

mean food energy value of the diets came from fat. 

The knowledge of the role of fat in human nutrition 

is meager. Deuel (1950) stated: 

If we apply the results of the experiments 
on rats to the human picture, then a rather gen­
erous fat intake in man is indicated. The opti­
mum level of fat in the diet on this basis would 
be approximately 30 per cent by weight or 50 
per cent of the calories, (p. 258) 

The percentage of calories from fat in the diets of Iowa 

children approximated the figure proposed by Deuel. 

Carbohydrate Value 

The mean carbohydrate content of the diets of Iowa 

children and the standard deviation, standard error of the 

mean and range for each age and sex are listed in Table 7. 
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Mean Daily Fat Content of Diets of Iowa Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. gm. gm. gm. gm. 

Boys 

6 37 104 19.2 3.2 62 146 

7 56 104 18.7 2.5 72 - 157 
8 54 110 20.4 2.8 69 - 160 

9 53 117 26.7 3.7 41 - 166 
10 60 117 24.2 3.1 60 - 177 
11 50 125 21.1 81 - 177 
12 133 36.3 ? • §  54 - 227 
13 % 138 31.0 4.6 84 - 212 
14 39 150 29.6 4.7 106 • 227 
15 32 159 31.6 5.6 88 227 
16 31 167 38.8 7.0 111 - 273 

21 171 3̂ .3 I'P 88 - 214 
18 17 175 26.5 6.4 132 - 222 

Girls 

6 94 18.3 2.6 134 
7 99 20.2 2.9 66 - 138 
8 J3 96 18.4 2.8 51 M 134 
9 62 110 16.9 2.2 66 - 146 
10 62 107 16.7 2.1 64 - 158 
11 58 109 24.7 3.2 68 - 166 
12 84 122 25.4 2.7 54 _ 189 

44 116 28.4 4.3 76 190 
14 37 120 26.3 4.3 84 — 186 

39 126 21.2 3.4 84 «• 164 
16 36 112 22.0 3.7 5T • 157 

26 114 35.5 6.9 38 • 188 
18 13 118 24.1 6.7 64 150 
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Table 7 

Mean Dally Carbohydrate Content of Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. gm. gm. gm. gm. 

Boys 

6 37 260 54.1 8.9 195 - 351 
7 56 253 42.4 5.7 142 - 319 
6 54 260 47.8 6.5 159 - 351 
9 53 289 53.1 161 - 412 
10 60 283 49.6 6.4 

7.4 
174 - 410 

11 50 310 52.4 
6.4 
7.4 170 - 434 

12 317 92.0 9.6 82 - 582 
% 336 77.9 11.6 203 - 537 

ik 39 361 76.3 12.2 221 -
15 32 378 83.5 14.8 196 - 487 
16 31 396 67.6 12.1 280 - 584 

21 381 100.0 21.8 193 - 539 
Id 17 377 65.9 16.0 267 - 520 

Qlrls 

6 226 38.0 5.4 130 - 327 
7 48 220 46.3 6.7 88 - 284 
8 43 240 49.2 7.5 125 - 358 
9 62 266 43.6 5.5 138 - 361 
10 62 278 52.3 6.6 189 - 383 
11 58 264 6.8 164 - 392 
12 o4 302 66.6 7.3 169 - 515 

44 296 73.6 11.1 177 - 546 
14 37 290 62.0 10.2 203 - 417 

39 303 53.2 8.5 174 - 382 
16 270 62.2 10.4 131 - 352 

26 275 66.5 13.0 152 - 378 
Id 13 282 57.7 16.0 177 - 351 
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There was a tendency for the boys to Increase the carbo­

hydrate Intake with age up to 16 years. The girls showed 

a similar tendency to 16 years« but after that age they 

curtailed their use of this foodstuff. The variability 

was large for all ages and for both sexes as may be noted 

from the ranges. 

About 46 per cent of the food energy value came from 

carbohydrates. This percentsge was within the range (40 

to 30 per cent) usually found in the average American diet. 

Calcium Value 

The 6- to 8-year-old and the 17-year-old boys had diets 

with mean daily calcium content greater than the allowances; 

otherwise the boys had diets with calcium values below the 

recommendations. The mean daily calcium content of the 

diets of girls were below the allowances except for the 

8-year-old girls, whose intakes barely met the recOTsnenda-

tions. 

In general the mean calcium contents of the diets of 

the boys of Zowa increased with age (Table 8). To 12 years 

of age tlM calcium intake of the girls varied, from 13 to 

18 years there was a definite decline in the mean calcium 

intakes. As may be noted from range the individual intakes 
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Table 8 

Mean Dally Calcium Content of the Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. ng. mg. n%. ng. 

Boys 

37 106l 302.6 516 - l85l^ 
56 1026 265.5 35.5 529 - 1733 
54 1124 293.2 |9.9 430 - 1721 

9 53 1093 307.2 42.2 362 - 1870 
10 60 1042 285.5 37.0 395 - 1723 

I  

11 50 1128 281.1 39.8 546 - 1525 
91 1133 398.2 41.7 164 - 2437 
45 1139 442.3 65.9 506 - 2099 

II  39 1131 35̂ .5 56.8 53'̂  - 2060 
15 32 1176 365.9 64.7 257 - 2178 
16 31 ISl'* 370.3 66.5 730 - 2046 

21 1441 497.7 108.6 765 - 2422 
17 1182 344.4 83.5 571 - 1707 

Qlrls 

II  

i l  

918 260.8 36.9 376 - 1622 
7 48 877 269.1 38.8 406 - 1437 
0 43 1009 245.6 37.5 504 - 1568 
9 62 956 246.5 31.3 491 - 1460 
10 62 936 293.2 37.2 455 - 2046 
11 58 1004 287.4 37.7 532 - 1725 
12 84 1071 307.0 33.5 434 - 1882 
13 44 99̂ * 415.9 02.7 2̂3 - 2685 
14 37 987 324.8 53.4 412 - 17'»4 
15 39 899 301.6 48.3 463 - 1735 
16 36 811 295.6 49.3 168 - 1398 

26 838 315.8 61.9 229 - 1853 
13 809 261.8 72.6 406 - 1212 
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varied extensively. In the various age-sex groups the dif­

ference between the lowest and highest value of intakes was 

seldom less than a thousand milligrams. Ho;\rever> a similar 

study of the calcium intake of this population of children 

might be expected to yield a mean calcium intake within 

30 to 100 milligrams of the present means. 

For the Louisiana children (Moschette et al., 1950), 

the mean calcium content of the food eaten daily was 1202 

milligrams with the standard deviation of 5^0 milligrams 

and a range of 350 to 338O milligrams. The variability 

was equally as large as observed in the Iowa values. 

The mean calcium content of the food eaten by the Iowa 

boys tended to be lower than the values obtained by Tucker 

et al. (1952) except for the Maine 10-12-year-old boys and 

the West Virginia 16-20-year-old boys. The boys in Oroton 

Township (Young and Pilcher^ 1950) had higher dietary cal­

cium than that noted for the boya in Iowa (see Table 9)* 

The Iowa girls had lower mean daily calcium intakes 

than were noted for the girls of corresponding ages in the 

Northeast Region, but with the exception of the 7-to 9-

year-old girls, the Oroton Township girls had lower dietary 

calcium values than the Iowa children. 
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Table 9 

Mean Dally Calcium Content of the Diets of Children 
of Iowa and of Other Places 

Age group 7-9 years 10-12 years 13-15 years 16-18 years 

Mean Mean Mean Mean 
Places No. mg. No. mg • No. . No. . 

Iowa 163 1080 201 1104 116 1141 69 1319 
New Yorka 34 1100 29 1318 25 1606 19 I292 
Qroton. Twp 

New YprkP 43 1280 43 1540 104 I56O 9 I300 
Maine® ~ ~ 5 98O 85 1370 19 1300 
Rhode . — ~ — — 11 1300 48 1330 
Island® 

West — — — — — — 101 1250 
Virginia® 

Olrls 

Iowa 153 946 204 1011 120 96I 75 820 
New York® 23 1177 10 936 20 9IO 24 702 
Qroton^Twp 

New York® 44 1140 53 II80 II3 1420 8 93O 
Maine® — — 7 1210 123 1090 27 1000 
Rhode . — — — — 45 960 189 890 
Island® 

West . — — — — — — 131 920 
Virginia® 

®Young and Pllcher (I950). 

^Tucker, et al. (1952). 
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Iron Value 

The mean dally Iron Intakes of the Iowa boys fluctuated 

about the allowances throughout the age range (Table 10). 

The mean Iron values of the diets of Iowa girls were below 

the allowances except for the 7-year-old girls, whose 

diets barely met the recommendations* 

The mean Iron values for the diets of Iowa boys were 

greater than for the girls. The range of the mean Iron 

values for the girls of all ages varied from 9 to 12 milli­

grams. The mean Iron Intakes of other samples of children 

drawn from this population will vary most of the time within 

0.2 to 0.9 milligrams from the means obtained In this study. 

The pre-adolescent children In Louisiana (Moschette 

et al., 1950) had mean dally Intakes of Iron of 11.96 

milligrams with a standard deviation of 3.56 milligrams, 

and the range was from 6.0 to 27.7 milligrams. The Iowa 

children for comparable ages had a range 3*8 to 18.1 milli­

grams and appeared to have a lower mean Iron Intake than 

had the Louisiana children. 

In Table 11 are tabulated the meeun Iron values obtained 

by Tucker et i^. (1952) for the diets of the children In 

the Northeast Region, and by Young and Pllcher (I95O) for 

the diets of the children In Qroton Township. 
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Table 10 

Mean Dally Iron Content of the Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. mg. mg. mg. mg. 

I  

Boya 

37 10 1.5 0.2 7 - 1^ 
56 10 1.7 0.2 6-14 
54 10 2.0 0.3 6 - 15 

9 53 11 2.7 0.4 4-18 
10 60 11 2.0 0.2 8 - 18 
11 50 12 2.2 0.3 7 - 18 
12 91 13 3.6 0.4 6-25 
13 45 14 3.3 0.5 8 - 20 
14 39 14 2.7 0.4 8 - 21 
15 32 15 4.5 0.8 7-23 
16 31 16 3.4 0.6 10 - 22 

2 1  1 6  3 . 4  0 . 7  7 - 2 2  
17 15 2.8 0.7 12 - 21 

Qlrls 

II  

II  

^8 
9 1.4 0.2 6-12 

8 9 1.6 0.2 6 - 12 
8 43 9 1.8 0.3 5-14 
9 62 11 1.9 0.2 7-15 
10 62 11 2.0 0.2 7-18 
11 58 10 2.1 0.3 6-15 
12 84 12 2.5 0.3 6-19 
13 44 11 2.9 0.4 5-17 
14 37 12 2.3 0.4 8-18 
15 39 10 2.4 0.4 8 - 18 
16 36 11 2.6 0.4 6 - 16 

2 6  1 1  3 . 1  0 . 6  6 - 1 7  
1 3  1 1  2 . 4  0 . 7  6 - 1 5  
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Table 11 

Mean Dally Iron Content of the Diets of Children of 
Iowa and of Other Places 

Age group 7-9 years 10-12 years 13-15 years 16-18 years 

Mean Mean Mean Mean 
Places No. mg. No. mg. No. mg. No. mg. 

Boys 

Iowa 163 10 201 12 116 14 69 16 
New York^ 3^ 10.9 29 13.6 25 18.7 19 17*3 
Oroton. Twp 

New YprkD 43 10.3 43 13.3 104 16.4 9 19.3 
Maine® — — 5 12.0 85 17.0 19 18.5 
Rhode . — — ~ — 11 14.5 48 15.4 
Island® 

West ^ — — — — — — 101 15.3 
Virginia^ 

Olrls 

Iowa 153 10 204 11 120 12 75 11 
New York® 23 10.3 10 10.6 20 10.0 24 11.1 
Oroton. Twp 

New Ypri^ 44 9.2 53 11.3 113 13.0 8 11.3 
Maine® — — 7 12.2 123 14.1 27 13.1 
Rhode ^ — — — ~ 45 11.7 189 10.6 
Island® 

West . — ~ — — — — 131 10.5 
Virginia® 

®Young and Pllcher (I95O). 

^Tucker, et al. (I952). 
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Vlth the exception of the oldest age-group, the Iowa 

boys tended to have diets with mean Iron values that were 

lower than those for the diets of the boys In the Northeast 

Region. The mean Iron Intakes of the Iowa girls tended to 

be similar to the Intakes of the girls In the Northeast 

Region. The boys In Oroton Township had diets with a higher 

Iron content than that of the diets of the Iowa boys. With 

the exception of 7- to 9-year-old girls the Iowa girls had 

higher Intakes of Iron than had the Qroton Township girls. 

Vitamin A Value 

The mean vitamin A values of the dally food oonsunqptlon 

were greater than the allowances for all ages of both sexes. 

For each age and aox the distribution was skewed to 

the right, because there were some very high values (see 

Table 12). 

The mean vitamin A value of the dally diets of the Iowa 

children tended to be higher than those noted for the child­

ren In the Northeast Region (see Table 13)* The Iowa boys 

had diets lower In vitamin A value than had the boys from 

Oroton Township, whereas the vitamin A Intake of the girls 

In the two studies showed no consistent relationship 

throughout the ages compared. 
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Table 12 

Mean Dally Vitamin A Value of the Diets of Iowa 
Children 

Age 
yr. No. 

Mean 
I.U. 

Standard 
deviation 
I.U. 

Standard 
error 
I.U. 

Range 
I.U. 

Boys 

6 37 5671 3077 506 2144 - 16769 
7 56 

54 
2455 328 2077 - 13260 

8 
56 
54 6865 4430 603 2192 28670 

9 8427 5481 
4262 

753 1544 - 26396 
10 60 7541 

5481 
4262 550 2197 - 17978 

11 50 
ini 

5375 760 2670 > 32242 
12 91 ini 6206 651 1009 - 33044 

45 8303 6217 927 2278 - 34266 
14 39 9037 5665 907 2823 - 29919 

34307 32 9800 7210 1274 2314 -
29919 
34307 

16 31 9180 4456 800 2833 - 19542 
21 8796 4300 938 3308 • 21804 

18 17 8862 5205 1263 4020 - 20898 

Olrls 

6 

I  
9 
10 
II 
12 

II  

il 

U 
62 

m 

37 
39 

26 
13 

6175 
5961 
6208 
6977 
8010 
6458 
§315 
6773 
7219 
6943 
5771 
7140 
6596 

3778 
606 
232 
851 
540 

64 
32 
4 
3 
3912 
4210 

534 
521 
646 
489 
814 
444 
544 
550 
711 
754 
603 

2589 
1498 
1945 
1743 
1295 
1967 
1842 
2202 
2581 
2263 
1228 
1745 
2376 

14588 
17548 
22774 
20621 
35282 
I5508 
30506 
16700 
23477 
20065 
15984 
15911 
15860 
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Table 

Mean Dally Vitamin A Value 
of Iowa and of 

13 

of the Diets of Children 
Other Places 

Age gx>oup 7-9 years 10-12 years 13-15 years 16-18 years 

Places No. 
Mean 
I.U. No. 

Mean 
I.U. No. 

Mean 
I.U. No. 

Mean 
I.U. 

Iowa 
New Yojrtc^ 15 

Maine 
Rhode . 
Island^ 

West , 
Virginia® 

Iowa 
New Yoric® 
Qroton. Twp 

New 
Maine' 

Yprk^ 
i aD 

Rhode . 
Island" 

West . 
Virginia^ 

7019 
7509 

Oroton. Twp 
New Yox^D 43 5979 

P 

153 
23 

6357 
6832 

44 5893 

201 7927 
29 11072 

43 8109 
5 4650 

Qlrls 

204 7694 
10 5354 

53 6283 
7 6310 

116 8963 
25 14824 

104 g9p 

11 6810 

120 6916 
20 5992 

113 7132 
123 83W 
45 5^90 

69 8985 
19 11189 

9 8044 
19 10850 
48 6790 

101 6840 

6389 
6541 

8 6200 
27 6450 
189 6080 

131 6390 

^Young and Pllcher (1950). 

^Tucker, et al.(1952). 
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Moschette et al. (1932) reported a mean dally Intake 

of vitamin A value of 6l8l I.U. Kith a standard deviation 

3946 I.U. for the preadolescent children In different 

areas of Louisiana, the range was 1109 to 32030 I.U. For 

Iowa children of the saise age group the range was 1295 to 

35282 I.U. 

Ascorbic Acid Value 

The mean asoorblo aold values for the diets of the Iowa 

boys were equal to, or higher than, the allowances to 16 

years of age, then the mean values were below the reccnnmenda-

tlons. At all sges the mean dally ascorbic acid Intakes 

of the girls were higher than the allowances. 

In Table 14 It may be observed that the distribution 

was skewed to the right denoting that there were some high 

ascorbic aold values. The variation In mean dally ascorbic 

aold Intakes of children was large, as may be noted from 

the ranges for each age and sex. 

Itoschette et al. (1952) reported a mean ascorbic acid 

value of 80 milligrams and a standard deviation 46.3 milli­

grams for the diets of the Louisiana children. QThe range 

was 12 to 277 milligrams. The range for Iowa children of 

similar ages was I9 to 205 milligrams. 
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Table 14 

Mean Dally Ascorbic Acid Content of the Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. mg. mg. mg. mg. 

Boys 

6 37 81 30.1 4.9 28 - 180 
7 56 72 29.2 3.9 21 - 133 
8 54 I? 32.1 4.4 25 - 187 
9 53 84 30.2 4.1 15 - 144 
10 60 77 29.1 3.8 19 - 153 
11 50 85 33.8 4.8 26 - 170 
12 91 84 40.1 4.2 27 - 218 

45 97 51.7 J'J  20 - 291 
ik  39 91 41.5 6.0 45 - 244 
15 32 97 48.0 8.5 19 - 221 
16 31 111 39.0 X-0 38 - 226 

21 102 40.8 8.9 51 - 202 
18 17 86 46.1 11.1 39 - 212 

Qlrls 

6 66 28.6 4.0 22 - 151 
7 48 

43 
77 34.7 ^.0 25 - 223 

8 
48 
43 P 32.1 4.9 27 - 144 

9 62 82 29.2 3.7 33 - 161 
10 62 86 38.7 4.9 28 - 205 
11 58 80 27.8 3.6 30 - 159 
12 84 81 32.0 3.5 25 - 181 

44 76 32.6 4.9 17 - 159 
14 37 120 26.3 4.^ 20 - 158 

39 126 21.2 3.4 30 - 191 
16 36 112 22.0 3.7 26 - 196 

26 87 36.5 7.2 28 - 178 
18 13 92 33.8 9.4 43 - 154 
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The mean daily ascorbic acid content of the diets of 

Iowa boys tended to be slightly higher than the correspond­

ing values reported by Tucker et (1952), but bore no 

consistent relationship with the figures obtained by Young 

and Pllcher (1950). The Iowa girls had higher mean daily 

Intakes of ascorbic acid than had most of the other groups 

of girls (see Table 15)» 

Thiamine Value 

In thiamine content the diets of Iowa boys either sxir-

passed or approximately met the allowances for this nutrient. 

The girls had mean dietary thiamine intakes that were above 

or equal to the allowances to nine years, but from 10 to 

18 years the Iowa girls usually had mean daily Intakes of 

thiamine which were less than the allowances. 

Table 16 shows that the boys tended to increase the 

mean thiamine value of the diets with age, whereas the girls 

maintained little change in thiamine Intake throughout the 

age range. The variation among the individual observations 

was not extensive, as may be observed from the standard 

deviation and standard error of the mean. 

The mean daily Intake of thiamine of the Louisiana 

children was 1.2? milligram with a standard deviation of 
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Table 15 

Mean Dally Ascorbic Acid Content of the Diets of 
Children of lotm and Other Places 

Age group 7-9 years 10-12 years 13-15 years 16-18 years 

Mean Mean Mean Mean 
Places No. mg. No. mg. No. mg. No. mg. 

Boys 

Iowa 163 78 201 82 116 95 69 102 
New York® 34 69 29 85 25 98 19 98 
Qroton. Twp 

New York® 43 71.4 43 79.9 104 90.2 9 100.0 
Maine® — — 5 69.5 85 80.6 I9 80.0 
Rhode . — — — — 11 67.1 48 82.0 
Island® 

West ^ — — — — — — 101 77.2 
Virginia® 

Qirls 

Iowa 153 79 204 82 120 83 75 90 
New York® 23 58 10 8l 20 70 24 63 
Oroton. Twp 

New York® 44 66.8 53 71.8 113 87.1 8 64.9 
Maine® — — 7 89.5 123 77.5 27 56.2 
Rhode ^ — — — — 45 71.8 189 73.8 
Island® 

West . — — — — — — 131 73.4 
Virginia® 

®Young and Pilcher (1950). 

^Tucker, et al. (1952). 
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Table 16 

Mean Dally Thiamine Content of the Diets of 
Iowa Children 

Standard Standard 
Age Mean deviation error Range 
yrs. No. mg. mg. mg. mg. 

Boys 

6 37 1.1 0.19 0.03 0.6 - 1.4 
7 56 1.0 0.20 0.03 0.6 - 1.5 
8 5^ 1.1 0.20 0.03 0.6 - 1.5 
9 53 1.1 0.25 0.03 0.6 - 1.7 
10 60 1.1 0.21 0.03 0.7 - 1.6 
11 50 1.2 0.25 0.04 0.8 - 1.9 
12 ?1 1.3 0.38 0.04 0.6 - 2.0 

45 1.4 0.30 0.04 0.7 - 2.0 
Ik 39 1.5 0.30 0.05 0.9 - 2.0 
15 32 1.5 0.36 0.06 0.6 - 2.3 
16 31 1.6 0.34 0.06 1.2 - 2.5 

21 1.6 0.34 0.07 0.9 - 2.2 
Id 17 1.7 0.44 0.11 1.1 - 2.4 

Olrls 

6 1.0 0.17 0.02 0.6 - 1.3 
7 m 1.0 0.21 0.03 0.6 - 1.5 
8 43 1.0 0.17 0.03 0.6 - 1.3 
9 62 1.1 0.19 0.02 0.8 - 1.5 
10 62 1.1 0.21 0.03 0.7 - 1.6 
11 i? 1.1 0.25 0.03 0.7 - 1.7 
12 84 

44 
1.2 0.25 0.02 0.7 - 1.9 84 

44 1.2 0.31 0.05 0.6 - 1.7 
37 1.2 0.28 0.04 0.6 - 1.8 
39 1.2 0.28 0.04 0.6 — 1.9 

16 36 1.2 0.29 0.05 0.7 - 1.9 
26 1.1 0.31 0.06 0.5 - 1.6 

18 13 1.2 0.28 0.08 0.8 •> 1.6 
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0.32 milligram and a range of 0.36 to I.9I milligrams* In 

coo^arlsonf the diets of the Iowa children ranged from 0.6 

to 2.6 milligrams In thiamine content. 

The mean dally thiamine content of the diets of 

children, as reported In other studies« was not much differ­

ent from the values obtained for the diets of Iowa children 

(see Table 17)* 

Riboflavin Value 

The diets of Iowa boys contained more riboflavin, as 

shown by the dally means, than Is recommended at the various 

ages. The diets of Iowa girls contained amounts of ribo­

flavin that were greateir than or eq:ual to the allowances. 

The mean dally riboflavin content of the diets of the 

boys Increased with age (see Table 18). The mean dally 

riboflavin content of the diets of the girls tended to In­

crease from 6 to 12 years| after 12 years there was a de­

crease to values eq^ial to those of the younger girls. 

The mean dally riboflavin Intake of the Louisiana 

ohlldren, 6 to 11 years of age, was 2.23 milligrams with 

a standard deviation of O.33 milligram, and a range of O.91 

to 4.98 milligrams (Moschette et al. 1952). 
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Table 

Mean Dally Thiamine Content 
of Iowa and of 

17 

of the Diets of Children 
Other Places 

Age group 7-9 years 10-12 years 13-15 years 16-18 years 

Mean Moan Mean Mean 
Places No. mg. No. mg. No. nig. No. mg. 

Boys 

Iowa 163 
New Yoiic^ 3^ 
Groton, Twp 

New York® 43 
Maine" 
Rhode . 
Island® 

West . — 
Virginia® 

1.1 201 1.2 116 1.4 69 1.6 
1.23 29 1.46 25 1.93 19 1.81 

1.20 43 1.50 104 1.72 9 1.85 
- - 5 1.22 85 1.66 19 1.75 

11 1.44 48 1.59 

— - - 101 1.59 

Girls 

Iowa 
New York^ 
Groton. Twp 

New York" 
Maine® 
Rhode , 
Island® 

West ^ — — — — — — 131 1.12 
Virginia® 

153 
23 

1.1 
1.09 

204 
10 

1.2 
1.19 

120 
20 

1.2 
1.14 11 

1.2 
1.03 

1 
44 1.08 

mtm 

53 
7 

1.22 
1.19 

113 
123 
45 

1.41 
1.36 
1.20 

8 
27 
189 

1.10 
1.18 
1.04 

®Young and Pllcher (I95O). 

^Tucker, et al. (I952). 
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Table 18 

Mean Daily Riboflavin Content of the Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. mg. ng. mg. mg. 

Boys 

6 37 1.9 0.48 0.08 1.2 - 3.0 
7 56 1.8 0.44 0.06 1.0 - 3.0 
8 5^^ 2.0 0.47 0.06 1.0 - 3.3 
9 53 2.0 0.62 0.08 0.9 - 4.1 
10 60 2.0 0.52 0.07 0.9 - 3.0 
11 50 2.1 0.50 0.07 1.2 - 3.6 
12 91 2.2 0.75 0.08 0.5 - 4.8 % 2.2 0.75 0.11 1.0 - 4.4 
14 39 2.2 0.58 0.09 1.5 - 3.4 
15 32 2.5 0.^ 0.14 0.8 - 4.8 
16 31 2.5 0.61 0.11 1.5 - 3.6 

21 2.7 0.60 0.13 1.7 - 3.8 
18 17 2.5 0.81 0.20 1.4 - 4.3 

Oirls 

6 1.7 0.06 0.9 - 3.1 
7 48 

43 
1.6 0.48 0.07 0.8 - 2.9 

d 
48 
43 1.8 0.48 0.07 1.1 - 3.2 

9 62 1.8 0.46 0.06 1.0 - 2.9 
10 62 1.8 0.58 0.07 1.0 - 3.0 
11 58 1.9 0.52 0.07 1.0 - 3.1 
12 84 2.0 0.51 0.06 0.8 - 3.7 

44 1.8 0.09 0.9 - 3.7 
14 37 1.9 0.68 0.11 0.8 - 3.7 

39 1.8 0.47 0.07 1.2 - 3.0 
16 36 1.6 0.47 0.07 0.6 - 2.6 

26 1.7 0.56 0.11 0.6 - 2.4 
18 13 1.6 0.39 0.11 0.9 - 2.2 
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The mean riboflavin content of the diets of Iowa boys 

and girls con^ared favorably iflth the values of the children 

In the Northeast Region (see Table 19}* The 10- to 12-year-

old boys of Maine and the 13- to 15-year-old boys of Rhode 

Island had diets with less riboflavin than had the children 

In the other groups. The boys In Oroton Township had 

higher mean Intakes of riboflavin than had the Iowa boys. 

The girls of Iowa and of Oroton Township had similar mean 

riboflavin Intakes. 

niacin Value 

The Iowa children had mean dietary niacin Intakes that 

either exceeded or met the allowances. 

The variation of the mean dally Intakes of niacin 

among Individuals was not great for the diets of the Iowa 

children (see Table 20). The mean niacin values of the 

diets of the boys of all ages and of the girls from 6 to 12 

years Increased with age. The girls from 13 to 18 years had 

the average of 13 milligrams of niacin In their dally diets. 

The Louisiana children had a mean Intake of 14.59 

milligrams of niacin and a standard deviation of 4.3 milli­

grams and a range of 5*43 to 35*55 milligrams (Moschette 
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Table 19 

Mean Dally Riboflavin Content of the Diets of Children 
of Iowa and of Other Places 

Age sroup 

Places 

7-9 years 10-12 years 13"13 years 16-18 years 

Mean Mean Mean Mean Mean 
No. mg, 

Mean 
No. ing 

Mean 
No. mg, No. mg. 

Iowa 
New Yortc®^ 
Qroton. Twp 

New Ypri^ 
Maine® 
Rhode . 
Island" 

West . 
Virginia® 

1? 
*̂ 3 

Iowa 
New York® 
Oroton. Twi 

New York® 
Maine® 
Rhode ^ 
Island® 

West . 
Virginia® 

153 
23 

B0£8 

2.0 201 2.1 116 2.3 69 2.6 
2.01 29 2.47 25 3.00 19 2.37 

2.19 43 2.64 104 2.7? 9 2.46 
- - 5 1.77 85 2.54 2.70 

11 1.83 48 2.36 

Olrls 

1.8 204 1.9 120 1.9 
1.95 10 1.93 20 1.66 

1.98 53 2.09 113 2.46 
7 2.12 123 2.05 

45 1.71 

101 2.32 

1.6 
1.67 

8 

189 

1.72 
1.^ 
1.63 

131 1.66 

®Young and Pllcher (1950). 

'Tucker, et al. (1952) 
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Table 20 

Mean Dally Niacin Content of the Diets of Iowa 
Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. mg. mg. mg. mg. 

Boya. 

37 11 2.0 0.32 7 - I'V 
56 11 2.5 0.33 6 - 17 
5't 12 2.3 0.32 7-17 

9 53 13 3.0 0.41 6-20 
10 60 13 3.1 0.40 8-21 

I  

II  

\ l  

11 50 13 3.7 0.52 8-24 
12 91 15 4.1 0.43 5-24 
13 45 15 3.6 0.54 7-24 
14 39 16 3.5 0.56 11 - 29 
15 32 17 4.7 0.82 7-26 
16 31 17 3.8 0.67 11 - 23 
17 21 17 2.8 0.61 10 - 22 
18 17 la '».i 0.98 12 - 25 

Qlrls 

10 1.8 0.26 8 - 12 
10 2.0 0.30 7 - l'^ 

8 43 10 2.2 0.34 6-16 
9 62 12 2.2 0.28 7-21 
10 62 12 2.4 0.31 8-18 
11 58 12 2.8 0.37 6-21 
12 84 14 2.9 0.32 9-21 

44 13 3.6 0.54 6 - 20 
37 13 2.6 0.44 8 - 19 
3 9  1 4  3 . 2  0 . 5 1  7 - 2 1  

16 36 12 2.6 0.44 7-18 
26 13 3.9 0.76 6-20 
13 13 3.7 1.02 7-21 
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et al., 1952). The range for the niacin value of the diets 

of Iowa children was 3 to 29 milligrams. 

The mean dally niacin values for the diets of the Iowa 

boys were comparable to the values noted for the diets of 

the boys In the Northeast Region or In Oroton Township (see 

Table 21). 

The Iowa boys tended to have higher Intakes of calories, 

vitamins A and C, thiamine, riboflavin and niacin than 

those of the Qroton Township boys. The girls of Iowa 

seemed to have higher Intakes of the various dietary com­

ponents, except calcium, than the Qroton Township girls. 

The mean dietary differences noted between the Iowa 

children and the Qroton Township children may be due some­

what to the fact that the means of the latter for each age 

group and sex were based on a one-day dietary record. In 

the Iowa study and In the Northeast-Region study the means 

were derived from seven-day records for each child. The 

estimate for the food energy and nutrient value based on 

one-day records may be misleading. Eppright et al. (1952) 

reported that the average number of servings obtained from 

records kept for fewer than seven days tended to be higher 

than the means from a seven-day record. A combination of 

any of the week days gave approximately the same estimates. 
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Table 21 

Mean Dally Niacin Content of the Diets of Children of 
Iowa and of Other Places 

Age group 

Places 

7-9 years 10-12 years 13-15 years 16-18 years 

Mean Mean Mean Mean rjccui 4WCUI 
No. mg. No. mg. 

Mean 
No. mg. 

Mean 
No. mg. 

Iowa 
New Yoric® 

16; 
3^ 

Maine 
Rhode . 
Island" 

West , 
Virginia® 

Iowa 
New Yox^c® 
Groton. Twp 

New Ypi^ 
Maine" 
Rhode . 
Island" 

West . 
Virginia® 

12 
12.1 

Qroton. Twp 
New Yori^ 43 10.2 
Mnlne® 

Boys 

201 
29 

14 
14.1 

43 13.7 
5 11.2 

116 16 
25 17.4 

104 17.6 
85 16.5 
11 15.0 

Qlrls 

69 17 
19 17.7 

9 17.2 
19 18.7 
48 16.4 

101 17.4 

.53 11 204 13 120 13 « 7? 12 
23 9.7 10 10.7 20 10.8 24 10.9 

44 9.2 53 11.5 113 13.6 8 12.4 
— 7 11.3 123 13.9 27 12.6 

45 12.6 189 11.0 

•••• 131 12.2 

®Young and Pllcher (1950). 

^Tucker, et al. (1952). 
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but the week-end food Intake differed significantly from 

the other five days* 

Investigators often report dietary data in the age 

groups used in the tables of the Reoonanended Dietary Allow­

ances of the National Research Coxmoil. It facilitates the 

comparison of the findings to the allowances. At each age 

within the period of school age> children may vary greatly 

from those in the preceding or following year, therefore« 

when two or three yearly ages are combined, the character­

istics of each particular age may be lost. The character­

istics of the age may be more evident if the children are 

considered in groups covering not more than twelve ninths. 

Summary 

1. For each age-sex group the mean, the standard devia­

tion, the standard error of the mean and the range of the 

food energy and nutrient value of the diets of the Iowa 

children were calculated. 

2. Except for the mean calcium content of the diets, 

the boys had mean intakes of food energy and other nutrients 

that either exceeded or approached the allowances. 

3. With the exception of calcium and iron content, 

the diets of the Iowa girls had food energy values and 
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nutrlent content, that approximated or exceeded the allow-

cmces from 6 through 12 years. After 13 years of age the 

girls had Intakes of protein, thiamine and riboflavin In 

addition to calcium and Iron that were below the allowances. 

For this age group of girls the values of the remaining 

nutrients fluctuated about the allowances. 

4. The dietary Intakes of calories and other nutrients 

of Iowa girls and boys were comparable to the Intakes of 

the children in the Northeast Region and Louisiana where 

similar studies have been made. But the values for food 

energy and protein were max^ed^ higher for the Iowa 

children than those for the Tennessee children. 
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BODY MBASUREHEMTS OF IOWA CHIICRBN IN RELATION TO 

NUTRIENT INTAKE AND TO BLOOD CONSTITUENTS 

Growth i.B a characteristic of all living things. It 

is more evident in certain periods of life than in others. 

Weight and height are the ineaaxtrements conanonly tised to 

assess growth. 

The height and weight are of different 
orders of growth and in a sense that they repre­
sent two growth functionsI size or linearity) 
or volume or mass. They are, of course, corre­
lated and integrated aspects of general bodily 
growth but only on a time linked basis. 
(Krogman, 1950, p. 56) 

Growth in these two phases, height and weight, need 

not occur simultaneously. 

Weights of Iowa Children 

Weight is a measurement of mass or volume. The mass 

is made up of bone, muscle, blood, nerves, viscera, con­

nective and adipose tissues) therefore, it becomes a complex 

measurement. For each age and sex the differences between 

the individual obsex^atlons are greater for the measurement 

of weight than of height. 
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The factors that Influence weight, other than the 

accuracy of Instruments are: 1. the tlios of day; 2. recency 

of exerciseJ eating or elimination; 3. socio-economic sta­

tus of the family of the child; 4. hereditary characteris­

tics as racial stock and family tendencies In body btilld; 

and 5* seasonal factors (Krogman, 1950). 

In making a series of consecutive measurements, the 

time of day Is an Important factor to consider. The 

diurnal fluctuation In weight of school children may be 

from two to three pounds. Sumner and Vfhltacre (1931) 

studied the differences In the weights of the same children 

talton In the morning and In the afternoon. These Investiga­

tors observed that the apparent monthly weight gained was 

equal to the difference between the morning weight and 

afternoon weight. 

A single weight measurement on one Individual Is of 

limited value, but one observation on a group of Indlvldiu^s 

provides a way for describing the physical status of the 

population under study. For example, the means, standard 

deviation, standard error of the mean and range of the 

weights of the children for a specified age-sex group will 

point out: 1. the distribution of the weights for each 

age and sex; 2. the variation present In the data. The 

statistics of this weight datum may be c(»npared to similar 
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data from other studies. The results of the weight measure­

ments may be a basis for a standard, to which children In 

the same population fzx>m which the sample was drawn, may be 

compared. 

Mean weights of total sample of Iowa children 

A single weight measurement was made on 1194 Iowa 

children, 593 boys and 601 girls. In Table 22 the mean, 

standard deviation, standard error of the mean, and range 

of the weights of these children are presented for each 

age and sex. 

The mean weight at each age was greater for the boys 

than for the girls, except at 10 and 11 years. The sex 

differences were most apparent from 14 to 17 years of age. 

To 13 years the boys exhibited less variability In weight 

than the girls. After 14 years the weights of the boys 

varied more than those of the girls. The range of weights 

of the boys varied from 13 kilograms at 6 years to 55 at 17 

yeaz*s. For the girls the range varied from 16 kilograms 

at 6 years to 51 at 12 yeeu*s. The standard deviations were 

the largest at 14 and 17 years for the boys, and at 12 

years for the girls. 
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Table 22 

Mean Weight of Iowa Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. kg. kg. kg. kg. 

Boys 

6 38 22.6 2.87 0,47 17.1 - 30.4 
7 58 25.0 3.52 0.46 17.7 — 40.8 
8 53 28.6 4.79 0.66 21.3 - 42.0 
9 55 32.1 5.61 0.76 22.2 - 45.8 
10 60 33.7 4.55 0.59 29.0 - 49.7 
11 50 1-98 1.13 25.2 - 61.2 
12 ?? 40.8 8.74 0.92 25.4 - 70.1 
13 44 47.9 8.87 1.34 28.1 - 67.1 
Ik 40 10.59 1.67 34.5 - 75.3 
15 32 61.6 7.08 1.25 46.0 - 79.2 
16 34 §3.6 9.76 1.67 46.4 - 96.6 

21 63.8 11.00 2.40 44.9 - 99.9 
18 18 66.1 9.55 2.25 49.0 - 83.0 

airls 

6 22.0 3.44 0.49 15.9 - ?2.7 
7 48 

44 
24.8 4.Q2 0.71 12.0 - 42.6 

8 
48 
44 26.3 4.43 0.67 19.5 - 41.3 

9 64 30.7 6.53 0.82 19.5 - 52.2 
10 61 35.3 7.77 1.00 22.7 - 54.0 
11 58 40.1 7.93 1.04 25.4 - 57.2 
12 82 45.6 11.41 1.26 28.1 - 79.8 

44 46.8 8.78 1.32 27.9 - 64.2 
14 3Z 51.3 7.24 1.19 37.2 - 67.6 

38 56.6 8.04 1.30 40.8 - 71.2 
16 37 57.2 8.93 1.47 44.0 - S6.6 

26 57.5 9.22 1.81 43.3 - 81.6 
16 12 54.1 4.38 1.26 45.4 - 60.6 
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The greatest Increment In the weight of the boys as 

shown by means at successive years was between the ages of 

14 and 15 years. The girls had no conspicuously large 

Increment. 

Comparison of weights of Iowa children with those of 

other studies 

It Is difficult to conqpare the weights of the Iowa 

children with other studies because many Investigators re­

port their findings as per cent deviation from a standard. 

Jackson and Kelly (19^5} reported the median of the weight 

data for each age and sex of Iowa children measured from 

1920 to 1940. !Ihese Investigators believed that the median 

was a better measure of central tendency since the frequency 

distribution of the weight measurements for each age and 

sex Is sicewed toward tlM heavier weights. The skewness 

of data can be denoted when the mean and the standard 

deviation and range accompany the data. 

The mean weight for each age-sex group of the Iowa 

children In this study was compared with the mean weights 

of children observed in two other studies In Iowa, and In 

studies conducted In Denver and Chicago (see Table 23). 
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fm'bU 23 

0«qp«riseft of Noui of lova School Ohil&ron with Siailar Data t. 

Bogro 

MB* 
in 

•o. 

XoM (1953)* 

Noaa 

Jmm (1941) 

Is. Noaa 

b 

8.d. Bo. 

(1945)* 
— "IWh 

Poroontilo 

Ohioag 

Bo. N 

6 38 22.6 

)« 

2.87 417 21.4 

kC 

2.80 20.8 m 2 

7 38 25.0 3.52 429 23.6 3.00 - 23.2 143 2 

8 S3 28.6 4.79 344 26.6 4.11 - 26.0 147 2 

9 55 32*1 5.61 483 29.4 4.34 - 28.2 167 3 

10 60 33.7 4.55 554 33.0 5.26 - 31.5 173 3 

u 50 37.9 7.98 501 35.6 6.25 - 34.4 201 3 

12 90 40.8 8.74 321 38.1 7.04 - 37.0 247 4 

13 44 47.9 8.87 229 43.'> 8.23 - 42.3 293  ̂

14 40 51.̂  10.59 168 48.7 9.53 - 47.3 373 t 

15 32 61.6 7.08 - - m - 54.5 362 • 

16 34 63.6 9.76 m «• - - 58.2 292 < 

17 21 63.8 11.00 - - m 62.5 229 < 

16 18 66.1 9.55 m . «• m 129  ̂

*ProMnt alndj 

,̂8JD,A« NlaooUaaoou PatUeatloa !»• j66 

^Jaoktoa aal KtUgr (19^5) 

Ôragr Mid .Agrros (I93l) 

Varosh (1948) 
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}higjtx%u of Iowa Soliool Ohlldroa vtth SlBilvr 3>ota txcm 8«l«et«d StuAloa 

Boyi 

mm (I9'̂ l} 

Nou 

b 

•.d. lo. 

XbfM (19̂ 5)** 
5TOi 

Poreoatilo 

Ohiooco (1931)̂  

lo* Ntaa ••At 

Soarw (1948)* 

lo. NoftB t.d. 

!« kC kS kK kg kg 

2.80 - 20.8 m 22.2 3.01 175 22.2 2.05 

23.6 3.00 - 23.2 1̂ 3 2i .̂6 3.25 164 25.2 2.46 

26.6 .̂U «• 26.0 l/ii7 27.9 3.98 169 28.1 3.09 

29*^ 4.3'> - 28.2 167 30.9 4.78 164 30.8 3.75 

33.0 5.26 - 31.5 173 34.<f 5.17 151 33.5 4.10 

35.6 6.25 - 3'».4 201 37.6 5.82 142 36.2 4.75 

38.1 7.0*> - 37.0 2it»7 40.7 6.59 135 40.0 5.74 

k3»k 8.23 - 42.3 293 44.8 7.57 123 45.1 7.16 

W.7 9.53 - kl.3 373 49.4 8.06 97 50.8 7.37 

m m - 5̂ *5 362 56.0 9.25 71 55.6 7.01 

m m <m 58.2 292 60.6 8.87 48 60.3 6.99 

- - m 62.5 229 64.3 8.42 39 62.4 7.47 

«» - - - 129 66.1 9.78 58 66.5 7.04 

oa 1B. 366 

r 
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The boys Included In the random sample obtained from 

61 places in loifa were heavier than the boys observed by 

Jackson and Kelly (19^5) at the Iowa Child Welfare Research 

Station at the lAniverslty of the State of Iowa, Iowa City. 

The boys, 6 to 14 years, weighed more at each age than 

the Iowa boys in the study conducted by the Bureau of Human 

Nutrition and Home Economics from 1937 to 1939 on the 

children throughout the nation (Misc. Pub. No. 336, 1941). 

From 6 to 12 years the mean weights of Iowa boys conqpared 

favorably to the mean weight of the Denver boys (Maresh, 

1948) and the Chicago boys (Qray and Ayres, 1931)* From 

13 to 18 years the weights fluctuated about the mean of the 

Denver and the Chicago boys. This saiqple of Iowa boys, 

representative of a large population, was heavier than the 

Iowa boys that came primarily from the vicinity of Iowa 

City. 

From 6 to 12 years the weights of the Iowa girls were 

most like those observed by Gray and Ayres (1931) in Chicago 

and Maresh (1948) in Denver (see Table 24). From 12 to 18 

years the Iowa girls tended to exceed the mean weights re­

ported in other studies. 
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SaUL* Zk 

CoaparlMB of Nmui V«l|̂ %a of tmm Sehoel Ohildyon with Similar S«ta 

Olrla 

iBBLtiasal* iauLilSilP JbaaLXaaUl® Sttsi 
la 50ih 
yra* Be* Mom 8«d* Ho* Nara a*d« 104 Btr̂ tantllo £d. 

•* 

kc 1« )« ke kS 

6 50 22.0 3.'̂  ftft5 20.9 2.63 - 20.3 7ft 

7 l»8 2ft,8 ft.92 535 23.5 3.25 m 22,5 90 

8 4ft 26,3 ft.ft3 492 26.3 ft.53 - 25.2 100 

9 6ft 30.7 6.53 539 29.0 ft.89 m 28.0 122 

10 61 35.3 7.77 542 32.2 5.87 - 31.1 UO 

11 38 fto.l 7.93 540 35.9 6.2ft «•) 34.ft 139 

12 82 ft5.6 U.ftl 323 40.7 7.23 «» 39.6 126 

13 itift M.8 8,78 181 4ft.2 8.36 - 44.5 12ft 

1ft 37 51.3 7.2ft 13ft 48.2 8.07 - 49.0 108 

15 38 56.6 8.0ft - - - 51.5 96 

16 37 57.2 8.93 - «» m 52,7 86 

17 26 57.5 9.22 - - - - 53.5 86 

18 12 5ft.l ft.38 • •» •a • 51 

*^aant atuljr 

,̂8«S,A, HlaeollwMOua Poblloatiloii Ks. 366 

®Jaokson aad Xally (19^5) 

Ôragr and ijyoa (1931) 

Varath (19W) 
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SkU« 

Xowft School Ohildroa vith Slailar Dftia frm Soloetod Sttdioi 

Olrlo 

1 

KOM OTD. Bo. 

torn 
50«h 

PoriBio&til* 

SUan dm)* 

£6. MOMI T.d. 

J>nrn 

•o. MOMI t.d. 

kg kS kg kg kg kg kg 

20.9 2.63 «• 20.3 74 22,4 2.96 145 21.8 2.77 

23,5 3.25 - 22,5 90 25.1 2.86 XM 24.8 3.67 

26.3 4.53 - 25.2 100 27.9 4.83 136 27.9 4.48 

29.0 4.89 - 28.6 122 31.8 4,82 118 31.8 5.69 

32.2 5.07 - 31.1 110 35.2 6.40 104 35.6 6.64 

35.9 6.24 - 34.4 139 39.1 7.24 100 39.6 8.23 

40,7 7.23 m 39.6 126 43.7 8,23 93 44.0 9.16 

44.2 8.36 - 44.5 124 47.9 8.29 92 48.5 8,94 

48.2 8.07 - 49.0 108 50.7 7.98 73 52.0 8,71 

- - - 51.5 96 5̂ .5 7.72 43 53.4 8.89 

tm - - 52.7 86 55.7 7.63 34 54.7 8,70 

- mm 53.5 86 57.0 7.10 21 54.8 7.37 

«• - - - 51 57.4 5.81 28 55.3 5.33 

iB. 366 
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Study of the heaviest, lightest and medium weight children 

To study the dietary habits and blood constituents of 

heaviest and lightest weight boys and girls, each age and 

sex group was divided into three groups. Group I consisted 

of individ\ials whose weights were within minus second or 

third standard deviations from the mean of the age-sex 

group; Group II those whose weights were within the plus 

second or third standard deviations from the mean; Group 

III those whose weights were within the plus or minus one 

standard deviation. 

Physical status. It may be noted in Figures 2 and 3 

that the mean weights of boys and girls in Group I were 

below the l6th percentile except for the 15 year old boys. 

This group as a i^ole may be considered as the lightest 

weight boys and girls. The mean weights of the children 

in Group II were above the 84th percentile. They may be 

considered as the heaviest weight boys and girls. The 

mean weights of the children of Group III were in the 

area between the l6th and 84th percentiles, close to the 

median. This group was of medium weight. 
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Figure 2. Mean Iwlghts and weights of Iowa 
boys classified according to 
weight groups. 
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Figure 3* Mean weights of Iowa girls 
classified according to weight 
groups. 
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In the discussion these groups will be referred to as 

lightest weighty heaviest weight and medium weight. Of 

the total number of boys and girls« 11 per cent of the boys 

and 13 per cent of the girls were in the grox^) with lightest 

weight, 12 per cent of the boys and I6 per cent of the girls 

were in the group with heaviest weight, and 77 per cent of 

the boys and 71 per cent of the girls were in the medium 

group. 

The children of heaviest weight were taller than those 

of lightest weight. The ohildren of medium weight had mean 

heights that were between the heights of the ohildren of 

heaviest weight and of lightest weight, except for the 

heaviest weight 16-year-old boys (Table 25). 

Nutrient intake. The mean daily food energy and 

nutrient v«ilue of the diets of the ohildren classified 

according to weight for each age-sex group are presented 

in Tables 26 and 27* 

The boys of heaviest weight had mean food energy values 

that were nearly always above the values for the boys of 

lightest weight at corresponding ages (see Figure 4). 

Except at 9 ,  16 ,  17 and 18 years the boys of medium weight 

had diets with food energy values that tended to be inter­

mediate to those of the boys of heaviest weight and the 

lightest weight. 
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Table 23 

Mean Heights of Iowa Children Classified According 
to Weight Groups 

Groups^ I II III 
Age 
yr. No. Cm. No. Cm. No. Cm. 

Boys 

6 5 Ill 4 124 28 118 
7 5 117 5 131 46 124 
8 2 123 5 138 46 131 
9 8 126 7 139 38 137 
10 7 133 6 147 47 

lit 11 3 131 7 151 40 lit 
12 12 139 12 158 66 148 

6 147 6 160 32 158 
ik 5 147 7 172 27 155 
15 5 162 5 179 23 171 
16 3 161 3 169 25 172 

1 2 180 18 172 
18 2 

1^ 
4 

Girls 

180 11 169 

6 6 110 5 124 39 118 
7 3 115 6 129 39 122 
8 7 122 5 133 126 
9 9 124 11 142 42 133 

140 10 6 130 11 150 44 
133 
140 

11 10 1^6 12 152 36 147 
12 13 143 9 157 59 152 

6 143 6 160 32 153 
it 5 154 8 162 24 160 
15 5 160 9 165 24 160 
16 4 158 6 165 26 160 

2 159 5 167 18 162 
18 2 160 2 165 8 163 

^roup I—Weights minus 2 or 3 standard deviations 
Group II—Weights plus 2 or 3 standazxS deviations 
Group III—Weights within ± 1 standard deviations 
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fRVla 26 

laaa Bailx fbod Surgy lULnt aad Aitrimt Ooatmt of Bloti 
of Xowa Ghildrott (OaMlflod loeoiAioc to fhroo tfolî t Oroi 

Bogr* 

AfO Vood Aaeorl 
in «al«̂ % la Baorcr Protaia Oaloita Iron aeid 
jrra* 16. • tfroxQi* !«• •oa. eal. ffi. •C. •«. 

6 5 I 18.4 76 1923 63 966 9 80 
4 II 27.5 79 2430 72 1048 11 92 
28 III 22.7 78 2218 67 1060 9 79 

7 5 I . 19.8 87 2107 60 8X4 9 61 
3 II 32.9 91 2369 76 1095 11 83 

ii6 III 24.9 89 2202 66 1044 10 74 

8 2 1 22.0 100 1750 58 1060 7 78 
5 II 39.2 99 2282 72 1029 11 114 

i»6 111 27.8 99 2269 72 1136 10 74 

9 8 I 24.6 111 2331 70 1098 U 77 
7 II 41.9 116 2419 76 1071 11 90 
38 111 31.9 114 2518 76 1135 12 86 

10 7 1 27.6 124 2547 78 980 12 80 
6 11 42.6 128 2381 73 933 12 87 
47 111 33.5 125 2402 73 1064 11 75 

11 3 1 26.6 136 2630 74 1200 11 69 
7 II 53.7 138 2869 95 1387 13 98 
40 III 36.0 137 2569 77 1094 11 84 

fflXtBft 

I Voicbta •> Nlmui 2 or J •twadurd dorlatlona 

II Voifhti - Plna 2 or 3 atandard dorlatioaa 

III Valuta • VltMa 1 ataodard dariatioa 
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fttbla 26 

u Sftilj lood laoror lULoo *ttd Aiirlont Ooatoat of Sioto 
lOM (^IdTCtt CCUioifiod Aoeoidiac to fhroo Voi^ Orovyo 

Boiys 

food looorMo 11̂ 0-
in Baozcr ProtolB Ooloita Iron Mid VhlMdao flttfia llMi 
aof. oal* • •C* •S* •C* •C* 

76 1923 63 966 9 80 0.9 1»7 10 
79 2<f30 72 low 11 92 1.2 1.8 13 
78 2218 67 1080 9 79 1.1 1.9 11 

87 ao7 60 8i;i» 9 61 1.0 1.6 12 
91 2369 76 1095 n 83 1.2 2.2 12 
89 2202 66 lo^l^ 10 7'> 1.0 1.9 U 

lOO 1750 58 1060 7 78 0.9 1.8 8 
99 2202 72 1029 11 m 1.2 1.9 12 
99 2269 72 1136 10 7̂  1.1 2.1 12 

m 2331 70 1098 11 77 1.1 2.1 12 
116 2M9 76 1071 11 90 1.2 2.0 13 
m 2518 76 1135 12 86 1.2 2.1 13 

12f¥ 25^7 78 980 12 80 1.2 1.8 15 
128 2381 73 933 12 87 1.1 2.0 V¥ 
125 2402 73 106i» 11 75 1.1 2.0 13 

136 2630 7^ 1200 11 69 1.1 2.1 u 
138 2869 95 1387 13 98 l.^^ 2.4 16 
137 2569 77 1094 U 84 1.2 2.1 13 

•tandoxd dorlatlono 

(taadard dovi*tlono 

itaodATd doriation 
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26 (oentlatMd) 

Jood Aaoer̂ j 
itt 

flhroup̂  
in •Mrsjr Psrot«ia Okleitoi Iron Mid 

7Vt« Vo. flhroup̂  ks. •oa. eal. •s. •e. 

12 12 X 30.1 149 2488 77 850 13 63 
12 • ZI 57.8 149 3096 97 1280 15 109 
66 ZIX 39.6 148 2722 84 U57 13 84 

13 6 z 36.4 159 2484 75 908 12 77 
6 11 64.0 162 3024 93 1207 14 75 
32 111 47i0 161 2922 88 1157 14 105 

14 5 z 36.6 172 3024 88 960 14 68 
7 zz ' 68.5 173 3152 96 1056 15 60 
27 zzz 48.4 174 3083 90 U56 14 103 

15 k z 51.3 183 3282 97 1103 16 105 
5 u 73.3 186 3423 100 11^ 17 ICJ 
23 zzz 60.9 185 3209 91 U92 15 95 

16 3 z 47.1 197 3042 85 1160 13 89 
3 11 85.2 198 3226 98 1358 14 m 
25 111 63.1 196 3490 101 1327 16 U4 

17 1 1 44.9 209 1843 76 1221 9 57 
2 11 88.0 2U 2898 90 1046 13 62 
18 111 59.3 210 3541 108 1497 17 108 

18 2 1 52.0 228 3236 98 1260 15 60 
4 11 80.4 224 3513 101 1410 15 UO 
11 111 63.6 221 3449 10| 1084 16 81 
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Ac* rood AaeorMe 
in oMrar PMtola Oaleitai Iron Mia Ihlaalao flairla llaela 
•oa« oalt •£• •C* •e* •«. •S* 

V̂ 9 2488 77 850 13 63 1.2 1.8 14 
3096 97 1280 15 109 1.4 2.5 16 

IM 2722 84 1157 13 84 1.3 2.2 15 

159 2484 75 908 12 77 1*1 1.8 13 
162 3024 93 1207 14 75 1.4 2.3 15 
161 2922 88 U57 14 105 1.4 2.2 16 

172 3024 88 960. 14 68 1.4 1.9 17 
173 3152 96 1056 15 60 1.5 2.3 17 
174 3083 90 1156 14 103 1.5 2.2 16 

183 3282 97 1103 16 105 1.5 2.3 20 
186 3̂  100 1166 17 103 1.6 2.7 19 
185 3209 91 1192 15 95 1.5 2.5 16 

197 3042 85 1160 13 89 1.5 2.1 13 
198 3226 98 1358 14 103 1.4 2.5 17 
196 3̂  101 1327 16 124 1.6 2.5 17 

209 1843 76 1221 9 57 0.9 2.0 10 
211 2898 90 10̂  13 62 1.3 2.0 14 
210 3541 108 1497 17 108 1.7 2.8 18 

228 3236 98 1260 15 60 1.4 3.1 21 
3513 101 1410 15 110 1.8 2.9 18 

221 3449 101 1084 16 81 1.7 2.3 18 
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27 

Nmb 9aUj Ibod Sacrflr IkliM and IMriwit Omitmt of Dli 
of Imm QhilAjroii (OMaiftod Aeeoxdlng to Ihroo Voi|̂  Qi 

Oirlo 

rood Aaooi 
ia 

OroiV̂  
Vai«ht ia oBonor Protaia OaleiBB ZroB aoi 

yra* Bo. OroiV̂  !«• •oa. oal. •K. •«. •< 

6 6 Z 17*2 78 1663 52 754 8 61 
5 XZ 29.2 77 1976 66 1141 9 8: 
39 ZZZ 21.8 78 2005 61 914 9 61 

7 3 Z . 15.6 89 1942 52 8O7 8 8! 
6 ZZ 3'̂ .6 91 1972 67 1021 10 93 
39 ZZZ 23.9 89 1993 61 861 9 7' 

8 7 z 20.9 101 1744 53 808 8 6] 
5 ZZ 35.6 102 2138 68 1277 10 9< 
31 ZZZ 26.1 100 2070 64 lOU 9 7. 

9 9 I 22.5 113 2433 73 957 11 e: 
11 ZZ 42.1 m 2299 72 953 U 8: 
42 ZZZ 29.5 m 2245 68 957 10 a 

10 6 z 25.6 123 2166 63 885 10 8: 
11 ZZ .̂0 128 2370 72 1009 12 lOi 

ZZZ 33.2 125 2273 68 926 11 8i 

u 10 z 28.1 136 2046 64 832 10 8 
12 ZZ 50.7 138 2271 70 10x3 10 7 
36 ZZZ 39.8 137 23I8 70 967 10 8: 

X Volif̂ ta - Kiana 2 or 3 ataodard dariationa 

ZX Vaiiihta • Plw 2 or 3 atandard daviatioaa 

XZX Waiĵ ta - Within 1 atandard dariatioa 
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fklOa 27 

Oaily Hood Jtamtgf VSkIim «ai Aifcrt«at Oaalmft of Sitts 
iMi (̂ Idrtn OlMsifitd laeorAiag to fhreo Voiî t Qrox̂ a 

Oirlo 

la 
aoa» 

7ood 
oaoror 
eal* 

Protoia. Oaloiia 
«K« 

Iroa 
•s* 

•Aaoorbio 
Mid 
•C* 

fhl—Ino 
BlDo. 
flarla lUe! 

•(< 

78 1663 52 8 68 0.8 1.4 9 
77 1976 66 mi 9 83 1.0 2.1 10 
78 2005 61 914 9 64 1.0 1.7 10 

89 19te 52 807 8 89 0.9 1.7 10 
91 1972 67 1021 10 91 1.1 1.8 10 
89 1993 61 861 9 74 1.0 1.6 10 

101 53 808 8 67 0.9 1.5 9 
102 2138 68 1277 10 90 1.0 2.2 U 
100 2070 6<̂  lOU 9 75 1.0 1.8 10 

113 2433 73 957 U 81 1.1 1.9 13 
m 2299 72 953 11 83 1.1 1.9 12 
m 22i»5 68 957 10 82 1.1 1.8 12 

123 2166 63 885 10 85 1.1 1.7 12 
128 2370 72 1009 12 100 1.2 2.0 13 
125 2273 68 926 U 82 1.1 1.8 12 

136 2046 6il» 832 10 83 1.0 1.7 U 
138 2271 70 1023 10 72 1.1 1.9 12 
137 2318 70 967 10 82 1.1 1.9 12 

kOBdard doTlatiOBB 

indazd dtrlationa 

indard dorlatloa 
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27 (eontisa«&) 

food laeorb 
la Vcifiht in onavcr Protoln Caloita Iron aeld 
y*t. lb. 0rm9* •oa. oal. •«. •«. •8. 

12 13 X 31.5 148 2709 82 1069 13 67 
9 11 69.6 149 2259 72 1038 11 95 
59 1X1 k5,l 149 2663 82 1106 12 85 

13 6 X 31.5 158 2268 71 918 U 70 13 
6 XX 60.5 la 2772 84 1287 12 78 
32 XIX 47.2 161 2453 72 954 12 76 

V¥ 5 X 41.6 172 2425 72 1102 12 65 
8 61.4 172 2428 71 933 12 89 

2i» xxx 50.0 173 2519 76 982 11 83 

15 5 X 44.6 183 2698 84 1040 13 104 15 
9 XX 68.0 186 2588 72 787 12 98 
2̂  XIX 56.3 186 2682 74 911 12 66 

16 X 46.3 192 2832 75 892 13 140 
6 11 73.0 197 2118 70 790 10 77 
26 IIX 55.3 198 2277 68 804 11 66 

17 2 X 45.5 208 2523 75 8U 12 77 17 
5 XX 73.3 209 2068 63 795 10 82 
18 XXX 54.6 209 2439 75 812 12 90 

18 2 X 46.6 222 2551 84 1067 11 75 
2 XX 59.< 222 2060 56 588 10 82 
8 xxx 54.6 222 2471 74 801 12 98 
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kg* 'ood AaeovMe 
LB MMvar Prot«ln Oaloitai Iron Mid fhiaaiao flmTia ftaola 
MS. oal. 1̂ . mgt mg» mg4 mg, mg» mg. 

ita 2709 82 1089 13 67 1.2 2.1 14 
Ui9 2259 72 1038 U 95 1.1 2*0 13 
L49 2663 82 U06 12 85 1.3 2.1 14 

158 2268 71 918 11 70 1.1 1.7 12 
L61 2772 84 1287 12 78 1.2 2.4 14 
L61 2453 72 954 12 76 1.1 1.8 13 

L72 2425 72 1102. 12 65 1.1 1.8 12 
L72 2428 71 933 12 89 1.1 1.9 13 
173 2519 76 982 U 83 1.3 2.0 13 

183 2698 84 1040 13 104 1.3 2.0 15 
186 2588 72 787 12 98 1.1 1.7 14 
186 2682 74 911 12 86 1.2 1.8 14 

192 2832 75 892 13 140 1.4 2.0 13 
197 2U8 70 790 10 77 1.1 1.6 12 
198 2277 68 804 11 86 1.1 1.6 12 

208 2523 75 811 12 77 1.3 2.3 14 
209 2068 63 795 10 82 1.0 1.4 10 
209 2439 75 812 12 90 1.2 1.7 13 

222 2551 84 1067 U 75 1.3 2.0 14 
222 2060 56 588 10 82 1.0 1.2 11 
222 2471 74 801 12 98 1.2 1.6 14 
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The diets of the boys of heaviest weight had mean energy 

values above the allowances from 6 to I3 years. The diets 

of the boys of lightest weight had mean energy values that 

were below the reooniroendatlons except at 9t 10« 11 and 13 

years. The mean dally food energy value of the diets of the 

boys of medium weight conformed closely to the allowances. 

The values were slightly higher than the allowances to 12 

years J but a little below from 12 to 18 years. 

The diets of the girls of heaviest weight had mean food 

energy values that exceeded those of the girls of lightest 

weight to 13 years of age except at 9 and 12. After 13 

years the diets of the girls of lightest weight had mean 

energy values that were greater than those of the girls of 

heaviest weight. 13ils difference may reflect an effort on 

the part of the girls of heaviest weight to restrict their 

caloric Intake. The mean food energy value of the diets of 

the girls of average weight was not consistently inter­

mediate to the calorie values of the diets of the girls of 

heaviest weight and of lightest weight. 

The mean dally food energy value of the diets of the 

girls of medium weight approximated the allowances within 

100 to 130 calories. The greatest deviation from the allow­

ances occurred at 6, 7 and 16 years. 

The girls of heaviest weight and of lightest weight had 

mean energy food values that fluctuated Irregularly about 
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the allowances > but the n»an dally food energy values of the 

diets of the girls of l^avlest weight (I5 to 18 years) were 

about 300 calories lower than the allowances. The relation­

ship of food energy Intake to weight status was more con­

sistent for boys than for girls. 

The mean protein content of the diets of the boys of 

heaviest weight was greater than that of the diets of the 

boys of lightest weight except for the 10-year-olds. At this 

age t)w mean dally protein Intake was about the same regard­

less of weight (see Figure 5). 

Except at 13 to 17 years of age the diets of the boys 

of medium weight had mean dally protein values which were 

between the corresponding values for the groups of the 

heaviest weight and of the lightest weight. The mean pro­

tein content of the diets of the boys of medium weight 

always exceeded the allowances by 5 to 10 grams. The boys 

of heaviest weight had dietary protein valxws that were 

greater than the recommendations at all ages except at 15 

years. Zn the group of lightest weighty at five ages the 

mean dally Intake of protein did not meet the allowances. 

The boys of lightest weight tended to have diets poor In 

protein both as related to diets of boys of medium weight 

and as related to the allowances. 

The mean protein content of the diets of the girls of 

heaviest weight Indicated a greater protein consumption by them 
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Fig. 4 Mean daily food energy value of the diets of 
Iowa children classified according to three 

^ weight groups. 
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Fig.5 Mean daily protein content of the diets of 
Iowa children classified according to three 
weight groups. 



www.manaraa.com

-94-

than by the girls of lightest weight Srcm the ages of 6 to 

13 years, except at 9 and 12 years of age. After this age 

the protein Intake of girls of heaviest weight decreased 

sharply and was poorer than that of the girls who were either 

of medliim or lightest weight. For girls younger than 11 

years, the mean protein Intake tended to vary directly with 

the weight classification, but afterwards there was no con­

sistent relationship between weight and protein values. 

From 6 to 13 years the girls of medium weight had diets with 

mean protein values that approximated the allowances. The 

greatest deviation below tl^ allowances occurred at 16 years. 

From 6 to IS years the diets of the girls of heaviest weight 

had mean protein values that exceeded or met the allowances. 

From 13 to 18 years the mean protein content of the diets of 

the girls of heaviest weight declined steadily to values 

20 grams below the recommended allowances. For 9 out of 

13 age groups the girls of lightest weight had protein 

Intakes below the allowances. 

At most ages the mean calcium content of the diets of 

the boys with the lightest weight was less than that of the 

diets of the boys of the heaviest weight or of medium 

weight (see Figure 6). 

The boys of medium weight had diets with calcium 

content greater than the allowances only at 6 to 9 years 
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and at 1? years, whereas at the other ages the calcium In­

takes were below the allowances. The lightest weight boys 

had calcium values below the allowances at all ages except 

9 ye€u*3. For the heaviest weight boys the mean dally cal­

cium content approached the allowances except for the 10> 

14, 13 and 17 year olds. 

To 13 years the mean calcium content of the diet of 

the heaviest weight girls was greater than that of the 

lightest weight girls. After 13 years the heaviest weight 

girls had diets with calcium values below those of the 

lightest weight girls. Below 12 years the girls of medium 

weight had calcium Intakes that tended to be Intermediate 

between the values of the other two extreme weight groups. 

Regardless of weight classification, the girls seldom had 

mean dally calcium Intakes equal to the allowances. 

Heaviest weight girls to 13 years tended, more often than 

the others, to have calcium Intakes equal to the allowances, 

but after 13 years the calcium Intakes of this group di­

verged most from the allowances. 

At most ages the mean dally ascorbic acid content of 

the diets of the heaviest weight boys was greater than 

corresponding data for the lightest weight boys, but the 

medium weight group was not Intezroedlate with reference to 

the usage of this vitamin. 
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The heaviest weight boys had diets with ascorbic acid 

levels that surpassed the reconanendations, except at 13, 

14 and 17 years. The mean daily ascorbic acid content of 

the diets of the lightest weight boys was equal to or 

greater than the allowances to 10 years, but afterwards was 

below the reconut^ndations except at 15 years. The boys 

with mediuun weight had diets with mean daily ascorbic acid 

values which exceeded the allowances at most ages. 

The heaviest weight girls had diets with mean ascorbic 

acid content that was greater than that observed for the 

lightest weight girls at most ages (see Table 26). The 

heaviest weight girls and the girls with medium weight had 

diets with mean ascorbic acid contents that either exceeded 

or approximately met the allowances throughout the age 

range. Of the three groups the lightest weight girls were 

the only ones that tended to have diets with less than the 

allowances in ascorbic acid. Ascorbic acid was the only 

nutrient for which the diets of the heaviest weight girls 

of the late teens were superior to those of the lightest 

weight girls. 

As shovm by the means the heaviest weight boys usually 

consumed diets richer in thiamine than were those consumed 

by the lightest boys. The boys of medium weight had diets 
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wlth mean values that tended to be intermediate between the 

values of the other two groups. 

The thiamine value of the diets of boys of medium 

weight conformed closely to the allowances at most ages. 

The consumption of thiamine by the lightest weight boys 

was generally lower than the recommendations. To 15 years 

the mean thiamine value of the diets of the lightest weight 

boys either exceeded or were equal to the allowances. 

With the exception of the 9-and 12-year-olds the 

heaviest weight girls to 14 years tended to have diets con­

taining more thiamine than the diets of the lightest weight 

girls, but after l4 years the heaviest weight girls had 

lower consumption of thiamine than had the lightest weight 

girls. 

The mean thiamine value of the diets of the three 

weight groups tended to fluctuate somewhat below the allow­

ances. After 15 years age the lightest weight girls had 

diets which exceeded the allowances in thiamine whereas the 

heaviest weight girls had diets considerably lower than the 

allowances. 

The mean daily riboflavin intake of the heaviest weight 

and medium weight boys at most ages was greater than the 

intake for the lightest weight boys. The boys of medium 

weight consumed diets that contained amounts of riboflavin 
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sllghtly less than the amounts eaten by the boys of heaviest 

weight. The weight status of the boys roughly paralleled 

the riboflavin as well as the protein Intakes. The ribo­

flavin consumption of boys of medium weight and of the 

heaviest weight exceeded the allowances at nearly all ages. 

The boys of lightest weight had diets in which the ribo­

flavin intakes were often below the allowances. 

From 6 to 13 years the mean riboflavin value of the 

diets of the girls of t)» heaviest weight nearly always sur­

passed the corresponding figures for the girls of lightest 

weight. From 13 to 18 years the values for the two groups 

reversed their positions. At a number of ages the mean 

daily riboflavin intake of girls of medium weight main­

tained an intermediate position between the corresponding 

figures for the groups of the heaviest weight and of the 

lightest weight. 

The girls of medium weight had diets with mean 

riboflavin content that exceeded the allowances to 

12 years« but afterwards were considerably below the 

recommendations. The mean riboflavin content of the 

diets of the girls of heaviest weight followed the same 

trend, only with a precipitous drop after 13 years. The 

riboflavin content of the diets reached a value 0.6 mg. below 

the allowances at 18 years, or only two-thirds of the 

allowances. The girls of lightest weight had intakes with 
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rlboflavin content which exceeded the allowances in the 

earlier and later school years, but tended to be less than 

the allowances from 10 to 13 years. 

In general/ the heaviest weight boys had mean daily 

niacin intakes that were above the lightest weight boys, 

except at the ages of 10, 15 and 18 years. The boys of 

average weight tended to have mean dally niacin Intakes be­

tween the values of the two groups (see Table 25). 

Except for the 15-year-olds, tl^ boys of mediiam wei^t 

had niacin Intakes that were about two milligrams higher 

than the amount indicated by the allowances. The mean 

niacin value for the lightest weight boys fluotxuited about 

the allowances, while the heaviest weight boys had mean dally 

intakes of niacin that were greater than the recommenda­

tions . 

To 14 years the heaviest weight girls had mean daily 

niacin intakes greater than those of the lightest weight 

girls except for the 9-and 10-year-olds. From 15 to 18 

years the heaviest weight girls had dietary niacin values 

less than those observed for the lightest weight girls. 

The girls of medium weight had niacin values that 

either exceeded or met the allowances, whereas the lightest 

weight girls had niacin Intakes below the allowances at 

several ages. The heaviest v/elght girls had diets with 
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niacin values that either exceeded or approximated the allow­

ances from 6 to 16 years) afterwards the values declined to 

nearly 2 milligrams below the recoraoendations. 

It may be noted from Tables 26 and 27 that the girls of 

heaviest weight had diets with mean energy food value and 

nutrient contents that were in general larger than those 

observed for the girls of lightest weight from 6 to 13 

years( afterwards the relative positions were reversed. 

The diets of the teen-age girls of heaviest weight were 

poorer than those of the girls of lightest weight or of 

medium weight in all respects except ascorbic acid. The 

overweight girls may have been attempting to reduce their 

intake of food. The diets of these girls may be expected 

to lead to an unfavorable nitrogen balance» since the caloric 

intake and the protein content of the diets were below the 

allowances. Leverton (1931) observed that college girls 

could not maintain nitrogen balance on a low protein intake, 

if the caloric value of the diets did not meet the energy 

needs of the girls. 

Since the Iowa girls had an insufficient intake of 

protein, calcium and riboflavin, it appeared that milk was 

not liberally used by the girls. 
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Concentrationa of various blood constituents. The 

serum ascorbic acid concentrations of the three groups of 

boys and girls classified according to weight tended to 

decline with age to a low level in the middle teens. 

Some of the poorest concentrations were observed among 

the heaviest weight boys and girls. These low concentra­

tions are not associated with especially low intakes of 

vitamin C. At 14 years the heaviest weight boys and girls 

had a calculated mean ascorbic acid intake of 6o and 

90 milligrams, respectively, and a mean serum concentration 

of 0.3 and 0.2 milligram. The low serum ascorbic acid 

concentrations at 14 years for the overweight boys and 

girls and at 13 years for the lightest weight and medium 

weight boys and girls are noteworthy (see Figure 7)* 

The heaviest weight children may be utilizing the 

vitamin more rapidly in the formation of new tissues, so 

the decrease occurred a year earlier, than for the lightest 

and medium weight children who are accumulating tissue at 

a slower rate. The concentrations did not reach as low a 

level for the lightest and n»dium weight groups. The obser­

vation needs further stiidy for the serum ascorbic acid 

concentration may not only reflect the rapid use of the 

vitamin by the body for tissue formation, but also the in­

take of the vitamin-C-rich foods over a period of time. 
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The boys of heaviest weight had serum concentrations 

that tended to be larger than those of the boys of lightest 

weight frcMa 6 to 12 years. The boys of medium weight had 

concentrations that were nearly always larger than those of 

the boys of lightest weight (see Table 28). The girls of 

heaviest weight had serum ascorbic acid concentrations that 

tended to be lower than those of the girls of lightest 

weight. The boys and the girls of medium weight tended to 

have concentrations that varied less from age to age than 

did the concentrations of the other groups of boys and girls 

Bessey and Lowry (194?) suggested that 0.7 milligram 

per cent was satisfactory level of serum ascorbic acid con­

centration for boys and girls. The boys of heaviest weight 

had concentrations 0.7 milligram per cent or higher from 6 

to 12 years. The boys of lightest weight had mean concen­

trations that were below 0.7 milligram per cent, except for 

6, 9 and 11 years. The boys of medium weight had concentra­

tions of 0.7 milligram or better through 13 years. 

The girls of heaviest weight had concentrations above 

0.7 milligram per cent except at 9$ 13» 14 and 15 years. 

Prom 6 to 11 years the girls of lightest weight had serum 

ascorbic acid concentrations above 0.7 milligram per cent, 

then followed a decline which reached a low level of 0.2 mil 

ligram per cent. The concentrations of the girls of medium 

weight were above 0.7 milligram per cent to 10 years, then 
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Table 28 

Mean Serum Ascorbic Acid Concentration of Iowa Children 
Classified According to Weight Oroups 

Groups^ I II III 
Age 
yr. No. Ife.% No. MR.% No. MK.% 

Boys 

6 3 1.08 3 1.02 15 0.86 
7 2 0.62 2 1.15 21 0.86 
8 2 0.68 4 0.99 31 0.85 
9 7 1.00 5 1.08 23 1.09 
10 k 0.58 3 1.11 25 0.80 
11 2 0.78 4 0.72 18 0.93 
12 7 0.53 10 0.86 ^*7 0.72 

2 0.65 5 0.38 20 0.7? 
14 5 0.56 3 0.31 9 0.64 
15 1 0.40 1 0.52 12 0.50 
16 2 0.60 3 0.7^ 10 0.71 

1 0.76 2 0.36 4 0.67 
18 2 0.28 1 

Olrla 

0.13 7 0.61 

6 2 1.45 3 1.20 19 .86 
7 2 X *13^ 4 0.95 25 1.02 
8 4 0.87 5 0.91 15 1.04 
9 9 0.93 4 0.56 24 1.02 
10 2 1.23 4 22 0.99 
11 6 0.73 9 0.84 19 0.63 
12 12 0.61 6 0.79 ^3 0.76 

2 0.68 3 0.42 20 0.50 
14 1 0.58 1 0.19 11 0.62 
15 4 0.44 3 0.47 8 0.48 
16 1 1.57 4 0.72 10 0.56 

1 0.22 2 1.20 7 1.07 
18 2 0.80 1 1.66 4 0.94 

^roup I—Weights minus 2 or 3 standard deviations 
Group II—Weights plus 2 or 3 standard deviations 
Group III—Weights within ± 1 standard deviations 
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they declined to 0.2 milligram per cent at 13 years. In 

the next three years the concentrations were erratic in 

trend. The girls of medium weight had concentrations that 

were above 0.7 milligram per cent to 10 years, then they 

declined steadily to 13 years. 

From these data, it appeared that the amount of vitamin 

C recommended as an adequate intake by the National Research 

Council was not sufficient to produce a mean blood concen­

tration equal to 0.7 milligram per cent at all ages. Also 

in view of the deviations noted with age, the question is 

raised as to whether 0.7 milligram per cent is a satis­

factory level for children of all weights and ages. 

The decrease with age in the serum carotenold concen­

tration of the three groups of boys and girls may have a 

physiological significance. This trend was particularly 

outstanding for the children of heaviest weight (see Figure 

8). The low concentrations were attained by the boys in the 

three groups at 13 years and by the girls of heaviest and 

medium weight at 13 years. Since the disappearance of the 

carotenoids In the blood may be associated with the conver­

sion to vitamin A these observations suggested the greater 

use of vitamin A by rapidly growing children than by the 

less rapidly growing children. 

The boys of heaviest weight had serum carotenold concen­

trations that were higher than those of boys of lightest weight 
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10 years} from 11 to l8 the values tended to be lower (see 

Table 29). 

The girls of heaviest weight had serum carotenoid con­

centrations greater than those of the girls of lightest weight 

from 6 to 10 years} afterwards the order was reversed to 16 

years. The girls of medium weight had oonoentrations that 

conformed more closely to those of the girls of lightest 

weight than those of girls of the heaviest weight. 

mean serum alkaline phosphatase concentrations of 

the children of lightest weight and of heaviest weight fluc­

tuated more than the concentrations of the children of medium 

weight (see Figure 9)> The decline toward adult levels be­

gan at 13 years for the boys of lightest weight and of 

medium weight, but at 12 years for the boys of heaviest 

weight. The descent toward adult levels was more rapid for 

the boys of heaviest weight than for the boys in the other 

two groups. The boya of medium weight had values that de­

creased regularly toward the adult levels while the other two 

groups fluctuated during the decline (see Table 30). 

From 6 to 10 yeara the girls had phosphatase concentra­

tions that corresponded to weight status. The girls of 

heaviest weight reached the peak at 10 years, the girls of 

medium weight at 11 years, and the girls of lightest weight 

at 12 years. It appears from these data that with the 

girls the concentration of phosphatase may be associated 
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Table 29 

Mean Serum Carotenoid Concentrations of Iowa Children 
Classified According to Weight Groups 

Groups®- I II III 

Age 
MOPE. yr. No. Mor.% No. MOPE. No. 

Boys 

6 4 98 3 118 14 106 
7 3 148 2 194 20 114 
8 2 82 4 130 28 116 
9 6 108 5 141 20 128 

10 4 74 3 145 27 129 
11 1 150 4 96 21 118 
12 8 115 9 100 48 105 

2 90 5 19 109 
l5 5 Si 3 pu 9 99 
15 1 86 1 44 12 68 
16 1 218 3 62 9 75 

2 84 2 116 3 142 
18 2 107 1 33 7 102 

Girls 

6 4 181 3 198 17 129 
7 2 102 4 142 25 121 
8 4 87 5 110 15 125 
9 8 97 5 128 25 115 
10 2 116 4 122 22 130 
11 6 120 9 81 20 112 
12 11 92 5 60 46 105 
13 2 104 3 46 20 93 
14 0 - - 1 49 12 99 
15 4 103 3 81 8 103 
16 1 98 4 100 9 88 

1 86 2 119 7 125 
18 2 126 1 165 4 134 

^roup I—Weights minus 2 or 3 standard deviations 
Group II—Weights plus 2 or 3 standard deviations 
Group III—Weights within ± 1 standard deviations 
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Table 30 

Mean Senam Alkaline Phosphatase Concentrations of Iowa 
Children Classified According to Weight Groups 

Groups^ 

Age 

II III 

No, NP.U.to No. NP.U.^ No. NP.U.^ 

I 
9 
10 
II 
12 

II 
ii 

II 

9 
10 
11 
12 

II 
17 
18 

k 
3 
2 
7 
4 
2 
8 
2 
5 
1 
2 
1 
2 

3 
2 
If 
9 
2 
6 
12 
2 
1 
4 
1 
1 
2 

3.90 
5.03 
k,6i 
6.41 
k,17 
7.00 
5.68 

5«86 
3.78 
3.53 

2.45 

Boya, 

3 
2 
4 
5 
3 
4 
10 
5 
3 
1 
3 
2 
1 

Girls 

4.95 
.02 
.94 
4.18 
2.95 
4.37 

2.10 
3.42 
2.20 
0.89 
1.46 

3 
4 
5 

5 
8 
6 
2 
1 
2 
4 
2 
1 

4.32 
6.02 
5.8: 
6.3 

4.58 
6.95 
4.97 
4.59 
1.89 
3.78 
3.81 
2.19 

5.18 
6.40 

P? 
8.04 
6.74 
3.fe 
2.5| 

i.*i2 
1.94 
1.15 
2.22 

15 
23 
31 
23 
28 
20 
47 
19 
9 
12 
10 
4 
7 

21 
26 
15 
25 
23 
19 
4b 
21 
12 
9 
10 
7 
4 

4.63 
5.11 
5.35 
5.42 
5.05 
4.75 

m 
6.57 

ni 
3.64 
2.47 

4.85 
4.84 
4.87 
5.60 
5.55 
6.21 

.80 
.41 
3.17 
2.27 
2.04 
1.80 
1.56 

®0roup I—Weights minus 2 or 3 standard deviations 
Group II~Weight8 plus 2 or 3 standard deviations 
Group III—^Weights within ± 1 standard deviations 

^itrophenol units. 
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with weight. To the tlroe that the concentrations reached a 

peak the girls of heaviest weight had the highest concentra­

tions, the girls of ciedliua weight the Intermediate and the 

girls of lightest weight the lowest. The peak was reached 

at 10 years by the girls of heaviest weight, at 11 years by 

the girls of medium weight and at 12 years by the girls of 

lightest weight. 

The hemoglobin concentrations In the blood of the boys 

of lightest weight were In general lower than the values for 

the boys of heaviest weight or of medium weight (see Figure 

10}. The latter two groups had concentrations that were 

about the sane. The girls did not exhibit a well-defined 

difference between the groups with the heaviest weight and 

lightest weight as did the boys. After 12 years the girls 

of aversge weight tended to have higher hemoglobin concen­

trations than had the other two groups. The lower hemoglobin 

concentration of the girls of heaviest weight at 13 years 

may be associated with the poor diets, previously described 

for this group. 

The differences In nutrient Intake and In senun con­

centrations of the various blood constituents and In physloal 

status that have been noted In the three groups cannot be 

explained by age, for the difference between the children 

of lightest weight and of heaviest weight ranged from 

five months to no difference. The maxlmxun difference five 

months occurred twice, namely, for the 9-y6ar-old boys and 
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Table 

Mean Hemoglobin Conoentratlons 
Classified According 

31 

of Blood of Iowa Children 
to Weight Groups 

II 

I 

II 

5 

Groups^ I II III 
Age 
yr. No. Qm. % No. Om.% No. Qm.^ 

Boĵ t 

11.6 3 10.1 28 12.2 
12.3 4 12.4 48 12.2 

2 12.0 5 12.3 44 13.0 
9 7 12.3 7 13.3 38 13.1 

10 7 12.3 o 12.5 47 13.3 
11 3 12.9 6 13.0 39 12.6 
12 12 12.6 12 13.5 62 13.2 
13 6 12.4 6 13.0 30 13.6 
14 6 13.0 7 14.0 28 13.3 
15 4 13.8 5 14.8 23 14.3 
16 3 14.2 3 14.4 28 14.4 

2 14.6 2 14.9 17 14.2 
2 14.6 4 14.8 12 14.9 

Girls 

6 12.1 5 12.6 37 12.4 
3 12.6 6 12.8 38 12.3 
6 12.4 5 12.4 27 12.1 

9 9 12.6 10 12.7 40 12.6 
10 6 12.8 10 12.8 43 12.5 
11 10 12.7 11 13.4 36 13.0 
12 13 13.6 8 13.1 57 13.5 

6 12.4 6 12.6 32 12.8 
5 12.5 8 12.6 24 13.1 

15 5 12.7 9 12.4 24 12.8 
16 4 12.1 6 13.0 26 13.2 

2 14.2 5 12.5 18 13.1 
2 12.1 2 13.0 8 12.6 

^roup I~Welght minus 2 or 3 standard deviations 
Group II—Weight plus 2 or 3 standard deviations 
Group III—Weight within ± 1 standard deviations 
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10*year-old girls. The average difference for the boys was 

two and one-half months; and for the girls two months. 

Summary 

1. In height the girls and boys of heaviest weight were 

the tallest, those of meditam weight wore intermediate, and 

those of lightest weight, the shortest. 

2. With a few exceptions the boys of heaviest weight 

had diets with food energy and nutrient contents that were 

greater than those observed for the boys of lightest weight. 

3. In general, the girls from 6 to 13 years of the 

heaviest weight group had dietary intakes of the various 

nutrients that were greater than those of the girls of the 

lightest weight. Prom 13 to 18 years the girls of heaviest 

weight had dietary intakes that were lower than the intakes 

of the girls of lightest weight. 

4. There were some exceptions at the various ages, but 

in general, the boys and the girls with medium weight tended 

to have dietary intakes of the various nutrients that were 

intermediate to the intakes of the other two groups. 

5. The boys of medium weight had diets which either 

exceeded or approximated the allowances for food energy and 

the dietary nutrients. The greatest deviation was in the 

mean calcium intake. 
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6. The girls of laedlusi weight to 13 years had mean 

Intakes that either exoooded or approximated the allowances 

except for thiamine and oaloiiim. 

7* The boys of heaviest weight and the girls of 

heaviest weight to 13 years tended to have mean nutrient in­

takes that either surpassed or approximated the suggested 

allowances. The older girls of heaviest weight had diets 

with mean food energy and nutrient values less than the 

allowances, except ascorbic acid* 

8. Except for calcium, the boys of lightest weight and 

the girls of lightest weight from 6 to 13 years tended to 

have more age groups with dietary intakes of the various 

nutrients that were less than the allowances, than did the 

otl^r two groups of children. With the exception of calcium 

the girls of lightest weight from 13 to 18 years had intakes 

of the various nutrients that were nearly always better 

than the allowances. 

9. nie serum ascorbic acid concentrations of the girls 

and boys in the three weight groups tended to decrease with 

age until they reached a low level at 14 years for the child-

rend of heaviest weight, and at 13 years for the children of 

lightest weight and of medium weight. The variations in 

serum ascorbic acid concentrations from age to age was most 

evident with the children of heaviest weight. 
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10. The serum carotenold concentration apparently 

decreased with a&e, so that the lowest concentration was 

observed in the heaviest weight boys and girls at 13 and 15 

years> respectively. 

11. The peak alkaline phosphatase concentration was 

reached by the heaviest weight boys at 12 years« and by the 

lightest weight and medium weight boys at 13 years. The 

descent to adult levels was more rapid for the heaviest 

weight boys than for the other two groups. 

12. The peak of the mean serum alkaline phosphatase 

concentrations was reached by the heaviest weight girls 

at 10 years, by the girls of average weight at 11 years and 

by the lightest weight girls at 12 years. The decline to­

ward adult level was rapid for the heaviest weight girls. 

13. The mean hemoglobin concentration in the blood of 

the lightest weight boys was lower than the mean concen­

trations for the other two groups of boys. There was very 

little difference between the hemoglobin concentrations 

of the medium weight and heaviest weight boys. The hemo­

globin concentrations of the three groups of girls dis­

played no outstanding differences. 
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Heighta of Iowa Children 

Height Is a measure of linear growth. An increase of 

one inch does not mean an Increase throughout the length of 

the body. It may be an Increase in the area of the head 

and neck, in the trunk, or in the leg. The place where 

this gain in height takes place depends largely on the age 

at which the gain in height is made. 

inherited tendencies influence the ultimate expression 

of linear growth. Tallness is dominant over shortness. The 

children of tall parents tend to be tall and children of 

short parents, short. This family trait will be most evident 

at periods of rapid growth (Winchester, 1951)* 

Like weight measurements, the height measurements are 

subject to variations. The time of day is another important 

factor that induces a variation in height. If the heights 

of children are to be observed over a period of time, in 

order to have comparable data, the height measurements should 

be made at the same time of day. Children are shorter at 

noon than they are upon rising, and still shorter in the 

evening than at noon (Boy!^ 1929). It is also very important 

to make the measurement as accurately as possible. The 

techniqxies used should be standardized and employed carefully 

so that the difference due to the way the measurement is 

made is at the minimm 
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Mean heights of total sample of Iowa children 

The children in this stiidy were ineastired in the later 

half of the morning. Heights were measured against a paper 

scale which was glued against an upright board placed at 

right angles to a platform. The scale was prepared by the 

Iowa Child Welfare at the lAniversity of the State of Iowa. 

A right-angle head piece was used to determine the point 

on the measuring scale on the level with the highest 

point of the child's head. 

The boys made the greatest height incren^nt between 

the ages of 12 and 13 years and between 14 and 13 years. 

The variation in the individual observations at these ages 

became quite large, and remained highly variable through 

18 years (see Table 32). The girls made the greatest 

increment between 8 to 10 years and 13 to 14 years. The 

variations among the individual observations on the 

heights of girls at each age increased to 10 years, then 

declined slowly so the ranges of heights for girls were 

about the same at each age from 14 to 18 years. 

Comparison of the heights of Iowa children with those of 

other stxidies 

The boys in this study, who were selected randomly 

from a Icirge population of Iowa school-age boys, were 
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Table 32 

Mean Heights of the Iowa Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. cm. cm. cm. cm. 

Boss 

6 38 118 4.7 0.7 109 - 126 
7 58 124 5.2 113 - 137 
8 53 131 5.5 0.8 121 - 145 
9 55 136 6.2 0.8 122 - 149 

10 60 140 5.8 0.7 127 - 153 
11 50 144 6.6 0.9 126 - 159 
12 ?? 148 0.8 127 - 169 

156 8.6 1.3 129 - 172 
l5 40 161 10.1 1.6 133 - 176 

32 171 6.5 1.1 158 - 187 
16 3H 170 7.3 1.2 150 - 184 

21 173 !•§ 1.6 156 - 187 
18 18 172 8.8 2.1 157 - 187 

airls 

6 118 4.8 0.7 106 - 126 
7 123 6.4 0.9 112 - 134 
8 44 127 5.5 0.8 116 - 142 
9 64 133 6.6 0.8 118 - 148 

10 61 141 7.3 0.9 124 - 159 
11 58 146 7.6 1.0 131 - 162 
12 82 151 7.1 0.8 137 - 169 
13 44 153 7.5 1.1 130 - 168 
14 159 0.8 149 - 170 

38 161 6.7 1.1 147 - 175 
16 37 161 0.9 1^7 - 175 
H 26 162 4.8 0.9 154 - 171 
18 12 163 6.5 1.9 154 - 174 
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taller than the boys observed by Jackson and Kelly at Iowa 

City (see Table 33)• These boys were also taller than the 

Iowa boys measured by the Bureau of Human Nutrition and 

Home Economics (1941). The Iowa boys In this study were 

not so tall as the Chicago boys observed by Gray and Ayres 

(1931) and the Denver boys measured by Maresh (1948). 

The Iowa girls In this random sample of school age 

girls were taller than the girls measured at Iowa City 

(Jackson and Kelly> 1943) or by the Bureau of Human Nutri­

tion and Home Economics (1941) (see Table 34). They tended 

to be shorter than the girls measured at Chicago by Gray 

and Ayres (1931) and at Denver by Maresh (1948). 

Study of the tallest, shortest and average height children 

To study the dietary Intake and the blood constituents 

of children of different heights, each age-sex group was 

divided Into three groups according to the mean and stand-

eird deviation of the group. The children In Group I con­

sisted of girls and boys whose heights were In the second 

or third standard deviations below the mean for the mean 

for the 13 age-sex group, Gi*oup II contained children whose 

heights v/ere In the second or third standard deviations 

above the means and Group III contained the children who 

were within plus or minus one standard deviation. 
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0«9WLAOB «f MMUI of loMk Sdiool OhildroB with Siallar DATA fi 

la 
yra. Btt. 

I«ia (1953)* 

Moaa ••d. 

h 

lo. 

ma (1941)̂  

Moaa ttd. Ho, 

lova (1945)̂  

Mm a.d. 

Obloa« 

16. H* 

em « ea m at cm ( 

6 38 117.5 4.7* 417 116.8 5.3* - 116.1 4.06 114 m 

7 38 12l>.l 5.22 429 122.5 5.04 - m.9 5.08 143 I2i 

8 53 130.9 5.50 544 128.4 5.56 m 128.0 6.10 147 13: 

9 55 135.6 6.22 483 133.6 5.94 m 133.6 5.59 167 13; 

10 60 139.5 5.76 554 137.6 6.94 - 138.9 5.59 173 14; 

11 50 lA4a 6.56 501 143.1 6.71 - 143.2 6.10 201 14 

12 90 1A8.3 7.12 321 147.1 7.72 147.8 6.35 247 15 

13 156.5 8,63 229 153.1 8.16 - 153.2 7.62 293 15 

ll» 40 160,7 lO.U 168 160.3 8.49 - 159.3 8.64 373 16 

15 32 171.1 6.51 m «• - - 165.1 8.64 362 16 

16 34 170.4 7.32 - m - m 169.7 7.62 292 17 

17 21 172.8 7.52 - - 'm - 173.5 7.62 229 17 

18 18 172.4 8.62 m m m «• 174.2 8.64 129 17 

*ProMat atodj 

alBeoHoBocms pal)lieatiott Ho. 366 

^Jadcsoa and laUjr (19^5) 

^Qroj and igrroa (1931) 

*lfaraBh (19^6) 
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of lows ̂ ool OhilAMB vlth Siallar Sftta trm Soloetod Studios 

loyo 

'mm (1941)̂  I 9̂  (19̂ 5)® OhioMO (1931)^ Dottvwr (1948)* 

Nora ••A. Ho. NOM ••A. Hd. Noon T.A. lo. MOM t.A. 

e« OH , « CM CM « - -
11̂ .8 5.3* - 116.1 4.06 m 118.6 4.85 175 120.7 4.20 

122*5 5.0l> «• 121.9 5.08 143 12«>.7 5.23 164 127.3 4.39 

120.1̂  5.56 • 128.0 6.10 VVf 131.1 5.28 169 132.7 4.66 

133.6 5.9'̂  - 133.6 5.59 167 135.8 5.81 164 137.8 4.74 

137.6 6.94 - 138.9 5.59 173 141.2 5.13 151 142.4 4.90 

1̂ 3.1 6.71 - 11̂ 3.2 6.10 201 345.̂  6.62 142 146.7 5.42 

W.l 7.72 - W.8 6.35 2il̂ 7 150.3 6.74 135 151.9 5.67 

153.1 8.16 •• 153.2 7.62 293 156.4 7.29 123 158.0 6.54 

160.3 8.i9 - 159.3 B.6k 373 162.4 7.79 97 164.9 6.84 

- - - 165.1 8,64 362 168.5 7.73 71 170.6 6.41 

m - - 169.7 7.62 292 172.8 6.71 48 175.2 5.U 

m - - 173.5 7.62 229 175.2 6.34 39 176.4 4.59 

- - m.2 8.6̂  129 176.1 6.39 58 179.5 6.35 

OB Ho* 366 
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faxuy* 

OmpmriMm of Noaii of Zew SehooX OhildMa vlth Siailar 9«li 

«Lrlt 

ISo 
ia 
arrt* le. 

lorn (1953)* 

Noaa ••d. 

Xowa (1941)̂  

Vo. Nwa t.d. 

u 
>0. 

fm (1945)* 

Noaa i.d. 

01il« 

Ho. 

e. OB ea m 0. 

6 50 U7.8 4.85 445 116.3 4.90 - 115.1 4.32 74 

7 48 122.6 6.44 535 121.9 5.17 m 120.9 5.33 90 

8 126.7 5.48 492 127.8 6̂ V¥ m 126.7 5.33 100 

9 6k 133^ 6;64 539 132.7 6.21 m 132.6 5.84 122 

10 61 ]A0;8 7.3̂  542 138.3 6.58 m 137.7 5.84 110 

11 58 1A6.0 7.56 540 144.x 7.00 - 1̂ 3.5 6.60 139 

12 82 151.̂  7.09 323 149.9 7.22 mm 150.4 7.11 126 

13 153i2 7.48 181 153.9 7.a - 156.0 6.35 124 

Vk 37 159.̂  5.1/> 134 158.6 6.23 - 159.5 5.59 108 

15 38 16l;2 6;66 - m - m 160.8 4.83 96 

16 37 160.5 5.59 m m - m 161.3 5.33 86 

17 26 162.5 4i79 m m m m 161.3 6.10 86 

18 12 163.2 6.54 - m m m 161.0 6.10 51 

"PMsoat ttody 

,̂8,S,A« NlieoUanoovM FoMLioatlons lo, 366 

Vaeksoa aod Etllj (19'̂ i) 

^Qixmj aod igrroa (1931) 

•Marosh (19^) 
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I «f Unm Sehool OhildMB vith Siailar 9sta froa Sel«et«d 8%tidi«t 

Oirla 

U mm (19̂ 5)® OhiMctt (1931)̂  Braver (19<»8)* 

NMm ••d. lb. NMB ••d. Vo. MMUI B.d. >0. NeM s.d. 

ea oa CM ea ea ea 

U60 MO 115.1 .̂32 7̂  ̂ 118.0 145 120.6 5.36 

121.9 5.17 m 120.9 5.33 90 m.i *>.76 1A6 126.5 5.96 

I27.B 6.1A m 126.7 5.33 100 130.7 5.62 136 132.7 5.76 

132.7 6.21 - 132.6 5.«> 122 135.9 5.90 118 138.6 6.32 

X38i3 6.58 m 137.7 5.8t» 110 1A0.2 6.09 104 144.1 7.20 

3A4.1 7.00 - 1A3.5 6.60 139 1A6.0 6.99 100 150.3 7.65 

1A9.9 7.22 - 150.î  7.U 126 152.0 7.̂ 7 93 156*4 7.50 

153.9 7.21 tm 156.0 6.35 I2f̂  157.2 7.24 92 U1.7 6.73 

158.6 6.23 - 159.5 5.59 108 160.1 6.82 73 165.2 5.69 

- - - 160.8 4,83 96 163.0 5.89 43 166.4 5.89 

m - - 161.3 5.33 66 162.9 5.41 34 167.3 5.35 

m m - 161.3 6.10 86 163.9 6.24 21 165.9 4.45 

' m m. • 161.0 6.10 51 163.7 3.93 28 165.8 3.90 

lona I6. 366 
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Physlcal status. It may be observed In Figures 11 and 

12 that the children In Group I were shorty In Oroup II 

were tall, and In Oroup II, average according to t)% growth 

charts prepared from the data observed at the Iowa Child 

Welfare Research Station. In the following discussion Oroup 

I will be referred to as the "shortest". Group II as the 

"tallest", and Group III as "average". 

In all age-sex groups the tallest children weighed more 

than the shortest children (see Table 33). Except for the 

16 year old girls, the average children had mean Inter­

mediate weights to the mean weights of the other two groups. 

The shortest girls from 14 through 15 years apparently were 

heavy for their height. The mean heights for the short 

girls (14^ to 17 years) were below the minus one standard 

deviation and the weights were between the l6th and 84th 

percentile (see Figure 12). The mean heights of the girls 

In Group III were close to the mean on the chart, but the 

weights were above the median weight on the chart, there­

fore this group of girls tended to be a little heavy for 

their height. To a less marked degree the boys Indicated 

the same tendencies. 
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Figure 11. The heights and weights of Iowa 
boys classified aocording to three 
height groups. 
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OCPARTWCNT or ~ PtOIATRlCS STATE l^VE«SITY OF IOWA 
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Flgtire 12. The heights and weights of Iowa 
girls classified according to 
three height groups. 
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Table 35 

Mean Weights of Iowa Children Classified According 
to Height Groups 

Groups^ 
Age 

II III 

yr. No. Kg. No 

Boys 

6 6 19.8 11 
7 9 21.9 12 
8 6 24.1 10 
9 5 24.1 8 

10 10 31.0 8 
11 7 29.9 8 
12 14 3^1 14 

2 36,1 6 
14 8 40.0 6 

5 52.6 5 
16 5 58.4 5 

2 49.5 2 
18 4 61.9 4 

Girls 

6 7 17.5 6 
7 6 20.6 10 
8 6 21.8 6 
9 9 23.1 10 

10 8 26.6 7 
11 9 29.5 7 12 13 33.8 i4 

11 S m 2 
5 53.3 6 

16 4 5 
4 4S.8 4 

la 1 5^.1 3 

25.8 
38.2 
33.1 
37.0 
38.3 
50.4 
52.8 

m 

n 
71.4 
71.1 

I 

26.4 
29.9 

46.8 
46.9 
56.7 
5^6 
54.1 
63.4 
64.4 
63.0 

No. 

20 
35 

42 
P 62 
35 
26 
22 
22 
17 
9 

37 
32 

It 
46 
42 
54 
32 
27 
27 
27 

'I 

iSS, 

21.8 
24.7 
27.5 
32.1 

?o.'o 
46.3 
51.8 
61.4 
63.9 
64.6 
65.7 

22.2 
23.8 
26.2 
30.0 
35.0 
41.2 
45.8 
47.1 
51.7 
55.9 

5M 
58.6 

^roup I —Height minus 2 or 3 standard deviations 
Group II —Height plus 2 or 3 standard deviations 
Group III—Height within ± 1 standard deviations 
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Nutrlent Intake. In Tables 36 and 37 are presented 

the mean food energy value and nutrient content of the diets 

of the three groups of children classified according to 

the three levels of height. 

In general the tallest boys tended to have diets with 

larger mean daily energy food values than the shortest. 

At certain ages the boys of average height had diets with 

food energy values that were between the corresponding 

values of the two other groups (see Figure 13)* The 

tallest boys had diets with mean food energy values that 

either exceeded or approximated the allowances, whereas 

in this respect the shortest boys had diets below the allow­

ances except at 6, 7> 10 and 11 years of age. The boys 

of average height had diets with mean valines that approxi­

mated the allowances at all ages, although they tended to 

be slightly higher to 11 years and slightly lower after­

wards. 

The differences between the mean energy value of the 

diets of the tallest and shortest girls were less consistent 

than those noted for the boys. The tallest girls to 12 

years had diets with mean energy values above the allowances 

but afterwards they were equal to or less than the allow­

ances. The shortest girls had mean energy values that were 

more often below the allowances than above. On the whole 
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Sable 36 

K<Mm ]}»il7 food Xneror Talxxo and Idtrieat Content of Sic 
of Iowa Children Olaaeified Aooording to fiiree Bei^t Oi 

Boys 

As* Aee food Ascorl 
in 

OrotQ^ 
Beifl^t in enersr Protein Oaloiua Iron aoi( 

jrrs. *». OrotQ^ oa. •OS* eal. •K* •S' 

6 6 I 110 76 2081 68 mi 9 93 
11 ZI 12̂  ̂ 80 2216 67 1056 10 88 
20 IZI 116 78 2229 66 1049 9 73 

7 9 I 117 88 2280 66 1068 10 74 
12 ZI 132 91 2250 69 1037 10 87 
35 ZZI 123 89 2108 64 1012 9 69 

8 7 I 124 101 2151 66 1040 9 6t| 
10 II 101 2<»06 74 1107 11 92 
36 III 130 101 2196 70 1114 10 75 

9 5 1 l2t» 112 2118 65 976 11 95 
8 II m 116 2782 80 1157 12 77 

III ijk U3 2MiZ 74 1096 n 8̂  

10 10 Z 131 126 2459 77 1031 12 7( 
8 II y*9 127 2383 74 1025 12 9* 
kz III IM 125 2413 73 1047 11 7! 

U 7 I 133 137 2562 77 1165 U 8; 
8 II 154 138 2998 100 I3O6 14 10. 
35 III m 137 2538 75 1080 U a 

^Oroups Heights 

X Minos 2 or 3 standard deviations 

ZI Plus 2 or 3 standard deriations 

XZ2 Within ^ 1 standard deviation 
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Sable 36 

Mm Sally Tood Snergr Talus and latrient Content of Diets 
r Iowa Children Classified Aooordinc to fhree Beigjbt Orotq)s 

Boys 

food Asoorbio 111)0-
in energj Protein Galoitm Iron aoid fhlaaine flavin liaoi 
aos* oal* >«• •S* •S* •S' 

76 2081 68 1111 9 93 1.1 1.9 11 
80 2216 67 1056 10 88 1.1 1.8 11 
78 2229 66 1049 9 73 1.0 1.9 11 

88 2280 66 1068 10 74 1.0 1.9 12 
9X 2250 69 1037 10 87 1.0 1.9 12 
89 2108 64 . 1012 9 69 1.0 1.8 11 

101 2151 66 1040 9 64 1.1 1.9 10 
101 2406 74 1107 11 92 1.2 2.0 13 
101 2196 70 1114 10 75 1.1 2.0 U 

112 . 2118 65 976 11 97 1.0 2.0 U 
116 2782 80 U57 12 77 1.2 2.0 13 
U3 2402 74 1096 U 86 1.2 2.0 13 

126 2459 77 1031 12 70 1.2 2.0 15 
127 2383 74 1025 12 94 1.1 2.0 14 
125 2413 73 1047 11 75 1.1 2.0 13 

137 2562 77 1165 11 83 1.2 2.0 12 
138 2998 100 I306 14 105 1.5 2.4 12 
137 2538 75 1080 11 82 1.2 2.0 13 

lard deriations 

urd deviations 

lard dsTiation 
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Skbl* 36 (eoBiiawd) 

Ac* 
la 

Id. 
IbicM 
em» • 

in 
•at. 

IboA 
•asrcr 
(Ml. 

Pro%«ia ObIoIxm 

M* 

Iron 
Aaeort 
Mid 

12 Ik I 138 149 2557 80 927 12 69 
14 IX 160 150 3099 96 1326 14 109 
62 nx 148 1̂ )9 2700 84 U36 13 82 

13 3 X 145 158 2499 65 688 12 71 13 
6 XX 170 162 3794 98 1396 14 77 
35 XIX 151 161 2778 84 1103 13 100 

U 7 X 145 172 3041 89 976 14 76 
6 XX * 173 176 3219 94 1193 16 86 
26 III 162 174 3193 94 1127 14 100 

15 5 X 162 185 3339 100 1106 16 106 
5 XX 182 186 3413 100 1086 18 118 
22 xxx 165 186 3196 91 1213 15 90 

16 4 X 158 200 3391 98 1272 17 122 
5 XX 181 195 3633 102 1409 16 106 
22 xxx 164 196 3378 99 1300 15 109 

17 2 X 159 207 2129 81 U44 10 96 
2 XX 186 214 3870 lU 1544 17 92 
17 xxx 172 208 3'm 107 1464 17 i<o 

18 4 X 161 224 3722 112 1091 17 79 
4 XX 183 224 3333 100 1291 14 88 
9 XIX 173 222 3773 112 1295 17 96 
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fbod AMwMe U'bo-
wwrgy Frol«ia ObIoIvi Iroa Mid fhiMln* flwriii BMia 
(ial* ffi« >«• 

2557 80 927 12 69 1.3 1.8 14 
3099 96 1326 14 109 1.4 2.5 16 
2700 84 1136 13 82 1.3 2.2 16 

2̂  65 688 12 71 1.1 1.4 11 
379̂  98 1396 14 77 1.4 2.5 12 
2778 84 1103 13 100 1.3 2.2 15 

30IA 89 976 14 76 1.5 1.9 17 
3219 94 1193 16 86 1.5 2.4 17 
3193 94 1127 14 100 1.5 2.3 17 

3339 100 UO6 16 106 1.6 2.4 20 
3̂ 13 100 1086 IB 118 1.7 2.6 19 
3196 91 1213 15 90 1.5 2.5 15 

3391 98 1272 17 122 1.7 2.4 18 
3633 102 1M9 16 106 1.6 2.5 16 
3378 99 1300 15 109 1.6 2.5 17 

2129 81 11A4 10 96 1.1 2.0 13 
3870 111 1544 17 92 1.7 1.8 19 
3̂  107 1A64 17 103 1.7 2.7 18 

3722 112 1091 17 79 1.8 2.4 21 
3333 100 1291 14 88 1.6 2.8 20 
3773 112 1295 17 96 1.9 2.8 19 
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&U« 37 

ll«*a 0»ilj Vboi Jtnttfj lULtw and IMritnt Ooat«iit of Slol 
of leva (̂ IdroB OlAgtifiod Aeeovdinc to fkroo On 

Oivlt 

Itt 
Oroi9̂  0B« 

Ago 
la 
mo* 

Ibod 
oaorgy 
oal. 

Protoia 
ffi* 

Oaloita 

•S* 

Zroa 
•s* 

Aaoor̂ ii 
aeid 

6 7 Z 110 78 1757 55 838 9 60 
6 zz 121̂  81 1932 61 1040 9 95 
37 zzz 118 78 1995 61 911 9 63 

7 6 X m 88 2086 61 829 10 66 
10 zz 132 91 im 62 913 9 79 
32 zzz 122 89 1975 60 879 9 78 

8 6 z 118 99 17?0 49 674 8 72 
6 zz 136 101 2266 74 1236 11 107 
31 zzz 126 101 20?3 64 1039 9 70 

9 9 z 123 112 2367 71 927 U 84 
10 zz m 115 2341 75 1041 U 76 
3̂ zzz 133 m 2304 70 942 U 

* 
83 

10 8 z 129 123 2106 63 820 u 78 
7 zz 13̂  128 2330 74 1069 12 88 
46 zzz lAl 125 2315 68 955 U 88 

U 9 X 134 136 2030 62 800 10 75 
7 zz 158 ikz 2698 82 1142 42 79 
42 zzz 1A7 137 68 1021 h 81 

Nlsoa 2 or 3 otMterd doriatiowi 

Pins 2 or 3 ttAadard doriatioaa 

Vithin ± 1 •laadArd doviatioa 

Oroitto 

I 

XI 

nz 
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SaUa 37 

Ilifttly Ibod laorcT And KtlrloBt Ooatont of Siolt 
nm Ohildna OUiaifitd leeerdiac «• ftae— Htigjtt Orotovi 

Olrla 

Ibod laeerMe 
a OMVU ProtoiB Oalolvi Xwa aeld Thlawlia flBTin ftaein 
»•• oal* •s* M* •ff* •ff. >«• 

78 1757 55 838 9 60 0.9 1.5 10 
BX 1932 61 101(0 9 95 1.0 1.9 10 
78 1995 61 911 9 63 1.0 1.7 10 

88 2086 61 829 10 66 1.0 1.7 12 
91 im 62 913 '9 79 1.0 1.6 10 
89 1975 60 879 9 78 1.0 1.6 10 

99 1790 t9 674 8 72 0.9 1.3 9 
.01 2266 7̂  1236 U 107 1.2 2.3 12 
.01 2023 6k 1039 9 70 1.0 1.8 10 

12 2367 71 927 U Bk 1.1 1.9 13 
L15 23ia 75 VM, ii 76 1.1 2.0 12 

230̂  70 $>¥2 u 83 1*1 1.8 12 

L23 aoB 63 820 u 78 1.1 1.7 12 
L28 2330 7̂  10̂  12 88 1.2 2.1 Ik 
L25 2315 68 955 U 88 1.1 1.8 12 

136 2030 62 800 10 75 1.1 1.7 11 
Lif2 2698 82 1K»2 i2 79 1.3 2.1 15 
137 2̂  ̂ 68 1021 h 81 1.1 1.9 12 

dorlatimw 

doYiatiotta 

dorialloa 
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Cft'bl* 37 (eontiaMd) 

in 
7*»» 16. 0rei9* 

Ibt̂ t 
en. 

Ac* 
is 
•ea* 

Ifcod 
•nargy 
OAl* 

Protaln QBleliai 

•S* ««• 

l«eor% 
•eld 

02 13 X Ikl W 2730 82 1035 13 75 
Ik IZ 162 150 2762 «3 1139 13 106 
Sk in 151 1A9 2492 78 1060 12 78 

13 5 X m 159 2067 66 1188 9 61 
7 ZZ 165 162 2334 69 816 lo 69 
32 ZZZ 153 161 2565 76 1039 12 80 

Ik Z 151 171 2432 75 1174 12 80 
6 zr 167 175 2626 79 1050 13 74 
27 ZZZ 159 172 iMk 74 946 12 84 

15 5 z 151 184 2297 70 890 12 79 
6 ZZ 171 IBk 2449 73 865 11 57 
27 ZZZ 261 186 2684 76 909 12 103 

16 z 152 194 2356 65 663 U 87 
5 ZZ I7i 199 2145 72 988 10 94 
27 ZZZ 160 198 2336 69 800 11 90 

17 k z 155 210 2123 64 834 10 67 
k ZZ 170 209 2645 84 1088 11 84 
17 ZZZ 163 209 2388 71 786 12 91 

18 1 z I3k 225 2738 80 73̂  15 86 
3 ZZ 172 225 2719 80 861 12 103 
8 ZZZ 161 221 2361 71 786 U 90 

"sa—f-
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• lbo& A«ee»lite 11̂  
•Mrgjr Vrolvin Okleltoi Xroa aelA Bdaaiae flarln ttaein 
oAl. «i« mg» as. ag, •§, 

7 2730 82 1035 13 75 1.3 2.1 14 
0 2762 ®3 1139 13 106 1.3 2.2 15 
9 2^ 78 1060 12 78 1.2 2*0 2A 

9 2067 66 1168 9 61 1.0 1.6 11 
2 233^ 69 816 10 69 1.1 1.7 14 
1 2565 76 1039 12 80 1.2 1.9 13 

1 2^32 75 U74 12 80 1.2 2.0 12 
'5 2626 79 1050 13 74 1.2 2.1 13 

2M4 7^> 9̂ 6 12 84 1*2 1.9 13 

li» 2297 70 890 12 79 1.2 1.6 14 
\k 24J^ 73 865 11 57 1.1 1.7 12 
\6 268i» 76 909 12 103 1.3 1.9 14 

A 2356 65 663 11 87 1.1 1.4 11 
>9 21^5 72 988 10 94 1.1 1.8 U 
»8 2336 69 800 U 90 1.2 1.6 12 

LO 2123 64 834 10 67 1.0 1.6 U 
19 2645 64 1068 11 84 1.2 2.0 12 
)9 2388 71 786 12 91 1.2 1.6 13 

25 2738 80 734 15 66 1.5 1.5 17 
25 2719 80 861 12 103 1.3 1.8 16 
21 2361 71 786 11 90 1.1 1.5 12 
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the average girls had diets with energy values that approxi­

mated the allowances. 

The tallest boys had mean daily protein intakes that 

were nearly always greater than those of the shortest boys. 

The boys of average height had protein intakes lower than 

those of the tallest boys. The mean protein content of 

the diets of the boys of average height and of the tallest 

boys were always greater than the allowances, ^nie shortest 

boys had diets which exceeded the allowances except at 13 

and 17 years (see Figure 1^^). 

At corresponding ages that tallest girls always had 

mean daily protein intakes that were greater than the pro­

tein intakes of the shortest girls. The girls of average 

height tended to have intermediate values for their pro­

tein intakes. 

The tallest girls had mean dietfiu*y protein values above 

the allowances from 6 through 12 years of age. The shortest 

girls had mean protein intakes that were less than the 

allowances most of the time. The girls of average height 

had mean values that were approximately equal to the allow­

ances to 13 years, then the values were slightly below the 

allowances. 

The mean daily protein intake was greater for the 

tallest children than for the shortest children. The 
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chlldren with average height tended to have protein In­

takes that were Intermediate to the other two groups. 

The mean dally calcium intake of the tallest boys 

was greater than the intakes of the shortest boys except 

at 6, 7, 10 and 15 years of age. The boys of average 

height had somewhat intermediate values for the calcium 

intakes. The tallest boys had calciiua intakes equal to 

the allowances at many more ages than was noted for the 

shortest or average boys. The shortest boys had diets with 

calcium content that were below the allowances except at 

6 and 7 y^ars of age, and the boys of average height had 

diets with values below the allowances except from 6, J, 

8 and 17 years of age (see Figure 15)* 

The tallest girls had mean intakes of dietary calcium 

that exceeded those of the shortest girls except from 13 

to 15 years of age. From 6 to 12 years of age the girls 

of average height had caloi\im intakes that were intermediate 

to the other two groups. With the girls below the teen 

ages, the mean calcium intakes varied in the same direction 

as the mean heights, but thereafter calcium intakes bore no 

consistent relationship to heights. The mean daily intakes 

of calcium were less than the allowances from the three 

height groups of girls except for the tallest 6* and 8-year-

old girls and the 8-year-old girls of average height, but 
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below the teens the girls had intakes that were less than 

the allowances. 

The tallest boys had iron intalras that were most of the 

time greater than those of the shortest boys. The boys of 

average height had values often Intermediate to the values 

of the other two groups. The iron Intakes of the three 

groups of boys either exceeded or were eq?ual to the allow­

ances except for the shortest 13 and 14 year old boys. 

The tallest girls ustuQly had mean daily Intakes of 

iron greater than those of the shortest girls> but when the 

average group is considered it cannot be said that the mean 

i^ights varied consistently in the direction of the mean 

daily iron intakes. 

The tallest girls from 6 to 12 years of age, girls 

of average height from 6 to 10 years of 8ge> and the short­

est girls from 6 to 7« 9 th 10 and 18 years of age had diets 

with iron contents that approximated the allowances, other­

wise the intakes of Iron were below reoomnendations. 

In general, the tallest boys and girls up to 13 years 

had mean dally iron intakes that were greater than those of 

the other two groups. With a few exceptions in the shortest 

group of boys, the mean iron intake of the three groups of 

boys were comparable to the allowances. With the exception 

of the 7" to 11-year-olds, the tallest girls had mean iron 
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intakes that were below the allowances. The diets of the 

tallest boys usually had a higher mean ascorbic acid con­

tent than the diets of the shortest boys. 

The maan daily ascorbic intake of the tallest boyo was 

greater than the allovmnces except at 13, 14, 1? and 18 

years of age. Regardless of height status boys seemed to 

have znore ascorbic acid than suggested by the allowances. 

The negative deviations from the allowances were the 

greatest for the shortest teen-age boys. 

The mean ascorbic acid content of the diets of the 

tallest girls was greater than that noted in the diets of 

the shortest girls at most ages. The girls of average height 

had mean dietary intakes of vitamin C that were either in­

termediate or above the values of the other two groups. 

The diets of the three groups of girls from 6 to 12 

years of age had mean daily ascorbic acid values in excess 

of or equal to the allowances. Afterwards only the girls 

of average height had diets with ascorbic acid contents 

continuously greater than the allowances. 

The calculated mean daily thiamine intake of the 

tallest boys was nearly always above that of the shortest 

boys, while that of the boys of average height vrns usually 

between the values for the other two groups at correspond­

ing ages. 
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The tallest boys had diets with thiamine content that 

were greater than the allowances except at 10 years of age. 

The shortest boys and the boys of average height had 

dietary intakes of thiamine that varied about the allow­

ances. 

The inean daily thiamine content of the diets of the 

tallest girls was greater than that of the shortest girls 

to 13 years> but afterwsunls it was about the same for all 

three groupings. 

The tallest girls had mean thiamine intakes that were 

above the allowances to 13 years. The shortest girls and 

the girls with average height had intakes of thiamine that 

were roost of the time below the allowances. 

The three groups of boys« classified according to 

height, had diets with mean riboflavin content that was 

practically alike to 10 years of age; afterwards it 

diverged roughly in the same order as the height classi­

fication. The three groups had dietary intakes of ribo­

flavin above the allowances except the shortest boys at 

13 and 17 years of age. 

The mean dietary intake of riboflavin by the girls in 

the three groups tended to follow the order of the height 

groupings. The tallest girls and the girls with average 

height had diets with riboflavin content that were above 
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the allowances throtigh 12 years. Afterward the Intake 

values were nearly eq^al to or below the recommendations. 

The diets of the shortest girls were nearly always lacking 

in this vitamin when compared with the allowances. 

The niacin content of the diets of the tallest boys 

was greater than that of the shortest boys most of the 

time. The boys of average height had dietary niacin values 

that were often between the values of the other two groups. 

With few exceptions, the mean daily niacin intakes were 

greater than the allowances regardless of the height status. 

The dietary Intakes of niacin by the tallest girls 

tended to be greater than that of the shortest girls. The 

girls of average height had intakes often intermediate in 

value. The niacin Intakes for the three groups of girls 

exceeded or approximated the allowances to 12 years) after­

wards the values for the diets of the three groups were be­

low the recommendations with those of the shortest girls 

deviating the most from the allowances. 

The tallest boys tended to have diets with food energy 

values and nutrient contents that were higher than those 

noted for the shortest boys throughout the school age. The 

diets of the boys of average height tended to have mean 

values for the various nutrients that were intermediate to 

the mean values for the other two groups, particularly be­

tween 6 and 14 years. With the exception of the calcium 
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Intake, the tallest boys and the boys with average height 

had intakes of the different nutrients that exceeded or 

approached the reoonmended allowances. 

From 6 to 13 years of age the tallest girls had lax^er 

nutrient intakes than the shortest girls. In this age range 

the girls with average height had intake values that were 

intermediate to the values of the other two groups. For the 

girls below 13 years nutrient intakes of the diet varied in 

the sane direction as the height classification. 

Bxcept for calcltun, the tallest girls and the girls 

with average height from 6 through 12 years had mean dally 

intakes of the various nutrients that approximated the allow­

ances. From 13 to 18 years the girls regardless of height 

olassiflcation had Intakes of the different nutrients that 

were frequently below the allowances. 

Concentrations of the various blood constituents. The 

increases in linear growth depend upon the Increases in the 

length of skeleton as a whole. The cartilaginous cells in 

the growing ends of the bone are particularly sensitive to 

the lack of certain components in the blood needed for 

calcification. 
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The serum ascorbic acid concentrations of boys and 

girls in the three groups tended to decrease with age to 

low levels between the ages of 13 to 13 years (see Figure 

16). The trend was particularly conspicuous in the data 

for the boys for whom the minimum was reached by 13 years 

for the tallest, 14 years for the average and 15 for the 

shortest* The age at which the greatest depression was 

noted differed with the height classification (see Table 

38). 

The low values for the shortest boys occurred at the 

same time that the serum alkaline phosphatase concentrations 

were at their peak. For the boys of average height the 

peak in alkaline phosphatase concentration occurred a year 

before this low ascorbic acid concentrations« and for the 

tallest boys it was two years before the minimum ascorbic 

acid concentration was reached. 

For the girls the minimum seznun ascorbic acid concen­

trations were reached at 13 years for the tallest girls 

and those of average height, but not until 16 years for 

the shortest girla. In case of the girls the serum alka­

line phosphatase concentrations were less uniformly related 

to the serum ascorbic acid minima, although in each instance 

the peak preceeded the depression of serum ascorbic acid 

concentration. These concurrent changes in serum alkaline 
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Table 38 

Mean Serum Ascorbic Acid Concentrations of Iowa Children 
Classified According to Height Groups 

Groups^ 
Age 

II 

No. No. Mg.% 

III 

No. Mg.^ 

I  
9 
10 
II 
12 

I I  

i l  

I  

10 
II 
12 
13 
14 

ii 
I I  

4 
3 

1  
7 
2 
9 
1 
6 
3 
3 
1 
2 

3 
3 
2 
8 

11 
3 
2 
0 
2 
4 
0 

1.09 
0.46 
0.65 
0.90 
0.52 
0.78 
0.68 
0.16 
0.74 
0.51 
0.79 
0.76 
0.70 

1.08 
0.89 
0.38 
1.14 
1.43 
0.66 
0.68 
0.78 
1.14 

0.30 
0.99 

BO£§. 

7 
5 
7 

? 
6 
12 
3 
3 
2 
2 
1 
2 

Girls 

4 

1  
7 
11 
4 
0 
2 
5 
2 
2 

0,82 
0.92 
0.97 
1.17 
0.94 
0.98 
0.77 
0.45 
0.28 
0.67 
0.68 
0.21 
0.22 

0.82 
1.04 
1.42 
0.62 
0.81 
0.83 
0.78 
0.58 

0.64 
1.00 
0.78 

10 
16 
25 
26 
21 
16 
43 
23 
8 

I  

18 
20 
18 
22 
21 
21 

18 
11 
1| 

4 
-5-

0.91 
0.97 
0.87 
1.08 
0.86 
0.86 
0.71 
0.76 
0.54 
0.46 
0.88 
0.64 
0.48 

0.93 
1.06 
0.94 
0.98 
0.97 
0.67 
0.74 
0.42 
0.48 
0.44 
0.56 
1.14 
1.01 

®Qroup 
Group 

I—Height minus 2 or 3 standard deviations 
II--Height plus 2 or 3 standard deviations 

Group III—Height within ± 1 standard deviations 
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phoBphatase and serum ascorbic acid concentrations may re­

flect the rapid use of ascorbic acid In the process of bone 

growth. 

The tallest boys to 13 years had serum ascorbic acid con­

centrations that were most of the time higher than those of 

the shortest boys. The serum ascorbic acid concentrations 

for the tallest girls and the shortest girls had values that 

fluctuated extensively. The boys and girls of average height 

had values that followed a more even trend from age to age 

than did the values of the groups at the two extremes of 

height. 

The serum carotenold concentrations for the three groups 

of boys and girls decreased with age, so a minimum was 

reached between 13 to 15 years (see Figure 17)* The low 

concentrations were reached by the shortest boys at 13 

years, the boys with average height and tallest boys at 

15 years. According to these data the shortest girls did 

not have concentrations as conspicuously low as had the boys; 

however, data were lacking at 15 years (see Table 39). The 

tallest girls and those of average height reached a low level 

at 13 years of age. These low carotenold concentrations for 

the boys and girls appeared in about the same age Interim 

as the low ascorbic acid concentrations. 

These low carotenold and ascorbic acid concentrations 

occurred at the same time or within two years after the 



www.manaraa.com

-149-

o> w 

O 
O 

170 p 

150 

130 

no 

90 

70 

50̂  

W-

a> 190 
a 

(A 

E 170 
o 
w. a> 
2 150 

130 

no 

90 

70. 

BOYS 
i209 

GIRLS 

Group I Shortest 
JI Toltest 
M Average ' 

1 
8 10 12 

Years 
14 16 le 

17 Mean serum carotenoid concentration 
of Iowa children classified according to 
three height groups 



www.manaraa.com

-150-

Table 39 

Mean Serum Carotenold Concentrations of Iowa Children 
Classified According to Height Groups 

Groups^ 
Age 

6 

I  
9 
10 
II 
12 

I I  
15 
16 

i l  

6 

I  
9 
10 
II 
12 

I I  

I I  

I I  

II III 

No. 

3 
3 

1  
1 
2 
10 
1 
6 
2 
2 
1 
2 

3 
3 
2 
7 

12 
3 
1 
0 
2 
4 
0 

MCFF.% No. MCF?.% No. MCR. 

101 7 112 11 103 
106 o 145 16 121 
109 6 141 23 111 
108 4 108 23 110 
118 5 144 22 121 
209 6 122 18 104 
106 12 98 43 107 
50 3 100 22 107 
104 3 I? 8 81 
122 2 64 9 64 
154 2 82 9 67 
84 1 78 5 116 
102 2 57 6 108 

Girls 

181 3 117 18 134 
110 7 129 21 120 
76 4 156 18 113 
93 7 125 24 115 
100 4 127 21 132 
112 7 93 22 107 
98 10 102 40 98 
117 4 71 18 84 
88 0 •• 12 95 
-- 2 96 13 99 
86 4 114 8 82 
110 2 84 4 147 

— 2 162 5 126 

^roup I--Height minus 2 or 3 standard deviations 
Group II—Height plus 2 or 3 standard deviations 
Group III—Height within ± 1 standard deviations 
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peak In alkaline phosphatase concentrations. It appeared 

that not only serum ascorbic acid but also serum carotenoids 

may be utilized more rapidly by the body in spurts of linear 

growth than during the periods of slow linear growth. 

The tallest and the shortest boys and the boys with aver­

age height started to show a decrease toward adult levels in 

concentrations of serum alkaline phosphatase at 12, 13 and 

14 years4 respectively. The tallest girls» the girls with 

average height and the shortest girls reached the peak at 10, 

11 and 12 years« respectively (see Figure 18). With both 

sexes the tallest children attained the peaks of serum alka­

line phosphatase before the other two groups (see Table ^). 

It was at these ages when tlra peaks were reached that the 

boys and the girls also made more than usual increment in 

linear growth. 

There were few notable differences in the hemoglobin 

concentrations in the blood of the three height groups for 

boys and girls. The tallest boys perhaps tended to have 

higher values than the shortest boys« as shown by the 

higher concentrations in 8 out of 13 age groups (see 

Table 4l). 

Summary 

1. The weights of the tallest boys tended to be the 

heaviest, and those of the shortest boys the lightest. The 
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Table 40 

Mean Serum Alkaline Phosphatase Concentrations of Iowa 
Children Classified According to Height Groups 

Qroupŝ  

Age 
II III 

No. NP.U.^ No. NP.U.^ No. NP.U.^ 

9 
10 
11 
12 

I I  

I I  

I I  

6 

I  

it 
II 
12 

I I  

ii 
I I  

4 
2 

1  
7 
2 
10 
1 
6 
3 
3 
1 
2 

4 
3 
2 
8 

12 
3 
2 
0 
2 
4 
0 

I 5 

Boys 

5.64 
3.94 
5.58 
7.35 
3.63 
7.00 
5.69 
6.61 
.54 
.19 
3.13 
4.30 
2.48 

I  

1 
12 
4 
3 
2 
2 
1 
2 

airls 

5.08 
3.56 

!:IS 
.70 
.29 
5-iS 
3.68 
2.98 

2.38 
1.42 

1  

11 
4 
0 
2 
5 
2 
2 

4.00 
5.40 
6.41 
6.50 
5.14 
4.69 
6.20 
5.41 
4.46 
4.26 
2.68 
4.06 
2.08 

4.75 

§ .95 
5.37 
7.76 
6.27 
4.23 
3.28 

1.74 
1.91 
1.21 
2.00 

11 
20 
25 
27 
23 
16 
43 
21 
8 
9 
10 

1 

20 
21 
18 
24 
22 
20 
41 
18 
12 

4 
-JL 

4.32 
5.21 
5.04 
6.14 
5.13 
5.32 
6.09 
6.60 

1:1? 
5.48 
3.62 
2.54 

4.97 
4.84 
4.95 

5.58 
6.37 

1 %  
3.13 
2.78 
2.01 
1.90 

®Qroup I 
Qroup II 
Group III 

Height minus 2 or 3 standard deviations 
Height plus 2 or 3 standard deviations 
Height within ± 1 standard deviation 

Nitrophenol units. 
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Table 'fl 

Mean Hemoglobin Concentration In Blood of Iowa Children 
Classified According to Height Groups 

Groups^ I II III 
Age 
yr. No. Gm. % No. Gm.% No. Gm.<3^ 

Boyo 

6 6 12.1 10 12.1 20 12.0 
7 9 11.9 12 12.7 35 12.2 
8 6 12.6 10 12.8 13.0 
9 4 12.2 7 13.0 41 13.1 
10 10 12.8 8 12.3 4^ 13.0 
11 7 12.4 7 13.2 34 12.6 
12 14 12.7 14 13.4 58 13.2 

3 12,3 6 13.2 33 13.4 
14 8 13.0 6 14.6 27 13.2 
15 5 14,7 5 14.9 22 14.1 
16 5 14.3 5 14.0 24 14.4 

3 14.4 2 14.4 16 14.3 
18 4 15^3 4 14.2 10 14.9 

Girls 

6 7 12.3 6 12.7 35 12.3 
7 6 12.1 10 13.0 31 12.2 
8 5 13.3 6 12.8 27 11.9 
9 9 12.7 10 12.9 40 12.6 
10 8 12.7 7 12.6 44 12.6 
11 9 12.1 6 13.0 42 13.2 
12 12 13.7 13 13.2 53 13.5 

5 12.2 7 13.2 32 13.1 
14 4 13.3 6 13.0 27 12.9 

5 13.1 6 12.1 27 12.7 
16 4 13.4 5 13.0 27 13.0 

4 12.6 4 13.4 13.1 
18 1 14.3 3 12.6 8 12.4 

^roup I—'Height minus 2 or 3 standard deviations 
Group II—Height plus 2 or 3 standard deviations 
Group III—Height within ± 1 standard deviations 
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boys of avez^e height had weights Intermediate to the other 

two groups. The weight of the shortest teen-age girls 

tended to be heavy for their height. 

2. The tallest boys had nutrient Intakes that were 

higher than those of the shortest boys at nearly all ages. 

The boys of average height tended to have mean Intake values 

at each age that were more often than not Intermediate to 

the values of the other two groups, 

3. For the tallest girls below 12 or 13 years of age 

the mean Intakes of dietary nutrients were greater than 

those of the shortest girls at most ages. After 12 or 13 

years* there was no apparent relationship between height 

status and dietary Intake as shown by group means. 

4. The tallest boys and the boys of average height 

teiKled to have nutrient values that either exceeded or 

closely approached the suggested values in the allowances, 

except for calcium. The shortest boys had nutrient Intakes 

that were below the allowances more frequently than was 

observed for either of the other two groups. 

5. To 12 or 13 years the tallest girls and the girls 

of average height tended to have Intakes that approached 

or exceeded the allowances except for calcium. Afterwards 

the mean dally Intakes by all the girls regardless of height 

status tended to be less than the allowances. 
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6. The serum concentrations of ascorbic acid and caro-

tenolds tended to decrease with age for three height groups 

of boys and girls so the minima viere reached between 13 and 

16 years. 

7. These lowest concentrations In serum ascorbic acid 

and carotenolds usually occurred within one or two years 

after the peak concentration In the serum alkaline phospha-

tase. 

8. The peaks In serum alkaline phosphatase concentra­

tions occurred at 12 years for the tallest# at 13 years 

for the shortest boys and at 14 years for the boys of aver­

age height. 

9. Hie peaks In serum phosphatase concentrations 

appeared at 10 years for the tallest girls« at 11 years for 

the girls of average height and at 18 years for the shortest 

girls. 

10. The tallest boys from 8 to 13 years tended to have 

higher hemoglobin concentrations In the blood than had the 

other two groups of boys. 

Developmental Levels of Iowa Children 

Height and weight are measurements of two kinds of 

growth. According to Krogman (1950) Wetzel has devised a 

method of using these two measurements along with age to 
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estimate the rate of development, the physique and the rate 

of growth of a child. This chart is known as the Wetzel 

Orid. 

The Qrid has two halves« a right and a left. "On the 

right side of the graph is a channel system sloping upward 

from left to right. These channels are crossed at regular 

intervals of ten units by more or less horizontal 'iso-

developmental level lines' which are, in effect, increment 

units." Bach channel establishes the body build. From 

the extreme left to the right the channels typify the 

following physical status and physique, obese, stocky, 

good, fair, borderline and poor. The channel fulfills two 

purposes: 1. it describes the child's body build; 2. it 

shows paths of growth from 6 to 18 years. 

This left side of the Qrid points out growth in height, 

in weight, and in development as measured by the levels. 

Body build is indicated by the channel. Nutritional grade 

is measured "by the slope of the child's own curve (normal 

if it parallels a channel, ovemutrition if the slope is 

greater than the channel system, undernutrition if it is 

less)". Physical status is detexmined by a combination of 

the four factors just mentioned. 
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Mean develowaental level of a total sample of Iowa children 

The most effective use of the Qrid is obtained through 

a series of observations on a single child over a period of 

time. But the Grid may be used to describe a group of 

children on whom only a single measurement has been made. 

One height and one weight measurement was made on these 

Iowa children in the present study} therefore» develop­

mental level and physique or body build only at the time 

of measurement can be noted. The measurements were plotted 

on the Grid to obtain an estimate of the developmental 

level# which may be considered a crude estimate of the sur­

face area. 

Wetzel (19^1) claimed that a child developing at a 

normal rate should advance ten develojKoental levels a year. 

The boys showed the largest mean increment in developmental 

levels between the agea of 12 and 13 years, and between the 

ages of 14 and 15 years; the girls showed the largest incre­

ment between the ages of 8 to 9, 9 to 10, and 10 to 11 

years (see Table 42). The boys increased nearly twice 

the amount and the girls one andcne-half times the amount 

estimated by Wetzel. The range in developmental level at 

each age-sex group was extensive, especially at 12 years 

for both the girls and the boys. 
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Table 42 

Mean Developmental Levels^ of Iowa Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. D.L.® D.L.a D.L.® D.L. 

I  

I I  

6 38 53.1 12.7 2.1 28 - 84 
58 64.2 13.4 1.8 29 - 112 
53 78.4 16.4 2.3 50 - 116 

9 55 90.2 17.1 2.3 54 - 125 
10 60 96.1 12.8 1.6 69 - 13^ 
11 50 107.2 19.6 2.8 68 - 158 
12 ^ 114.9 20.1 2.1 68 > 170 

132.9 18.3 2.8 80-168 
40 139.6 20.8 3.3 101 - 180 

15 32 160.0 11.6 2.0 131 - 186 
16 34 162.6 15.2 2.6 131 - 210 

21 163.4 16.7 3.6 128 - 210 
18 166.6 14.7 3.5 141 - 191 

Oirla 

50.2 15.7 
63.8 17.8 

8 44 69.2 15.9 
9 64 84.9 20.2 
10 61 99.4 20.8 
11 58 114.6 14.6 
12 82 125.6 23.3 
13 44 129.4 19.8 
14 37 140.2 13.8 
15 38 149.9 13.9 
16 37 150.0 14.6 
17 26 151.5 14.7 
18 12 146.6 8.6 

2.2 20 - 90 
2.6 32 - 118 
2.4 41 - 117 
2.5 41 - 127 
2.7 57 - 150 
1.9 v- - 150 
2.6 82 - 195 
3.0 78 - 163 
2.3 111 - 166 
2.3 120 - 174 
2.4 126 - 196 
2.9 125 - 187 
2.5 128 - 159 

^As obtained from Wetzel Qrld. 
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Study of the children with tt» lowest developmental level» 

highest developmental level and average develowaental level 

In order to segregate the children had developed 

more rapidly or less rapidly from those children developing 

at average rate according to the Orid> each age-sex group 

was divided into three different groups. Group I was com­

prised of all the children lAio had develoimental levels 

within second or third standard deviations below the mean) 

Group IZ« of all the children lAio had develoixnental levels 

within second or third standard deviations above the mean} 

Group ZI1« of all the children who had developmental levels 

within plus or minus one standard deviation of the mean. 

In the total population 14 per cent of the boys and 

16 per cent of the girls were in the highest developmental 

level) 12 per cent of the boys and 14 per cent of the girls« 

in the lowest developmental level) and 74 per cent of the 

boys and 70 per cent of the girls, in the average develop­

mental level. 

In the discussion these three new groups will be re­

ferred to as followst Group I, lowest developmental level) 

Group II, highest developmental level) and Group III, 

average developmental level. 



www.manaraa.com

-161-

Nutrlent Intake. Recently Spies (1953) reported that 

children who had syn^toms of nutritional failure showed a 

lag In develoi»)ental level. The lag could be overcome to 

a large degree if a supplement of milk solids equal to one 

quart of fresh milk was given to each child six days per 

week for 20 months. Milk solids eq^ml to two q:uarts per 

day induced a lazier iioprovement, but a pint a day for a 

longer period of time* 40 months« resulted In very little 

improvement. This study by Spies indicated that develop­

mental level does reflect nutritional stattis and dietary 

treatment. In Tables 43 and 44 are presented the mean 

dietary intakes of the children classified according to 

the three developmental levels. 

The boys in the highest developmental level had food 

energy values that wei^e nearly always greater than those 

of the boys with the lowest developmental level. The boys 

in the average developmental levels had diets with caloric 

values that were intermediate to the other two groups (see 

Figure 19)* 

The boys from 6 to 15 years of age of the highest 

developnental level had diets with mean food energy values 

that either exceeded or approximated the allowances. The 

boys of average developmental level had diets with 

food energy values that followed the allowances closely. 
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ftkVlm k3 

MCM Sailer VooA iMrgf and Kitrisat Coatrat of Oieta of 
OhildMa OlAitifiad Aeeerding to fhroo BoroloiaMatal I«i 

Bojra 

Ac* 
in 

So. Qrcivfit̂  Z).L.» 

As* 
ia 
MB. 

food 
*aor«7 
eal. 

frotoia 
«•. 

Oaloiw Zyoa 
laooi 

aol 

6 5 Z 33.0 76 1923 63 966 9 8( 
7 ZZ 72.4 80 2419 74 1143 11 9: 

25 ZZZ 52.0 78 2196 66 1057 9 T 

7 7 Z •̂3.7 88 2041 61 931 9 6: 
6 ZZ 76.4 92 2298 72 1044 10 8i 

43 ZZZ 63.8 89 2168 65 1039 10 71 

8 2 Z 53.0 100 1750 58 1060 7 T 
8 ZZ 100.5 99 2261 70 U 111 
lA ZZZ 72.6 99 2295 72 1099 10 7 

9 8 z 64.2 111 2307 70 1047 U 7 
8 ZZ 118.0 116 2461 76 1148 U 8 

37 ZZZ 91.7 114 74 1090 11 8 

10 7 z 76.8 124 2649 81 996 12 8 
6 ZZ 122.5 129 2484 77 1158 12 9 

47 ZZZ 95.9 125 237̂  72 936 U 7 

U 5 z 77.6 136 2642 62 1128 11 8 
9 ZZ 140.0 138 2857 95 1273 13 9 

36 ZZZ 104.2 137 2551 78 1092 11 8 

Z Miaiu 2 or 3 staadazd doriatioaa 

ZZ Plxio 2 or 3 atandard doriatioaa 

ZZZ Within ± 1 ataadArd doTiatira 
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AlVl* ̂ 3 

Dally Tood laarsr CostMt ef Dleta ef leva 
irtn Glaatlfied AeeevOins to fhreo BerelopMiital lersX Orot̂ i 

Boys 

!«• food AaeorlAe 111)0-
La oBorgy Protoia OaloiiM Xroa aoid fhiudao flaria ILaola 
MO. eal, gi. Wg. Mĝ  ag, mĝ  mg, mg. 

76 1923 63 966 9 80 0.9 1.7 10 
80 2<»19 ll/»3 U 93 1.2 2.0 12 
78 2196 66 1057 9 77 1.1 1.9 11 

88 20̂ 1 61 931 9 65 0.9 1.7 U 
92 2298 72 101)4 10 84 1.1 2.0 12 
89 2168 65 1039 10 72 1.0 1.8 U 

LOO 1750 58 1060 7 78 0.9 1.8 8 
99 2261 70 1034 11 116 1.2 1.9 12 
99 2295 72 1099 10 71 1.1 2.1 10 

111 2307 70 1047 11 78 1.1 2.0 12 
116 2I16I 76 1148 U 83 1.2 2.0 13 
m 74 1090 U 85 1.2 2.1 13 

12lh 81 996 12 81 1.3 1.9 17 
129 2Mk 77 1158 12 92 1.2 2.1 13 
125 237̂  72 936 U 74 1-1 2.0 13 

136 26k2 62 IIPA U 82 1.2 2.0 12 
138 2857 95 1273 13 95 1.4 2.3 16 
137 2551 78 1092 U 84 1.2 2.0 13 

I doTiatiotts 

doriatioBo 

doviatioa 
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'̂ 3 (eontiaoAd) 

fbod AMorMe 
in In •ntrg7 Protein Galeira Iron aoid 
jtu. Ho. Oroiqst̂  D.l.» BOB. oal. 01. •s. •s. 

12 13 X 86.7 148 2501 78 893 12 62 
13 II 139.1 151 3034 95 1266 14 104 
6k III 113.6 ]48 2729 84 1154 13 85 

13 6 1 106.5 159 2518 75 897 12 77 
6 11 162.0 162 3024 93 1270 14 75 
32 III 131.5 161 2916 88 1260 14 105 

Vk k X 104.2 172 2881 83 926 14 71 
6 11 171.6 173 3263 99 1023 16 61 
29 III 138.7 174 3080 90 1158 14 100 

15 k I 141.3 183 3282 97 1103 18 105 
XX 178.0 185 3256 98 1232 15 113 

24 III 160.0 186 3212 92 1179 15 93 

U 3 X 133.3 197 3042 85 1160 13 89 
4 IX 189.0 196 3030 94 1338 13 Ul 

24 III 162.1 196 3534 102 1329 16 113 

17 2 X 137.0 212 2129 81 1144 10 96 
2 XX 197.0 210 2898 90 10<i6 13 62 

17 III 163.9 209 3607 109 1444 17 107 

18 1 X 241.0 234 3at»o 80 891 14 50 
4 XX 188.5 224 3513 101 2410 15 110 

12 III 161.7 221 3431 105 1129 16 81 
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food AMorMe Sl"bo-
In oaergT- Protein Galeltni Iron aeld fhiaatno flarin liaein 
aoa. oal. rngm mg, wg, î . 

va 2501 78 893 12 62 1.2 1.8 14 
151 303k 95 1266 14 104 1.4 2.5 16 
IM 2729 84 • 1154 13 85 1.3 2.2 15 

159 2518 75 897 12 77 1.1 1.8 13 
162 3024 93 1270 14 75 1.4 2.3 15 
161 2916 88 1160 14 105 1.4 2.2 16 

172 2881 83 926 14 71 1.3 1.7 16 
173 3263 99 1023 16 61 1.5 2.3 18 
174 3080 90 1158 14 100 1.5 2.3 16 

183 3282 97 1103 18 105 1.5 2.3 20 
185 3256 98 1232 15 U3 1.6 2.8 18 
186 3212 92 1179 15 93 1.5 2.5 16 

197 3642 85 1160 13 89 1.5 2.1 13 
196 3030 94 1338 13 m 1.4 2.5 15 
196 3534 102 1329 16 113 1.7 2.5 18 

212 2129 81 1144 10 96 1.1 2.0 13 
210 2898 90 10ti6 13 62 1.3 2.1 14 
209 3607 109 1444 17 107 1-7 2.8 18 

23i^ 80 891 14 50 1.4 1.9 22 
224 3513 101 1410 X5 110 1.9 2.9 18 
221 3431 105 1129 16 81 1.7 2.5 18 
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MMII XMllgr Vaed Jtamrgy ud fctrlaat Oontsnt of Diets of 
OhiUroa ClaaoifioA Aeeoxdiog to fhroo Dov«l<qpH«atal leri 

Oirlo 

Asa Vood Aioor 
la la aaaror Protoia Oaloltoi Iroa aei 
jnf«. Kb. aroi9̂  D.L.« •oa. oal. 1̂ . •8. >«. •« 

6 7 I 26.4 77.8 1705 54 806 8 66 
7 II 75.3 78.1 1952 66 1171 9 86 

36 III 50.0 78.1 2012 61 896 9 62 

7 5 I 40.6 87.4 19t)0 54 771 8 8] 
6 11 100.0 91.3 1997 66 10t|8 10 104 

37 III 61*7 89.3 1992 61 864 9 7: 

8 7 1 47.6 101.4 1744 53 8O9 8 6̂  
5 II 100*0 102.2 2138 68 1152 10 9< 

31 III 69.1 100.4 2070 64 1030 9 7.' 

9 9 1 54.7 112.8 2433 73 957 11 8: 
U II 117*9 134.4 2299 72 953 U 7< 
k2 III 83.1 114.0 2245 68 964 10 8: 

10 7 I 69.7 123.0 2140 63 831 10 8: 
11 II 134.2 127.5 2370 72 1009 12 10< 
3̂ III 95.3 125.4 2293 68 939 U » 

11 9 I 87.9 136.1 1898 60 868 9 8. 
li» II 138.2 137.6 22̂  70 101»6 10 7 
35 III 109.6 137.3 2341 71 1032 10 0 

*(lgotg> PoTol̂ Moatal XoToXa 

I NiaTM 2 or 3 ataadard doTiatioaa 

II Pltu 2 or 3 ataadard doviatioaa 

III 1fithin± 1 ataadard dovlatioa 
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Ijr Tood XACRFLR UD Xbfcrlaat Oontont of Slots of ZOM 
Clftttiflod looordiag to fhroo l>«vol(q«oa%al lorol Srô pa 

Oirla 

food iseorbie 
•aoror Plrotola Galcltai Iron aolA Ihlaailao flAvia liMl 
oal* •S* »€• •ff* 

8 1705 54 806 8 66 0.9 1.4 9 
X 1952 66 1171 9 86 1.0 2.1 10 
,1 2012 61 896 9 62 1.0 1.6 10 

A 19M 54 771 8 81 0.9 1.6 10 
.3 1997 66 10l»8 10 104 1.1 1.8 10 
.3 1992 61 864 . 9 73 1.0 1.6 10 

1744 53 809 8 67 0.9 1.5 9 
.2 2138 68 1152 10 90 1.0 2.2 11 
A 2070 64 1030 9 75 1.0 1.8 10 

.8 2433 73 957 U 81 1.1 1.9 13 
2299 72 953 u 76 1.1 1.9 12 

•0 2245 68 964 10 82 1.1 1.8 12 

•0 2140 63 831 10 82 1.0 1.7 11 
.5 2370 72 1009 12 100 1.2 2.0 13 
A 2293 68 939 11 84 1.1 1.8 12 

.1 1898 60 868 9 85 1.0 1.6 11 
•6 2296 70 im 10 76 1.1 1.9 12 
.3 2341 71 1032 10 80 1.1 1.9 12 

rlatioat 

Latioaa 

l«%10tt 
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fttbl*  ̂(eontianad) 

Ac* if* Ml iMorHt 
ill in OMTOr PretolB Oaleim Iron Mid 
yrt. Bo. Orwoqps* D.I.« aot. eal. •S* •8. •S* 

12 X 92.3 W7.8 2740 83 1096 13 73 
10 XI 166.7 148.9 2298 74 1040 11 95 
57 XXX 127.0 IA8.9 2586 80 1067 12 82 

13 6 Z 91.1 158.2 2268 71 918 11 70 
6 XX 156.5 160.7 2772 84 1287 12 78 

32 XXX 131.5 161.1 2453 72 954 11 76 

Ik 6 I 120.8 172.8 2492 75 10ti6 12 66 
6 XX 160.2 171.3 2394 69 916 12 94 
25 XXX IM.O 173.1 2507 76 990 12 83 

15 5 X 128.0 183.2 2698 84 lOiiO 13 104 
9 XX 168.6 185.7 2588 72 787 12 81 
2t̂  XXX 186.2 2578 74 912 12 87 

16 6 I 132.5 194.3 2651 76 928 12 220 
6 xz 175.8 196.8 2118 70 790 10 77 
2k XXX 1M.Q 198.1 2276 67 787 11 86 

17 4 I 132.7 208.8 2188 66 794 11 74 
5 xx 175.8 208.8 2068 63 795 10 82 
16 XXX U9.1 209.1 2536 77 868 12 90 

18 2 X 132.0 222.0 2551 84 1068 11 75 
1 IX 159.0 228.0 2665 68 742 U 68 
9 III M9.I 221.8 2446 72 748 12 99 
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Ac* loot AaeorMe 
in oBorgx ProtolB Oaleitm Zroa Mid fhiaalao flavlB Viaein 
M«. ORI. AG. AS. AS* mg, mg, mg. 

1̂ 7.8 2740 83 1096 13 73 1.3 2.1 14 
]A8,9 2298 74 1040 11 95 1.1 1.9 13 
1A8,9 25̂  80 1067 12 82 1.2 2.0 14 

158.2 2268 71 918 U 70 1.1 2.3 12 
160.7 2772 84 1287 12 78 1.2 2.3 13 
161.1 2453 72 954 11 76 1.1 1.7 13 

172.8 2492 75 1046 12 66 1.1 1.9 13 
171.3 2394 69 916 12 94 1.1 1.9 13 
173.1 2507 76 990 12 83 1.2 2.0 13 

183.2 2698 84 1040 13 104 1.3 2.0 15 
185.7 2588 72 787 12 81 1.1 1.7 14 
186.2 2578 7̂  912 12 87 1.2 1.8 14 

m.3 2651 76 928 12 220 1.3 1.9 13 
196.8 2118 70 790 10 77 1.1 1.6 12 
198.1 2276 67 787 11 86 1.1 1.6 12 

208.8 2188 66 794 11 74 1.1 1.8 U 
208.8 2068 63 795 10 82 1.0 1.4 10 
209.1 2536 77 868 12 90 1.2 1.7 14 

222.0 2551 84 1068 11 75 1.3 2.0 14 
228.0 2665 68 742 U 68 1.1 1.5 14 
221.8 2446 72 748 12 99 1.2 1.5 14 
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.19 Mean daily food energy value of the diets 
of Iowa children classified according to 
three developmental levels 



www.manaraa.com

-167-

The caloric values of the diets of the boys In the lowest 

developmental level were less than the allowances at 7 of 

13 age groups. 

The girls of the highest developcaental level from 6 to 

13 years tended to have higher caloric intalces than did the 

girls In the lowest developoental level. After 13 years* 

the girls with the lowest developmental level had higher 

caloric Intakes than did the girls in the highest develop­

mental level. The girls with the average developmental 

level had diets with food energy values that were more or 

less intermediate to the values of the other two groups. 

Prom 6 to 10 years of age the girls in highest and in 

the average developmental level had diets with food energy 

values that were a1>ove the allowances. After 10 years the 

girls in the average group had mean daily caloric intakes 

that followed the recommendations more closely than did 

those of the girls with highest developmental level. !rhe 

girls in the lowest developmental level had intalMs that 

were as often above as below the allowances. Below 12 

years there was some evidence that the mean caloric intakes 

did follow the aame classifioation as the mean developmental 

level of the girls, but above 12 years there was no con­

sistent relationship between mean food energy valites and 

developmental levels. 
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Prora 6 to 12 years the boys and the girls with the 

highest developmental level had diets with a protein content 

that was greater than those observed for the lowest develop­

mental level at the same age. The boys of the highest 

developments^ level continued to have greater protein in­

takes than those of the lowest developmental levels but 

after 14 years the girls with the highest developmental 

levels had intakes of protein lower than those of the girls 

with the lowest developmental level (see Figure 20). For 

the boys under 13 years and the girls under 12 years the 

protein intakes tended to follow the direction of the 

developmental level. 

The boys with average developmental levels had mean 

daily protein intakes which exceeded the allowances. The 

girls with average developmental level had mean daily in­

takes which approximated the allowances within plus or 

minus five grams except at 16 years. At that age the girls 

with average developmental level had mean daily intakes of 

about ten grams less than the allowances. The boys, except 

the 17 year olds, and the girls to 13 years with the 

highest developmental level had mean protein intakes that 

were greater than or nearly like the allowances. The boys 

and the girls with the lowest developmental level had mean 

dietary intakes of protein that were below, as often as 
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Fig, 20 IVIeon daily protein content of diets of Iowa 
children classified according to three 
developmental levels 
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above, the allowances. Of the three groups those of tl^ 

lowest developmental level most often had diets with protein 

contents in amounts less than the allowances. 

The calcium content of the diets of the boys with the 

highest developmental level was in general greater than the 

intakes of the boys in tt» lowest developmental level. The 

boys with average developmental levels had diets with cal­

cium contents that varied between the calciiun values of the 

other two groups. The boys with highest developmental 

levels had diets with calcium content greater than the re­

commendations from 6 to 12 years of age (see Figure 21). 

In fact boys of the highest developmental level had mean 

daily calcixim intakes which conformed with the allowances to 

within 100 milligrams except at 14> 13 and 17 years. The 

boys of the lowest developmental levels had diets with cal­

cium content that were below the allowances throughout the 

age range except at the 8 year, when the mean daily intake 

of calcium barely met the allowances. Beyond 11 years of 

age the deviation from the allowances ranged from 350 to 

500 milligrams* The boys above nine years in the average 

developmental level had diets below the allowances but the 

deviations were much less than those noted for the boys of 

the lowest developmental level. 

For girls 6 to 12 the mean calcium intake of the 

children varied in the same direction as the developmental 
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level. ISie girlo with the highest developmental levels from 

6 to 14 years tended to have the largest mean dally Intakes 

of calcium; the girls with the lowest develoixnental levels* 

the smallest calcium Intakes; and the girls with average 

developmental level« Intakes that were Intermediate to those 

of the other two groups. From 14 to l8 years, there was no 

consistent relationship between developmental level and cal­

cium Intakes. In the '^teen-ages" the girls with the highest 

develoimental levels tended to have the lowest calcium In­

take and girls with the lowest developmental level the 

largest mean dally Intake of calcium. The dietary Intakes 

of calcium for the three groups of girls were less than t}̂  

allowances except for the 6-, ?-*« 8-, 13*> and iS-year-old 

girls In the highest developmental level« and the 8-year-

olds in the average developmental level. 

From 6 to 14 years the boys of the highest develop­

mental level had diets richer in Iron than those of the 

lowest developmental level. TIM Iron content of the diets 

of the boys in the three groups roughly followed the classi­

fication of the developmental levels. The Iron Intakes of 

the boys of the highest and of average developmental levels 

were about equivalent to the allowances« whereas In 8 of the 

13 age groups the Iron Intakes of the boys of the lowest 

developmental levels were considerably less than the allow­

ances. 
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From 6 through 13 years the girls of highest develop­

mental level tended to have dally Intakes of iron which 

exceeded those of the lowest developmental level, in this 

age range the girls of average developmental level had iron 

intakes almost identical with the allowances. In the teens 

there was no apparent relationship between develoi»nental 

levels and mean daily iron intakes. Throughout the age 

range girls of lowest develoi»nental level deviated most 

fr<Hn the allowances with respect to iron intakes. 

The boys from 6 to 12 years with the highest develop­

mental level had a larger calculated mean ascorbic acid con­

tent in their diets than was noted for the other two groups. 

The boys in the average developmental level group had mean 

daily ascorbic acid intakes that were intermediate between 

the values of the other two groups (see Figure 22). 

The boys with average developmental levels had ascor­

bic acid intakes that were greater than the allowances at 

all ages except at 18 years. 

The boys in the highest developmental level failed to 

meet the allowances at 13« 14 and 17 years^ whereas the 

boys in the lowest developmental level failed at 12, 13# 

14, 16, 17« and 18 years. 

From 6 to 12 years of age the girls with the highest 

developmental level tended to have ascorbic acid intakes that 
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were greater than those of the other two groups. With few 

exceptions the girls In the three groups had Intakes 

gz^ater than the allowances. 

!nie boys in the three developmental groups had mean 

dally thiamine intakes that followed closely the classifica­

tion of the developmental levels from 6 to 16 years. The 

boys of the average and highest develoi»nental level had diets 

that approximated the allowances. The boys with the lowest 

develoi^ntal level had diets with thiamine content less 

than allowances most of the time (see Figure 23). 

The girls with the highest develoi»aental level tended 

to have higher dietary thiamine intakes than did the girls 

in the lowest level from 6 to 11 years. After 12 years 

thiamine values of the diets of the girls in the highest 

developmental level tended to bo lower than the thiamine 

values of the other two groups. From 6 to 12 years the 

girls with highest and the average developmental levels had 

mean daily Intakes of thiamine that were equal to or greater 

than the allowances» afterwards the girls of all develop­

mental levels tended to have less thiamine than recommended. 

The thiamine content of the diets of the girls with the 

lowest developmental level was below the allowances most 

of the time. 
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!Ihe boys with the highest developmental level had diets 

with riboflavin content that was greater than that of the 

boya with the lowest levels. From 6 to 16 years the boys 

of average developmental level had mean daily intakes of 

riboflavin that were usually intermediate between the in­

takes of two groups. The diets of the boys with the highest 

and the average developmental levels had riboflavin intakes 

that almost alvmys surpassed the allowances. From 6 to 11 

years of age the boys with the lowest developmental level 

had intakes above the allowances, but afterward this group 

of boys tended to have less riboflavin than the allowances 

(see Figtire 24). 

The girls with the highest develoj^nental level tended 

to have higher intakes of dietary riboflavin than the girls 

with the lowest level to 14 years, then the trend was 

ztiversed. The riboflavin intakes of all three groups approxi-

mated the allowances. The divergence was greatest for the 

teen-age girls of the highest and average developmental 

level who tended to have less riboflavin than the allow­

ances. 

The boys In the three groups had dietary niacin in­

takes that tended to parallel the developmental status at 

6, 7, 8, 11 and 12 years. The mean dally niacin Intakes 

of these boys were above the allowances most of the time. 
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At a few ages the boys of the lowest developmental level 

had mean dally niacin Intakes that were Inclined to be be­

low the €Q.lowances more often than had for the other two 

groups. 

The values for the dietary niacin Intake for the three 

groups of girls fluctuated extensively. The mean dally 

niacin Intakes of the girls of the highest or average 

developmental level exceeded or were equal to the allowances, 

but the girls with the lowest developmental levels had mean 

dally Intakes of niacin idnlch were below the allowances at 

a number of ages. 

The nutrient Intakes either exceeded or equalled the 

allowances more frequently for the girls and boys of the 

highest and average develoi»nental level than for the boys 

and girls of the lowest developmental level. The sges of 

the children In the highest and average developmental levels 

at which the Intakes most frequently failed to meet the 

allowances were In the teens. 

Concentration of the various blood constituents. At 

the highest developmental levels the serum ascorbic acid 

concentration of boys decreased from 1.0 milligram per 

cent at six years to 0.5 at 1^ years; at the average 

developmental level the concentration decreased from 0.8 

to 0.5 milligram per cent at 15 years; and at the lowest 
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developmental level the concentration decreased from 1.1 

to 0.3 milligram at 13 years (see Flgtire 25)* The lotr 

concentrations reached at each developmental level cannot 

be accounted for by the calculated mean ascorbic acid in­

takes which were 6l milligrams« 93 milligrams and 77 milli­

grams for the three groups at 14^ 13 and l8 years> respec­

tively. According to Young and ter co-woz^cers (1950) these 

intakes may be 25 per cent higher than the actual intake 

due to cooking and storage losses. Even with this cor­

rection the intakes do not explain fully the low concentra­

tions, especially for the boys of average and of lowest 

develoi^ntal levels (see Table 43). 

At most ages in all three groups the calculated mean 

intake of ascorbic acid approximated the allowances, yet 

the boys had low serum ascorbic acid concentrations. From 

these data it appeared that the ascorbic acid intakes nearly 

equal to the allowances did not supply the needs of boys 

through the stress of growth. Storvick and her associates 

(1930) in a comprehensive study noted that intakes of 

ascorbic acid equal to the allowances did not produce 

tissue saturation in growing children. 

The girls with the highest and with the average develop­

mental levels had serum ascorbic acid concentrations that 

ranged from nearly 1.0 milligram at 6 years to 0.4 and 0.3 

milligram per cent, respectively, at 13 years. The calculated 
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Table 45 

Mean Serum Ascorbic Acid Concentrations of Iowa Children 
Classified According to Developmental Levels" 

Groups^ I II III 

Age 
yr. No. MK.% No. Ms. No. Mg.% 

6 3 1.08 

Boys 

5 0.91 13 0.85 
7 3 0.46 3 1.07 20 0.85 
8 2 0.69 6 1.10 29 0.82 
9 6 1.02 6 0.98 23 1.11 

10 3 0.56 3 1.08 26 0.79 
11 3 0.90 6 0.81 15 0.91 
12 8 0.54 11 0.81 45 0.72 

2 0.29 5 0.38 20 0.83 
14 3 0.63 2 0.30 12 0.58 
15 1 0.40 1 0.52 12 0.50 
16 2 0.60 3 0.73 10 0.50 

0 2 0.36 5 0.69 
18 1 0.31 1 0.13 0 0.5^ 

Olrls 

6 3 1.08 4 1.05 17 0.90 
7 4 1.44 4 0.99 23 0.99 
8 4 0.87 5 0.91 1.02 
9 9 0.93 4 0.56 24 1.02 

10 2 1.23 4 0.93 22 0.99 
11 3 0.79 10 0.81 21 0.64 
12 11 0.62 7 0.74 43 0.77 

2 0.68 2 0.42 21 0.48 
14 1 0.58 0 mm 12 0.58 

4 0.44 3 0.47 8 0.48 
16 2 1.00 4 0.73 9 0.58 

3 0.74 2 1.20 5 1.09 
18 2 0.80 0 — 5 1.09 

Group Developmental levels from Wetzel's Qrld 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± standard deviations 

developmental levels from Wetzel's Qrld. 
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mean ascorbic acid contents of the diets of these girls were 

eq:ual to the alloiiances. The girls with the lowest develop­

mental levels had concentrations of serum ascorbic acid that 

decreased from nearly 1.1 milligram per cent at 6 years to 

0.4 milligram per cent at 14 years. The mean calculated 

ascorbic acid intakes for the girls in the highest develop­

mental level was 78 milligrams) for the girls in the average 

group, 73 milligrams) and for the girls in the lowest group, 

66 milligrams. As with the boys again mean intakes equal to 

the allowances did not provide growing girls with amounts of 

vitamin C adequate to maintain a high serum concentration 

at all ages. 

The serum concentrations of ascorbic acid at 13 and 14 

years were lower than can be accounted for on the basis of 

food intake. These results suggest that regardless of 

developmental level classification, the serum ascorbic acid 

concentration is reduced under the stress of growth or body 

changes at puberty. 

The boys and girls in the highest developmental level 

had mean serum carotenoid concentrations that decreased 

markedly from 6 to 15 and 13 years, respectively (see Figure 

26), Boys had a mean carotenoid concentration of 117 micro­

grams per 100 milliliters of serum at 6 years, of 44 micro­

grams at 15 years. The girls at six years had a mean con­

centration of 184 micrograns, and at 13 years mean con­

centrations of 46 micrograms. 
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The boys and girls in the other two developnental 

level groups had mean serum carotenold concentrations that 

decreased from 6 years to the Interim of 12 to 15 years (see 

Table 46). The decrease was not as dramatic for these 

groups of boys and girls as It was for the children In the 

highest developmental level. The especially low concentra­

tions In all groups of boys and girls cannot be explained 

by the Intakes of these children« for the mean dally vita­

min A value of their diets cither exceeded or approximated 

the allowances at each age. 

Since the disappearance of carotenes In the blood may 

be associated with the conversion to vitamin k, the preci­

pitous decrease noted In the serum carotenold concentrations 

of the children In the highest developmental level> and to 

a lesser degree In the concentrations of the children of 

the average developmental level, may suggest a greater use 

of vitamin A by more rcgpldly developing children than by 

the slowly developing children. 

Before the boys of the highest and the lotrast develop­

mental levels reached the peak In their mean serum alkaline 

phosphatase concentrations« the values fluctuated greatly 

(see Figure 27). The boys In the average developmental 

level had less fluctuation from year to year than had the 

other two groups. The boys In the average and the lowest 
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Table 46 

Mean Serum Carotenold Concentrations of Iowa Children 
Classified According to Developmental levels" 

Groups^ I II III 

Age 
yr. No. MCR.% No. MCK.% No. 

Boys 

6 4 98 5 117 12 104 
7 4 130 3 156 18 118 
8 2 5 133 27 115 
9 5 108 6 127 20 105 

10 3 74 3 176 28 124 
11 2 118 5 201 18 117 
12 9 118 10 103 46 104 

2 58 5 19 112 
14 3 92 2 46 12 95 
15 1 86 1 44 11 74 
16 1 218 3 62 9 74 

•M 2 116 102 
18 1 81 1 33 106 

Girls 

6 3 I8l 4 184 17 120 
7 4 91 4 134 23 126 
8 4 87 5 110 15 128 
9 8 97 5 128 25 115 

10 2 116 4 122 22 130 
11 3 135 10 82 22 112 
12 12 90 6 72 44 128 

2 105 2 46 21 88 
14 -- mm 40 13 95 

4 103 3 81 O 103 
16 2 115 4 99 8 83 

3 108 2 119 5 175 
Id 2 127 — mm 5 176 

^roup Developmental levels from Wetzel's Grid 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standsu^d deviations 
III Within + 1 standard deviations 

developmental levels from Wetzel's Grid. 
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developmental levels had mean serum concentrations that 

reached the peak at 13 years of age, as ooiqpared with 12 

years for the boys with the highest developmental level 

(see Table 47)* 

The serum alkaline phosphatase concentrations of the 

girls followed the same classification as the developmental 

levels to 10 years. The age at which t)» peak was reached 

varied with developmental level. The girls of the highest 

developmental level had mean serum concentrations that 

attained the peak value at 10 years and the girls of the low­

est develoixnental level had mean concentrations that attained 

the peak value at 12 years. The girls of average develop­

mental level did not have concentrations that reached a sharp 

definite peak but the highest mean value appeared at 11 years. 

Ih both sexes the children with the highest develop­

mental level reached maturity at an earlier age than the 

other two groups of children, as shown by the serum alka­

line phosphatase concentration. 

The boys In lowest developmental level had hemoglobin 

concentrations that tended to be lower than did those of the 

boys In the highest developmental level (see Table 48). 

From 6 to 12 years the girls of average developmental 

level tended to have niean hemoglobin concentrations below 
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Tatole 4? 

Mean Serum Alkaline Phosphatase Concentrations of Iowa 
Children Classified According to Developmental Level" 

Groups^ I ZZ ZZZ 

Age 
yr. No. NP.U. ® No. NP.U. No. NP.U 

6 4 3.90 

Bo^s 

5 4.38 13 4.66 
7 3 5.02 3 6.50 22 5.00 
8 2 4.64 0 5.53 29 5.38 
9 6 6,65 6 6.91 23 5.21 

10 3 3.73 3 29 5.04 
11 3 6.03 6 17 4.70 
12 9 5.89 11 6.68 5.93 

2 7.47 5 
J:?? 

19 6.69 
14 3 6.15 2 J:?? 12 6.28 

16 
1 
2 

3.78 
3.53 

1 
3 

1.89 
3.78 

12 
10 

— 2 3.81 5 3.76 
18 1 1.96 1 

Qirls 

2.19 2.53 

6 4 5.08 4 5.09 4.97 

I 
4 
4 

4 
5 

6,05 
5.70 

24 
15 

5.04 
4.69 

9 9 4.18 5 5.81 25 5.60 
10 2 2.95 4 8.04 23 5.55 
11 3 ^.77 9 6.81 21 5.84 
12 12 7 4.12 45 5.65 

2 4.98 2 2.53 21 4.41 
14 1 2.10 0 -- 13 3.19 

4 3.42 3 1.82 8 2.56 
16 2 2.05 4 1.94 9 2.06 

3 1.56 2 1.15 5 1.75 
Id 2 1.47 0 5 1.76 

^roup Developmental levels from Wetzel's Orid 
I Minus 2 or 3 standard deviations 

ZZ Plus 2 or 3 standard deviations 
ZZZ Within ± 1 standard deviation 

^^velopmentcJ. level from Wetzel's Grid. 

^Nitrophenol imits. 
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Table 48 

[ean Hemoglobin Concentrations of Iowa Childrei 
Classified According to Developmental Levels" 

Groups^ I II III 

Age 
yr. No. Qm.% No. Gm. % No. am,9Sj 

Boys 

6 5 11.7 6 11.8 25 12.2 
7 7 12.0 5 13.1 44 12.2 
8 2 12.0 0 12.4 41 13.0 
9 7 12.7 8 13.3 13.0 
10 7 12.4 6 12.3 48 13.0 
11 5 13.0 8 13.1 35 12.5 
12 13 12.6 13 13.5 60 13.2 

6 12.6 6 13.0 30 13.5 
14 4 13.1 6 13.7 3f 13.3 
15 k 13.8 4 15.0 24 14.3 
16 3 14.1 4 14.2 27 14.4 

2 13.4 2 14.9 17 14.2 
18 1 13.8 4 14.8 13 14.9 

Girls 

6 7 12.4 7 12.6 34 12.3 
1 5 12.4 6 12.6 36 12.3 
8 6 11.8 5 12.4 27 12.1 
9 9 12.6 10 12.7 40 12.6 
10 7 12.7 10 12.9 42 12.5 
11 9 12.5 13 13.3 35 12.9 
12 13.6 9 13.1 56 13.5 

6 12.4 6 12.5 32 12.8 
i5 6 12.5 6 12.6 25 13.1 

5 12.7 9 13.1 24 12.8 
16 6 12.5 6 13.1 24 13.2 

4 13.4 5 12.5 16 13.2 
18 2 12.1 1 12.5 ? 12.7 

^roup Developuientai level from Wetzel's Qrld 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within 2 or 3 standard deviations 

developmental levels from Wetzel's Grid. 
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thoae of the girls of the highest developmental level, and 

comparable with those of the girls with the lowest develop­

mental level. After 12 years the hemoglobin concentrations 

of the girls with average developnental level tended to be 

the highest. The decrease of the mean concentrations of 

the girls with highest developmental levels may be a 

reflection of the poor Intakes In calories» Iron and pro­

tein. 

Comparison of the three groups of boys and girls by meana 

of the regression 

The main objective In this phase of the study was to 

quantify the differences among the groups of boys and girls 

classified according to the developmental level. The data 

were classified Into three groups, each of which was a 

composite of the children Irrespective of age) that Is, 

all boys In the lowest developmental level for each age 

from 6 to 18 years made up Oroup I In this section of the 

study. All boys of the highest developmental level formed 

Group ZI, and those of the average developmental level, 

Oroup III. Regression coefficients were calculated for 

developmental level (y) on mean dally Intake of some of 

the nutrients and mean concentrations of blood constituent 

for each of the three groups In both sexes. Results are 

shown In Tables 49 and 30. 
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9»bl« 50 

BtsMtflOB of Dofoloiaotttal lorols on ConetBtratlong 
of Blood Oovatittioiito of Buroo Orotqw of XOM Chlldr 

Orovv X 
(lowoat doTol<qpaontal lorol) 

QroT9 XX 
dOTOlOpMBtal loTol 
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Koaa 
i 

logroioioB Noaa 
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Moan 

Boya 
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*®. «37 
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16. -54 
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*0.- 50 

-21.5'»8 ± 9.108" 81.6 0.84 •£. 
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-6.708 ± 11.230 136.6 0.81 
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-0.422 ± 0.085^ 135.0 105 J 
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These facts about the regressions may help the reader 

to Interpret the data presented in the tables. If the re-> 

gression coefficient is significant, it represents the 

amount of change in developmental level with each unit 

change in food energy or dietary nutrients, or each unit 

change in the concentration of the blood constituents. If 

the regression coefficient is negative and significant, it 

denotes a decrease in developmental level with each unit 

increase in food energy or dietary nutrients, or concentra­

tion of blood constituents. When positive and significant, 

the regression coefficient shows that the developmental 

level increased with each unit of food energy or other 

nutrients, or with each unit of increase in concentration 

of blood constituents. If it is not significant, the mean 

intake or concentration of the blood constituent of the 

group at the mean developmental level of the total group 

is representative of the whole group regardless of 

developmental level. For example, in Table 49, the co­

efficient of the regression of developmental level on 

calcium was not significant for the boys in Qroup I (lowest 

developmental level); therefore the mean intake of the 

group, 833 milligrams at the mean developmental level 

(83.3) of the group may be considered representative of 

the Intakes for all the boys in Qroup X. 
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Nutrient Intake. For the boys of average developmental 

level (Oroup III) the developmental level Incx^ased with 

each unit Increase in food energy and in the nutrients of 

the diet. Except for calcium and ascorbic acid, the boys 

of highest developmental level displayed the same signifi­

cant relationships. The mean calcium and ascorbic acid 

content of the diets of the boys in Group II at the n»an 

developmental level of the gzK)up was greater than the 

corresponding means for the boys of average developmental 

level (Oroup III) (see Table 49). The boys of lowest 

developmental level (Oroup I) had no significant increase 

in developmental level per unit of intake of ascorbic acid 

or calcium. The mean intake at the mean developmental level 

was lower than the corresponding intakes for the average 

group. Except for these two nutrients the relationships of 

developmental level to intakes were significant in each of 

the three classifications according to developmental 

level (Oroups X, II, III). At the mean developmental 

levels for each group, the mean daily food energy value 

and nutrient intakes of boys, varied in the some direction 

as developmental level classification. 
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For the girls of lowest developmental level (Group 1) 

and for those of average developmental level (Group IIX)^ 

the developmental level increased with each unit increase in 

food energy and in other nutrients of the diet except cal­

cium. The mean calcium intalce at the mean developmental 

level for both groups was practically the same. 

Of all the groups studied the girls with the highest 

developmental level had the fewest significant relation­

ships between developmental level and nutrient intake. The 

only highly significant developmental level-nutrient 

relationship within this group was with niacin. The 

caloric intake was positively related at the 5 cent 

level. The calcium intake of the girls in the highest 

developmental level was also significant at the 3 per cent 

level, but in a negative direction. In other words, the 

developmental level of the girls of the highest develop­

mental level was inversely related to the calcium intakes. 

For the girls of the highest developmental level, the 

developinsntal level was not significantly related to nutrient 

Intake. The mean nutrient intakes for the group were 

either the sanw or slightly larger than the nmans for 

the girls of the lowest developmental level. Girls of 

the highest developmental levels had apparently larger 

mean dally intakes of protein, ascorbic acid and riboflavin 



www.manaraa.com

-197-

than did the girls in the lowest development€tl level at the 

mean developnental level of each of the two groups; but 

they had exactly the same mean dally Intakes of iron and 

thiamine. 

Concentrations of various blood constituents, The 

developmental level of the boys in Groups II and III de­

creased significantly with each milligram per cent increase 

of serum ascorbic acid. In other words^ the boys in Qroups 

II and III who had the greatest developmental levels had 

loss serum ascorbic acid than the boys who had the smallest 

developmental level in each groiap (see Table 50). The boys 

in Group I had a mean concentration of 0.68 milligram per 

cent at the mean developmental level (78*7 )• 

The developmental level of the girls in Groups I and III 

decreased significantly with each unit increase of serum 

ascorbic acid concentration. So, the girls in Qroups I and 

III who had the greatest developmental levels had less serum 

ascorbic acid than the girls who had the least developmental 

level in each group. The girls in Group II did not exhibit 

a significant relationship between develoj;»nental level and 

serum ascorbic acid concentration. The mean concentrations 

of serum ascorbic aoid for all three groups at the mean 

developmental level were about the same; namely« 0.84, 0.81 

and 0.81 milligram per cent at developmental levels of 81.6, 

104.3 and 136.6, respectively. 
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The developmental level of the girls and boys in 

Groups II and II decreased significantly with each increase 

in serum concentration of carotenoids. The develoi^ntal 

level of the girls and boys in Group I was not significantly 

related to serum carotenoid concentration. The mean serum 

carotenoid concentration for the boys was 106.3 micrograms 

per cent and for the girls 105.0 micrograms per cent at the 

mean develoixnental levels of 75*3 and 81.respectively. 

For boys and girls of average developmental level« 

there was a significant increase in developmental level 

with increases in concentration of hemoglobin. The same 

relationship was observed for boys of highest and lowest 

develoi»nental level. However, the girls of the highest and 

lowest developmental levels showed no increase in develop­

mental level with increases of hemoglobin concentrations in 

the blood. The mean hemoglobin concentrations for each 

group of girls was practically the same. For Group 1, it 

was 12.7 grams per cent at the mean developmental level, 

84.0, and 12.8 grams per cent at the mean developmental 

level of 106 for Group II. 

Since developmental level increases with age, the two 

factors are involved in the relationships just described. 

Therefore, it was decided to examine the relationship 
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between develoixnental level and protein Intake In each age-

sex group. 

In Table 31 are presented the regression coefficient, 

the standard error of the coefficient and the means of the 

developmental level and the means of the protein intake for 

each age and sex group. 

The age factor had been removed somewhat from this 

analysis since the regressions were conqputed separately for 

each yearly age group In which the children were not divided 

according to developmental level but were considered as a 

total group. The relationship between developmental level 

and the protein Intake within each age was not so signifi­

cant as it was when considered separately for the three 

develoi»Qental level groups over the entire age range. The 

7-, 8-, 11-, 13- and 14-year-old boys, and the 8- and 10-

year-old girls showed a significant Increase in develop­

mental level with each gram of protein ingested. Another 

noteworthy observation was that the girls at 7, 9, 12, 14, 

15, 16 and 18 years displayed a decrease in developmental 

level with increased intake of protein. This 

technique of handling nutritional data needs further 

consideration. It may be worthwhile to examine the 



www.manaraa.com

-200-

Table 31 

Regression of Developmental Levels on Protein Content 
of the Diets of Iowa Children 

Mean protein 
Regression Mean intake 

Age No. coefficient D.L. gms. 

Boys 

6 
7 56 

0.18 
0.3? 

± 0.18. 
+ 0.1^ 11 65 

8 5^ 0.74 + 0.23^ 77 70 
9 53 0.15 ± 0.14 91 74 

10 60 0.04 ± 0.14 96 74 
19 11 50 0.48 ± 0.16® 107 
74 
19 

12 0.20 ± 0.29 115 85 
13 0.54 ± 0.13? 132 86 
14 39 0.11 ± 0.04a 140 89 

32 0.04 ± 0.12 160 93 
16 31 0.07 ± 0.17 163 99 

20 -0.07 ± 0.22 164 105 
18 17 0.10 ± 0.18 167 102 

Olrls 

6 0.21 * 0.68 50 60 
7 48 -0.16 * 0.22^ 64 61 
8 J3 0.50 * 0.20® 69 64 
9 62 -0.33 * 0.27. 85 70 

10 61 0.52 ±.0.20® 99 68 
11 58 0.20 ± 0.14 113 69 
12 81 -0.21 ± 0.15 126 80 

44 0.29 ± 0.15 129 74 
l5 31 -0.02 ± 0.07 140 75 

38 
36 

-0.25 ± 0.52 150 75 
16 

38 
36 -0.16 t 0.18 151 70 

H 25 0.03 ± 0.14 152 72 
18 12 -0.37 ± 0.18 147 74 

^Significant at 1 per cent level. 

^Significant at 3 per cent level. 
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relatlonahlp between developmental level and protein in­

take when the protein intake is computed per luiit of 

developmental level for each individiial* 

This analysis showed that throughout the range of 

school age, the children with average developmental level, 

had highly significant relationships between developmental 

level and nutrient intake, except for calcium. At a 

given age, however, as shown by the computed regressions 

of developmental level on protein intake, the relationship 

was close only at specified ages. Differences in develop­

mental level at a single age were small as compared with 

those throughout t)M age range. 

Summary 

1. At most ages boys of the highest developmental 

level had dietaxy intakes of food energy and of nutrients 

that were greater than the intakes of boys of the lowest 

developmental level. 

2. From 6 to 13 years boys of average developmental 

level tended to have diets with mean intakes intermediate 

to those of the other two groups. After 13 years the 

trend was irregular. 



www.manaraa.com

202 

3. Except for calcium the boys of the highest and 

those of average develoinoental levels tended to have diets 

with nutrient Intakes equal to or In excess of the allow­

ances. The calcium content of the diets of boys of teen-

ages deviated most often fr(»n the allowances. 

4. The boys of the lowest develoiunental level had 

diets In which nutrient values were less than the allow­

ances at more ages than boys at the other developmental 

levels. 

5. From 6 to 11 years the girls of tlM highest develop 

mental level tended to have dietary Intakes of the various 

nutrients that were greater than those of the girls of 

lowest developmental level. Contrary to expectation after 

11 years the girls of lowest developmental level tended to 

have nutrient Intakes greater than those of the girls In 

the highest developmental level. 

6. The girls of average developmental levels had 

diets with food energy values and nutrient content that 

were Intermediate to the other two groups from 6 to 9 

years} afterwards, there was no consistent relationship 

between developmental level and dietary Intakes. 

7* In general the girls In the highest and average 

developmental levels from 6 to 10 or 12 years had diets 

with food energy values and nutrient content, except calcium 
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that exceeded or approached the allowances. Afterwards the 

girls had dietary Intakes of these nutrients that were 

often below the allowances. 

8. The serum ascorbic acid concentrations of the 

girls and boys In all developmental level groups decreased 

with age from 1.0 to 0.8 milligram per cent at 6 years to 

0.3 to 0.5 milligram per cent at 13 to 13 years. 

9. The serum carotenold concentrations of the boys 

and girls with the highest developmental level showed the 

most drastic reduction In the concentration of the serum 

carotenolds between the ages of 11 and 15 years for the boys 

and between 9 and 10 years for the girls. The girls and 

boys in the other groups did not have as marked a reduction 

In the serum concentrations of ceuratenoids. 

10. The peak, or the maximum level of the serum alkaline 

phosphatase concentration« came a year earlier for the girls 

and boys in the highest developmental level than for those 

in the lowest and average developmental levels. 

11. The boys and girls in the lowest developmental 

levels tended to have lower hemoglobin concentrations than 

those of highest or average levels. 

12. The developmental level of the boys of average 

developmental level increased significantly with each unit 

of food energy and of other nutrients of the diet. The 
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develoiMsental level of the boys in groups of hlgl^at and 

lowest developn^ntal levels increased significantly with 

increases in calorie intake and the intake of dietary 

nutrients4 except calcium and ascorbic acid. The boys in 

the highest developmental level had higher mean intakes 

in these two nutrients than the boys in the lowest develops 

mental level. 

13. For the girls of the lowest developnental level and 

in average developmental level t)M developmental level in­

creased with increase in nutrient intake« except calcium. 

The mean calcium intake for the girls in both groups was 

alike. The girls of the higl^st developnental level had 

significant positive relationships between developmental 

level and calories and niacin but a slgnifioantly negative 

relationship with calcium. The mean intake of the other 

nutrients was similar to the means of the girls in the 

lowest developmental level. 

14. For the girls and boys in the average develoimiental 

level group, a significant decrease in developmental level 

occurred as the serum ascorbic acid or oarotenold concentra­

tions increased. The relationship was less consistent for 

the girls and boys in the other two groups. 

15. The boys increased significantly in developmental 

level with increases in hemoglobin concentration in the 
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blood. For the girls the relationship was apparent only 

In the group of average developmental level. 

16. The relationship between developnental level and 

protein Intake was not so apparent when the effect of age 

was partially removed. 
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CONCENTRATIONS OF BLOOD CONSTITUENTS OF IOWA CHUDREN 

IN RELATION TO NUTRIENT INTAKE, BODY MEASUREMENTS 

AND TO EACH OTHER 

Serum Ascorbic Acid Concentration of Iowa Children 

The function of ascorbic acid In the synthesis of 

Intercellular material has been knomi to nutritionists for 

a long time. Recently evidence has been disclosed for 

other uses of ascorbic acid by the organism. Sealock and 

Sllbersteln (1939) observed In scorbutic guinea pigs and 

Levlne, Marples and Gordon (1939) observed In premature 

Infants that very low ascorbic acid Intakes were associated 

with abnormalities In the metabolism of tyrosine and 

phenylalanine. They concluded that vitamin C Is needed for 

the body to utilize these amino acids efficiently. 

Within the past year King and co-workers (1953) noted 

that scorbutic animals did not utilize the acetate radical 

In the synthesis of cholesterol. 

In children It Is Important to maintain a high degree 

of tissue saturation since they are building body tissue 

and since they are apt to be easily Infected by communicable 

diseases. 
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Klng (1938) found that growing tissues were richer In 

vitamin C than adult tissue, also that tissues with high 

metabolic activity were rich in the vitamin. It has also 

been shown by King and Menten (1935) that the reduction of 

the serum ascorbic acid concentrations lowered the resls-

tence of the organism to bacterial toxins. Hamll et al. 

(1938) observed that children with low ascorbic acid intakes 

showed no scorbutic synqptoms except when the low Intalce of 

the child was acc(Mnpanied by an infection. After the in­

fection was relieved, the symptoms disappeared, although 

the intake of ascorbic acid was not changed. The phagocytic 

activity of white blood cells is dependent upon the concen­

tration of ascorbic acid in the blood. The maxinum activity 

was obtained at the concentrations of 0.7 milligram per 

cent (Ames and Nungester, 19^7)* 

There is a consensus that a satisfactory serum ascorbic 

acid concentration for children lies between 0.7 to 1.0 

milligram per cent. Moyer and co-workers (19'^8) in review­

ing the literature for criteria to evaluate vitamin C con­

centrations of American children found very few investigators 

considered that it was necessary to have concentrations of 

0.7 milligram per cent as a satisfactory concentration. Most 

of them used O.^f milligram per cent or less as the criterion 

for satisfactory concentrations of ascorbic acid. Values 

below 0.4 milligram per cent are believed by other investiga­

tors to represent unsatisfactory concentrations. 
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Mean serum ascorbic acid concentrations of total sample 

of Iowa children 

Serum ascorbic acid concentrations ifex« obtained on 

329 boys and 326 girls ranging In age from 6 to 18 years. 

These children lived In large cities or small towns In 

Xowa. 

The blood sai^ples were obtained during the school 

years 19^9 to 1951. A single observation was made on each 

child. The value of the concentration of serum ascorbic 

aold for each child was the mean of at least three determina­

tions. One observation on a single Individual may not be a 

good Indicator of a single Individual's status with respect 

to ascorbic aold nutrition. Yet, a single observation on a 

group of Individuals may give a good estimate of the status 

of ascorbic aold nutrition of the population under study. 

Moyer et (1948) noted that the variation between deter­

minations Is less than the variation between day to day 

observations. The variation in an Individual's ascorbic 

acid concentration from day to day was also observed by 

Storvlck and her associates (1950) In their study of 

ascorbic acid needs for boys and girls during puberty. 

The mean serum concentrations of ascorbic acid for 

Iowa children of each age and sex tended to decrease 
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Irregiilarly with age. The lowest concentrations were ob-

tedned at 14 to 18 years for the boys and at 13 to 14 years 

for the girls (see Table 52). In the late teens the girls 

had higher concentrations which may Indicate that the 

great need of the vitamin for growth had decreased. There-

tore, the mean ascorbic acid Intake approximating the 

allowances did maintain a satisfactory blood levels when 

the stress of growth had been removed. It may be noted 

that low concentrations occurred for a span of three years 

surrounding puberty In both sexes. 

The mean dally ascorbic acid content of the diets of 

the boys 14 to 18 years and of the girls 13 to 15 years 

either exceeded or approximated t)» allowances. Storvlck 

et al. (1947) observed that adolescent boys and girls 

could not maintain tissue saturation at Intakes equal to 

the allowances. Yo\uig and Pllcher (1950) suggested 25 per 

cent of the calculated dietary Intakes of ascorbic acid 

be deducted for losses In preparation and during storage. 

Even with this consideration the vitamin C Intake would 

not account entirely for the low concentrations noted 

during puberty. 

The decrease In serum ascorbic acid concentrations 

with age was observed by Clayton et al. (1953) In serum 

ascorbic acid concentrations of children In the Northeast 
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Table 52 

Mean Serum Ascorbic Acid Concentrations of Iowa Children 

StatMiard Standard 
Age Mean deviation error Range 
yr. No. ms.% ing. Vo mg. mg.%> 

Boys 

6 21 0.91 0.57 0.12 0.30 - 2.18 
7 26 0.83 0.46 0.09 0.16 - 1.79 
8 37 0.86 0.51 0.08 0.15 - 2.00 
9 35 1.07 0.57 0.10 0.15 - 1.85 

10 32 0.80 0.43 0.08 0.14 - 1.74 
11 24 0.88 0.48 0.10 0.33 - 1.87 
12 64 0.72 0.39 0.05 0.22 - 1.74 

27 0.70 0.50 0.10 0.15 - 1.81 
14 17 0.56 0.35 0.08 0.15 - 1.60 
15 14 0.50 0.22 0.06 0.19 - 0.88 
16 15 0.56 0.35 0.09 0.15 - 1.19 

7 0.60 0.32 0.12 0.21 - 1.94 
18 10 0.47 0.42 0.13 0.13 - 1.34 

Girls 

6 24 0.96 0.53 0.11 0.19 - 1.87 
I 31 1.05 0.49 0.08 0.26 - 2.10 
8 25 0.94 0.61 0.12 0.20 - 2.50 
9 

iS 
0.94 0.58 0.09 0.14 - 2.47 

10 1.00 0.58 0.11 0.28 - 1.92 
11 34 0.70 0.35 0.06 0.23 - 1.64 
12 62 0.73 0.44 0.06 0.16 - 2.29 
1^ 25 0.49 0.^1 0.06 0.12 - 1.27 
i5 13 0.58 0.46 0.13 0.09 - 1.69 

15 0.47 0.29 0.07 0.12 - 1.25 
16 15 0.67 0.50 0.12 0.16 - 1.62 

10 1.01 0.62 0.20 0.22 - 1.95 
18 7 1.00 0.56 0.20 0.27 - 1.69 
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Reglon. These Investigators observed a sex difference at 

13 to 13 years. This sex difference may be due to the 

differences In the rate of maturation usuedly found between 

sexes. At 13 years the girls had a lower concentration 

than the boys. At 17 and 18 years the girls had a much 

higher concentration than the boys. The boys at these 

ages continued to have low concentrations noted at 

puberty. 

The range for each age-sex group extended from some­

what less than 0.2 milligram per cent to approximately 2.0 

milligrams per cent. Although the highest levels around 

the age of puberty were low as compared with the highest 

at other ages, the mean dally vitamin C intalce increased 

rather than decreased with age. The changes must have been 

affected by factors related to their physiological develop­

ment. 

Study of three ez*oups of boys and girls classified according 

to serum ascorbic acid concentrations 

To study the characteristics of individuals who had 

a particularly low or high serum ascorbic acid concentra­

tion, each age-sex group was divided into three groups 

according to the mean and standeuxl deviation. In Group I 
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were all the individuals who had serum ascorbic acid con­

centrations in the second or third standard deviation below 

the mean; in Group IZ> those in the second and third stand­

ard deviation above the mean; in Qroup III, those within 

plus or minus one standard deviation. 

In Table 53 are presented the mean serum ascorbic acid 

concentrations of the three groups by sge and sex. Again 

the concentrations of each group decreased irregularly 

with age to the minima at the age interim 13 through 18 

years for boys and 13 to 16 years for girls (see Figure 29). 

The boys and girls in Qroup XI were able to maintain 

the "so-called satisfactory level" during puberty while 

the children in Qroup I could not. A mean serum concentra­

tion of 0.8 was observed for the 13 year old boys in 

Qroup II on a mean calculated intake of 11? milligrams of 

dietary ascorbic acid. The boys in Qroup II had mean serum 

concentrations of 0.8 to 1.60 milligrams per cent which 

they maintained with mean daily intakes of 81 to 136 milli­

grams. 

The girls in Qroup II were able to maintain a concen­

tration of 1.00 milligram per cent or higher at a mean 

daily intake of ascorbic acid varying from 83 to 92 milli­

grams. The girls and boys in Qroup I had concentrations 

of about 0.2 to 0.3 milligram per cent on intakes ranging 
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Table 53 

Mean Serum Ascorbic Acid Concentrations of Iowa Children 
Classified According to Levels of Ascorbic Acid Concentrations 

Groups^ 
Age 
yg« 

II III 

9 
10 
11 
12 

II  

I I  

I I  

No, 

3 
5 
9 
7 

I  
8 
5 
1 
3 
3 
1 
0 

0.32 
0.28 
0.27 
0.29 
0.25 
0.36 
0.28 
0.17 
0.15 
0.24 
0.17 
0.21 

No. 

Boys 

4 
6 
6 
7 
7 
5 
10 
5 
2 
3 
3 
2 
2 

Girls 

1.80 
1.51 
1.63 
1.83 
1.43 
1.54 
1.44 
1.52 
1.28 
0.81 
1.08 
0.97 
1.24 

No. 

14 
15 
22 
21 
18 
15 
46 
17 
14 
8 

I  
8 

6 5 0.31 6 1.66 13 
7 6 0.41 6 1.75 

1.87 
1.88 

19 
8 2 0.25 5 

1.75 
1.87 
1.88 

17 
9 0 0.28 7 

1.75 
1.87 
1.88 24 

10 5 0.33 7 1.78 16 
11 4 0.30 5 1.37 25 
12 7 0.22 13 1.42 42 

3 0.15 5 1.02 17 
14 1 0.09 2 1.46 10 
15 1 0.12 2 1.02 12 
16 1 0.16 2 1.60 12 

2 0.23 2 1.84 6 
18 1 0.27 2 1.68 

0.78 
0.74 
0.89 
1.08 
0.77 
0.% 
0.64 
0.62 
0.49 
0.48 
0.52 
0.75 
0.28 

0.88 
1.03 
0.80 
0.84 
0.87 
0.63 
0.61 
0.40 
0.46 
0.40 
0.56 

0.68 

Qroups - Serum ascorbic acid concentrations 
I Minus 2 or 3 standard deviations. 

II Plus 2 or 3 standard deviations. 
Ill Within ± 1 standard deviation. 



www.manaraa.com

-214-

£ 3 w a> (O 

O 
g 
w. a> 
Q. 
(A 
E o w o> 

1.8 

1.5 

1.2 

.9 

.6 

.3 

0 

1.8 

1.5 

1.2 

.9 

.6 

.3 

BOYS 

—1 

GIRLS 

Group I v.'*\ 

n m 

Years 

.29 Mean serum ascorbic acid concentration 
of Iowa children classified according to 
three groups of ascorbic acid concentrations 



www.manaraa.com

-215-

from 45 to 60 mllllgrains of ascorbic acid (see Figure 

30). 

The low serum ascorbic acid concentrations In Group I 

were associated with low Intakes (see Table 54). A group 

of British workers (Vitamin C Sub-Committee« 1948) claimed 

that 35 milligrams would maintain a satisfactory serum 

ascorbic acid concentration. Williams and co-wox4cers (1951) 

fo\md 35 milligrams or less of dietary ascorbic acid to 

be associated with 0.8 milligram per cent of serum ascorbic 

acid in the Qroton Township study. Williams In his 

analysis of the data disregarded age and sex. The mean 

Intakes of Iowa children in Group I were not so low as 

those found by British woz4cers and Williams, yet the serum 

concentrations were in the unsatisfactory ranges. 

Babcock et al. (1953) suggested that the relationship 

between dietary Intake and the concentration of the 

corresponding constituent in the blood might be expected 

to be higher In the lower levels than In the higher. The 

simple correlation was calculated to obtain the degree of 

relationship between the serum ascorbic acid oonoentratlons 

and ascorbic acid Intake of Groups I and II and for the 

boys and the girls. The correlation coefficients were: 

Boys Girls 

Group I 0.17 -0.11 
Group II -0.06 0.11 . 
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Fig. 30 l^ean doily ascorbic acid contents of the 
diets of two groups of Iowa children classi­
fied according to serum ascorbic acid con­
centration 
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Table 5^ 
Mean Serum Ascorbic Acid Concentration and Mean Ascorbic Acid 

Content of the Diets of Two Groups of Iowa Children 

Groups^ I II 
Serum Serum 

Age concentration Intake concentration Intake 
yr. nw.% WSB- mK.% mss. 

6 
7 
8 
9 
10 
11 
12 
13 
14 

16 
17 
18 

6 

I  
9 
10 
II 
12 
13 
14 

it 

II  

0.32 
0.28 
0.27 
0.29 
0.25 
0.36 
0.28 
0.17 
0.15 
0.24 
0.17 
0.21 

1.31 
1.41 

0.: 
0. 
0.25 
0.28 
0.33 
0.30 
0.22 
0.15 
0.09 
0.12 
0.16 
0.23 
0.27 

Boys 

65 

46 
58 
55 
71 

i 60 
55 
68 
51 

Olrls 

40 
49 
68 

i 
71 
P 61 

J? 

1.80 
1.51 
1.63 
1.83 
1.43 
1.54 
1.44 
1.52 
1.28 
0.81 
1.08 
0.97 
1.24 

1.66 

Ul 1.88 
1.78 
1.37 
1.42 
1.02 
1.46 
1.02 
1.60 
1.84 
1.68 

93 
81 
76 
95 
101 
105 
101 
158 
85 

117 
151 
101 
148 

106 
84 
96 

103 
118 
80 

106 
85 

105 
92 

109 
89 

Groups - Serum ascorbic acid concentrations 
X Minus 2 or 3 standard deviations 

11 Plus 2 or 3 standard deviations. 
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They were not significant. The highly significant relation­

ship reported by other investigators was not apparent in 

the Iowa data* The relationship in the Iowa data may have 

been reduced by the fact that only segments of the entire 

sample of boys and girls were used in the analysis. 

Moschette and co-woiicers (1932) obtained a highly 

significant relationship between serum ascorbic acid con­

centration and vitamin C intake (r - 0.43). Babcock et 

(1933) secured a correlation coefficient of 0,2h between 

serum concentration and Intake of ascorbic acid of the New 

York children, and 0.^2 for the Maine children. The highly 

significant relationship may be partially due to the large 

number of observations in the analysis> also to the limited 

age range in the studies of Moschette and Babcock. 

Physical status. The boys and girls in Group II tended 

to be slightly taller than the children in Group I. This 

observation was especially notable among the girls and boys 

from 6 to 13 years* It appeared from these data that the 

serum concentration of ascorbic acid is related to linear 

growth« although the difference between the two groups was 

small. In 9 of the 13 age groups the girls with highest 

serum ascorbic acid concentrations wore taller than the girls 
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wlth the lowest at corresponding ages. For the boya the 

same relationship vms noted In 3 of the 13 age groups. 

The relationship viaa continuous from 6 through 13 years. 

No slrailar relationship was noted between serum ascor­

bic acid concentration and vrelght. The boys in Oroup I 

tended to be slightly heavier than the boys of Group IX. 

For the girls the opposite was observed, the girls in 

Oroup II were slightly heavier than Group I. 

Nutrient intake. The mean nutrient intake of the diets 

of the boys and girls in Groups I and II are presented in 

Tables 35 and 56. There was no relationship between serum 

ascorbic acid oonoentration of the boys and girls in GroiQ)B 

I and II and the caloric value of their diets. 

There was a marked difference in the protein intake 

of children in the two groups. With a few exceptions the 

children, both the boys and the girls, in Group II (highest 

serum ascorbic acid concentration) had diets with higher 

protein content than the children in Group I (lowest serum 

ascorbic acid concentration). This relationship may be 

associated with the economic status of the children for 

Pilcher et al. (1930) have shown that as the eoqpenditiu^ 

for food increased so did the consunqption of foods rich in 

ascorbic acid and protein* 
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55 
mmn Oftiljr ftMd XB«rar and Ktlrlcal Ooalant of Sioti of 
(Silldroii Olaioifiod loeozdlnc to Sorw AsoorMo lold OonooDi 

Boyt 

Ago 
in 
yro* So* Orovqpi* «s. i 

food 
onorgjr Protoia Qaloli 
oal. •«. 

TlUala 
Iron A 

>«• valao 

6 3 0.32 2310 73 1099 10 4641 6j 
k Z 1.80 2304 68 1211 9 7023 9: 

7 5 0.28 2035 63 1063 10 4823 4j 
6 Z 1.51 2035 65 1035 10 6009 8; 

8 9 0,27 2242 69 1115 9 3913 44 
6 Z 1.63 2246 74 1164 10 8244 7( 

9 7 0.29 2487 75 1060 12 10944 5< 
7 Z 1.83 2576 83 1134 12 9383 9 

10 7 0.25 2419 74 900 12 5155 5 
7 Z 1.43 2377 75 971 XL 9338 lo; 

11 k 0.36 2670 77 1150 U 5791 7 
5 Z 1.5ii 2589 80 1188 11 7987 10 

ttrotp Sorf Aooorbio Aoid Ooaooatralioai 

Z Niaua 2 or 3 ataadard doriatioao 

ZZ Plaa 2 or 3 ataadard doriattoaa 
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I7 JotA Xacrcr and Atlri«a% Content of Biota of 1mm 
Olaaaifiod loeorAinc to Sara laeortiio Aoid Ooneontntioa 

Boya 

loed 
onorgy 
oal. 

Protaia 
1̂ * 

Galoim 
•«. 

Iron 
TitUda 

A 
talna 

Aaoorliie 
Mid 
"S* 

Thiaaiao 
•C* 

Ubo-
flavia 
•ff* 

UMi 

2310 73 1099 10 4641 65 III 2.0 12 
23Ql¥ 68 1211 9 7023 93 m 2.0 10 

2035 63 1063 10 4823 45 0.9 1.8 10 
2035 65 1035 10 6009 81 1.0 1.9 12 

2242 69 1115 9 3913 46 1.0 2.0 12 
2246 74 1164 10 8244 76 1.0 2.1 12 

2487 75 1060 12 10944 58 1.2 2.3 14 
2576 83 1134 12 9383 95 1.2 2.2 15 

2419 74 900 12 5155 55 1.1 1.8 15 
2377 75 971 U 9338 101 1.1 1.8 14 

2670 77 1150 11 5791 71 1.1 2.x 12 
2389 80 1188 11 7987 105 1.7 2.1 12 

noontrationa 

Aariationa 

ariatioaa 
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lAbla 55 (eontinued) 

in 
yra. Ro. Orouĵ  ®«. i 

Tood 
energ7 
oal. 

Protein 
gB. 

OaloiuB 
Bg* 

Iron 
•s* 

Tltamln 
A 

value 

Asoorb 
aoid 

12 8 I 0.28 2590 80 I13'> 12 5597 51 
10 11 1.̂  2769 91 1283 13 IUI9 101 

13 5 I 0.17 2671 82 1252 12 3921 49 
5 W 1.52 2832 90 IM63 13 12446 158 

14 1 I 0.15 2953 82 622 16 4460 60 
2 XI 1.28 293̂  80 886 12 4370 85 

15 3 I 0.2l» 2718 72 864 12 8657 55 
3 W 0.81 3266 107 1214 15 6264 117 

16 3 X 0.17 3̂ 79 91 957 14 4515 64 
3 " 1.08 3177 lOif 1543 16 15976 151 

17 1 Z 0.21 3636 102 1089 15 i*m 51 
2 XI 0,97 3669 123 2082 16 7046 101 

IB 0 Z mm m 

2 II 1.21̂  368i» 119 1394 17 9818 142 
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7ood Tltanin Aaoorblc BlbcK 
aaerg7 Protein Oaloixa Iron A aoid Thiaaine flavin Hiaoin 
oal* 0B. Bg. ng. value ag, mg. mg, Bg, 

2590 80 1134 12 5597 51 1.3 2.2 14 
2769 91 1283 13 11119 101 1.4 2.3 15 

2671 62 1252 12 3921 49 1.2 2.2 13 
2832 90 1̂ 3 13 12446 158 1.5 2.8 15 

2953 82 622 16 4460 60 1.4 1.6 15 
2934 80 866 12 4370 85 1.2 1.9 16 

2718 72 864 12 8657 55 l.l 1.7 12 
3266 107 1214 15 6264 117 1.5 2.3 19 

y*79 91 957 24 4515 64 1.5 1.9 18 
3177 lOif 1543 16 15976 151 1.7 2.8 18 

3636 102 IO89 15 4646 51 1.6 2.2 17 
3669 123 2082 16 101 1.7 3.̂  18 

3̂  119 1394 17 9818 
«• 

142 1.7 2.9 20 
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Ikltle 56 

Ntan Bailj Tbod Xnorsr and latrient Oontsnt of Diet* of loin 
Ghildrtn Olaasified Aeoording to Senm AscorMc Aeld Conooni 

Oirla 

in 
yra* lo. Group* 

Yood 
anarg7 
oal. 

Protein Caloiw 
>«• 

Iron 

*• 

fltaaln 
A 

mlna 

Aaeoi 
aoi 
m 

6 5 I 0,31 1925 60 939 9 iti 
6 ZZ 1.66 20t»8 63 91/'» 10 7719 

7 6 Z 0.41 1856 55 858 8 4176 
6 Z1 1.75 1993 60 970 8 8178 8i 

8 3 I 0.25 1957 57 867 8 2942 6i 
5 IX 1.87 2157 72 1230 10 10292 9 

9 6 Z 0.28 2362 65 874 10 5601 6 
7 « 1.68 2371 75 1013 12 9336 10 

10 5 I 0.33 2283 69 1013 10 5508 5 
7 II 1.78 2218 76 1191 11 U774 11 

U 4 Z 0.30 22M 68 90^^ 10 5237 k 
5 II 1.37 2218 71 939 10 6068 8 

*3cfis& ?trvw MgwUq PwgtBUiUWB 

Z Ninna 2 or 3 ataodard dariatlona 

ZZ Plus 2 or 3 atandard dariatlona 
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CablA 56 

II7 Ibod Boerar aad A&trient Oontent of Siota of lova 
D Olaasififld Aeoording to Senm AaoorMe Acid Ooneentration 

Oirls 

food Tltaain AacorMo Sibo* 
•nargf Protoin GaloitiB Xroo A. aeid Thiaalno fXarin liaoia 
oal, gB. Mg, taXtia mg. 

X925 60 939 9 IA09 40 0.9 1.6 10 
20t)8 63 10 7719 106 1.0 1.7 11 

1856 55 858 8 4176 49 0.9 1.5 10 
1993 60 970 8 8178 84 1.0 1.8 9 

1957 57 867 8 2942 68 1.0 1.5 9 
2157 72 1230 10 10292 96 1.1 2.3 10 

2362 65 87^ 10 5601 69 1.1 1.8 13 
2371 75 1013 12 9336 103 1.2 2.1 14 

2283 69 1013 10 5508 5^ 1.0 1.8 12 
2218 76 1191 11 11774 118 1.2 2.3 12 

22I18 68 904 10 5237 47 l.O 1.8 11 
2218 71 939 10 6068 80 1.2 1.9 13 

0gB9tBUit49M 

•d daviationa 

I dariationa 
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56 (oontiiraad) 

Ms» 
in 
jra. Bo. Orotqpi* mg. i 

Vood 
•neror 
Ottl. 

Protein OaloiuB 
>«• 

Zron 
>«• 

Titaain 
A 

Talus 

Asoor 
aoi 
•g 

12 7 X 0.22 2777 80 971 13 5713 71 
13 IZ IM 2630 82 1188 12 7835 106 

13 3 Z 0,15 1975 60 814 9 6278 59 
5 ZZ 1.02 2422 78 1013 11 5866 85 

14 1 Z 0,09 2<I89 81 1352 U 6010 61 
2 ZZ IM 2586 88 1285 13 10077 105 

15 1 Z 0,12 2632 69 545 12 16733 45 
2 ZZ 1.02 2695 84 1192 12 8136 92 

16 1 z 0.16 1756 42 426 7 1793 49 
2 ZZ 1.60 2310 74 1190 11 6546 109 

17 2 z 0.23 2890 81 927 15 12872 73 
2 ZZ 1.84 2202 71 965 10 4630 89 

18 1 Z 0.27 3024 91 630 14 14983 87 
2 ZZ 1.68 I96I 62 824 10 4458 12! 
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lood Tltaain Aaeorblo Blbo* 
•neror Protein Oaloim Iron A aold fhiaalno flavin Uaoln 
ool. 9i. Bg, mg, Talus rngm mg. 

2777 80 971 13 5713 71 1.3 1.8 14 
2630 82 1188 12 7835 106 1.3 2.2 14 

1975 60 814 9 6278 59 1.0 1.6 U 
2<»22 78 1013 11 5866 85 1.2 1.8 14 

2it|69 81 1352 11 6010 61 1.2 2.4 14 
2586 88 1285 13 10077 105 1.3 2.2 13 

2632 69 545 12 16733 45 1.1 2.1 16 
2695 Bit 1192 12 8136 92 1.0 2.1 12 

1756 42 426 7 1793 49 0.8 0.9 8 
2310 74 U90 U 6546 109 1.2 2.2 12 

2890 81 927 15 12872 73 1.4 1.9 16 
2202 71 965 10 4630 89 1.1 1.8 11 

302i^» 91 630 14 14983 87 1.4 1.1 21 
1961 62 824 10 4458 125 1.1 1.6 U 
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With the exception of the 7-year-old boys and the 14-

year-old girls, the calcium intake of t)^ children in Group 

II was higher than that for the children in Qroup I. 

There was a tendency for the iron content of the diets 

of the children in Group II to be higher than that for the 

children in Group I. 

The diets of the boys and girls in Group II tended to 

have higher vitamin A values than the diets of the children 

in Qroup I. 

The mean daily thiamine, riboflavin and niacin contents 

of the diets of the children in Group II tended to be 

greater than those of the boys and girls in Group I (see 

Tables 55 and 56). 

From these data it appeared that children who had the 

highest serum ascorbic acid concentration had diets richer 

in protein, minerals and vitamins than those of children 

with lowest serum concentrations of ascorbic acid. From 

these findings it appeared that children with lowest serum 

ascorbic acid concentrations lived on a nutritional plane 

considerably lower than the children with the highest serum 

concentration of ascorbic acid. The effects of other 

dietary deficiencies than ascorbic acid must be considered 

in the evaluation of nutritional status in respect to 

ascorbic acid. 
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Concentratlons of various blood constituents. For 

the children of the highest, lowest and average concentra­

tions of ascorbic aold, the serum carotenold concentrations 

folloifed the trends similar to those of the concentrations 

of serum ascorbic aold. The minima of the serum carotenold 

concentrations in the three groups of boys and girls speared 

within two years after the minima for the serum ascorbic 

acid. Prom these data it seemed that both blood consti­

tuents are utilized rapidly by the growing child in the 

formation of new tissue whether it be bone or muscle (see 

Table 57). 

The boys with the highest serum ascorbic acid concen­

tration reached the maximum in serum alkaline phosphatase 

concentration at 13 years, the boys with the lowest concen­

tration of serum ascorbic acid reached the maximum at 

15 years. It may be concluded that the boys in Group IZ 

matured earlier than did the boys in Group 1 (see Table 

58). 

The girls with the lowest serum ascorbic acid concen­

tration had an especially high concentration of serum 

alkaline phosphatase at 10 and 11 years, during the interim 

when the greatest increment in height was made. 

With a few exceptions the girls with the highest serum 

ascorbic acid concentrations tended to have higher hemo­

globin concentrations in the blood than the girls with the 
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Table 57 

Mean Serum Carotenold Concentrations of Iowa Children 
Classified According to Serum Ascorbic Acid Concentrations 

Qroups^ I II III 
Age 
yr. No» Mcg»9^ No. Mog.% No. 

Boya 

I 
3 121 4 107 102 
5 100 5 117 15 136 
9 81 6 124 19 130 

9 6 74 6 128 19 115 
10 7 82 7 146 20 130 
11 3 97 5 138 16 127 
12 8 84 10 113 47 108 

5 75 5 145 15 100 
1 51 2 150 14 83 

15 3 62 3 104 7 64 
II 
it 16 2 54 3 76 8 92 

1 78 2 81 4 151 
0 -- 2 96 8 96 

Qlrls 

3 77 5 129 16 153 
6 114 6 150 19 115 
3 114 5 150 17 106 

9 6 79 6 130 25 117 
10 5 §9 7 173 16 118 
11 H 83 5 115 26 106 
12 7 76 11 114 54 81 
13 3 ^ 5  110 17 8 4  
14 1 111 2 110 10 90 

1 77 2 98 12 101 
1 4l 2 114 11 93 
2 130 2 152 6 105 
1 126 2 182 4 116 

I 

il 
Groups - Serum ascorbic acid concentrations 

I Minus 2 or 3 standard deviations. 
II Plus 2 or 3 standard deviations. 
Ill Within ± 1 standard deviation. 
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Table 58 

Mean Serum Alkaline Fhosphataae Concentrations of Iowa 
Children Classified According to Serum Ascorbic 

Acid Concentrations 

Qroup^ I II m. 
Age 

No. No. NP.U. No. NP,U. 

il 

Boys 

4 4.77 14 4.25 
7 4 4.80 6 5.41 15 5.16 
8 9 '^•69 6 4.80 22 5*80 
9 7 6.19 7 5.76 21 5-5? 

10 7 3.58 7 5.15 18 5.14 
11 5 4.87 5 5.17 15 5.46 
12 8 5.73 9 5.29 46 6.25 
13 5 6.03 4 7.90 17 6.if 
14 1 4.16 2 4.48 14 6.36 
15 3 7.87 3 4.27 8 5.07 
16 3 6.59 3 3.06 9 3.81 

1 4.06 2 3.58 4 1.31 
i? — — 2 2.07 8 2.53 

Qlrls 

6 5 4.54 6 4.98 13 5.16 
7 6 5.16 6 4.37 19 5.02 
8 3 4.34 5 5.52 17 4.75 
9 6 4.41 7 6.19 24 5.47 

10 5 7.67 7 4.62 16 5.59 
11 4 9.13 5 6.00 25 5.48 

5.51 13 5.44 42 5.36 
5.53 5 3.85 17 4.22 

12 7 5.51 13 5.44 42 5.36 
13 3 5.53 5 3.85 17 4.S 
14 1 2.19 2 4.55 10 2.< 
15 1 1.66 2 1.81 12 2M 
16 1 2.87 2 2.0Q 12 1.94 

2 1.22 2 1.84 6 1.60 
1 1.56 2 2.33 4 1.29 

Groups - Serum ascorbic acid concentrations 
I Minus 2 or 3 standard deviations 

II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation 

'^Itrophenol units. 
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lowest concentration of ascorbic acid* The boys showed 

no outstanding differences In hemoglobin with serum ascor­

bic acid concentration (see Table 39)* 

Summary 

1. The serum concentrations of ascorbic acid of boys 

and girls decreased Irregularly with age. The lowest con­

centrations were attained at 14 to 18 years for boys and 

13 through 15 years for girls. 

2. Dietary Intakes of ascorbic acid equal to the 

allowances did not maintain a imlformly high serum ascorbic 

acid concentrations at all ages during the school years. 

The serum concentrations of ascorbic acid were evidently 

influenced by the intake and by physiological changes 

accompanying growth. 

3. The children with low serum ascorbic acid concen­

trations did have a lower Intake of vitamin C than did the 

children with the highest serum ascorbic acid concentra­

tion > but a significant relationship was not noted in the 

correlation between seriim concentration and intake of ascor­

bic acid of the two extreme groups of children. 

4. The children with the highest serum ascorbic acid 

tended to be slightly taller than the children with the 

lowest serum ascorbic acid concentration. 
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Table 59 

Mean Hemoglobin Concentrations in Blood of Iowa Children 
Classified According to Serum Ascorbic Acid Concentrations 

Qroups^ I II III 
Age 
yr. No. Qm. No. Om.®/» No. Cta.®/o 

Boys 

6 3 12.7 4 12.2 14 13.4 
7 5 12.8 5 13.3 15 12.6 
8 9 13.^ 6 13.1 22 12.8 
9 6 13.3 6 13.4 21 13.2 

10 7 12.8 7 12.9 18 13.3 
11 4 13. 5 13.2 15 13.1 
12 7 13.5 10 13.4 46 13.4 

3 13.9 4 13.6 17 13.5 
14 1 14.7 2 12.8 14 13.4 
15 3 14.0 3 14.5 8 14.7 
16 3 14.5 3 14.2 9 15.0 

1 13.6 2 14.8 4 14.3 
18 — 2 16.0 8 14.9 

Qirls 

6 4 13.3 6 12.4 13 12.7 
7 6 12.7 5 13.2 19 12.8 
8 1 12.7 4 13.1 12.5 
9 6 12.2 7 12.9 24 12.9 

10 5 12.6 7 13.3 16 12.9 
11 4 13.4 5 12.8 13.3 
12 7 13.9 13 13.5 42 13.4 

3 11.9 5 12.9 17 12.8 
14 1 13.2 2 14.5 10 14.0 
15 1 12.1 2 13.0 12 13.1 
16 1 14.0 2 13.9 12 13.2 

2 12.4 2 14.0 6 13.2 
l8 1 12.3 2 13.2 4 12.4 

Groups - Serum ascorbic acid concentrations 
I Minus 2 or 3 standard deviations 

II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation. 
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5. The children with the highest serum ascorbic acid 

concentrations tended to have diets richer in protein, 

minerals and vitamins than the children with the lowest 

concentration of serum ascorbic acid. 

6. The concentrations of serum oarotenoids followed 

the same trend as of serum ascorbic acid. 

7. The girls with the lowest serum ascorbic acid 

concentration had an especially high concentration of serum 

alkaline phosphatase during the interim of rapid linear 

growth (10 to 13 years). The boys with the highest serum 

ascorbic acid concentration reached the maximum concentra­

tion in alkaline phosphatase two years earlier than did the 

boys with the lowest serum ascorbic acid concentrations. 

8. The girls with the highest serum ascorbic acid con­

centration tended to have slightly higher mean hemoglobin 

concentrations in the blood than had the girls of the other 

two groups. 

Serum Carotenoid Concentration of Zowa Children 

To date there is little evidence that the oarotenoids 

as such function in the hiunan body, although it has been 

suggested by Szymanski and Longwell (1931) that the 

carotenoid concentrations may be related to the rate of 

growth. A study of the possible functions of the 
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oarotenolda is conqpllcated by the fact that the body Is 

able to transform these substances to vitamin A which> In 

turn, the body uses or stores. 

Animal experimentations (Velse ^al*« 19^7} have 

shown that the main site of conversion Is the Intestinal 

wall. A certain percentage of the oarotenold substances 

must be allowed to pass through the Intestinal wall un­

changed, since carotenolds are foiand In the blood combined 

with protein. Appaarantly otter tissues must be able to con­

vert the carotenolds to vitamin A (Blerl and Pollard, 1953)* 

!rhe concentrations of the carotenolds In the serum re­

flect the dietary Intake of foods rich In this substance. 

British workers (Report of Vitamin A Sub-Commit tee, 19^5) 

noted that the serum oarotenold concentration of a group of 

healthy men dropped notably after subsisting on diets free 

of carotenes and vitamin A for one week. Pllcher et al, 

(1950) observed that the consun^tion of carotene-rich foods 

Increased with the amount of money spent for food. Yar-

brough and Dann (19^1) found higher serum vitamin A concen­

trations in subjects of a high-income level than in those 

of a low-income level. 

Investigators do not sgree on a concentration of serum 

carotenolds that is satisfactory. Some investigators believe 
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that 123 to 75 micrograms per cent should "be the lower limit 

(Bessey and Lowry, 19^7)$ others, 100 to 30 micrograms per 

cent (Goldsmith, 1930; Sinclair, 1930). Williams and 

co-woxicers (1930) arbitrarily selected 60 micrograms per 

cent as the dividing line between satisfactory and unsatis­

factory concentrations. 

Mean serum carotenoid concentration of a total sample of 

Iowa children 

The mean serum concentration of the carotenoids for 

each age-sex group declined irregularly to a minimum at 13 

years for the boys and at 13 years for the girls (see Table 

60). Clayton et al. (1933) noted a similar decline in the 

means of the different school age groups. In that study 

the children in the 13 to 13 year old group had lower 

mean concentration of serum carotenoids than the children 

in the other age groups. 

These investigators also observed that the girls tended 

to have higher mean concentrations than the boys. The 

Iowa girls appeared to have a similar tendency except at 

the ages 11 to 13 years, usually regarded as the period of 

puberty. Some of this sex difference found in the early 

teens may be due to the different ages of puberty for the 

two sexes. A more valid comparison of serum carotenoid 
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Table 60 

Mean Serum Carotenold Concentration of Iowa Children 

Age 
yr. No. 

Mean 
mcg.% 

Standard 
deviation 

Standard 
error 
mog.̂ o 

Range 

I 15 
9 
10 
11 
12 

ii 
II 

I 
10 
II 
12 

il 
il 
II 

21 

'I 26 
65 
26 
17 
13 
13 
7 
10 

2k 
31 
25 

if 
ii 
25 
13 

10 
7 

106 

116 
110 
124 
116 
106 
104 

89 
72 

106 
96 

139 
122 
116 
113 
128 
105 

95 
99 
92 
120 
136 

Boya 

12.9 
47.3 
45.0 

m 
42.2 
38.8 
47.3 
31.4 
30.1 
46.8 
37.1 
37.6 

Olrls 

I 4.6 0.3 

tu 
59.7 
39.2 
31.8 
38.3 

26.8 
29.9 
38.8 
34.6 

2.8 
9.5 
7.7 

8.1 
4.8 

li 
13.0 
14.0 
11.9 

11.1 
7.2 
9.6 
5«6 
11.3 
6.6 
4.0 
7.7 
9.2 
6.9 
8.0 

12.3 
13.1 

I I :  

26 
66 
41 
40 

J9 
69 
43 
J2 
a 
44 
28 
52 
33 

48 
58 

it: 
J? 40 

I 64 
41 
66 
91 

180 
262 
217 
212 
220 
268 
204 
210 
169 

154 
161 

248 
209 
262 
206 
367 
180 
194 
192 
174 

m 
188 
198 
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concentrations between the two sexes wotild be obtained by 

disregarding chronological age and by matching the data at 

the ages when the lowest concentrations occurred. The 

conqparison would be made according to physiological develop­

ment rather than chronological age. VRien the Iowa data was 

considered in the above manner, the mean serum concentra­

tions of the girls tended to be slightly higher than those 

of the boys at most ages. 

Based on comparisons at chronological ages, an opposite 

tendency was noted by Szymanski and Longwell (1931) in 

their longitudinal study on Denver children. From 6 to 

14 years the median for the girls at each chronological age 

was lower than for the boys. 

The low serum oarotenoid concentrations during periods 

of rapid growth cannot be fiilly explained by a low Intake 

of food rich in carotenolds. The entire sample of children 

had diets with mean vitamin A values that exceeded the 

allowances at all ages in both sexes (see Table 12). 

m order to explore the relationships between the 

serum oarotenoid concentrations and the vitamin A value of 

the diet, several simple correlations were computed from 

the data on the boys. The correlations were between serum 

concentration of carotenolds and vitamin A value of diet, 

the vitamin A value from vegetable sources, and age. 
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A multiple regression vras coinputed between serum oarotenoid 

concentration, vitamin A value from vegetable sources and 

age. 

Over one-third of the vitamin A value in the diets of 

the boys came from vegetable sources. The mean daily 

vitamin A value of the intake of the 305 boys was estimated 

to be 7641 International Uhits, ifith 2755 International 

Uhits derived from vegetable sources. Macy (19^8) noted a 

definite rise in the oarotenoid concentrations of a group 

of children, after they had consumed a diet rich in fruits 

and vegetables for two weeks (Robinson et al*, 19^8). 

OThez^efore high oarotenoid intake may be expected to be re­

flected in the serum concentrations of Iowa boys. 

The correlation between the serum oarotenoid concen­

tration and the total vitamin A value of the diets of the 

boys was small ( r •> 0.15) ̂ ut significant. Ifoschette et al. 

(1952) obtained a similar value for the correlation between 

the same two variables. In the Iowa data the relationship 

was more significant when only the vitamin A value for 

vegetable sources was considered (r • 0.21). 

The correlation between age and serum concentration of 

carotenoids was significant but negative (r --0.20). 
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The relationship between serum carotenoid concentra­

tion and carotenoid intake became greater when age vraa 

considered as another independent variable. The multiple 

R in this calculation was O.35, which is highly significant. 

It may be concluded from this analysis that the serum 

carotenoid is related not only to intake» but also to age. 

Indications from the study of Iowa boys are that the 

serum concentrations did reflect intakes of dietary 

carotene^ but the changes accompanying puberty caused a 

rapid reduction of the substance in the serum. The con-

vex*8ion of carotenoids to vitamin A may be rapid during 

prepubertal periods of growth. This finding sugigested an 

increased need of vitamin A during this period. The 

allowances recommended for age do not take into considera­

tion the great needs of the body during this period. 

Study of the three groups of Iowa children claasified 

according to serum carotenoid concentrations 

To study the characteristics of individuals who had 

particularly low or high serum carotenoid concentrations, 

each age-sex group was divided into three groups according 

to the mean and standard deviation. In Group I were all 

the individuals who had serum carotenoid concentrations in 

the second or third standard deviations below the mean; 
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In Group II those in the second and third standard devia­

tion above the n^an; in Group III, those within plus or 

minus one standaz*d deviation. 

The mean concentrations for each of the small groups 

are presented in Table 61. In both sexes the mean serum 

concentration for each age in the three groups tended to 

decrease irregularly with age. The minima for each group 

may be noted at 13 to 15 years for the boys and 13 to 16 

years for the girls (see Figure 31)• 

By comparing the mean daily vitamin A values of the 

diets of Groups I and II It was evident that girls with 

low or high serum concentrations of carotenolds had diets 

correspondingly low or high in vitamin A value. The only 

exception was at 13 years of age. For the younger boys 

(7 to 12 years) high serum carotenold concentrations were 

accompanied with high mean dally Intakes of vitamin A, 

the low concentrations with low intakes of the vitamin 

(see Figure 32). The dietary relationship was conspicuously 

absent for the teen-age boys. 

Although the mean serum carotenold concentration of 

each age-sex group tended to reflect the intake of vitamin 

A rich-foods, the correlation between the two variables 

was negligible, when the entire Groups I or II of the boys 

and of the girls (6-18 years) was considered in the correla­

tion. 
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Table 61 

Mean Serum Carotenold Concentrations of the Three 0rotu)8 
of Iowa Children 

Qroupa^ 
Age 
ULi 

II III 

No. Mog»9^ No. No, Mog.% 

6 

I 
il 
II 
12 

ii 
II 

6 

I 
10 
II 
12 

II 
II 
II 

3 
3 
5 

i 
3 
10 
5 
3 
0 
2 
1 
1 

4 
5 
2 
5 
1 
4 

9 
3 
2 
4 
2 
1 
1 

50 

58 

70 

47 

48 
52 
33 

60 
68 
65 
55 
57 

68 
48 
66 
91 

3 
12 
3 
2 
1 
1 
2 
1 

Girls 

169 
213 
193 
166 
202 
198 
169 
195 
150 

ii? 

15 
18 
23 
21 
22 
20 

12 
12 
10 
4 
8 

104 
114 
109 
108 
120 
111 
99 
105 

§9 
65 
7S 

96 

3 240 17 140 
5 185 21 121 
4 197 15 105 
6 171 26 112 
1 367 26 122 
6 171 ?5 97 
10 151 43 96 
4 
2 m 18 

§ 

79 
90 

3 132 102 
3 136 9 87 
2 182 7 109 
1 198 5 133 

^roup - Serum carotenold concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation. 
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31 Mean serum carotenoid concentration 
of Iowa children classified according to 
level of carotenoid concentration 
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.32 Mean dai ly  vi tamin A value of  the diets of  
Iowa chi ldren classif ied according to two 
groups of serum carotenoid concentration 
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BGSSl Qlrls 

Qroup I 
Group II 

-0.21 
0.15 

-0.07 
-0.07 

Merrow et al. (1952) olaaslfled the serum oarotenoid 

concentrations of the Vermont children according to the 

standards of Bessey and Loiiry. The children whose serum 

concentrations viere excellent or good were placed Into the 

high group> and those ndiose concentrations were fair or poor. 

In the low group. The Investigators then studied the rela­

tionship between the total vitamin A value of the diets of 

the children and the concentration of the serum carotenoids. 

They reported that significant relationship existed between 

total vitamin A value of the diets and the serum concentra­

tion of carotenoids. The two studies on the Iowa children 

and Vermont children values of serum carotenoids do show a 

relationship between the Intake and serum concentration of 

the carotenoids. 

Physical status. From 6 to 12 years the boys with low 

serum carotenold concentrations had slightly lighter weights 

than the boys with high serum carotenold concentrations. 

For the boys from 12 to 18 years and the girls from 6 to 

Id years no relationship was evident between serum caro­

tenold concentration and weight. 

The boys from 6 to 12 years in Group I were slightly 

shorter than the boys In Group II. During puberty the 



www.manaraa.com

-242-

glrls and boya with high serum carotenold concentrations 

tended to be shorter than the children In Group I. 

Nutrient Intake. The mean nutrient Intake of the 

diets of the boys and girls In Groups I and II are pre­

sented In Tables 62 and 63. There was a tendency for the 

boys and girls with the high serum carotenold concentra­

tion to have a higher caloric Intake than the children 

with low serum concentrations. This tendency was observed 

In 9 out of 13 sge groups. The girls In Group II had diets 

with higher protein content than the girls In Group I. 

The boys were not as consistent as the girls In the rela­

tionship between serum concentration and protein Intake. 

The girls In Groxip II had diets with higher Iron and 

calcium contents than had the girls In Group I. The rela­

tionship between serum carotenold concentrations and the 

calcium content of the diets of the boys was less notice­

able than It was for the girls. The Iron content of the 

boys' diets seemed to follow the same direction as the 

concentration of the serum carotenold. 

Both the boys and the girls with high serum carotenold 

concentration tended to have high Intakes of ascorbic acid. 

The children with low concentrations had low Intakes of 

vitamin C (see Figure 33). 
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Atbl* 62 

N«aii Oailjr 'ood Incrgjr aod Vatriant Contant of Dlsta ( 
Iowa OMldran Aeoording to Sana Oarotanoid Conoantral 

Boja 

Aca 
in 
yra. lo. Oroup* 

Blood 
oarotana 

food 
anarfir 
oal. 

Protein Oaloina Iron 
fitaain 

A 
valtta 

Aaoc 
a< 
1 

6 3 X 50 2377 68 1120 9 6732 I 

3 " 169 21/̂ 3 62 921 10 4864 t 

7 3 I . 70 1700 56 953 8 3690 0 
« 

k XI 213 1936 65 998 9 8163 0 
i 

8 5 I 58 2383 70 1112 10 3223 ( 
6 ZZ 193 2218 74 1152 10 10042 < 

9 5 X 58 2106 59 827 9 5222 1 

5 IX 166 2114 68 988 11 11938 f 

10 6 X 60 2'»21 73 1023 10 5476 J 
6 11 202 22A3 69 1085 10 6667 

1 1 

U 3 X 70 2485 73 1076 9 3O88 i 

3 II 198 2882 88 1209 13 12099 li 

X Mintu 2 or 3 standard dariatlona 

ZI Plus 2 or 3 standard darlationi 
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ao Oallj 'ood Xneror and Vatrlsnt Content of Diets of 
im Children leooxdins to Sena Oarotenoid Conoentrations 

B078 

Yood fitaain A800rl)i0 Bibo-
energjr Protein Caloiim Iron A aoid fbiaaine flavin liaoin 
oal* mg, mg, ralua b^. ag, mg, mĝ  

zyrr 68 1120 9 6732 48 1.1 2.1 12 
21̂ 3 62 921 10 km 59 1.0 1.6 10 

X700 56 953 8 3690 36 0.8 1.5 9 
1936 65 998 . 9 8163 74 0.9 1.9 U 

2303 70 1112 10 3223 67 1.1 1.9 12 
221B 7̂  1152 10 10042 95 1.1 2.0 12 

2106 59 827 9 5222 52 1.0 1.6 11 
znk 68 988 11 11938 97 1.1 2.0 12 

2t»2l 73 1023 10 5476 49 1.0 1.9 14 
22/»3 69 1065 10 8667 75 1.1 2.0 12 

2hB5 73 1076 9 3O88 5̂  1.0 2.0 14 
2882 88 1209 13 12099 108 1.4 2.2 14 

lOTtwUgn 

I deviations 

deviations 
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fal)!* 62 (eontiaiud) 

in 
Vo. flrot®!* 

Bleed 
earotene 

food 
eneror 
eal. 

Protein GULeim Zron 
mg. 

Titaain 
• 

value 

Aeeorl 
aol< 
•« 

12 10 I 58 2703 84 1236 12 9064 80 
12 IZ 169 2704 86 1168 13 9322 86 

13 3 Z li6 2717 76 919 12 4155 49 
3 ZZ 195 2903 102 1707 15 14824 169 

ik 3 z 47 2648 80 1051 12 6905 60 
2 ZZ 150 2934 80 886 12 4370 85 

15 0 z S 

1 ZZ 157 3684 126 1383 16 5072 127 

16 2 z 31 3368 104 1392 13 5751 64 
1 ZZ 218 3368 96 U50 14 6762 110 

17 1 z 52 3898 132 2422 16 7367 77 
2 ZZ 150 3252 99 1406 15 5880 79 

18 1 z 33 2945 m 1597 12 17019 56 
1 ZZ 161 2992 75 571 13 4398 39 
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fltaain AaeorMe Blbo-
Protoia Oaleitoi Xron A aeld fhiuiae flarln Xlaein 

«g. tmliw mg, mgt mg. 

Bk 1236 12 9064 80 1.4 2.4 15 
86 1168 13 9322 86 1.3 2.1 14 

76 919 12 4155 49 1.3 1.8 14 
102 1707 15 14824 169 1.8 3.2 18 

80 1051 12 6905 60 1.3 2.1 13 
80 886 12 4370 85 1.2 1.7 16 

1383 16 5072 127 1T7 2.6 25 

10̂  1392 13 5751 64 1.4 2.7 16 
96 1150 U 6762 UO 1.9 2.2 16 

132 2422 16 7367 77 1.7 3.8 19 
99 1M6 15 5880 79 1.6 2.6 15 

m 1597 12 17019 56 1.6 3.9 20 
75 571 13 4398 39 1.1 1.4 12 
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Sable 63 

Neaa Daily food Jnovgf and Sutrient Content of Diete oi 
lova Children Aoeordiog to Sertai Oarotenoid OoncentratS 

Oirla 

Ago food fitmin Aaoor 
in 

Ho* OroupF 
Slood energy Ptrotein Oaloivi Xron A aol 

yra. Ho* OroupF oarotene oal* 0B* •S* •S* ralne «« 

6 4 I 58 1821 53 768 8 4a9 46 
3 " 2<)0 17̂  57 751 8 11868 63 

7 5 X 66 2032 62 934 9 43̂  62 
5 XI 185 2099 67 1074 10 901)0 97 

8 2 X 60 219Û  73 1258 9 1)898 39 
k II 197 2207 76 1354 11 7981 117 

9 5 I 68 2269 60 717 9 3585 88 
6 XX 171 2138 68 9̂  10 6621 83 

10 1 X 65 2283 67 1018 10 3920 44 
1 XI 367 2381 67 883 11 4640 108 

11 4 X 55 21A7 68 956 10 3649 67 
6 XZ 171 2117 71 970 10 6472 77 

ŜSSSS. Serw Oarotenoid Conaentratlon 

1 Minna 2 or 3 atandard deriationa 

ZI Plua 2 or 3 atandard deriationa 
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da Sailj food Ineror and latrlont Oonteot of Slots of 
m Ohlldron locordlng to Sorvn Oarotonoid Gonoontratlons 

Oirla 

food Titipin AsoorMo Bibo-
onorgr Protein Oaloltai Iron • «old Ihlaalne flavin Ilaoln 
oal* 0i. Bg* ag. Talna ag, ag. ag, ag. 

1821 53 768 8 k2X9 46 0.8 1.3 10 
17'*9 57 751 8 11868 63 0.8 1.7 10 

2032 62 93̂  9 4348 62 1.0 1.7 11 
2099 67 1074 10 901>0 97 1.1 2.1 12 

219̂  73 1258 9 4898 39 1.0 2.2 11 
2207 76 135«f U 7981 117 1.2 2.4 11 

2269 60 717 9 3585 88 1.1 1.4 13 
2138 68 9'»9 10 6621 83 1.7 1.8 12 

22B3 67 1018 10 3920 44 1.0 2.0 15 
2381 67 883 11 ii6Mi 108 1.8 1.7 10 

21l»7 68 956 10 3649 67 1.0 1.7 10 
2117 71 970 10 6472 77 1.1 1.8 12 

derlatlons 

loTlatlona 
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9k%1« 63 (eonliomd) 

Ac* 
in 

16. 
Blood 
earoloBO 

Teod 
oBoror 
oal. 

Fsrotoin Oftloim 

•8* 

Xron 
fLtaaln 

A 
t«ltio 

Aieoi 
MJ 
•f 

12 9 X 57 2287 72 1025 11 5906 n 
10 XZ 151 2532 83 1192 12 11279 82 

13 3 X 37 2378 62 684 10 8630 57 
ZX 153 253̂  82 1067 12 62U 9£ 

Ifr 2 X 5»> 25»i9 71 848 13 4119 63 
2 XX 15̂  2324 77 1226 X3 15434 95 

15 4 X 68 2705 80 964 11 4413 71 
3 IX 132 2953 89 968 Ik 9552 135 

16 2 X 48 2242 58 518 9 2109 82 
3 XX 136 2348 73 889 12 6060 77 

17 1 X 66 2218 68 904 9 2683 47 
2 XX 182 2700 80 999 11̂  7887 77 

18 1 X 91 2088 65 900 10 <523 43 
1 XX 198 2468 80 1212 11 6540 155 
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iMd ntaalB Aseorliie llbo-
•Mrg/ ProtvlB (UeltM Zren • m1& ShiudiM flftrtn lUela 
OAl. ffi. ĝ. ogii ac* •«. Bg. iNE. 

3287 72 1025 11 5906 76 1.1 1.8 13 
2532 83 1192 12 11279 82 1.2 2.3 14 

2378 62 684 10 8630 57 1.1 1.4 13 
82 1067 12 621/̂  96 1.4 2.0 15 

23̂  71 848 13 <̂ 119 83 1.3 1.6 13 
232̂  ̂ 77 1226 13 15434 95 1.2 2.9 13 

2705 80 964 ii 4413 71 1.2 1.9 14 
2953 89 968 9552 135 1.5 2.0 18 

2242 58 518 9 2109 82 1.0 1.1 12 
2348 73 889 12 6060 77 1.2 1.7 13 

2218 68 904 9 2683 47 0.9 1.7 10 
2700 80 999 ll» 7887 77 1.3 1.8 15 

2088 65 900 10 6523 43 0.8 1.5 10 
2468 80 1212 11 6540 155 1.3 2.3 14 
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.33 Mean ascorbic acid content of the diets of 
iowa children classif ied according to two 
groups of serum carotenoid concentrations 
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The girls with high serum concentration of carotenoids 

had diets that were richer in the B vitamins than had the 

girls with low concentration. The thiamine, riboflavin and 

niacin contents of the diets of the boys were not as con­

sistently related to the concentration of serum carotenoids 

as they were for the girls. 

From these data it appeared that the girls with the 

highest serum concentration of carotenoids tended to have 

diets that were richer in calories« protein, minerals and 

vitamins than the diets of the girls in the lowest serum 

carotenoid concentration group. The boys showed the same 

tendency, but the relationship was less consistent and 

regular. 

Concentration of various blood constituents. The mean 

serum carotenoid concentration for each age-sex group are 

presented in Table 64. For the children with the highest, 

lowest and average concentrations of serum carotenoids, the 

serum ascorbic acid concentrations followed trends similar 

to those of the concentration of the serum carotenoids. 

For each group the tendency was for the mean of each 

age to decrease irregularly with age and the lowest serum 

ascorbic acid concentration was reached within four 

years of the minimum concentration of the serum caro­

tenoids . It may be noted that the children with average 
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Ô ble 64 

Mean Serum Aaoorblc Acid Concentrations of Iowa Children 
Classified According to Serum Carotenold Concentrations 

Groups® I II III 
Age 

No. m.'yo yr. No. MK.®/o No. MR.VO No. m.'yo 

II  

Boya 

6 3 1.04 3 0.52 15 0.97 
7 3 0.59 4 0.97 18 0.89 
8 5 0.47 6 1.29 23 0.83 
9 5 0.67 5 1.50 21 1.07 
10 6 0.50 6 0.96 22 0.84 
11 3 0.50 3 1.37 20 0.97 
12 10 0.50 12 0.80 43 0.78 

5 0.26 3 1.17 18 0.74 
3 0.27 2 1.28 12 0.52 

1 5  0 — 1  0 . 8 1  1 2  0 . 4 7  
16 2 0.21 1 0.90 10 0.60 

1 1.00 2 O.I^ 4 0.5J 
1 0.58 1 1.10 8 0.3t 

Qirls 

6 3 0.70 2 1.10 19 0.98 
7 5 0.95 5 1.16 21 1.04 
8 2 0.56 4 1.74 19 0.82 
9 5 0.52 6 1,27 26 0.95 
10 1 0.41 1 1.67 26 1.00 
11 4 0.67 6 0.81 25 0.68 
12 9 0.55 10 0.94 43 0.75 
13 3 0.40 4 0.67 18 0.47 
14 2 0.30 2 0,92 9 0.57 
15 4 0.49 3 0.46 8 0.46 
16 2 0.30 3 0.84 9 0.70 
17 1 0.58 2 1.10 7 1.05 
18 1 0.58 1 1.69 5 0.95 

aoroup - Serum carotenold concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviat^lon. 
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serum cax*otenoid concentration reached the minima In both 

blood constituents at the same age. 

In Table 63 are presented the mean alkaline phos­

phatase concentration of the children idio have high, low 

or average serum carotenold concentrations. 

The boys with the highest concentration of serum 

carotenolds appeared to reach maturity a year later than 

the boys with the lowest concentration, as may be observed 

by maximum level In the serum alkaline phosphatase concen­

trations* The girls with the lowest serum concentration 

of carotenold made the greatest Increment In height between 

9 to 10 years at which time there was a great Increase in 

the concentration of serum alkaline phosphatase. 

The boys with the highest serum concentration of caro­

tenolds tended to have lower hemoglobin concentration in the 

blood than did the boys with the lowest concentration of 

serum carotenolds (see Figure There were 9 age groups 

out of 13 at which the hemoglobin concentration of the boys 

with the highest carotenold concentrations were lower than 

the ones for the boys with the lowest serum carotenold con­

centrations. With the exception of two agci groups the girls 

with the high carotenold concentrations had higher hemoglobin 

concentrations in the blood than had the girls with low 

concentrations of serum carotenolds (see Table 66). 



www.manaraa.com

251 

Table 65 

Mean Alkaline niosphatase Concentrations of Iowa Children 
ClasBified According to Serum Carotenoid Concentrations 

OroupB^ I II III 
Age 
yr. No. NP.U»^ No. NP.U. No. NP«a. 

I  

a 

I  

II  

3 2.89 3 ^.37 15 4.77 
2 5.73 6.03 18 4.95 
5 5.10 6 5.9§ 23 5.2I 

9 5 5.93 5 5.66 21 5.72 
10 6 4.13 6 4.79 22 5.O2 
11 3 4.65 2 4.48 20 4.97 
12 10 6.19 12 6.33 43 6.37 

3 5.71 3 7.84 18 6.03 
3 5.00 2 4.48 12 6.51 

1 5  0 — 1  3 . 7 2  1 2  5 . 6 5  
16 2 5.08 1 3.97 10 4.09 

1 1.62 2 3.11 4 4.66 
1 2.19 1 2.80 8 2.42 

Qirls 

4 5.52 3 6.58 19 4.67 
5 5.25 5 4.81 21 4.87 
2 5.77 4 4.45 19 4.84 

9 5 4.13 6 7.55 26 5.02 
10 1 7.46 1 3.84 26 5.72 
11 3 5.56 6 4.74 25 6.37 
12 9 4.88 10 5.45 43 5.49 
13 3 3.81 4 2.^ 18 4.77 
14 2 2.28 2 3.66 9 3.17 
15 4 2.46 3 5.09 8 1.82 
16 2 2.12 3 1.70 9 2.10 

1 1.22 2 2.10 7 1.47 
1 j88 1 2.44 5 1.61 

^roup - Serum carotenoid concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within + 1 standard deviation 

^Nitrophenol units. 
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. 34 Mean hemoglobin concentrations in blood of 
Iowa children classified according to three 
groups of serum corotenoid concentrations 
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Table 66 

Mean Hemoglobin Concentration in Blood of Iowa Children 
Claaaified According to Serum Carotenoid Conoentrationa 

Oroups® I II III 
Age 
yr. No. Gm.% No. Qm.% No. Qm.^ 

i l  

II  

I  

11 

6 3 13.1 3 12.3 15 12.3 
7 3 12.4 4 13.2 18 12.8 
8 5 12.9 6 12.7 23 13.1 
9 5 13.6 5 13.5 21 13.2 
10 S 12.9 6 12.9 22 13.2 
11 3 12.9 3 12.6 20 13.3 
12 10 13.9 11 13.4 43 13.6 

4 13.8 3 13.6 18 13.5 
3 13.4 2 12.8 12 13.6 

1 5  0 — 1  1 5 . 2  1 2  1 4 . 4  
16 2 14.5 1 13.0 10 14.9 

1 15.2 2 14.8 4 14.0 
1 16.0 1 12.8 8 15.2 

Oirla 

6 3 12.7 
5 12.3 
2 11.2 

9 5 12.2 
10 1 12.4 
11 4 14.2 
12 8 13.0 

3 13.0 
2 12.4 

15 4 12.2 
16 2 12.1 

1 14.4 
1 12.1 

3 12.7 19 12.8 
4 13.1 21 12.9 
4 13.0 19 12.7 
6 13.4 26 13.3 
1 13.0 26 13.0 
6 12.9 ?5 13.2 

10 13.3 43 13.9 
4 13.3 18 12.5 
2 13.3 9 13.1 
3 13.6 8 13.2 
3 13.5 9 13.5 
2 13.7 7 13.0 
1 13.0 5 12.7 

^roup - Serum carotenoid concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation. 
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Smnmary 

1. For Iowa children the mean serum concentrations 

of carotenoids tended to decrease irregularly with age 

imtil they reached the minimum at 15 years for boys and 

13 years for girls. The reduction of the serum concentra** 

tion with age may indicate that the conversion of the 

carotenoids to vitamin A was n^id during the changes of 

puberty. 

2. For boys the serum carotenoid concentrations were 

positively correlated with the intake of carotene-rich 

foods and negatively correlated with age. 

3. The boys with the highest serum carotenoid concen­

tration from 6 to 12 years were lighter in weight but 

taller than the boys with low serum carotenoid concentra­

tions. The older boys and girls showed no similar relation­

ship. 

4. The children with the highest serum carotenoid 

concentration tended to have diets higher in vitamin A 

value than the children with the lowest serum carotenoid 

concentration. 

3. The girls with high serum carotenoid concentrations 

tended to have diets richer in calories> protein, vitamins 

and minerals than the girls with low serum carotenoid con­

centrations. The boys did not have as conspicuous a 
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relationship between serum concentration and nutrient in­

take as did the girls. 

6. The children with high serum carotenoid concen­

trations had high serum ascorbic acid concentrations, and the 

children with lowest concentrations of serum carotenoids had 

low concentrations of serum ascorbic acid. The children 

with average concentrations of serum carotenoids had inter­

mediate values for serum ascorbic acid concentrations. 

7* The boys with the higlwst serum carotenoid concen­

trations seemed to reach maturity a year later than the boys 

with low concentrations, as noted by the peak level in the 

serum alkaline phosphatase. The girls with the lowest serum 

carotenoid concentration exhibited a great rise in serum 

alkaline phosphatase at 9 to 10 years. 

8. The girls with the lowest serum concentrations of 

carotenoids tended to have lower hemoglobin concentrations 

in the blood than did the girls with the highest concentra­

tion of serum carotenoids. The boys with the lowest concen­

tration of serum carotenoids tended to have higher 

hemoglobin concentrations in the blood than did the boys 

with the highest concentrations of serum carotenoids. 
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Serum Alkaline Phosphatase Concentrations of 

Iowa Children 

Alkaline phosphatase Is an enzyme which Is widely dis­

tributed In manmiallan cells. This enzyme Is more concentra­

ted per unit weight In the kidney, liver and Intestines 

than In the bone. The greater part of the phosphatase In 

the blood comes from the bone because of ttw large pro­

portion of bone tissue. 

Roblson (1923) discovered that a yoting rapidly growing 

bone was very rich In the enzyme. He noted that loxig bones 

from a rachitic rat Incubated at 37* In a solution of cal­

cium hexomonophosphate or glycerophosphate at a pH 8.4 to 

9.4 were able to deposlte "fresh calcium phosphate In the 

zone of provisional calcification, and particularly In the 

region of hypertrophic cartlllge cells." The observations 

from his to vitro experiments led Roblson to conclude that 

phosphatase played an Important role In the calcification 

of bone. 

Kay (1930) observed a distinct rise In the serum 

alkaline phosphatase concentrations In Individuals who had 

disturbances either In bone formation or bone maintenance 

such as occur In osteitis deformans, generalized osteitis 

fibrosa, osteomalacia and rickets. The Increase In the 
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phosphatase concentrations correlated roughly with the 

severity of the diseases. 

Talbot (1941) In his studies of the functions of the 

thyroid gland found that an exceptionally low phosphatase 

concentration In Infancy may be associated with cretinism. 

He also observed that children who had a tendency toward 

a low metabollo rate had a lower alkaline phosphatase con­

centration than children whose basal metabolic rates were 

within the normal range. 

Mean serum alkaline phosphatase concentration of total 

sample of Iowa children 

In the Investigation of the nutritional status of Iowa 

school children the serum alkaline phosphatase concentra­

tion was measured on 337 boys and 336 girls. This Index of 

nutritional status was made for the sample of children who 

attended the urban elementary schools and the small town 

elementary, junior and senior high schools. 

In Table 67 the means, standard deviation, standard 

error of the mean and the range for all the boys and girls 

of each sge and sex have been tabulated. For both sexes 

the range became more narrow each year In the last part 

of the teen years (16 to 18). 
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Table 6? 

Mean Serum Alkaline Phosphatase Concentrations of 
Iowa Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. NP.U.ft NP.U. NP.U. HP.U. 

I  

it 

Boys 

22 4.46 1.46 0.31 2.26 - 7.82 
28 5.16 1.32 0.25 3.42 - 8.01 
37 5.37 1.57 0.26 2.78 - 9.20 

9 35 |.p 1.33 0.33 3.05 - 12.08 

!.70 
12 65 6.05 2.06 0.26 2.88 - 13.33 

10 35 4.83 1.69 0.29 1.83 - 9.32 
11 26 4.90 1.30 0.26 2.70 - 8.24 

26 6.42 2.16 0.42 2.62 > 12.02 
17 6.01 2.18 0.53 2.86 - 11.99 

15 i4 5.52 2.73 0.73 1.89 - 11.50 
16 15 4.21 1.80 0.46 2.16 - 8.41 
17 7 3.78 1.30 0.49 1.62 - 5.54 
18 10 2.44 0.74 0.24 1.59 - 4.04 

Qirls 

27 5.01 1.62 0.31 2.25 - 8.78 
32 4.92 1.79 0.32 2.34 - 9.30 
25 4.85 1.71 0.34 2.78 - 9.13 

9 39 5.30 1.99 0.32 2.55 - 12.04 
10 29 5.72 2.09 0.39 2.22 - 10.65 
11 33 0.01 3.50 0.62 2.2§ - 22.12 
12 65 5.40 1.91 0.24 1.68 - 11.21 

4.30 1.98 0.40 1.08 - 9.13 
3.11 1.54 0.41 1.18 - 6.23 

15 15 2.64 1.^2 0.44 1.30 - 6.69 

I  

16 15 2.02 0.66 0.17 1.24 - 2.87 
17 10 1.57 0.59 0.19 0.89 - 2.65 
18 7 1.02 0.55 0.21 0.88 - 2.44 

^itrophenol units. 
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It was noted from standard deviations and ranges« 

that the values for the alkaline phosphatase concentra­

tions varied widely about the mean. The standard devia­

tions were largest from 12 to 13 years for the boys and at 

11 years for the girls. 

Wide variability in serum alkaline phosphatase concen­

tration was noted in other studies. Bodansky (193^) ob­

tained a range of 2.8 to 7*8 nitrophenal units from a study 

of 27 children 2 to 13 years. This study included so few 

subjects that the variation of concentrations at each age 

could not be observed. Talbot (19'^1) noted a similar range 

in his study of 70 normal children 2 to 10 years of age. 

Adamson et (19'^5) claimed that a range of 2 to 8 

nitrophenol units can be expected from normal girls under 

13 years and boys under 13 years of age. They foxmd this 

range in the study of some Newfoundland children who 

appeared to have no symptoms of vitamin D or calcium de­

ficiency. 

The mean serum alkaline phosphatase concentrations ob­

tained by Harrison et (19'^8) on 223 Michigan children, 

by Clark and Beck (1950) on 401 (part of the whole group) 

Ohio children, by Bessey and Lowry (19^7) on 1200 New Yoz4c 

school children, have been charted in Figure 33 along with 

the Iowa data* Except for the study by Bessey and Lowry, 
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the age range was 6 to 18 years for boys and girls. In 

the four studies the same method was used to determine the 

serum alkaline phosphatase concentrations* 

The concentrations observed by Harrison et (19^(8) 

tended to be the highest for both the girls and boys. The 

observations made by CIax4c euid Beck (1950) were next» and 

the lowest values were obtained by Bessey and Lowry (19^7) 

on the New York school children. The serum alkaline phos­

phatase concentrations of Iowa children tended to be 

intermediate between the values obtained by Claxic and Beck 

and Bessey and Lowry. 

Some of the differences found in these four studies 

may be diae to the character of the subjects. The children 

observed by Harrison et (19^(8) came from five different 

institutions. They were mainly from broken or under­

privileged homes. The observations of Clark and Beok were 

a part of a longitudinal study on a group of Ohio children 

who came primarily from stable homes# probably from a 

higher socioeconomic level than that of the Michigan 

children. Bessey and Lowry selected schools which they 

believed to be representative of different socioeconomic 

level) therefore, these investigators chose schools in the 

rural area, in small towns and in congested urban areas in 

and about New York City. 
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The Iowa children were randc»nly chosen from the school 

children who attended the city elementary schools and those 

who attended the small town elementary and high schools. 

It Is the only study where an effort was made to obtain re­

sults that were representative of a large population of 

children. The means for each age-sex group may be more 

representative of the expected alkaline phosphatase con­

centrations for a group of children. 

There was a marked similarity of trends In the curves 

which described the mean alkaline phosphatase concentra­

tions of the four gro\Q>8 of children at the various ages, 

especially for the boys. The serum alkaline phosphatase 

concentrations rose to a high concentration, then they 

started to fall so that by the end of puberty they were 

approaching the concentrations often observed in adults. 

The serum alkaline phosphatase concentrations for Iowa boys 

ware highest at 12 to 14 years; they attained a peak at 

13 years. The high concentrations for Iowa girls extended 

from 10 to 12 years, with a peak at 11 years. These peaks 

occurred slightly In advance of the average ages of puberty, 

15 years for boys and 13 years for girls (Watson and 

Lowrey, 1931)* 
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Mulay and Humitz; (1938) noted high serum alkaline 

phosphatase oonoentratlons In his study of 272 children 

Just before puberty. Afterwards there was a decline to 

adult levels. For the individual the decline maybe rapid 

or gradual and extend to 23 years. Age group averages 

Indicated that in general the decrease from the peak to 

adult concentrations was gradual. 

For boys the mean of serum alkaline phosphtase con­

centrations reached a peak at 13 years in each of the four 

studies. In contrast the peak was not reached at a uniform 

age by the girls in the different studies* The Michigan 

girls reached the peak a year later, and the Ohio girls two 

years earlier than the Iowa girls. The age at which the 

highest values for serum alkaline phosphatase concentrations 

are attained, is determined primarily by the rate of 

maturation. The differences in the ages when these groups 

obtained the highest mean concentrations may be due to the 

various rates of maturation, which in turn may be Influenced 

by dietary and other environmental conditions. 

The depression observed in mean serum alkaline phos­

phatase concentrations of Iowa boys at the ages of 10 to 11 

years was noted to some degree in the data of the other 

three studies. In the Iowa data this observation may not 

be merely a sampling peculiarity but a physiological 
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depression of the enzyme In the serum Just before the In­

crease idtiloh accompanied the spurt of growth at puberty. 

During the time that these lo>iered mean concentrations pre­

vailed the Iowa boys were making only small Increments In 

height and weight. It was a period when growth was very 

slow. 

After the peak had been reached, the mean serum alka­

line phosphatase concentrations as a whole tended to be 

lower for the girls than for the boys. 

Study of three groups of boys and girls classified according 

to serum alkaline phosphatase concentrations 

In order to observe the differences that existed be­

tween the children lAio had high, low or average serum alka­

line phosphatase concentrations, each age-sex group was 

divided Into three groups according to the mean and standard 

deviation, m Group I were all the children who had serum 

alkaline phosphatase concentration In the second or third 

standard deviation below the mean; In Group II, those In the 

second and third standard deviation above the mean; In Group 

III, those within plus or minus one standard deviation. 

In Table 68 are presented the mean serum alkaline 

phosphatase concentrations of the three groups by sge and 

sex. The means of the serum alkaline phosphatase concentra­

tions of the girls and boys with the lowest levels (Group I) 



www.manaraa.com

-265-

Table 68 

Mean Serum Alkaline Phosphatase Concentrations of Iowa 
Children Classified According to Level of Serum 

Alkaline Phosphatase Concentrations 

arouDS® I II Ill All 
Age 
yr. 

Mean . 
No. NP.U.o 

Mean 
No. NP.U. 

Mean 
No. NP.U. 

Mean 
No. NP.U. 

6 3 2.71 5 6.43 1^ 13 22 4.46 
7 7 3.57 6 7.32 19 4.73 28 5.16 
8 6 3.37 6 8.07 25 5.20 37 5»37 
9 3 3.31 3 10.42 29 5.52 35 5.75 
10 6 2.70 5 7.89 24 4.72 35 4.83 
11 4 3.20 4 7.16 18 4.77 26 4.90 
12 8 3.43 9 9.79 48 5.79 65 6.05 

1.74 ' ' ' 
i.96 
k65 
.̂13 

17 1 1.62 1 5.54 5 3.86 7 3.7t 
18 1 1.59 1 4.04 8 2.35 10 2.44 

13 5 3.25 2 11.32 19 6.74 26 6.42 
14 2 3.32 1 11.99 14 ® " -

 ̂ - — 4.13 
1 1.62 1 5.54 5 3.86 7 3.78 

3.32 1 11.99 14 6.96 17 6.01 
_ 1.89 3 9.60 10 4.65 14 5.52 

16 3 2.22 2 7.62 10 4.13 15 4.21 

Qirls 

6 6 2.82 5 7.33 16 
7 4 2.52 5 7.91 23 
8 5 3 8.39 17 
9 5 2.^ 7 8.51 27 
10 6 2.86 0 8.59 17 
11 
12 

1 
7 

2.25 
2.65 

3 
10 

14.% 
8.72 n 

3 1.8§ 3 8.58 19 
14 1 1.18 3 5.54 10 

0 -- 2 6.66 13 
16 2 1.29 2 3.21 11 

1 0.89 2 2.48 7 18 1 0.88 2 2.33 4 

5.10 27 5.01 
4.69 32 4.92 
4.79 25 4.85 
4.91 39 5.30 
5.71 29 5.72 
5.22 33 6.11 
5.10 65 5.40 
4.01 25 4.30 
2.57 14 3.11 
2.02 15 2.64 
1.94 15 2.02 
1.41 10 1.57 
1.46 7 1.62 

^roup Serum alkaline phosphatase concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation 

^itrophenol units. 
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falled to show the fluctuations and the peak characteristic 

of the other two groups (see Figure 36). The concentra­

tions of the girls after 10 years exhibited a slow gradual 

decrease but the values for the boys in this group were 

strikingly similar at all ages. According to Talbot (19^1) 

low values may occur in children >dio have a tendency to>mrd 

hypothyroidism. 

The mean serum alkaline phosphatase concentrations of 

the boys and girls in Group II (those with high levels) 

exhibited a definite rise at 14 years for boys and 11 years 

for girls. The decline from the high peak to the adult 

levels was rapid. The descent was more irregular for the 

girls than for the boys. Very high alkaline phosphatase 

concentrations may denote bone disorders. The values found 

in this group were probably not within the pathological 

limits. 

The children with serum alkaline phosphatase concentra­

tions within plus or minus one standard deviation of the 

mean had a definite Increase In serum concentration of 

this substance at puberty. It appeared at 13 years of age 

for the boys and at 10 years for the girls« but the de­

crease toward adult levels was not definite for girls until 

12. The boys and girls with average concentrations of 

serum alkaline phosphatase (Group III) reached the maxlmun 
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ooncentratlon a year earlier than the children in Orotip 

II. The high concentrations of serum alkaline phosphatase 

around the period of puberty would seem to indicate delayed 

matiuTation. 

Physical status* There was no outstanding difference 

between the mean heights of the three groups of boys. This 

finding was not in accordance with ClaiSc and Beck (1950) 

who reported that the alkaline phosphatase activity is 

associated with yearly increments of linear growth (see 

Table 69). The heights of the girls with the highest and 

average serum alkaline phosphatase concentrations were 

similar (Groups II and III). The girls with lowest con­

centrations (Qroup I) tended to have mean heights that were 

below the heights for the girls in Groups II and III from 

6 through 10 years of age. After 10 years the heights of 

the girls in the three groups fluctuated> but at some ages 

the heights of the girls with lowest alkaline phosphatase 

concentration tended to be greater than the heights of 

the girls in the other two groups. 

From 6 to 10 years of age the boys with the highest con­

centrations of serum alkaline phosphatase were heavier than 

the boys with the lowest concentrations. It may indicate 

that the boys in Group II were maturing more rapidly than 
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Table 69 

ffean Heights of Iowa Children Classified According to 
Serum Alkaline Phosphatase Concentrations 

Qroups^ 
Age 

II III 

yr. No. Cm. No. Cm. No. Cm. 

Boys 

6 3 122 5 118 12 117 
7 3 125 6 126 19 124 
8 6 130 6 133 25 131 
9 3 138 3 2? 135 
10 6 139 5 143 24 139 
11 4 4 142 18 145 
12 8 1^ 9 151 48 148 

5 159 2 158 1^ 
14 2 158 1 161 14 158 

1 176 3 1^ 10 171 
16 3 167 2 174 10 170 

1 169 1 5 176 
18 1 165 1 168 7 174 

Qirls 

6 6 117 5 115 16 119 
7 4 116 5 125 23 124 
8 5 127 3 127 18 128 
9 5 133 7 1^7 27 132 
10 6 136 6 144 17 142 
11 1 154 3 146 29 147 
12 7 156 10 150 51 151 

3 147 3 156 19 I5H 
14 1 164 3 156 10 157 

0 2 158 13 162 
16 2 17^ 2 172 11 162 

1 156 2 160 7 162 
IS 1 160 2 166 4 I65 

^roup Serum alkaline phosphatase concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± standard deviations 
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the boys In the other two groups > If gain in weight Is 

considered Indicative of rate of maturation (see Figure 37)* 

After 10 years the weights of boys in Groups I and II 

fluctuated together above or below the means of weight of 

the boys with average serum alkaline phosphatase concen­

tration. 

The boys with average concentrations of serum e^lcaline 

phosphatase made more regular Increments in weight from 

year to year than the boys with serum alkaline phosphatase 

concentration of extreme values (see Table 70). 

From 6 through 11 years the girls with highest serum 

alkaline phosphatase were heavier than the girls with 

lowest serum concentrations. After 11 years the girls with 

the lowest concentrations tended to be the heaviest. 

The girls from 6 to 10 or 11 years with the highest 

concentrations (Group II) appeared to gain weight at a 

faster rate than the girls with the lowest concentrations 

(Group I) to the time that the girls in Group II attained 

the maximum concentrations. Afterwards, the girls in Group 

I gained weight more rapidly than Group II. By the six­

teenth year both groups weighed about the same. The girls 

and boys with average serum alkaline phosphatase concentra­

tions made regular yearly incrementa in height and weight 

throughout the age range. 
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Table 70 

Mean Weights of Iowa Children Classified According to 
Serum Alkaline Phosphatase Concentrations 

Groups^ 

Age 
II III 

9 
10 
11 
12 

II 

II 

I 

10 
II 
12 

II 

it 
II 

No. 

i 
4 
8 
5 
2 
1 
3 
1 
1 

6 
4 
5 

1 
7 
3 
1 
0 
2 
1 
1 

Kg. 

23.1 

lU 
32.8 

aJ 
42.2 
51.8 
46.0 
69.2 
73.3 
61.9 
57.8 

No. 

Boys 

i 
6 
3 

lU S 

20.6 
20.0 
27.3 
30.5 

56.6 
47.6 
54.9 

6474 
47.6 

9 
2 
1 
3 
2 
1 
1 

Qlrls 

5 
5 
3 

3 
10 
3 
3 
2 
2 
2 
2 

24.4 
25.3 
29.6 
33.1 
34.5 

P 4.4 

61.1 
78.2 
53.8 
62.1 

20.2 
27.8 
28.2 
33.6 

m 
43.2 
43.5 

45.8 
62.7 

54̂  

No. 

12 
19 
25 
29 
24 
18 
48 

i? 
10 
10 
5 
7 

16 
23 
18 
27 
17 
29 
51 
19 
10 
13 
11 

I 

22.3 
24.7 
28.7 
31.6 
34.1 
40.2 
39.3 
48.3 
48.5 
58.9 
60.7 
71.6 
61.0 

22.8 
24.7 
27.0 
27.0 
36.3 
40.2 
44.3 
47.6 
51.4 
56.0 
58.4 
57.1 
Sk:! 

^roup Serum alkaline phosphatase concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± standard deviations 
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The trends of the relationship between the level of 

serum alkaline phosphatase and the developmental levels of 

the three groups and for both sexes were similar to those 

observed for weights (see Table 71)* 

Nutrient intake, m Table 12 are presented the mean 

food energy, protein, calcium, iron, vitamin A and ascorbic 

acid content of the diets of the girls and boys in the 

lowest, highest and average serum concentration of alkaline 

phosphatase groups. The relationship between the level of 

serum alkaline phosphatase and the mean daily intakes of 

the various nutrients exhibited no particular trend. Bessey 

and Lowry (19'^6) found no significant changes in the phos­

phatase levels of two subjects that could be attributed to 

fasting, a high protein meal or a high fat meal. 

Concentrations of the various blood constituents. The 

boys from 10 through 14 years had serum ascorbic acid con­

centrations that followed the direction of the three groups 

of serum alkaline phosphatase. That is, the boys of these 

ages with the highest concentrations in alkaline phosphatase 

had high serum ascorbic acid concentration) low phosphatase 

had lowe serum ascorbic acid concentrations. At the other 

ages the boys in the three groups showed no consistent rela­

tionship between the concentrations of serum alkaline 
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Table 71 

Mean Developmental Levels of Iowa Children Classified 
According to Serum Alkaline Phosphatase Concentrations 

Groups^ I II III 
Age 
yr. No. D.L.^ No. D.L.^ No. D.L.' 

Boys 

6 3 56 5 60 12 51 
7 3 60 6 61 19 66 
S 6 77 6 82 25 If 
9 3 93 3 92 2? 88 
10 6 96 5 99 24 97 
11 4 119 4 97 18 112 
12 8 117 9 125 48 112 

5 140 2 146 133 
14 2 129 1 134 14 134 
15 1 172 3 160 10 156 
16 3 176 2 10 158 

1 161 1 148 5 182 
18 1 15^ 1 161 7 167 

Qlrls 

6 6 44 5 43 16 53 
7 4 60 5 71 23 63 
8 5 3 75 18 71 
9 5 P 83 

7 97 27 76 
10 6 P 83 6 103 17 102 
11 1 125 3 123 29 113 
12 7 145 10 122 51 123 
13 3 3 127 19 131 
14 1 148 3 137 10 140 

0 -- 2 130 13 149 
16 2 164 2 158 11 168 

1 134 2 1^ 7 150 
Id 1 148 2 149 4 142 

^roup Serum alkaline phosphatase concentrations 
I Minus 2 or 3 standard deviations 
II Plxis 2 or 3 standard deviations 
III Within + standard deviation 

developmental levels of Wetzel's Qrld. 
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Table 72 
Mean Dally Food Energy and Nutrient Value of Dleta of Iowa Children Classified 

According to Serum Alkaline Phosphatase Concentrations 

Food Vlt. A Ascorbic 
Age 

Groups® 
Age energy Protein Calcium Iron value acid 

yrs. No. Groups® mo. cal. gm. mg. mg. I.U. mg. 

6 3 I 82 

Boi 

2^76 

rs 

70 1163 9 4123 66 
5 II 76 2325 78 1341 10 4843 96 
12 III 79 2246 68 1087 10 6813 75 

7 3 I 93 2098 §9 1176 9 6559 70 
6 II 90 2099 1074 9 5164 54 
19 III 89 2062 64 1015 10 5660 66 

8 6 I 101 2197 70 1108 10 5570 79 
6 II 101 1967 62 9 5730 60 
25 III 101 2231 71 1146 10 6751 76 

9 3 I nit 2532 81 1394 11 7742 80 
3 II 116 2472 77 1127 12 5911 62 
29 III 113 2359 73 1072 11 0862 84 

^roup Serum alkaline phosphatase concentrations 
I Minus 2 or 3 standard deviations 
II Plixs 2 or 3 standard deviations 
III Vlthln ± 1 standard deviations 
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Age 
yrs. No. Groups 

Age 
mo. 

Food 
energy 
cal. 

Protein 
gm. 

Calcium Iron 
ng. 

Vlt. A 
value 
I.U. 

Ascorbic 
acid 
mg. 

10 6 

at 

I 
II 
III 

127 
127 
125 

2392 
2564 
2414 75 

1011 
1048 
1077 

11 
12 
11 

6762 
8126 
8743 

70 
81 
72 

11 4 
4 
18 

I 
II 
III 

138 
140 
137 

2974 
2494 
2557 

93 

i  

1026 
1222 
1182 

14 
11 
11 

5974 
6152 
6031 

80 
88 
79 

12 8 
9 
50 

I 
II 
III 

148 
148 
148 

2525 
3078 
2741 n 

1017 
1260 
1172 

11 
13 

6661 
9654 
8193 

98 

81 

13 5 
2 
19 

I 
II 
III 

162 
159 
161 

2986 
3484 
2841 

87 
101 
89 

1133 
1398 
1251 

13 
15 
13 

6884 
16204 
8815 

81 

14 2 
1 
14 

I 
II 
m 

174 
172 
174 

3125 
3806 
2872 

98 
112 
83 

1170 
1630 
1084 

16 
16 
12 

8718 
18707 
7380 

87 
111 
88 

15 1 
3 
10 

I 
II 
III 

186 
185 
186 

3679 
3626 
2917 

104 
100 
90 

1580 
1207 
1239 

13 
17 
13 

5^6 
12627 
7430 

60 
109 
81 

16 3 
2 
10 

I 
II 
III 

19? 
194 
197 

1̂ 3 
3299 95 

1571 
1004 
1397 

16 
15 
14 

17808 
3940 
9048 

136 
75 
119 
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Table 72 (Cont*(i) 

Food Vlt. A Ascortolc 
Age Age energy Protein Calcium Iron value €u:ld 
yrs. No. Groups mo. cal. gm. mg. mg. I.U. mg. 

17 1 I 204 3898 132 2422 16 7367 77 17 
1 II 204 3440 114 17^2 16 6726 126 
k III 208 3510 104 1539 14 5764 66 

18 1 I 219 3066 88 1211 13 6725 75 
1 II 224 2814 86 779 12 7501 32 
7 III 222 3^25 111 1273 16 10084 91 

Girls 

6 6 I 78 1807 729 9 3711 5? 
5 II 76 1871 58 803 9 9^77 74 

66 16 III 78 1959 62 1087 9 6455 
74 
66 

7 4 I 88 2090 56 807 8 3246 92 
5 II 90 1953 63 9^5 9 6228 52 
23 III 89 1986 62 920 9 6177 71 

8 5 I 102 2182 68 1083 9 6496 79 
3 II 99 2129 fl 936 9 5667 
18 III 101 2045 68 1090 9 7798 82 

9 5 I 115 2412 73 1031 11 7041 89 
7 II 113 2379 73 1022 12 8432 87 
27 III 114 2301 71 1015 10 7^5 80 

10 6 I 125 2409 77 1030 11 6924 102 
6 II 126 2340 73 1102 11 11571 81 
17 III 126 2228 70 989 11 7953 84 
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Table 72 (Cont'd) 

Age 
yrs. No. Groups 

Age 
mo. 

Food 
energy 
cal. 

Protein 
gm. 

Ceaclum 
mg. 

Iron 
mg. 

Vlt. A 
value 
I.U. 

Ascorbic 
acid 
mg. 

11 1 
3 
29 

I 
II 
III 

141 
136 
137 

2616 
2081 
2276 72 

1113 
934 
1024 

11 
8 
10 

13765 
4044 
6319 

110 
60 
72 

12 7 
10 
51 

I 
II 
III 

2510 
2547 
2562 

74 922 
1083 
1098 

15 
12 
12 

8750 
9276 
8058 

92 

P 81 

13 3 
3 
19 

I 
II 
III 

161 
163 
161 

2153 
^?53 
2418 

64 
59 
71 

959 
756 
910 

9 
10 
11 

4369 
7722 
6050 

68 
40 
74 

14 1 
3 
10 

I 
II 
III 

177 
173 
173 

2191 
2052 
2444 

64 
65 
79 

608 
797 
1117 

13 
10 
12 

3304 
5607 
8115 

85 
96 
76 

15 

16 

17 

2 II 185 3034 89 869 13 
13 III 186 2687 79 944 12 

0 
«IB I 198 70 938 9 
2 II 195 1862 579 10 
11 III 198 2156 ii 815 10 

1 I 208 2909 81 1080 15 
2 II 206 1922 63 1036 9 
7 III 210 1980 63 701 10 

107 
81 

89 
72 
68 

75 
92 
73 
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Table 72 (Cont'd) 

Age 
yrs. No. Groups 

Age 
no. 

Pood 
energy 
cal. 

Protein 
gm. 

Calcliua 
mg. 

Iron 
mg. 

Vlt. A 
value 
I.U. 

Ascorbic 
acid 
mg. 

18 1 I 217 2088 65 900 10 6^3| 43 
2 II 219 1961 62 824 10 125 
k III 222 2698 86 973 12 8345 91 
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phosphatase and serum ascorbic acid. Wien girls with 

extreme phosphatase levels were omitted« the decrease of 

ascorbic acid concentrations with sges from 6 to 13 years 

occurred In a fairly steady manner. For the other two 

grotips the trend was evident, but fluctuated (see Table 

73) .  

During the ages 10 to 14 years the boys and the girls, 

except the girls In Oroup 1I> had euicorblo acid Intakes 

above the allowances or within 10 milligrams of the allow­

ances. Yet they had serum ascorbic acid concentrations 

that decreased to 0.4 milligram per cent. At this time 

serum alkaline phosphatase concentrations of the boys were 

rising, and of the girls were descending. It appeared that 

the boys were building osteoid tissue and the girls were 

accumulating soft tissue; In both growth processes ascor­

bic acid has Important functional roles. 

The mean concentration of serum carotenolds for both 

the boys and girls In the three groups fluctuated through­

out the age range (see Table 74). The girls and boys with 

average serum alkaline phosphatase (Group III) exhibited 

less fluctuation than did the other two groups. The con­

centrations of the serum carotenolds of boys In the three 

groups decreased to a minimum at 15 years. This low con­

centration appeared one to three years after the group had 
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Table 73 

Mean Serum Ascorbic Acid Concentrations of Iowa Children 
Classified According to Level of Serum Alkaline 

Phosphatase Concentrations 

Qroupsft I II III 
Age 
yr. No. MfS. No. Ms. No. 

Boys 

6 3 1.06 5 1.21 13 0.76 
7 3 0.80 6 1.08 17 o.di 
8 6 0.90 6 0.68 25 0.89 
9 3 1.15 3 0.95 29 
10 6 0.71 5 0.93 21 0.88 
11 4 0.71 4 1.22 16 0.84 
12 8 0.77 9 0.88 47 0.68 

5 0.61 2 1.10 20 0.68 
14 2 0.40 1 0.68 14 0.58 
15 1 0.52 3 0.38 10 0.53 
16 3 0.82 2 0.16 10 0.% 

1 1.00 1 0.94 5 0.45 
18 1 0.28 1 0.19 8 0.54 

Girls 

6 6 .97 5 1.31 13 1.02 
7 4 1.14 5 1.02 22 1.04 
d 5 0.71 3 0.90 17 1.02 
9 5 0.96 7 1.15 0.98 
10 6 1.12 6 0.68 16 1.12 
11 1 1.64 3 0.67 30 0.68 
12 7 0.78 10 0.92 45 0.73 

3 0.51 3 0.30 19 0.52 
l5 1 0.41 3 1.14 9 
15 0 2 0.34 13 0.48 
16 2 0.58 2 0.61 10 0.77 

1 0.22 2 1.45 7 1.00 
18 1 0.58 2 1.68 4 0.78 

^roup Serum alkaline phosphatase concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within + 1 standard deviations 
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Table 7^ 

Mean Serum Carotenold Concentrations of Iowa Children 
Classified According to Serum Alkaline 

Phosphatase Concentrations 

Groups^ 
Age 

II III 

yr. No. Meg. No. MGR. No. Meg. 

Boys 

6 3 67 4 114 14 112 
7 3 118 6 134 16 123 
8 6 111 5 125 23 116 
9 3 114 3 98 25 110 

10 6 93 5 131 23 130 
11 4 122 3 136 19 112 
12 8 105 8 85 49 109 
13 4 78 2 152 20 105 
14 
15 

2 
1 ?? 1 

3 U 
14 87 

84 
16 3 78 2 54 § 92 

1 52 1 110 5 109 
18 1 68 1 

Girls 

128 96 

6 5 92 5 167 14 14̂  
7 4 9̂  5 94 22 134 
8 5 112 3 111 118 
9 

10 I 
102 
120 I m 

25 
16 

108 
136 

11 1 110 3 76 108 
12 7 90 10 108 h 98 

3 85 3 64 19 90 
14 1 58 3 111 9 93 
15 0 2 132 13 94 
16 1 146 2 75 11 90 

1 86 2 140 7 119 
18 1 2 182 4 125 

Oroup Serum alkaline phosphatase concentrations 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviations 
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reached the maximura concentration of serum alkaline phos­

phatase. The girls displayed the same trend but to a less 

extent. The lowest oarotenold value of the girls of the 

three classifications with respect to serum alkaline phos­

phatase appeared from two to four years after the maximum 

concentration of serum alkaline phosphatase had been 

reached by the group. 

The hemoglobin concentrations for both sexes and for 

Groups I and II showed no particularly outstanding differ­

ences from 6 to 14 years. From 14 to l8 the boys In Group 

I had higher concentrations than Group II. The order was 

reversed for the girls. 

Summary 

1* The girls and the boys In a sample of Iowa children 

had serum alkaline phosphatase concentration that attained 

the maximum concentrations at 11 and 13 years, respectively. 

2. The boys and the girls with low serum alkaline 

phosphatase (Group I) showed no peak valtie at puberty. The 

girls and boys with the highest serum alkaline phosphatase 

concentration (Group II) reached an extremely high peak 

at 11 and 14 years, respectively. The children with average 

phosphatase concentrations reached their maximum concentra­

tion a year earlier than Group II. 
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3. Except for the girls with the lowest serum alkaline 

phosphatase, there was no difference in the relationship be­

tween the mean concentration of serum alkaline phosphatase 

and height was practically the same for the other two groups 

of girls and for the three groups of boys. 

4. The relationship between the serum alkaline phos­

phatase concentrations and weight appeared to be different 

before and after 11 or 12 years of age. Before 11 or 12 years 

the children with the lowest serum alkaline phosphatase con­

centration tended to weigh less than the children with the 

highest serum alkaline phosphatase. After 11 years, at each 

age, the weights of the boys with the highest and lowest 

concentrations tended to deviate in the same direction from 

the weights of the boys with average concentrations. 

5. No apparent relationship was exhibited between 

concentration of serum alkaline phosphatase and the various 

nutrient intakes, as shown by the comparison of the mean 

nutrient intake for the three groups of boys and of girls. 

6. Regardless of classification with reference to 

serum alkaline phosphatase, the mean serum ascorbic acid 

concentrations decreased with age to low concentrations at 

about two to four years after the maximum mean serum alka­

line phosphatase had been attained by the group. The boys 
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wlth the highest serum alkaline phosphatase concentrations 

reached the lowest ascorbic acid levels later than the boys 

with the lowest serum phosphatase concentrations. 

7. Regardless of the clcmsification with respect to 

serum alkaline phosphatase concentration the serum carotenoid 

concentration decreased with age to a minimum concentration 

at 13 years for the boys and 13 to 14 years for the girls. 

Xn each group the depressions in the mean serum carotenoid 

concentration follovred the maximum mean concentration of 

serum alkaline phosphatase. 

8. No outstanding relationship existed between serum 

alkaline phosphatase concentration and hemoglobin concen­

tration of the blood for either boys or girls in Oroups I 

and II. 

Hemoglobin Concentrations in the Blood of 

Iowa Children 

Hemoglobin concentration in the blood has been widely 

used as a measure of nutritional status. Its validity in 

this respect has not been established, partly because it 

is known to be influenced by many factors and its vari­

ability within the limits of normal health is wide. Such 
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factors as age« sex« menstruation« season^ geographic loca-

tion« racial differences> diurnal variation, excitement or 

fear, gravity and exercise may influence the hemoglobin 

concentration. Moreover, the results may vary somewhat 

with the method used for the determination. Nevertheless 

the hemoglobin concentration may be expected to reflect 

nutritional status, because the synthesis of this blood 

constituent by the body involves the use of various amino 

acids, minerals and vitamins. The globin portion of the 

molecule contains all the essential amino acids and some 

of the non-essential amino acids (Block and Boiling, 1943). 

The inorganic constituent of hemoglobin is iron. 

Copper is needed for normal erythropoeisis• It is not 

essentially a part of the molecule, but is associated with 

the cytochrome oxidase activity which functions in the 

hematopoietic activity (Schultze, 19^7)• Riboflavin may 

assist in the arrangement of the amino acids in the globin 

part of the molecule (Cartwright, 19^7). ^ridoxine, 

vitamin B^m and folic acid may be associated with metabo­

lism of the amino acids and thus also be associated with 

the synthesis of hemoglobin. 

Investigators differ on the concentrations of hemo­

globin to consider as standards for healthy children at 

different ages and in both sexes. Wintrobe (1946) made a 
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serles of suggestlona irtilch were higher than the values re­

ported by Maoy (19'(6) on a group of children judged to be 

in excellent health. Many data on hemoglobin concentration 

are available. Possibly because of the diversity of 

methods, lack of information about the nutritional or 

health status of the children» or the peculiarities of the 

sanqple of children, these data have not resulted in stand­

ards. 

Mean hemoglobin concentration in the blood of a total 

sample of Iowa children 

The hemoglobin concentrations in the blood of Iowa 

boys and girls were determined by two different methods. 

During the first year of the study, the only blood consti­

tuent determined was the hemoglobin concentration (Eber-

sole, 19'^9)* The acid hematln technique was used in this 

determination (Hawk et al., ISkf), In the second and 

third year of the study a battery of tests was added to 

the measurements of nutritional status. Among these micro-

methods for blood analysis was an oxyhemoglobin proce­

dure (Bessey and Lowry, 19^^) for the determination of the 

hemoglobin concentrations. 

The children studied in the first year attended the 

independent and consolidated school with grades one to 
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twelve. These children lived in small villages or In open 

country. In this phase of the study these children will 

be called "rural" girls and boys. In the second and third 

year the children attended schools that were located in 

cities and small towns. These children will be called 

"urban" boys and girls. 

Figure 38 are presented the mean hemoglobin con­

centration of each age-sex group of the rural and urban 

boys and girls. The means for each age-sex group of the 

rural children were lower than those found for the urban 

boys and girls. Since a different method was applied in 

assessing the hemoglobin concentration# the difference 

between the two groups cannot be ascribed to place of 

living. Yet, if method of analysis accounted for the dif­

ference, the same difference might have been expected 

throughout the age groups. The difference in hemoglobin 

concentration of the two groHps of boys and girls were 

considerably greater before 12 years for the girls and 15 

years for the boys than after these ages. 

In Table 73 are presented the mean daily intakes of 

the nutrients that are iisually considered to be involved 

in hemoglobin formation of the two groups of Iowa children. 

It may be noted that the difference in the mean intake of 

the two groups was not large enough to account for the 
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38 Mean hemoglobin concentrations in blood 
of iowa children 
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Table 75 

Mean Dally Content of Some Nutrients In Diets of Rural and Urban 
Children of lo¥ra 

Rural Urban 

Pro- Rlbo- Pro- Rlbo-
Age teln Iron flavin Niacin tein Iron flavin Niacin 
yr. No. (ga.) (ing.) (ng.) (mg.) No. (gm.) (mg.) (mg.) (mg.) 

Boys 

6 15 61 9 1.7 11 20 
7 26 66 10 1.9 12 28 
8 14 73 11 2.1 12 37 
9 19 73 12 2.0 13 31 
10 25 71 11 1.9 13 35 
11 22 76 12 2.1 13 26 
12 21 F 12 2.0 13 65 

17 83 14 1.9 15 25 
14 23 

11 
15 2.2 16 

15 18 11 16 2.5 18 14 
16 17 102 16 2.5 14 

14 102 16 2.6 18 6 
18 6 103 16 2.6 18 11 

69 
66 
70 
73 i 
88 
i2 87 
93 
90 
110 
102 

10 
9 

10 
11 
11 
11 
13 
13 
13 
14 
15 
15 
15 

1.8 
2.0 
2.0 
2.0 
2.0 

1:2 
2.2 
2.4 
2.5 
3.0 
2.6 

11 
11 
11 

II 
13 

16 
16 
15 

II 
18 
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Table 75 (Cont'd) 

Rural Urban 

Pro­ Ribo­ Pro­ Ribo­
Age tein Iron flavin Niacin tein Iron flavin Niacin 
yr. No. (sm.) (««•) (ng.) (ng.) No. (gm.) (ng.) (og.) (ng.) 

QlrlB 

6 23 62 9 1.6 10 25 60 9 1.7 10 
7 16 61 9 1.6 10 31 61 9 1.6 10 
8 15 58 9 1.6 9 20 69 9 2.0 11 
9 22 67 11 1.6 12 37 72 10 2.0 13 
10 31 64 11 1.7 12 28 73 11 2.0 13 
11 23 67 10 1.9 12 34 69 10 1.8 11 
12 16 80 12 2.0 14 62 80 12 2.0 14 
13 19 80 12 2.0 14 25 69 10 1.7 12 
Ik 23 74 12 1.9 13 14 12 2.0 13 

23 72 12 1.7 13 15 

§7 
13 1.9 15 

16 21 11 1.6 12 15 §7 10 1.6 12 
15 78 12 1.7 14 10 63 10 1.5 11 

18 5 72 13 1.4 14 7 76 11 1.7 13.4 
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difference In the hemoglobin concentrations of the two 

groups. In factJ there was a slight tendency for the rural 

children to have higher Intakes than the urban children 

of the various nutrients. 

Since there was this difference between the hemoglobin 

concentration of these two groups of boys and girls> the 

data for each group will be discussed separately. The 

mean, standard deviation* standard error of the mean and 

the range for each age-sex group are presented In Tables 

76 and 77. 

The mean hemoglobin concentration in the blood of 

both groups of boys showed a slow, steady Increase with 

age. The same increase may be noted for the girls to I3 

years. At 13 years the mean hemoglobin concentration 

in the blood of the girls decrease 8haz7>ly and remained 

approximately at the same level from 14 to 18 years. 

The hemoglobin concentrations for the rural boys 

ranged from 9*0 to I9.3 gram per cent; for the urban boys 

11.1 to 17.1 gram per cent) for the rural girls 6.7 to 17.3 

gram per cent; for the urban girls 10.2 to 17.9 gram per 

cent. The hemoglobin concentrations of the rural children 

covered a wider range of values than those of the urban 

children. 
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Table 76 

Mean Hemoglobin Concentrations in Blood of Rural 
Iowa Children 

Standeuc^ Standard 
Age Mean deviation error Range 
yr. No. gm. gm. gm. gm. 

B0£8 

6 16 11.6 1.02 0.26 10.4 - I3.I 
7 28 11.7 1.20 0.23 9.7 - 14.4 
8 14 12.6 1.24 0.33 10.8 - 13.9 
9 20 12.6 0.85 0.20 11.0 - I5.I 
10 25 12.5 1.68 0.34 10.5 - 19.3 
11 22 12.1 1.05 0.22 9'0 - 13.9 
12 21 12.^ 0.71 0.16 11.5 - 13.8 
13 17 12.9L 1.11 0.28 11.1 - 15.0 
14 24 13.3° 1.65 0.34 9.0 - 16.5 
15 18 14.2^ I.IQ 0.29 12.3 - 16.3 
16 19 14.0^ 1.04 0.24 11. 

II 

II 

19 14.0^ 1.04 0.24 11.6 - 15.9 
14 14.3^ 1.49 0.41 10.7 - 16.1 
7 I4.1p 1.00 0.41 13.0 - 15.7 

Qirls 

6 23 12.0 0.88 0.18 IO.3 - I3.8 
7 16 12.1 1.35 0.35 7.8 - 12.Q 
8 18 11.7 2.23 0.54 7.0 - 15.4 
9 24 12.3 1.70 0.37 0.7 - 16.9 
10 31 12.3 1.03 0.18 9.0 - 14.6 
11 23 12.S 1.06 0.22 10.8 - 14.5 
12 16 13.? 1.71 0.43 11.0 - 17.5 
13 19 12.5 1.07 0.25 10.9 - 15.6 
14 23 12.^ 0.97 0.21 9.5 - 14.1 
15 23 12.1p 1.17 0.24 10.3 - 16.3 
16 22 12.9^ 0.97 0.20 11.1 - 15.0 

16 12.9^ 1.25 0.31 11.0 - 16.2 
5 12.^ 1.20 0.54 11.1 - 14.3 

^Significant at the 1 per cent level. 

^'Signifleant at the 5 per cent level. 
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Table 77 

Mean Hemoglobin Concentrations in Blood of Urban 
Iowa Children 

Standard Standard 
Age Mean deviation error Range 
yr. No. gm. gm, gm. gm. 

I 

6 20 12.4 0.67 0.15 11.1 - 13.6 
7 28 12.8 0.71 0.14 11.3 - 14.7 
8 27 13.0 0.91 0.15 11.4 - 16.2 
9 32 13.3 0.86 0.16 11.4 - 14.4 
10 36 13.1 1.05 0.18 11.3 - 15.1 
11 26 13.1 0.77 0.15 11.2 - 14.4 
12 65 13.4^ 0.93 0.12 11.6 - 17.1 
13 25 13.6° 0.94 0.19 11.8 - 15.9 
14 17 13.45 1.04 0.25 12.1 - 15.5 
15 14 14.5^ 0.76 0.20 13.7 - 15.9 
16 15 14.7a 0.80 0.21 13.0 - 15.6 
17 7 14.4^ 1.12 0.46 13.1 - 16.2 
18 11 15.0a 1.51 0.48 12.8 - 17.1 

Qirls 

25 12.8 0.86 0.17 10.3 - 14.0 
31 12.8 0.72 0.13 11.6 - 14.2 
21 12.6 0.63 0.16 11.1 - 13.8 

9 37 12.8 0.59 0.12 11.0 - 14.9 
10 28 13.0 0.70 0.13 11.5 - 14.0 
11 34 13.3 0.98 0.17 10.5 - 14.9 
12 63 13.5,. 0.71 O.OQ 11.7 - 14.7 
13 25 12.7° 0.71 0.14 11.2 - 14.1 
14 14 I3.0S 0.61 0.22 11.7 - 14.5 
15 15 13.0° 0.90 0.23 10.5 - 14.0 
16 15 13.3? 1.79 0.46 10.2 - 17.9 

10 13.3° 0.73 0.28 12.2 - 14.7 
7 12.6^ 0.90 0.37 11.2 - 13.4 II 

^Signifleant at the 1 per cent level. 

^Significant at the 5 per cent level. 
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The sex differences were particularly noticeable from 

14 to 18 years. In tl« rural group the diffez*ence between 

the two sexes at 12 years was significant at the 5 per cent 

level J but it was not significant at 13 years. It was 

again significant at 14 to 18 yeax>s. For the urban children 

significant sex differences appeared first at 13 years and 

continued to 18 years* Mack (1941) found a con* 

sistent sex difference from 12 to 40 years in their obser­

vations on 2400 subjects in Pennsylvania* Clayton et al. 

(1953) observed a lower hemoglobin concentration among the 

girls of the 13 to 15 year old group than among the boys 

in the same age group. The Iowa data along with the find­

ings on the children in the Nortteast Region (Clayton et jy|.., 

1953) are presented in Te^le 78. The Iowa rural children 

had lower hemoglobin concentrations than did the children 

in the Northeast Region. Except for girls 13 to 15 years, 

the urban Iowa children had concentratiors that were equal 

to those observed by Clayton and co-workers on the children 

in the Northeast Region. Abbott ejb al. (1946) did not 

observe sex differences in the hemoglobin concentrations 

of the Florida children. These children were xmder the age 

of 14 years« also they were poorly nourished. 

To study some possible relationships between hemo­

globin concentrations and nutrient intake, the regression 
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Table 78 

Mean Hemoglobin Concentrations in the Blood of Children in 
Iowa and Other Places 

Age groups 7-9 years 10-12 years 13-15 years 16-18 years 

Places No. Qm. No. Qm. No. Qm. No. Qm. 

Boys 

loifa 
rural 59 
urban 90 

12.2 
13.0 

68 
126 

12.4 
13.3 

58 
55 13.8 

37 
31 

14.2 
14.8 

New York® 47 13.1 48 13.3 107 13.9 9 14.3 

Maine® «»«» 8 13.3 252 13.8 62 14.4 

Rhode Islands- 13 14.4 50 14.7 

West Virginia®— 

Qirls 

532 15.5 

Iowa 
rural 53 
urban 80 

12.0 
12.8 

70 
124 

12.7 
13.4 n 

12.5 
12.8 

41 
32 

12.8 
13.1 

New York* 51 13.0 55 13.6 115 13.6 10 13.0 

Maine® — 11 13.2 316 13.2 64 13.2 

Rhode Islands- 44 13.4 155 12.9 

West Virginia®— 387 13.6 

®Clayton et al. (1953). 
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of hemoglobin on age was calculated separately for each sex 

and for each of the two groups. The regression was signi­

ficantly different between the groups of boys and girls« 

also between the two sexes (see Figure 39)* These regres­

sions showed that the hemoglobin concentration in the blood 

of Iowa children increased significantly with each monthly 

increase in age. 

Since tlM differences between groups and sexes were 

significant» the data for each sex and group could not be 

pooled. Consequently, the relationships between hemoglobin 

concentrations and intakes of various nutrients were cal­

culated separately. These cosqputations were made on the 

data for the boys only. 

The correlation coefficients between hemoglobin con­

centrations and the mean daily intakes of certain nutrients 

are shown belowt 

Urban Rural 
Boys 

Riboflavin 
Iron 
Niacin 
Protein 
Age 

No. of boys 

^Significant at 1 per cent level 
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15 
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Y«l2.6 + .0033x 
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Age in Months 

39 Regressions of hemoglobin concentrations 
In blood for two groups of Iowa children 
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All these correlation coefficients were highly significant. 

Babcock obtained the following coefficients between hemo^ 

globln and dletcury protein and Iron: 

State Iron Protein 

Maine O.l^nJ 0.1885 
Massachusetts 0.245" 0.272° 
New Jersey -0.171® -0.056 
New York 0.213® 0.177® 
Rhode Island O.269® O.311® 
West Virginia O.323® O.289® 

®Signifleant at 1 per cent level. 

^Significant at 5 pez* cent level. 

Babcock and co-woxicers incliided all the subjects in one 

state and disregarded age and sex. 

When the multiple regression of hemoglobin on the 

variables riboflavin, niacin, protein, iron and age was 

coiqputed, it was noted that the addition of the other 

Independent variables, niacin, riboflavin, protein and iron 

did not appreciably Inqprove the estimate of hemoglobin with 

age. 

The simple linear relationship between hemoglobin and 

age was r - 0.74 for the rural boys and 0.37 for the urban 

boys. The multiple R was O.87 for the rural boys and 0.40 

for the urban boys. 
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Study of the three groups of Iowa rural and urban children 

classified according to hemoglobin concentration In the 

blood 

order to study the characteristics of the children 

who had high, low or average hemoglobin concentrations, each 

age-sex group was divided Into three groups. Oroup I con­

sisted of all the children >dio were In the second and third 

standard deviation below the mean} Oroup XX those In the 

second and third standard deviation above the mean} Group 

IXX those within plus or minus one starulard deviation. 

Xn Tables 79 and 80 are presented the mean hemoglobin 

concentrations for each age-sex group. Except for the 

7 and 8 year old rural girls with the low hemoglobin con­

centration (Oroup X) the means of no group fell below 10 

gram per cent. 

Physical status. The iirban boys with low hemoglobin 

concentration tended to be shorter and to weigh less than 

the urban boys with high concentrations. The rural boys 

and all groups of girls exhibited no definite relationship 

between physical measurement and hemoglobin concentration. 

Nutrient Intake. No consistent relation was observed 

between hemoglobin concentration in the blood of Iowa 

children and the various nutrient Intakes of their diets. 
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Table 79 

Mean Hemoglobin Concentration in Blood of Rural Iowa 
Children Classified According to Hemoglobin Concentrations 

Groups^ I II III 
Age 
yr. No. Om. No« Qm« No. Om. 

Boys 

0 — 2 13.1 14 11.4 
3 10.1 4 13.8 21 11.6 
1 10.8 2 15.1 11 12.3 

9 2 11.3 2 14.3 16 12.6 
10 2 10.7 2 16.8 21 12.3 
11 3 10.3 3 13.3 16 12.2 

I 

13 ^ 11.4 4 14.4 10 12.i 
12 2 11.6 4 l^.J 15 12.; 

14 4 10.9 4 15^6 16 13.3 
15 4 12.6 4 15.8 10 14.: 

1 11.6 2 16.1 16 
3 12.0 1 16.1 10 14.9 

16 1 11.6 2 16.1 16 13.9 
17 3 12.0 1 16.1 10 14.9 
18 1 13.0 0 — 6 14.7 

Qirls 

10 11.2 1 13.8 12 12.5 
12.0 7 3 9.2 0 — 13 

8 2 8.3 2 14.7 14 11.8 
9 7 10.7 4 14.8 13 12.5 

1.6 4 14.3 
.0 4 14.2 
1.9 2 16.5 

13 3 11.4 1 15.6 15 12.9 
14 2 10.7 2 14.1 19 13.0 
15 1 10.3 3 14.7 19 12.2 
16 4 11.6 4 14.4 14 12.8 
17 2 11.3 1 16.2 13 12.9 
18 1 11.1 1 14.3 3 12.4 

10 3 10.i 4 14.3 24 12.2 
11 4 11.0 4 14.2 15 12.5 
12 2 10.9 2 16.5 12 13.4 

^roup - Hemoglobin concentration in blood 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation. 
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Table 80 

Mean Hemoglobin Concentrations in Blood of Urban Iowa 
Children Classified According to Hemoglobin Concentrations 

Oroups® z ZZ ZZZ 
Age 
yr. No. Qm. No. Qm. No. Qm. 

i l  

II 

Bô s 

11.3 3 13.3 14 12. j 
11.7 3 14.2 21 12.1 

8 2 11.6 4 1^.0 31 X2.8 
9 5 11.8 6 14.3 21 13.3 
10 8 11.7 8 14.6 20 13.1 

13.3 
13.4 

11 4 11.8 3 14.1 19 
12 10 12.2 7 15.1 48 
13 3 12.1 5 15.0 17 13.4 
14 1 12.1 4 15,1 12 13.0 
15 2 13.7 3 15.7 9 14.3 
16 4 13.0 3 15.0 8 15.0 

14.1 0 — 1 16.2 6 
2 13.0 3 16.9 6 14.9 

OlrlB 

7 3 11.7 6 14.0 22 12.7 
8 3 11.3 5 13.6 13 12.6 

6 3 10.8 11 13.4 11 12.7 
14.( 

, 13.L 
9 11 11.9 § 14.0 20 12.9 
10 5 11.9 6 13.9 17 12.9 
11 4 11.5 6 14.6 24 13.3 
12 7 12.3 12 14.5 44 13.4 
13 2 11.5 4 13.8 19 12.6 
14 2 11.9 2 14.5 10 12.9 
15 2 11.3 2 14.0 11 13.2 
16 3 10.6 1 17.9 11 13.6 

2 12.3 2 14.6 6 13.2 
1 11.2 0 — 6 12.9 

^roup - Hemoglobin concentrations In blood 
Z Minus 2 or 3 standard deviations 
IZ Plus 2 or 3 standard deviations 
ZZZ Within t 1 standard deviation. 
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In Tables 81 > 82« 83 and 84 are presented the mean Intakes 

of each group of boys and girls. 

Concentration of various blood constituents» Analysis 

of other blood constituents (serum ascorbic acid, serum 

carotenold and serum alkaline phosphatase concentrations) 

In relation to hemoglobin concentration In the blood was 

made only on the tirban children. 

The mean serum ascorbic acid concentrations for each 

age-sex group classified according to hemoglobin concentra­

tion decreased with age so that the minima were reached 

at 15 to 16 years for boys and I3 to 13 for girls (see Table 

83)* The urban boys and girls with low hemoglobin concen­

tration tended to have the lowest serum ascorbic acid 

concentrations. The hemoglobin concentration of the other 

groups of boys and girls showed loss consistent relation­

ship with serum ascorbic acid concentration. 

The mean serum carotenold concentrations for each age-

sex group are presented In Table 86. The girls with the 

low hemoglobin concentration tended to have lower serum 

carotenold concentrations than the other two groups. 

The mean serum alkaline phosphatase concentration for 

each age-sex group classified according to hemoglobin con­

centration are presented In Table 87. The boys from 8 

through 13 years with the lowest hemoglobin concentration 
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Table 8l 

Mean Dally Pood Eaevsy and Nutrient Value of Diets of Rural Iowa Children 
Classified According to Hemoglobin Concentrations In Blood 

Other 

Age No. Groiqj® 

Hemo-
^obln 
(gm. ) 

Pood 
energy 
(cal.) 

Protein 
(gm.) 

Animal 
protein 

(gm.) 

sources 
protein 

(gm.) 
Iron 
(nig.) 

Ribo­
flavin 

(nig.) 
Niacin 
(mg.) 

Boys 

6 0 
2 

I 
II 13.1 2030 h 38 25 11 i.i 11 

13 III 11.5 2111 61 35 26 9 1.6 11 

7 3 I 10.1 2396 68 34 34 12 1.8 13 
4 II 13.8 2025 59 25 9 1.4 11 
19 III 11.6 2307 67 38 29 10 2.0 12 

8 1 I 10.8 2766 78 42 36 13 2.0 13 
2 II 15.1 2667 83 55 28 11 2.6 13 
11 III 12.3 2349 70 41 29 11 2.1 12 

9 2 I 11.3 2454 74 41 33 11 1.9 11 
2 II 14.3 2576 73 38 35 12 1.7 13 
15 III 12.5 2522 72 39 33 12 2.0 13 

^roup - Hemoglobin concentration In blood 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation. 
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Table 81 (Cont*d) 

Hemo- Food 
^obln energy Protein 

Age No. Group^ Xgm. ) (calT) (gm.) 

10 2 I 2717 78 
2 II 16.8 2335 70 
21 III 12.3 2370 71 

11 3 I 10.3 2587 80 
3 II 13.3 2581 74 
16 III 12.2 2695 76 

12 2 I 11.6 4091 119 
4 II 13.7 2821 76 
15 III 12.3 2406 72 

13 3 I 11.4 2621 79 13 
4 II 14.4 3043 93 
10 III 12.8 2962 80 

14 4 I 10.9 2969 86 
4 II 15.6 3614 111 
15 III 13.4 2950 90 

15 4 I 12.6 3644 9? 15 
4 II 15.8 3190 94 
10 III 14.3 3300 93 

16 1 I 11.6 4366 140 
2 II 16.1 3586 96 
14 III 14.1 3458 101 

Other 
Animal sourcea Rlbo-
protein protein Iron flavin Niacin 
(gm.) (gm.) (mg.) (ng.) (rag.) 

59 

67 
33 
36 

ko 

P 69 
50 

53 

5? 

101 
40 
59 

33 
33 
31 

36 

36 

39 
40 
39 

41 
42 
40 

44 

39 

12 
11 
11 

12 
13 
11 

18 
12 
12 

14 
13 
14 

15 
17 
14 

19 
14 
17 

16 
16 

2.3 
1.8 
1.9 

2.4 
2.0 
2.0 

3.1 
2.0 
1.9 

1.9 
2.3 
1.8 

2.3 

3.2 
3.1 
2.0 

2.8 

1:1 

16 
14 
12 

11 
13 

21 
14 
12 

15 

17 
20 
16 

18 

II 

20 
17 
17 
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Table 8l (Cont'd) 

Age No. Group® 

Heno— 
^obln 
XfiSm. ) 

Food 
enezigy 
(calT) 

Protein 
(fism.) 

Animal 
protein 
(on.) 

Other 
sources 
protein 
(sm.) 

Iron 
(ng.) 

Ribo­
flavin 
(D>S*) 

Niacin 
(ins-) 

17 3 
1 
10 

I 
II 
III 

12.0 
16.1 
14.9 

ip3 
3431 

102 
76 
105 

48 
49 
62 

54 
28 
43 

19 
8 
16 

2.3 
2.0 
2.7 

18 
10 
19 

18 1 
A 

I 
II 
III 

13.0 3839 90 41 49 18 2.1 17 
U 
5 

I 
II 
III 15.3 3637 105 63 42 15 2.6 18 



www.manaraa.com

i: 

Table 82 
i 

Mean Dally Food Energy and Nutrient Value of Diets of Urban Zbwa Children 
Classified According to Hemoglobin Concentrations In Blood 

Other 
Hemo- Food Animal sources Rlbo-
globln energy Protein protein protein Iron flavin Niacin 

Age No. Qroup^ (gm. ) (calTj (gm.) (gm.) (gm.) (mg.) (og.) (nig.) 

Boys 

6 3 I 11.3 2176 71 44 28 10 2.0 11 
3 II 13.3 2440 45 28 9 1.9 10 
14 III 12.5 2162 2̂ 26 10 1.9 11 

7 4 I 11.7 1903 36 23 8 1.6 9 
3 II 14.2 2338 78 51 25 11 2.2 13 
21 III 12.8 2074 65 37 28 9 1.8 10 

8 2 I 11.6 2129 62 26 9 1.6 10 
4 II 15.0 2301 74 48 26 10 2.2 12 
31 III 12.8 2171 70 44 26 10 2.0 11 

9 5 I 11.8 2300 67 37 10 1.8 12 
6 II 14.3 2384 72 44 28 10 2.1 13 
20 III 13.3 2363 75 43 32 11 2.0 12 

^roup - Hemoglobin concentrations In blood 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Vlthln ± 1 standard deviation. 
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Table 82 (Cont'd) 

Hemo- Food 

flobln energy Protein 
gp» ) (calT) (gp.) 

10 8 I 11.7 2574 79 
8 II 14.6 2380 76 
19 III 13.1 2393 75 

11 4 I 11.8 2194 70 
3 II 14.1 3087 
19 III 13.3 2616 81 

12 10 I 12.2 2983 95 
7 II 15.1 3105 98 
48 III 13.4 2549 85 

13 3 I 12.1 3087 92 
5 II 15.0 250? 91 
17 IH 13.4 2874 90 

14 1 I 12.1 2395 75 
4 II 15.1 2669 % 
11 III 13.0 3120 90 

15 2 I 13.7 3629 104 
3 II 15.7 3221 89 
9 III 14.3 3115 92 

16 4 I 13.6 3193 94 
3 II 15.6 2997 87 
7 III 15.0 3381 101 

Other 
Animal sources Ribo-
proteln protein Iron flavin Niacin 
(gm*) (gn.) (log*) (ng.) (mg.) 

^5 
46 
43 

44 

51 

52 
54 
53 

48 

58 

55 

60 

34 
30 
32 

26 
40 
32 

40 
40 
36 

40 
37 
37 

27 
2 

I 

49 

P 
39 

11 

12 
11 
11 

9 
13 
12 

14 
14 
13 

14 
14 
13 

11 
13 
13 

17 

II 

15 
14 
15 

2.1 
2.0 
2.0 

2.0 
2.3 
2.0 

2.3 
2.7 
2.2 

2.2 
2.7 
2.3 

1.5 

I:? 
2.8 
2.6 
2.2 

n 
2.6 

14 
14 
13 

11 
20 
13 

17 
16 
14 

16 
16 

14 
14 
16 

II 
15 

U 
17 
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Table 82 (Cont'd) 

Age No. Qroup®^ 

Hea)o> 
globln 
Tgm. ) 

Food 
energy 
(calT) 

Protein 
(gm.) 

Animal 
protein 
(gm.) 

Other 
sources 
protein 
(gm.) 

Iron 
(mg.) 

Ribo­
flavin 
(mg.) 

Niacin 
(mg.) 

17 0 I mm mm tmim WW mm mm 17 
1 II 16.2 2159 77 53 24 11 1.8 12 
5 III 14.1 3843 117 75 42 11 3.2 12 

18 2 I 13.0 2903 80 41 40 13 1.5 15 
II 16.9 3840 128 79 49 2.6 22 

o III 14.9 3184 97 57 40 14 2.9 18 
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Table 83 

Mean Dally Food Enersy and Nutrient Value of Diets of Rural Iowa Children 
Classified According to Hejooglobln Concentrations In Blood 

Other 
Hemo- Food Animal sources Rlbo-
^obln energy Protein protein protein Iron flavin Niacin 

Age No. Group^ (gm. ) (calT) (gm*) (gnt.) (gm.) (mg.) (og*) (ng.) 

Qlrls 

6 3 I 10.7 2259 56 38 28 10 1.9 11 
1 II 13.8 1136 38 25 13 5 1.1 7 
19 III 12.1 2031 62 37 25 9 1.6 10 

7 3 I 
TT 

9.2 2179 65 38 27 11 1.9 13 
V/ 

13 III 12.0 1994 57 35 22 9 1.6 10 

8 2 I 8.3 2130 61 36 25 9 1.8 10 
2 II Ik,7 1684 50 31 19 8 1.4 8 
11 III 12.3 1980 58 33 25 9 1.6 9 

9 1 I 6.7 2862 78 42 13 1.8 13 
h II 14.8 1863 59 33 26 9 1.4 10 
17 III 12.2 2145 68 35 33 11 1.6 13 

%roup - Hemoglobin concentrations In blood 
I Hlnus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within i 1 standard deviation. 
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Table 83 (Cont'd) 

Heme- Food 

flobln energy Protein 
gm. ) (calT) (gm.) 

10 3 I 10.6 2242 66 
4 II 14.3 2185 61 
24 III 12.2 2309 64 

11 4 I 11.0 2037 62 
4 II 14.2 1897 52 
15 III 12.5 2423 73 

12 2 I 10.9 2686 76 
2 II 16.5 2878 90 
12 III 13.4 2479 79 

13 3 I 11.4 2763 82 
1 II 15.6 3028 101 
15 III 13.0 2612 79 

14 2 I 10.7 2507 F 
2 II 14.1 3072 83 
19 III 13.0 2530 73 

15 1 I 10.3 2763 75 
3 II 14.7 2304 75 
19 III 12.2 2525 71 

16 4 I 11.6 2839 73 
k II UA 2227 

73 

13 III 12.8 2394 

Other 
Anlnal sources Rlbo-
proteln protein Iron flavin Niacin 
(gm.) (gm.) (ng.) (mg.) (mg.) 

36 
29 
32 

33 
25 
38 

40 

lA 
67 
41 

44 

37 

II 
36 

29 11 1.9 11 
32 12 1.4 11 
32 11 1.7 12 

29 11 1.8 12 
27 8 1.3 10 
35 11 2.2 13 

37 12 1.8 16 
38 14 2.1 16 
38 11 2.0 13 

39 11 2.2 12 
35 12 3.0 
38 13 1.9 14 

33 12 1.9 12 % 15 1.9 15 
33 12 1.9 13 

26 14 2.2 12 
3? 11 1.9 13 
34 12 1.7 13 

39 14 1.8 13 
27 11 1.8 13 
32 11 1.7 12 
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Table 83 (Cont'd) 

Age No. Group® 

Hemo­
globin 
(go. ) 

Food 
enez^ 
(calT) 

Protein 
(gm.) 

Animal 
protein 
(gm.) 

Other 
sources 
protein 
(gm.) 

Iron 
(as.) 

Ribo­
flavin 
(mg.) 

Niacin 

17 2 
1 
12 

I 
II 
III 

11.3 
16.2 
13.0 

2406 

80 

41 
}9 

33 
20 
35 

12 
10 
12 

1.9 
2.1 
1.7 

12 

11 

18 1 
1 
3 

I 
II 
III 

11.1 
1̂ .3 
12.4 

2607 
2730 
2790 68 

?0 
30 

41 
27 
38 

13 
15 
12 

1.4 
1.5 
1.3 

14 
17 
13 
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Table 84 

Mean Dally Food Energy and Nutrient Value of Diets of Urban Iowa Children 
Classified According to Heiuoglobln Concentrations In Blood 

Other 
Hemo- Pood Animal sources Rlbo-

tlobln energy Protein protein protein Iron flavin Niacin 
gm. ) (cal.) (gm.) (gm.) (gra.) (mg.) (ng.) (ng.) 

Qlrls 

6 3 I 10.8 1743 52 27 25 8 1.3 10 
3 II 13.6 2010 67 44 2? 9 1.9 11 
19 III 12.7 1945 61 37 24 9 1.7 10 

7 3 I 11.7 2003 63 40 23 9 1.7 10 
6 II 14.0 1864 59 38 21 9 1.7 11 
22 III 12.7 1990 61 36 25 9 1.7 11 

8 3 I 11.3 2025 68 42 26 8 2.0 11 
5 II 13.6 2066 69 43 27 10 1.9 11 
12 III 12.6 2107 68 44 24 10 2.1 11 

9 9 I 11.9 2249 66 30 10 1.7 12 
6 II 14.0 2323 71 4l 30 10 1.2 13 
22 III 12.9 2362 74 45 29 10 2.1 13 

^roup - Hemoglobin concentz^tlon In blood 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation. 
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Table (Cont'd) 

Other 
Heino- Food Animal sources Rlbo-> 
globln energy Protein protein protein Iron flavin Niacin 

Age No, Groups (sm- ) (cal.) (ga») (gP») (gP.) (ng.) (mg.) (mg.) 

10 5 I 11.9 2249 69 
6 II 13.9 2214 77 
17 III 12.9 2329 72 

11 4 I 11.5 2438 76 
6 II 14.6 1943 63 
24 III 13.3 22̂  70 

12 7 I 12.3 2178 
12 11 14.5 2670 sS. 
43 III 13.4 2639 82 

13 2 I 11.5 2441 74 
4 II 14.0 2758 82 
19 III 12.6 2228 66 

14 2 I 11.9 2620 76 
2 II 14.5 2586 BQ 
10 III 12.9 2238 72 

15 2 I 11.3 2755 74 
2 II 14.0 2551 17 
11 III 13.2 2799 % 

16 3 I 10.6 2488 78 
1 II 17.9 1727 
11 III 13.6 2058 

30 11 1.6 12 

42 
28 11 2.3 14 

42 30 11 2.0 12 

43 33 11 1.9 14 
39 25 10 1.6 11 
40 30 11 1.8 11 

42 29 9 1.8 12 
47 34 13 2.0 14 
46 36 12 2.0 14 

41 34 12 1.9 12 
43 38 12 1.9 16 
34 32 10 1.6 12 

47 28 13 2.8 12 
55 33 13 2.2 13 
42 30 11 1.9 13 

24 13 1.9 16 
42 35 12 1.7 15 
45 37 13 1.9 15 

25 11 2.0 15 
26 19 8 1.8 9 
41 25 10 1.5 11 
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Table 84^ (Cont'd) 

Age No. Group® 

Hemo­
globin 
IgQ. ) 

Food 
energy 
(calT) 

Protein 
(gmO 

Anlsial 
protein 
(gm.) 

Other 
sotarces 
protein 
(gm.) 

Iron 
(cig.) 

Ribo­
flavin Niacin 

(ntS*) 

17 2 
2 
6 

I 
II 
III 

12.3 
14.6 
13.2 

2456 

lilt 

74 
74 
56 

11 
31 

35 
29 
25 

12 
11 
9 

2.0 
2.0 
1.3 

12 
11 
10 

18 1 I 
II 
III 

11.2 2870 95 68 27 13 2.2 17 
sJ 
6 

I 
II 
III 12.9 2309 73 43 30 11 1.6 13 



www.manaraa.com

-316-

Table 85 

Mean Serum Ascorbic Acid Concentrations of Urban Iowa 
Children Classified According to Hemoglobin Concentration 

In Blood 

Groups® I II Ill 
No. HR. No. MR. No. Ms. 

6 

I 

10 
II 
12 

i l  

ii 

i l  

6 

I 

10 
II 
12 

II 

1 

2 
10 
3 
1 
2 
4 
0 
2 

3 
3 
3 
9 

1 
6 
2 
2 
2 
3 
2 
1 

0.68 
0.65 
0.50 
0.61 
0.73 
0.9 J 
0.74 
0.68 
0.67 
0.44 
0.79 

0.34 

1.03 
1.10 
0.68 
0.70 
0.45 
0.80 
0.72 
0.27 
0.40 
0.14 
0.61 
0.87 
1.66 

3 

1 
6 
6 
2 
7 

f 
3 
3 
1 
2 

Qlrls 

1 
6 
6 
12 
4 
2 
2 
1 
2 
0 

0.81 
0.89 
0.74 
0.96 
0.̂  
0.91 
0.! 
0. 
1.31 
0.43 
0.37 
0.51 
0.81 

0.51 
1.07 
1.37 
1.05 
1.11 
0.54 
0.78 
0.35 
1.47 
0.45 
0.38 
1.27 

14 
19 
31 
21 
18 
20 
47 
17 
12 

t  
6 
6 

18 
22 
13 
22 

II 
44 
19 
9 
11 
11 
6 
6 

0.98 
0.86 
0.90 
1.20 
0.83 
0.̂  
0.74 
0.72 
0.63 
0.53 
0.53 
0.61 
0.40 

1.02 
1.03 
0.87 
1.01 
1.12 
0.73 
0.72 
0.54 
0.43 
0.52 
0.71 
0.97 
0̂  

Groups - Hemoglobin concentrations In blood 
I Minus 2 or 3 standard deviations 
II Plus £ or 3 standard deviations 
III Within ± 1 standard deviation. 
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Table 86 

Mean Serum Carotenold Concentration of Urban Iowa Children 
Classified According to HenK^lobin Concentrations in Blood 

Groups^ 
No. Mcgi 

II 
No. Meg. 

Ill 

I 

10 
II 
12 

i l  

il 
II 

I 

10 
II 
12 

II 

ii 
II 

3 
3 
2 

4 
10 
3 
1 
2 
4 
0 
2 

3 
3 

5 
6 
2 
2 
2 
3 
2 
1 

104 
107 
116 
95 
127 
140 
100 

47 
109 

145 

86 
105 
80 
101 
105 
132 

112 
74 
72 
111 
1^ 

Boys 

6 
8 

? 
2 
2 
1 
2 

Qirla 

2 
6 

i 
6 
6 
10 
4 
2 
2 
1 
2 
0 

100 
124 

"I 128 
86 
94 

168 
135 
126 
115 
130 

94 
93 
111 

89 
127 

No. 

14 
3>9 
28 
20 
18 

49 
17 
12 
9 

I 
6 

19 
22 
13 
23 

46 
19 
9 
11 
10 
6 
6 

Meg. 

108 
128 
116 
121 
121 
116 
108 
108 
91 

U 

144 
121 
120 
116 
134 
106 
101 
85 
87 
101 
98 
120 
132 

Groups - Hejnoglobin concentrations in blood 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation. 
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Table 87 

Mean Serum Alkaline Phosphatase Concentration of Urban Iowa 
Children Classified According to Hennglobin Concentration 

in Blood 

OrouDS® I II III 

No. NP.U.^ No. NP.U.*> No. NP.U.*^ 

6 

I 

i l  
II 
12 

i l  

ii 
i l  

6 

I 

10 
II 
12 

II 

II 

3 
3 
2 

3 
10 
3 
1 
2 
4 
0 
2 

3 
3 
3 
9 

S 
7 
2 
2 
2 
3 
2 
1 

4.83 
.80 
.56 
5.24 

i;^ 
3.61 

8.66 
4.81 

3.42 

5.09 
3.78 
5.59 
4.71 
5.92 
5.70 
5.62 
7.20 
2.73 
1.99 
1.99 
1.% 
2.22 

Boyg 

3 

i  
6 
8 
3 

1 
4 
3 
3 
1 
2 

Oirls 

i 
6 
6 
12 
4 
2 
2 
1 
2 
0 

4.20 
6.15 
4.94 
3.26 

5.92 
7.94 
5.27 
3.32 
3.70 
3.56 
2.57 

4.68 

5.97 

5.91 

4.55 
2.23 
1.44 
1.94 

14 
22 
31 
21 
19 
20 
48 
18 
12 
9 
8 
6 
6 

19 
21 
13 
22 
17 

II 
19 
10 
11 
11 
6 
8 

4.43 
4.54 
5.W 
5.97 
4.82 
4.89 
6.16 
6.58 
6.19 
.55 
.11 
3.81 
2.07 

5.04 
5.41 
6.30 
5.34 
§.59 
55 

.23 

.25 
2.̂  
2.84 
2.10 
1.51 
1.14 

I 

Groups - Hemoglobin concentration in blood 
I Minus 2 or 3 standard deviations 
II Plus 2 or 3 standard deviations 
III Within ± 1 standard deviation 

^itrophenol units. 
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tended to the lowest serum alkaline phosphatase concentra-

tion« but from 14 to 18 they had the highest phosphatase 

concentrations. The girls exhibited no relationship between 

hemoglobin concentrations and serum alkaline phosphatase 

concentrations. 

Summary 

1. Both the rural and virban boys demonstrated a slow 

steady increase in hemoglobin concentration with age. Hemo­

globin concentrations for the rural and urban girls from 

6 to 13 years increased with age, but decreased noticeably 

between 13 and 14 years. This lower concentration was 

maintained to 18 years* 

2. There were no definite sex differences from 6 to 

12 years in either group. Significant sex differences 

appeared at 12 years for the rural children« not at 13 

yearsJ and again at 14 years, l^e urban children showed 

sex differences from 13 to 18 years. 

3. The regression of hemoglobin on age was signifi­

cantly different for boys and for girls« also for the rural 

children and for the urban children. 

4. For boys the mean daily intakes of protein, niacin, 

riboflavin and iron were significantly correlated with hemo­

globin but age was more highly correlated with hemoglobin 

than were the dietary constituents. 
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5* oniere was no outstanding relationship between 

henK>globln concentration and height« weight and dietary 

Intakes of the various nutrients. 

6. The girls and boys with low henuiglobin concentra 

tions tended to have lower serum ascorbic and serum caro-

tenoid concentrations than the children with high or 

average hemoglobin concentrations* 

7* The boys with low hemoglobin concentrations from 

6 to 13 years had lower serum alkaline phosphatase con­

centrations than did the boys with high hemoglobin concen 

trations. After 13 years they had the highest serum 

alkaline phosphatase concentrations. The other groups 

of boys and girls exhibited no relationship between the 

two blood constituents. 



www.manaraa.com

-321-

IMTERRBLATIONSHIFS AMONG MEASUREMENTS OF NUTRITIONAL 

STATUS AND NUTRIENT INTAKE 

In this study a systematic analysis has been made of 

certain body measurements and certain blood constituents 

in relation to each other and to the mean dally Intake of 

nutrients. An attempt has been made to observe relation­

ships that exist among height> weight and developmental 

level and concentrations of four blood constituents) namely, 

serum ascorbic acid, serum carotenold, sertim alkaline 

phosphatase concentrations, and hemoglobin concentrations 

in blood, and nutrient intake. 

The height-weight data in this study may be used as 

a standard of reference for the heights and weights of 

other Iowa children. The Iowa children in this study were 

selected randomly from a large popxilation of school child­

ren. It can be Msumed that the children in this study 

were in a normal state of health for Iowa school children, 

since they were attending school regularly. Moreover, 

these data are in close agreement with those obtained in 

previous studies on the measurements of Iowa children. 

Because of the nature of the saiqpllng, the body measure­

ments in this study should serve as a more reliable basis 
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of comparison than the data In the earlier studies, which 

represented the measurements of special groups. 

The following discussion deals primarily with body 

measurements in relation to biochemical and dietary obser­

vations, and secondly, with biochemical measurements In rela­

tion to body measurements and dletazy observations. 

Interrelationships among Body Measurements and Nutrient 

Intakes or Blood Constituents of Iowa Children 

Each age-sex group was divided Into three smaller 

groups according to mean and standard deviation of the age-

sex group. Among the different categories of body 

measurements there were groups of children who were clas­

sified as tallest, heaviest or In highest developooental 

levelsI and other groups who were classified as shortest, 

lightest or In lowest developmental levels; and others 

who were designated as average In height. In weight or In 

developmental level. The dietary and biochemical obser­

vations for each grouping were Investigated by comparing 

the means of the groups. 
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ISie boys ̂ o were tallest ̂ heaviest and with highest 

develoiuoental level (Group XI) tended to have higher intakes 

of calories« proteinj calcixim, iron, vitamin C, thiamine, 

riboflavin and niacin than the boys who were shortest, 

lightest and with lowest developmental level (Oroup I). 

For the girls the relationships between the various 

body measurements and nutrients in the diet were less dis­

tinct than those noted for the boys (see Table 88). Through­

out the school years the relationship with nutrient intake 

was more evident in height than in weight or developmental 

level. In other words, the tallest girls tended to have 

greater intakes of most nutrients than did the shortest 

girls. For girls below the teen ages weight was related 

to nutrient intake. In these age groups the heaviest girls, 

and girls with the highest developmental level had intakes 

that were higher than the girls of lightest or lowest 

developmental level. After 13 years the girls who were 

heaviest and of highest developmental level actually had 

lower mean intakes of most of the nutrients than the girls 

who were lightest and of lowest developmental level. 

The higher nutrient intake of the boys and younger 

girls may in part be responsible for the greater height> 

weight and developmental level. Yet, other conditions 

must be considered before such relationships can be 
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Table 88 

Ages VRien Food Energy Value and Nutrient Intake of Diets of Iowa Children In 
Group II of Various Body Measurements Exceeded Group I 

Nutrient 

Body 
measure' 
ment 

Boys Girls 

Year of age Year of age 

Food Height 
energy Weight 
value D.L.a 

Protein Height 
Weight 
D.L. 

Csaclum Height 
Weight 
D.L. 

Iron ^Ight 
Weight 
D.L. 

Vitamin C Height 
Weight 
D.L. 

Thiamine Height 
Weight 

6,8,9,11,12,13,1 ,̂15>16,17 
6,7,8,9,11,12,13,1̂ ,15,16,17,18 
6,7,8,9,11,12,13,U 

7,8,9,11,12,13,14,15,16,17 
6,7,8,9,11,12,13,1^,15,16,17.18 
6,7,9,11,12,13,14,15,16,17,18 

8,9,11,12,13,14,15,17,18 
6,7,11,12,13,14,15,16.17  ̂
6,7,8,9,10,11,12,13,14,16,18 

6,8,9,10,11,12,13,14,15,17 

6,7,8,9,11,12,13,14,15,17,18 

7,8,9,10,11,12,13,14,18 
6,7,8,9,10,11,12,13,16,17, 
6,7,8,9,10,11,12,15,16,18 

D.L. 

6,7,8,9,10,11,12,13,14,15,17,18 
6,7,8,9,11,12,13,14,15.17,16 
6,7,8,11,12,13,14,15,16,17,18 

6,8,10,11,12,13,14,15,17 
6,7,8,10,11,13 ^ 
6,7,9,10,11,13,18 

6,7,8,9,10,11,12,13,14,15,16,17,18 
6,7,8,10,11,13 
6,7,8,10,11,13 

6,7,8,9,10,11,12,16,17,18 
6,7,8,10,11,13 
6,7,8,10,11,13 

6,8,9,10,11,13,14,17 

6,7,8,9,10,11,18 
6,7,8,10,11,12,13,16,17,18 
6,7,8,9,10,12,13,14,17,18 
6,7,8,10,12,13,15,17 

6,7,8,9,10,11,12.13,14,17,18 
6,7,8,10,11,13,14 
6,7,8,9,10,11 

I U) 
ro 

I 

^>evelopmental level according to Wetzel Grid. 
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establlshed. The ohlldren who were tallest, Iraavlest and 

of highest developmental level may have had genetic patterns 

that Induced the greater height, weight and developmental 

level. Also they may have had more favorable environmental 

conditions. A question may be raised, as to irtiether the 

category of greatest physical development Is the most desir­

able. 

The relationship between developmental level and food 

Intakes was similar to the relationship with weight, 

although height and weight were considered In determining 

developmental level. 

In Table 89 are presented the ages when the nutrient 

Intake of the various groups of boys and girls followed the 

same order as the classification of the different body 

measurements. That Is, the boys and girls who were tallest, 

heaviest and of highest developmental level (Oroup II) 

had the highest values for nutrient Intake; those who were 

shortest, lightest and of lowest developmental level (Qroup 

I) had the lowest values for nutrient Intake; and those with 

average body measurements had values for the nutrient Intake 

Intermediate to those of the other two groups (Oroup III). 

Boys tended to have nutrient Intakes that followed 

the classification of the three body measurements more 

often before 13 years than afterwards. 
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Table 89 

Ages When Food Energy Valtie and Nutrient Intake of Diets of Iowa Children 
Followed the Same Direction as Groups II, III and I of Various 

Body Heasiirements 

Body 
measure' 

Nutrient ment 

Boys 

Year of age 

Girls 

Year of age 

Food Height 
energy Weight 
vali2e D.L.® 

Protein Height 
Weight 
D.L. 

Calcium Height 
Weight 
D.L. 

Iron Height 
Weight 
D.L. 

Vitamin C Height 
Weight 
D.L. 

8,9,12,13,1 ,̂17 
6,7,8,12,13,14 
6,7,9,12,13,14 

8,9,11,12,13,14,16.17 
6,7,8,9,11,12,13,14 
6,7,9,11,12,13,14 

9,12,13,14,16,17 
7,12,13,16 
6,9,12,13,15,16 

6,8,9,12,13,14,17 

6,7,8,12,13 

8,10,12,16 
7,8,11,12,18̂  
7,10,11,12,18 

8,10,11,14,17 
8,10,13 
8,10,13 

6,8,10,11,16,17 
6,7,8,10,13 
6,7,8,10 
6,7,8,9,10,11,12,16,18 
6,7,8,9,10,11,13 
6,7,8,10,11 

8,9,10,14,16 

10 

6,8,9,10,12,16,18 
8,9,11,12,13,14 
9,10,12,13,14 

t 
U) 
lO 
-a 
I 

^developmental level according to Wetzel Grid 
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When the girls were classified according to height their 

mean daily nutrient intakes tended to rate high« inter­

mediate or low in the order of their height classification. 

For the girls under 10 years the values of their dietary 

intakes of the various nutrients followed the classifica­

tion of weight or developn»ntal level more often than 

occurred above 10 years. 

The children who were heaviest and tallest tended to 

have higher protein and riboflavin intakes than those who 

were lightest and shortest. 

The data in this analysis strongly indicated that 

body measurements of boys and younger girls were related 

to nutrient intake. This study has revealed relationships 

between physical measurements and nutrient intake among 

children of a normal population. The validity of the re­

lationships per se is subject to questions which arise 

from small numbers in the extreme groups. A study de­

signed to investigate these suggested relationships would 

require wider sampling of children in the extreme groupings. 

With the average group the relationship between 

developmental level and nutrient intake was greater than 

that in the other two groups as was shown by the regres­

sion of developmental level on various nutrient intakes. 

The relationship between developmental level and protein 
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was not so evident when the age factor was partially re­

moved by computing the regressions at each age for the two 

sexes, regardless of high, low or intermediate classifica­

tion. 

The boys and younger girls with average or greater than 

average physical development had diets in which the mean 

daily intakes tended to conform to the allowances except in 

calcixun. The boys and girls, except at the teen ages, who 

were shortest, lightest and developing slowly had nutrient 

intakes less than the allowances at more ages than had the 

boys and girls in the other two groups. The teen-age girls 

who were tallest, heaviest and developing rapidly emd those 

who were average in height, weight and developmental level 

had dietary intakes that were generally below the allowances 

(see Table 90). 

It appears from these data that physical developmental 

may vary with the dietary practices of children. There­

fore, the needs of the children at various physiological 

ages should be studied. The lack of relationships between 

developmental level and nutrient Intake of teen-age girls 

suggests the need of further study of the actual needs of 

these girls. 
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fkU« 90 

î a VlMtt food iMvor TaltM and Mtferlaat Ooalaat of tha Biato of 2m 
Olaasifiad leeordinc to IkriOTM Body KaasuraaaBta Vara laia fhaa thi 

Sit riant 

Body 
•easora* 
•anta 

(hrovqp 1 

Boya dirla 

<lroi9 XI 

Boya Oirlfl 

food aaargr 
taltia 

B»i«ht 
Wol̂  

9*13-18 
8,121.18 
8,1:̂ 18 

8,10,U,1>17 
8,10,11,13,14 
8,10,11,13,14,17 

18 
16-18 
15,16,17 

13.15,1 
11,12,1 
11,12,1 

Protala iial«)it 
V̂ l̂ t 
D.l.* 

13,17 
8,13,16.18 
8,U,13,1*>,16,17 

8,10,11,1>17 
6-8,10,U,13,14,16,17 
7,8,10,11,13,14,16 

17"" 
17,18 

13-16 
14-18 
14-18 

Oalolxai Btiftht 
Valî t 
D.i.* 

8.08 
6,7«10,12-18 
6,7,9-18 

6-18 
6-17 
6«17 

10,14,15,18 
9,10,1>17 
1>17 

9-18 
9-12,14 
9-18 

Iron fibltfit 
Valî t 
B.I.* 

13,17 

8,11̂ 7 

6,8<i>18 

6,7,8,10,ll,l>ie 

18 

16,17,18 

12-18 

11-18 

Titaain 0 Baicbt 
Valght 
D.l.* 

1:̂ ,18 
1U1̂ ,16-18 
12-1/1»,16-18 

12,13,15,17 
12-14,17,18 
12,13,14,17,18 

13,14,17,18 
13*14,17 
13,14,17 

13-15 
U,16 
16,18 

fhlaalaa flbî t 
Vaî t 
D.l.® 

9-11,13,17,18 
8,9,1L.14,16.18 
7,8,1>17 

8-ll,l>18 
6-8,10,11,1>15 
6,8̂ ,̂13,14 

10 
10,16-18 
16,17,18 

1>17 
9-18 
12-18 

llteflaTlB H»ii;ht 
Vaî t 

13,17 
12-lil»,16,17 
12-1/»,16,18 

7,U,13-18 
U,l>15 
13 

« 

18 
14-18 
1>18 
13,15-1 

naeitt fisl̂ t 
Vaicht 
D,l,» 

13,17 
8,11,13,16-08 
8,13,16,17 

8,11,1>18 
8,11,13,14 
8,11,13,14,17 

16 
16,17 
16,17 

1>18 
11-18 

"DavalopMntal laral ai ô talnad ttm tha Vatial Orld 
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SftVU 90 

lam and liftrlMt Oostcnt of ttao Sioto of Xova Chlldvoa 
Vurlow Body KoattiroaoBts Woro tlian Iho Alloinuicoa 

Oroi9 11 Orotqp XXZ 

Oirla Bogra Oirla JoQfM Oirla 

8,10.11,1>17 
8,10,11,13.14 
8,10,11,13,14,17 

IB 
16-18 
15,16,17 

13.15,16 
11,12,14,16-18 
11,12,14,16,17 

12-18 
13-18 
13,14,15,18 

10-14,16-18 
10,U,13,14,16 
10,11,13,14,16,18 

8,10,11,13-47 
6-̂ ,10,11,13,14,16,17 
7,8,10,11,13,14,16 

17" " 
17,18 

13-16 
14-18 
14-18 m m m 

III 

6-18 
6-17 
6-17 

10,14,15,18 
9,10,13-17 
1>17 

9-18 
9-12,14-18 
9-18 

9-16,18 
10-16,18 
10-16-18 

9-18 
6,7,9-18 
6,7-9-18 

6,8-18 18 12-18 10-18 

6,7.8,10,U,1>18 16,17,18 11-18 11,14 11,14-18 

12,13,15,17 
12-14,17,18 
12,13,14,17,18 

13,14,17,18 
13.1̂ ,17 
13.14,17 

13-15 
11,16 
16,18 

15.18 
18 
18 

m m m 
13 
13 

8-ll,l>18 
6-8,10,U,l>15 
6,8-U,13,14 

10 
10,16-18 
16,17.18 

1>17 
9-18 
12-18 

10-14 
10,11,16,18 

10-18 
10,11,13-18 
11,13 

7,U,13-18 
U,l>15 
13 

18 
14-18 
1>18 
13,15-18 

17 "" 
17 

13,15,16,18 
14-16 
15-18 

8,U,1>18 
8,11,13,14 
8,11,13,14,17 

16 
16.17 
16,17 

i>ia 
II1-I8 
m m m 

15 
15 
8,14,15 

13-18 

I Ifotiol Orld 
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Zn all three categories of the various body measure­

ments, the serum ascorbic acid and serum carotenoids decreased 

with age. In Table 87 are presented the ages wiran the lowest 

concentrations of serum ascorbic acid and serum carotenoid 

occxirred. If the maximal mean concentration in serum alka­

line concentration maz4cs the beginning of puberty for the 

group, then the minlmai in the other blood constituents in 

the next four years may indicate that the blood constituents 

are being utilized at a rapid rate in the body processes 

which accompany the pubertal changes. 

Further evidence that the body utilizes these blood 

constituents at a rapid rate by growth was the precipitous 

drop in the serum ascorbic acid and serum carotenoid con­

centrations made by the boys and girls who were the tallest, 

heaviest and developing most rapidly. Furthermore, in the 

groups of average height, weight or developmental level, 

the decrease of the blood constituents with age was less 

marked at periods of rapid growth. In the slowly developing 

children these changes were less noticeable than in the 

average or rapidly developing children. The changes in 

blood levels with age could not be explained by low dietary 

intakes. The mean concentration of serum alkaline phospha­

tase were about the same at the various age-sex groups 

whether classified according to height, weight ot develop­

mental level. However, it appeared from the data 
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Table 91 

Ages When Minimal Mean Concentrations of Serum Ascorbic 
Acid and Serum Carotenold Occurred» also When the 

Maximal Mean Concentration of Serum Alkaline 
Phosphatase Occurred 

Serum Serum Servtm alkaline 
ascorbic acid carotenold phosphatase 
boys girls boys girls boys girls 

Weight 
14 14 Heaviest 14 14 15 13 12 11 

Average 15 15 15 13 12 
Lightest 15 15 15 12 14 12 

Height 
14 16 Tallest 14 13 15 16 12 11 

Average 15 15 15 14 11 
Shortest 15 16 13 16 13 12 

Developmental 
level 

Highest 14 13 15 13 12 10 
Average 15 13 15 13 13 11 
Lowest 13 15 13 12 13 12 
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on the extreme groups that serum alkaline phosphatase was 

more related to height and developmental level than it 

was to weight. 

Only two consistent relationships were noted between 

body measurements and hemoglobin concentration in the blood 

of boys and girls. The boys who were shortest  ̂ lightest 

and of lowest developmental level tended to have lower heoK>-

globin concentrations than the other two groups of boys. 

However, the girls who were tallest« heaviest and developing 

rapidly tended to have lower hemoglobin concentrations in 

the blood after 13 years than before 13 years. These obser­

vations may be a reflection of the poor intakes of protein, 

iron, riboflavin and niacin of the older girls. 

From this study of the relationship of height, weight 

and developmental level with dietary intakes and blood 

constituents it may be concluded that the different rates 

of growth tend to be associated with nutrient intakes and 

concentrations of various blood constituents. 

Interrelationships among the Various Blood Constituents 

of Iowa Children and Physical and Nutrient Intakes 

The mean serum ascorbic acid, serum carotenoid, and 

serum alkaline phosphatase concentrations and hemoglobin 
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conoentrations In the blood of rural and urban children for 

each age-sex groups were presented in Tables 32, 60, 

67, 76 and 77. 

These data show that the serum asoorbic acid and caro-

tenoid concentrations decreased with age to the minima at 

15 years for the boys in both blood constituents and I3 

years in carotenoid concentration and I5 in ascorbic acid 

concentration for the girls. These low concentrations 

occurred after the age when the mean maximum concentration 

in serum alkaline phosphatase concentration had been 

attained (11 years for girls and 13 years for the girls). 

The relationship between the various blood consti­

tuents and other measurements of nutritional status was 

most evident idien each age-sex group was subdivided into 

groups with the highest» with the lowest and with the 

average concentrations. 

From 6 to 13 years the boys and girls with the 

highest serum ascorbic concentration tended to be slightly 

taller than the boys and girls of corresponding ages with 

the lowest serum asoorbic acid concentrations. The boys 

from 6 to 12 with the highest serum carotenoid concentra­

tions tended to be taller than the boys with low concen­

trations. There was no consistent relationship between 

weight and developmental level and the classification of the 
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blood constituent. 

For tl» child]?en with highest and average serum alka­

line phosphatase concentrations, within the year in which 

they made the greatest increase in height, they attained 

the highest mean serum alkaline phosphatase concentration. 

The significance of the level of serum alkaline phos­

phatase concentration in relation to physical development 

varies with age under consideration. For older children 

the higher levels may mean delayed matiu?atlon. 

There was no relationship evident between the level of 

serum alkaline phosphatase concentration and the diets of 

the three groups of boys and girls. Neither was the hemo­

globin concentration related to nutrient Intake when means 

of children with high, low and intermediate concentrations 

were con\pared with their respective mean dally intakes. 

The boys and the girls with highest or lowest serum 

concentrations of serum ascorbic acid and serum carotenoid 

did tend to reflect the dietary intakes. 

The girls and boys who had highest serum concentra­

tions of ascorbic aold and of carotenolds had diets with 

higher contents of protein, minerals and vitamins than had 

the children with the lowest concentrations of these two 

substances. 



www.manaraa.com

-337-

The lowered serum concentrations of ascorbic acid and 

carotenoids at certain ages during puberty cannot be wholly 

accounted for by the dietax  ̂intake. The children in the 

lowest concentration groups did not have intakes of ascorbic 

acid and carotenoids that would be expected to result to 

such low serum concentrations. Storvick and her co-workers 

(1947, 1950) observed that intakes of ascorbic acid equal 

to the recommended allowances did not support tissue sattira-

tion. In view of the findings of Storvick and her associates 

and of this study the need of these two nutrients during 

puberty should be reevaluated. 

From the observations on the data of Iowa children a 

satisfactory serum concentration of serum ascorbic acid or 

serum carotenoids was not the same at all ages and in both 

sexes. Therefore» a single standard of serum ascorbic acid 

concentration and serum carotenoid concentration should not 

be used for all ages. 

Of the four blood constituents, serum ascorbic acid 

and serum carotenoid concentration were more closely re­

lated to each other than any of the other blood constituents. 

The relationship of serum ascorbic acid and serum carotenoid 

concentrations can be expected within a living organism 

since in nature the two vitamins are often associated with 

each other, as in fruits and vegetables. 
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SUMMABY 

Approximately 1200 boys and girls were chosen randomly 

to represent the Iowa children who attended varloxis types of 

public schools. In the group were Included urban elementary 

schools, small town elementary schools and Junior and senior 

high schools« and consolidated and Independent schools with 

grades one to twelve* A series of physical and biochemical 

measurements were made on these children to determine their 

nutritional status. A seven-day dietary record was ob­

tained from each child. 

The results of the study of nutrient Intake, body 

measurements, and blood constituents have been summarized 

at the close of preceding uectlons. In brief, relationships 

between physical growth, nutrient intake and blood consti­

tuents were studied. In this analysis the children were 

subdivided Into three groups based on their physical measiuv-

ments and blood constituents! 

The most outstanding results of the study were, as 

follows: 

1. Boys had mean dally Intakes of food energy and of 

nutrients which either exceeded or approached the allowances, 

except for calcium. Qlrls from 6 to 13 years had mean dally 

Intakes of food energy and of nutrients which either 
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approaohed or exceeded dietary allowances of the National 

Research Council, except for calcium and Iron. After 13 

years of age the girls had Intakes of protein, thiamine and 

riboflavin. In euidltlon to calcium and Iron, which were gen­

erally below the allowances. The values of the other 

nutrients fluctuated about the allowances. 

2. The physical measurements showed that the children 

in this study made continuous, though Irregular, yearly gains 

in height and in weight. Since the height and the weight 

data in this study were representative of a large popula­

tion of reasonably well-nourished and healthy children, they 

may be used as a standard of reference for the heights and 

weights of other Iowa children. The measurements were simi­

lar to those made in other mass studies of Iowa school 

children living in specific communities. 

3. Height, weight and developmental levels of boys 

throughout the school age and of girls from 6 to 13 years 

tended to be related to nutrient intake, as shown by the 

differences in the nutrient value of the diets of the high­

est and lowest groupings according to physical measurements. 

4. The boys and the girls from 6 to 13 years, who were 

either the tallest, heaviest or developing rapidly or who 

were average in height, weight and developmental level had 

diets which exceeded or conformed to the allowances in 

nutritive value. The girls and boys who were shortest. 
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llghteat and developing slowly and the girls from 13 to 18 

yeara who were talleat* heavieat and developing rapidly, 

usually had intakes less than the allowances. This analysis 

suggested that the allowances are more applicable to the 

intakea of Iowa children who were average or above in 

physical development than to those who were below average* 

3. Serum ascorbic acid and serum carotenoid concentra-

tiona apparently reflected not only dietary intake« but also 

the rate at which the children were developing or growing. 

The serum concentrationa of both blood constituents de­

creased with age to a low level at 13 to 15 years. The de­

crease waa precipitous for the rapidly growing children; it 

was less marked for the average groupa, and scarcely evident 

for the lowest. Regardless of classification the decrease 

was most evident at periods of rapid growth. For the boys 

the concentrations of serum carotenoida were negatively 

correlated with age and positively correlated with the vita­

min A value of fruits and vegetables present in the diet. 

Vlhen the intake and age of the boys were considered together 

in a multiple regression, the relationship between intake, 

age and concentration waa highly significant. These rela­

tionships were not tested for girls. 

6. The changes in the mean serum concentrations of 

serum ascorbic acid or carotenoida from year to year through 

the school ages, suggested the need of a standard of 
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reference at each year, rather than for school children In 

general. 

7. This study did not reveal a relationship Isetween 

dlet€u:*y Intake and concentration of serum alkaline phospha­

tase* Before puberty, boys and girls of the roost advanced 

physical development tended to have higher serum alkaline 

phosphatase concentrations than the children In the lowest; 

the children of the average groupings tended to have inter­

mediate values at these ages. After puberty the serum 

alkaline phosphatase concentrations of rapidly growing 

children and of average children declined toward the low 

concentrations, characteristics of adulthood, earlier than 

the slow growing children. 

8. In the average groups according to various physical 

measurements the well-defined peak in the mean serum concen­

tration of serum alkaline phosphatase preceded the marked 

depression in the serum concentrations of ascorbic acid or 

of carotenoids by one to two years. These changes did not 

occur in the lowest group. 

9. Concentration of hemoglobin in the blood of Iowa 

boys was highly correlated with the mean daily intakes of 

protein, niacin, riboflavin and iron. Yet, among the boys 

age was more highly correlated with hemoglobin concentration 

in the bood than were these nutrients. The boys of lowest 
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group of physical measurements tended to have lower hemo­

globin concentrations than did the boys of the other two 

groups. Contrary to the boys, the girls from 13 to 18 

years of the highest group in physical measurements had 

lower hemoglobin concentration than the other two groups. 

This method of analyzing data used in the present 

investigation was exploratory. The results from these 

analyses suggest the need of further study of the nutri­

tional status of children who are maturing at different 

rates. 
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Table 92 

Population Group One 

Schools In Cities of 50^000 Population or Over 

Junior and senior high schools Bleznentary school 

City Total 
Pull 
meal 

Supp. 
meal 

No 
No Infoma-

lunch tlon Total 
Pull 
meal 

Supp. 
meal 

No 
lunch 

No 
informa­

tion 

C.R. 4 4 — — 15 1 mmm 14 — 

D. 4 — 3 1 13 — — 13 — 

D.N. 10 10 — 45 3 — 42 — 

W. 5 5 — — 14 — 6 8 ~ 

s.c. 7 7 — — 23 — — 23 

Total 30 26 3 1 110 4 6 100 — 
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Table 93 

Population Qroup Two 

Schools in Cities and Toims 1 - 49^999 Poptilation and 
All Consolidated and Independent Schools 

with Grades 1 to 12 

No 
Full Supp. No inforraa-

Type of lunch program Total meal meal lunch tion 

Schools 

Junior and senior high 86 86 41 17 28 

259 26 130 103 

783 525 33 209 

Elementary 

Consolidated and 
independent 

16 

Total 1128 592 180 340 16 
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Table 9^^ 

Population Group Three 

Rural Elementally Schools 

Type lunch program Counties^ 

Some food 6l 

No food 10 

No information 28 

Total 99 

^Zt was not possible to classify the numer­
ous rural schools under eaoh category for type of 
lunch program, so the schools were divided by 
counties into the following groupst (1) some type 
of lunch, (2) no food served, (3) no information 
about the school. 
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Table 95 

Schools In First Sanqple 

I. Population Oroup I — schools In cities of 50*000 
or over 

A. Jiinlor and senior high schools 

1. Full meal 

McKlnley (Cedar Rapids) 
West Waterloo 

2. Supplemental food 

Frank Smart (Davenport) 
J. B. Young (Davenport) 

3• No lunch 

None 

4. No Information 

None 

B. Elementary schools 

1. Full meal 

Phillips (Des Moines) 
Wlllard (Des Moines) 

2. Supplemental food 

Roosevelt (Waterloo) 
LaFayette (Waterloo) 

3• No lunch 

Buchanan (Cedar Rapids) 
Cleveland (Cedar Rapids) 

4. No Information 

None 
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Table 93 (Cont'd) 

II* Population Qroup II — schools in towns imder 
50«000 and consolidated and independent schools 
with grades 1 to 12 

A. Jitnior and senior high schools 

1. Full meal 

Oak Street (Burlington) 
Iowa City 

2 • Supplemental food 

Oelwein 
Stuart (Ottumwa) 

3* No lunch 

Mason City 
Oskaloosa 

No information 

None 

B. Elementary schools 

1. Full meal 

Roosevelt (Perry) 
Richardson (Port Madison) 

2. Supplemental food 

Qrimes (Burlington) 
North Ward (Sigoumey) 

3 • No lunch 

West Lynns (Clinton) 
Grant (Albia) 

4. No information 

None 



www.manaraa.com

-358-

Table 93 (Cont*d) 

C* Schools with grades 1-12 

1* Fiill meal 

Slater 
Famhamville 

2. Supplemental food 

Jeasup 
OeWitt 

3* No lunch 

Blvira 
Buffalo 

4. No Information 

Eureka 
Brighton 

IIIw Population Group III 

A. Rural elementary aohools 

1. Some type of food 

Clinton Coimty 
O'Brien County 

2. No food served 

Ceirroll County 
Oes Moines County 

3* No information 

Bremer County 
Winnebago Coxinty 
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Table 96 

School in Sample 

Poptilation Group IZ —• Consolidated and independent 
schools with grades 1 to 12 

1. Full meal 

Slater 
Famhamville 
West Branch 
Henderson 
Armstrong 
Cumberland 
Viola Township 
Napier 
Nodaway 

2. No lunch 

Humeston 
Woden 
McGregor 
New Hampton 
Fredrickburg 

Notet Tto following schools did not wish to 
participate in the study1 Woden« Nodaway 
and Henderson. The schools were randomly 
replaced by Corwith, Attica and Williams. 



www.manaraa.com

-360-

Table 97 

Schools in the Sao^le 

Popiilation Oroup I — Schools in cities of 50 >000 
population or over 

A. Senior high schools 

1. Pull meal 

Bast (Des Moines) 
North (Des Moines) 
McXinley (Cedar Rapids) 
East (Waterloo) 

2* No lunch 

Davenport 

B. Junior high schools 

1. Full neal 

Amos Hiatt (Des Moines) 
Wilson (Des Moines) 
Wallace (Cedar Rapids) 
McKinley (Cedar Rapids) 

2. No lunch 

Sudeon (Davenport) 

C. Elementary schools 

1. Full meal 

Phillips (Des Moines) 
Hayes (Cedar Rapids) 
Arthur (Cedar Rapids) 
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TaWe 97 (Cont»d) 

Population Qrotqp I — Schools in cities of 50,000 
population or over 

2* No lunch 

Wallace (Des Moines) 
Longfellow (Des Moines) 
Roosevelt (Waterloo) 
Irving (Waterloo) 
Emerson (Waterloo) 
Buchanan (Cedar Rapids) 
Joy (Sioux City) 
Lincoln (Davenport) 
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Table 98 

Population Oroup IZ — Schools in towns with popula­
tions 49,999 and imder 

A. Junior and senior high schools 

1. Full meal 

Charles City 
Clear Lake 
Council Bluffs 
Iowa City 

2. No lunch 

Boone 
Cedar Falls 
Maqhoketa 

B. Elementary schools 

1. Full meal 

Emerson Hough (Newton) 
Bryant (Algona) 
Stewart (Washington) 
Qarfleld (Cherokee) 
Hawthorne (Independence) 
Lincoln (Ferry) 

2. No lunch 

Bryant (Boone) 
Rogers (Marshalltown) 
Crawford (Ames) 
Qarfleld (Oskcaoosa) 
Agasslz (Ottumwa) 
Jackson (Dubuque 1 
Qarfleld 
Franklin 
NcKlnley 

Keokuk, 
LeMars, 
Mason City) 

North (Slgo\imey) 
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Table 98 (Cont*d) 

Poptilatlon Group II —• Schools in towns with popula* 
tlons 49,999 and iinder 

Roosevelt (Clinton) 
Grant (Atlantic) 
Vnilttier (Ames) 
Sunnyside (Burlington) 
Grant (Albia) 
Franklin (Oreston) 
Franklin (Council Bluffs) 
Grimes (Burlington) 
Grades (Decorah) 
Hawley (Fort Dodge) 

Note: The following schools did not wish to partici­
pate in the study: Grimes, Sunnyside, Grant 
(Atlantic). They were randomly replaced by 
Cedar Heists (Cedar Palls), Manu and Sabin 
(Iowa City). 
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Table 99 

Schools In the State-wide Sanqple and the Number of Children In the Sample 

Population 
groups Program 

Total no. 
schools 

No. schools 
In sample 

School 
enrollment 

no. 
boys girls 

Children 
in sample 

no. 
boys girls 

I 
50,000 Lunch® 

No lixnch® 
No lunch 

11 
11 
95 1 

381 
326 
1165 

364 
298 
1088 

18 
18 
48 

17 
18 
49 

II 
50,000 Lunch® 

No lunch® 
No limch 

37 
37 

219 

6 
6 
20 2  ̂

212 
526 

2296 

33 
36 

117 

33 
37 
122 

II 
Grades 
1 to 12 

Lunch 
No lunch 

525 
242 

12 
5 

1124 
700 

1044 
656 

165 
82 'U 

II 
Jr. and Sr. 
high school 

Mixed 62 7 2375 2427 79 80 

°Tmo sets of saoqples mre drawn from these schoolss (l) from the group who 
regularly ate the school lunch; (2) another from the group that went home or 
carried lunch. 

I .if-; 
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Dear Parents: 

One of the most Inqportant factors contributing to the 
health of children is the food they eat. We now know that 
the way they eat not only influences how they grow and 
develop physically> but also how well and how quickly they 
leam. Iowa State College is launching a state-wide program 
to find out how tt» children of Iowa are eating ai^ if 
their health is as good as it is possible for them to have 
through good nutrition. Iowa and several other states are 
wox^cing together to find the answers to these questions. 
Several schools, about 40, have been selected at random 
throughout the state. By studying a sample of children 
from all of these schools we shall arrive at the facts 
about Iowa school children. 

A group of trained woxicers from Iowa State College will 
visit each of the sample schools which are willing to cooper­
ate and secure some dietary records of the children, take 
heights and weights and other body measurements, and make 
blood tests for hemoglobin (the material that makes blood 
red) and for Vitamin C. Possibly the pupils will be given 
medical and dental examinations by well qualified doctors 
and dentists. 

Since we cannot offer to all the students the oppor­
tunity of receiving all the examinations, tests, and the 
analysis of a week's dietary intake, we have selected a few 
students lAiose names were drawn from the group to represent 
the school population. Your child has been selected. 

If you are willing to have your child included in this 
study, will you please indicate by signing the enclosed 
form. The results of the medical and dental examinations 
and the nutritional study will be made available to you if 
you desire. You will be told in advance of the dates that 
the examinations will be made. 

Sincerely, 
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F-696 

I wish to cooperate in the study of Iowa School Children 

which is being conducted. Will you please give medical and 

dental examinations and laboratory teats to: 

Howard Mullins 

Sifuied by 
(gather) 

MX*8. Leonard Mullins 

(Qiuu^ian^ 

Will you please enclose this form in the envelope addressed 

to Virginia Be Cecco, IResearch Associate. 
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