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I N T R 0 D U C T I 0 N 

This s tudy was initia t e d as a part of the f ede ral 

and s t a t e " Head Stu.rt " prog r u.m , for the purpose of f ind ing 

the ini t i al nutrit i on status of preschool a nd ear ly e l emen­

tu.ry school chi l dren in Greenville , Texas . The purpose of 

this investiga tion ha s been to d e termine the nutritiona l 

statu s of 26 preschool or early e l ementary s c hool ag e 

children in l ow a nd middle -low income f amilies who have 

b een e nro l l ed i n the 1 969 Summer Head Start Program i n 

Greenvil l e , Texas , and who h a v e con tinue d in the s tudy , for 

four mon ths , with the fo llowi ng objectives carried out . 

OBJECTIVES 

ing : 

The obj ecti ves of t h e i nvestiga tion were the f o l low-

1. To obtain a persona l his t ory o f each 

family interv iewed and t o compare the educa tional 

level of the children's p a rents; 

2. To d e termine the di e t a r y intak e of these 

"Head Sta rt" children by mean s of a die t h i story, 

a food intake record, a nd a food fr equ e ncy cha rt; 

3. To establish the nutri t i o n a l s ta tus of 

the s e same childre n thr oug h examina tions a n d t ests 

1 
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mad e in the Ne l da Childers St ark Laboratory for Iluman Nu tri ­

tion Resea rch at the Texas Woma n ' s University Resear ch 

Institu te ; 

Th e examinations a n d t ests made o n the children 

inc lude d : 

(a ) Medica l examinat ions ; 

(b ) Biochemica l blood and urine tests ; 

(c) Ske l e ta l maturation evaluat ions ; 

(d ) Bone density meas ureme nts from 

r adiographs ; 

(e ) Measurements of height , weigh t and 

growth accomplishme n t ; 

4. To present the r esults of th e da ta on th e 

various tests to the pa r e nt s of the children and t o 

attemp t to t each them , t hroug h individua l instruc­

tion in one or two h alf -hour periods , on methods of 

attempting to i mprove the nutritiona l statu s of t he 

children< and 

5. To presen t the findings of this study to 

the teachers and the administrators in the Gre enville 

Independent School District in order that they might 

be aware of inadaquacies in the diets of this group 

of children, so that they would cooperate in de­

veloping methods of improvement in the school hea lth 



education curriculum , the school lunch and mi l k 

programs , and , i f possible , to initia t e the school 

breakfast program . 

3 
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REVI Ehl OF LI TERATURE 

Th e in te r es t in th e d i e tary intake and the nutri ­

t iona l status of c hildre n in the United Sta t es has inc reas e d 

cons ide r ab l y d u r ing t he pas t d e c a de . I t was afte r h eari ngs 

were h e ld by the Unite d States Sen a t e Subcommi ttee on 

Emp loyme nt , Ma npower , a nd Poverty c o n e rning h unge r in 

~me r i ca that the Na t ion a l Nutrition Survey was i niti a ted 

in 19 67 . The r esults of the Na t i ona l Nutrition Survey have 

clea r ly i de n t i f i e d the incidence , magnitude und l oca ti o n of 

mul nutrition a nd r e l a t ed hea lth prob l ems within l owe r i ncome 

popu l a tion g roup s in the United Sta t es . Th e Nutrit i o n Pro -

gram in conne ction with the Na ti o na l Nutri ti on Survey i s 

most inte r e sted in de scribing t he population g r oups which 

h ave nutritiona l probl ems and t o id e nti f y the s e g r o ups , no t 

on the basis of the state, but on the b a si s of the type cf 

environment , incomeJ and other factors which shou ld facili ­

t ate r emedial progr ams or bette r utiliza tion of exist ing 

programs, according to Shaefer ( l). 

In a study cond ucted by Creamer ( 2 ) in 1958, in­

volving 13,0 84 high schoo l age subjec ts in five g e ographic 

regions of Texas, a significant relationship was fou nd be­

tween the level of the mother's education to growth accom­

plishment of the youth; whereas the father's education h ad 

a lesser role in the growth accomp lishmen t of the youth. 

An earlier study conducted by Me lton ( 3) also indicates 



the direct correlation between education level of the 

parents and g r owth accomplishment of the children . 

5 

More r ecent studies have veri f ied the fact that 

nutrition know l edge of the mothe r vari e s directly wi t h the 

education l eve l of the mothe r a nd that the food l ikes and 

dis likes of the fath e r a nd o l der siblings have a s i gni ficant 

inf luence upon the food preference s of the p r schoo l child . 

An e xamp le is the s t udy of Gassette ( 4 ) . It also has been 

found tha t the food preferences of the husband have t he . 

greates t influe nce upon mea l p l anning by the housewife a nd 

re-emphasizes the husband - f ather need for nutrition educa­

tion , a cco rding to Owen et a l . ( 5 ). 

Portions of the southe rn sta t es have b come class ic 

examp l es of rural poverty a r eas . In the study by Owe n e t al . 

( 5 ), it was reported that preschool children of poor f ami ­

lies are smal l er than average and appear t o be more "at 

risk '' biochemically than were young s t ers of mor e aff lue nt 

families . The results also verified the 196 5 survey r e ­

ported by the United States Departme nt of Agricu lture c on­

c erning food consumption in this country , name ly, that energy 

intakes and the intake of calcium , ascorbic a cid , and ribo­

flavin t end to be the greatest limi t ing factors in t he 

American diet. Growth achievement and biochemical findings 

lend support to these die t ary data. 



An article publ i shed in Th e Americnn Journa l of 

Pub lic Hea lth by Corne lly ( 6 ) cites the major hea lth prob-

lems of the Negro . They are : (a ) The widening gap b e t wee n 

Negro a nd Caucasi a n mortality a nd morbidity; (b) Mental 

re ta rda tion d ue to prematurity comp lications of pregnancy , 

low socio- economic sta tus , as wel l as lower occupat i ona l 

l e ve ls , l ower educational attainment and broke n homes ; a nd 

(c) Hea lth concerns of the unski lled worker . The health 

prob l ems of the Negro are consequent l y the he a lth proble ms 

of the poor as a population g r oup . 

6 

In a study conduc t ed in Lincoln , Nebraska , similar 

to the Miss i ss i ppi study by Owe n e t a l. ( 5 ), the mean dai ly 

nutr itional intake of t wo socio- economic groups was compared 

with the Recommended Dietary Allowances of t he Nation a l 

Resea rch Council, Food and Nutrit ion Board ( 7). For bo th 

groups of children, one of a higher socio-eco nomic class 

and one group rec e iving some welfare , iron c al cium, ascor ­

bic acid and calories we re among the least we ll supp li ed 

nutrients. Mean heights, we i ghts , body circumferences , 

skin-fold thicknes ses and muscularity measuremen ts for the 

two groups were measured. All measuremen ts, except skin­

fold thickness, tended to be greater for the higher income 

group than the lower group, according to Kerry , et al. ( 8 ) . 

The food habits of American children of Mexican 

descent were studied by Natow ( 9 ) and were compared with 
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the ir growth and skele t a l status . This study of 5 09 childre n 

rang ing in age from less tha n one year to 19 years , living in 

Waco , Da llas a n d Fort Worth, Texas gives us i mportant infor ­

mat ion concerning the nutritional s t a tus of the poor living 

i_n urban areas o f Te xas . The res ul ts of this study indica t e 

tha t the f ood intake of thi s group was extremely poor , with 

t he yo unger childre n coming closer to meeting the req ui r e ­

ments than the o l der children . The exc ep tion to th is was in 

nu tr ients provi ded by mi l k which was consumed t o a greate r 

ex tent by the younge r childre n. 

Anothe r study of inte r e st concerning low socio­

economic urban Texas population groups was conducted by 

Melton ( 3) in Fort Wor th, Texas with a group of 56 children 

from three to eight years of age . Me lto n found tha t t he 

home diets of these children were extre me l y poor , with p r o ­

t ein the only nutrient reaching or exceeding the Re com­

mended Daily Requirements. Only 7.1 pe r cent of the chil­

dren in the study were free of anemia of one type or an­

other. Calcium and ascorbic acid inta kes were low for all 

of the children. Only 38 per cent of these c hild ren h ad 

achieved a skeletal age comparable to their chronolog ical 

age. 

In all the studies reported, the general dental 

-status of all population groups was poor . The classifica­

tion "poor" denotes a high prevalence of decayed and 



miss ing teeth , as well as abnorma l changes in gum t i s s ue . 

'rhcs e results c oncur with those fo und in t he Na tional 

Ntltr i tion Surv e y in wh i ch 85 to 90 p e r cent o f the ind ivi ­

dua ls s tud i ed wo re fou nd to be in dire need of d e nta l care . 

As a ba s ic hea l th prob l em , wh i ch cou l d b e r e l a t ed to poor 

die tary habits , it i s evi d e nt that the de nta l a spects o f 

the d i e t mus t r ece ive hi g h e r pr i ority t h a n has bee n g ive n 

in t he pas t , according t o Shaefe r ( 1 ) . 

Whe n we speak of malnutrition , we not only are 

referring to under-nutritioa , bu t also t o over-nutrition 

in the form of excessive ca l ories r esult ing in obesity . 

8 

This i s an area of ma lnutrition which de se rves a we ll p l anned 

progr am of nutr ition edu c a tion . In t he s tudy by Chri sta kos 

et a l. (1 0) wi th New York City children , 11.4 per cent of 

the s ubj e cts were obes e a nd 11 per c e nt of t he obese chil ­

dre n h a d systolic blood p r ess ure l evels o f 140 mm . and 

over. The total number of subj e cts in this s tudy was 642 

children between the ages of 10 and 13 years. The re is 

already considerab l e e p i de mi o l o g i ca l ev i dence tha t over ­

nutrition may enhance risk of corona ry heart disea s e , 

hypertension and diabetes. The obese child often become s 

the obese adolescent and late r the obe se adult . Obese 

children and adolescents are subject to family t e nsions 

and ridicule and are more likely to hav e personal adjust­

ment problems, according to Creame r ( 2). 



One of the c auses for early obesity may stem from 

Lhe lack of educati o n o f the mother . Eppwright found in 

l1cr study that the frequency of the mother ' s concern about 

~ c hi ld eating too l ittle far exceeded thut of the child 

ea t ing too much (11). 

The studies conducted in the past indica t e the need 

fo r a much b e tter unde r standing than now i s prevalent of 

t h e eating b e h avior of preschool children , the problems 

that may ari se from a lack of unders t anding of the physio­

log ical changes undergone by children as th y pass through 

the toddler into ear l y preschool and elementary school 

years 1 according to Eppwright (1 1 ) . It i s hoped that as 

more informa tion is colle cted , l oca l agencies wi ll be 

better prepared to d e t ermine methods and programs which 

will ide ntify families requiring nutrition educa t ion pro­

grams to insure proper nutritional health for a ll. 

9 



P L A N 0 F P R 0 C E D U R E 

The participa nts in this study were students in 

the Summe r " Head Start " Preschoo l Program in Greenville , 

Texas d uri ng the summe r of 1 969 . The children a ll we re 

six a nd seven years of age at the time whe n the initia l 

biochemica l t es ts were performe d in Novemb er , 1 969 , a nd 

Harch , 197 0 . Nineteen children were in the standard fir st 

g r a de c l asses i while 10 childre n were in spe ci a l education 

classes . 

The a uthor u sed two s urvey forms to s cure back­

ground informa tion and f ood c onsumption patterns on the 

children and the parents . Copies of these t wo forms , 

Survey Form A and Survey Form B, appear in the Appendix 

of this Repor t. 

Surve y Form A ca l led for per sona l informa tion c on­

c e rning the parents ' occupations, education , and approxi­

mate amount of money spent on food and beverages weekly . 

This form also l isted some ques tions c o nce rning the f ood 

l ikes and dislikes of the child . The mother or guard i an 

of t he chi l d answered the questions on this form . 

Survey Form B was a f ood frequency cha rt and was 

u sed as a cross-check on t he food habits of the child and 

the family . The various food gro ups are listed a nd the 

n umber of times the food was served p e r week , per day , or 

10 



;m l y "sometimes" was recorded. The mother or guardian 

a nswered this questionnaire in all cases . 

The a uthor initiated this study in July, 1969. 

11 

~he s chool administration of the Greenvill e Independent 

Schoo l District authorized the author to get in touch with 

the "Head Start" School Nurse for the purpose of locating 

students with possible nutritiona l defici e ncies , as well as 

other students from extremely low economic status with di­

v e rse problems who might benefit through participation ln 

th is study. Letters of explanation of the study and an 

invi tation to participate were sent to 50 fami lie s . A 

tota l of 29 families cooperated in the study. 

To determine the dietary intake of the subjects, 

each parent kept a dietary record of all foods eaten for 

three days, on a prepared form. (See Appendix, page 83.) 

This record included all food eaten at breakfast, lunch, 

dinner and between meals. The quantity of food eaten by 

each subject was converted into grams and calculated to 

show the amount of each nutrient present in a three day 

diet. This was accomplished through the list of food 

values in Bowes and Church (12) and the use of punched IBM 

cards. The cards were tabulated on the IBM 1620 computer 

by the Texas Woman's University Nutrition Research Statis­

ticians in the Data Processing Center. 
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The nutrit i ona l s t a tus .of the subjects was deter ­

nti ne d t hrou gh the administration of a battery of medical ­

nutr ition observati ons and tests o n November 7 , 8 and 9 , 

19 6 9 . The c h i ldren were t ested in g r oups of nine or 10 each 

~ay . These t ests were admini stered at The Nelda Childe rs 

Sta r k Labor atory for Human Nutr i tion Research , Re search 

Ins t itute , t he Texas Woman 's University , De nton , Texas . 

The r esul t s from the i n itial dietary records and 

me d ica l-nutr i ti o n ob serva t ion s a nd test , wh ich the team of 

research worke r s c o nd u c t ed , were d i scussed with the parents 

of the s ub j ec t s . A summar y was given to the par ents during 

i ndivi d ua l home v i s its. (See Append i x , page 84 .) At this 

time the autho r offered suggestions for i mprovemen t of t he 

sub j e ct's diet. Me t hods of f oo d prepara t ion we r e d i s c ussed 

wi t h the parents, with spe cific a t tentio n g i ven t o t he 

pre paration of Government Commo d ity Food s. In s ome cas e s, 

the author prepared foods using Commoditi es and p r e s e nted 

them to the families with specific instructions c once r ning 

the preparation of the food. 

Four months after the first medical-nutrition t e sts 

were conducte~, a second series of tests was a dministere d 

to the same group of children. Three of the orig inal 29 

children were ill at the time of the second series of test, 

bringing the number to 26 children. A three day dietary rec­

ord was kept by the subjects preceeding the second testing. 
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Tl1e me thods included a two day dietary record kep t by t he 

1nothe r or guardian and a 24-hour recall dietary recorded by 

the investigator . 
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ME DICAL-NUTRITION OBSERVAT I O S AND TESTS 

1'1l.D ICAL EXA~1INATION 

The p hys icia n cooperat ing wi t h t his study examined 

Cdch student for a ny eviden ces of phys i ca l status tha t would 

be r e l a ted t o nutriti o na l we ll-being . 

The me d i ca l examina t ion of each subject i n cluded 

gross obse r vati o n s concerning : genera l appe arance , cond i-

tion of the s k i n (face , neck a nd back ), tongue (chro nic and 

acute l e sion s ), g ums (chron i c and acute l esion s ) , teeth , 

skele ta l a bno r malities , eyes , nose , l ungs , hear t , gait , 

r e flexe s , appearance or absen ce of fatigue , nervous habits , 

alertnes s and viv ac i ous ness . 

The fol l owi ng me tho d s were used t o tabula t e t he 

find ings of the me d i cal-nutritiona l observations and tests 

which we r e administered by the _l aborato r y t e c h n i ci a ns f r om 

The Ne l da Chiiders Star k Labora t ory for Human Nutriti on 

Re s earch . Th e t ests a nd e x amina tions wer e c o nduc t ed on 

three c on secutiv e days wi t h g roups of nine or 1 0 c h ildren 

e a ch d a y . 

WEIGHT STATUS 

The Pryor Norms (13) were us ed t o es t ab lish the 

weight status of each sub j e ct. The standards t ake i nto 

a ccount the ske l e t a l s t ruc ture o f t he body , as we l l a s the 

s ex , age , and h e i ght. Standing h e i g h t was u s ed . Meas ure me nt 
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of the l atera l chest on expiration wa s u sed t o de t e r mine 

whethe r the individua l was of l~rge , medium, or sma ll frame . 

The sugges t ed proper weight of an ind ividua l of the 

sc1me age , sex , h e i g ht and body build was compared to t h e 

sub jec t ' s we ight . The d e viat i on from th e suggest d weight 

was ca lcu l ated in t e r ms of per cent . Th e fol l owi ng nine 

classif ications were emp l oyed in these c a l culations . 

Underwe i g ht 

Classes 

Overwe i g ht 
Classes 

Classes 

l 

2a 

3a 

4a 

Sa 

2b 

3b 

4b 

Sb . . 

Conformity to -

Pryo r No rm s 

Car r ct wei g ht 
±10 . 9 % 

- 11 . 0 to - 15 . 9 

- 16 . 0 to - 20 . 9 

- 21 . 0 to - 25 . 9 

- 2 6 . 0 to - 99 . 9 

+11.0 to +15 . 9 

+1 6 . 0 to +20 . 9 

+21 . 0 t o +2 5 . 9 

+2 6 .0 to + 99 . 9 



GRm·nH STATUS 

Hei g ht a nd weight of t he children we re recorded 

ClJ:.ong the other body measurements , and from thes e th e phy­

sique channel a nd the growth accomplishme nt in terms of 

d~ve lopmen ta l level gains we re calculated by means of the 

Gr.lds as devis ed by Wetze l (1 4 ) (15 ) . 

DEVE LOPMENTAL LEVEL ACCOMPLISHME T 

Cer t ai n progress shou l d be made in heigh t and 

weight every month as a child advances in chronologic a l 

age . This advancement is measured after infan cy , which is 

set a t a chrono l og ica l age of 30 months . The a verage a c -

compl i shme nt pe r month of age shows the extent to which 

thi s deve lopmenta l gain has occurred . The Wetze l Grid 

classif i cation of this accomplishment, as given below , was 

u sed for this study . 

Classes 

Class l 

Class 2a 

Class 2b 

Class 3 

Class 4 

Cla ss 5 

Adults 

. 

. 

. 

. 

Deve l opmenta l Level 

Accomplishme n t 

1.00 and above 

0.99 to 0.90 

0.89 to 0 . 85 

0.84 to 0.75 

0.74 to 0 . 60 

0.59 and b e low 
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l'ilYS IQUE CHANNEL 

The Wetzel Grid is us ed to d e termine the physiq ue 

ch~nne l of t he ind ividua l according to th e body type . The 

foll owing cl ass ifications we r e u sed : 

Physique Cha nn e l Des cription 

Obese 

Stocky 

Slende r 

Very Sl nder 

AGE SCHE DULE OF DEVELOPMENT 

The clas ses u sed fo r ag e schedule of dev e l opmen t 

were based on the change i n developme nta l l eve l between 

t es ts each month . 

Classes Age Schedule of 

Deve l opment 

Class 1 . . . . 2%, l n highes t 2 % 
o f the population 

Clas s 2 . . . . . . 15 %, as good as th e 
upper 15 % of the 
pop u lation 

Class 3 ........ 67 % J Median of the 
popul a t ion 

Class 4 · · · · · · .. 8 2 %, same as 8 2% of 
the popu l ation 

Class 5 · · · · · · · · 98 % :r no better than 9 8% 
o f the popu l a t ion 

17 
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SKELETAL STATUS 

SKELETAL MATURATION 

X-ray fi l ms were made o f each child for judging 

ske le ta l maturity and fo r measuring bone density . Fol l ow­

jng are the portions of the ske leton x-rayed for this pur­

pose : hand (postero- a nte rior pos ition); foot (latera l and 

antero-poste rior positions). 

The skeletal maturity o f each of t he participant s 

1 n the s tudy was assessed in terms of sk e l eta l age a t each 

t es t per i od . The postero- anterior x - ray o f the hand was 

uti lized for this purpose . The hand x-ray was c ompared 

with norms establ ished by Todd (16) and enlarged upon by 

Greulich and Pyle (17). 

In assigning a skeletal ag e to a child b y means o f 

the hand x-ray, the standard order of assessing t he parts 

of the hand in this laboratory is as f ollows: (a) metacar­

pals; (b) proxima l phalanges; (c) midd l e phalanges. ;· (d) ter­

minal phalanges; (e) radius; (f) ulna; and (g) wrist carpaLs . 

Such factors are considered as the shaftsr the bases., the 

dis tal ends, and the epiphyses of the carpals a.n.d rne.tac:arpa.ls:. ; · 

the shafts and epiphy ses of the radius and uln.a ;- and the: indj~_­

vidual wrist carpals. The determinator showing the greatest 

degree of maturation advancement and that s how±rrg the Ie~ 

advancement are noted; and an over-all skeletal age is 



assigned . The ass i g n ed s k e l eta l age is compared with the 

c hrono logical age of the chi l d i n orde r t o assign a s k ele­

t al ma t ur a ti o n class i f ica tion. 
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The norms set up by Todd a n d by Greu lich and Pyle 

arc f or Caucas i a n s of middl e socio-ec o n omic background . The 

subjects invo l ved in this stu dy we r e predominantly of the 

Negroid r a c e and o f l ow soc i o - economi c background , but the 

Todd stan dards we re u sed s inc e the same n orms w rc emp l oy d 

initia lly a n d fi n a lly for the same subj e c ts . 
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BONE DENSITY 

The ske l e t a l density t est is an accura t e me t h o d of 

dete r mining the quantity of mineral in t h e b ones o f a n 

in,li v idual from x-ra ys . The t e chniqu e , d ev is ed b y Mu c k and 

assoc i ate s (1 8-2 1) i s u sed in th is me asureme nt . Th e Bo n e 

De11si t y Assembly e np l oyed at Te xas Woman ' s Univers ity con­

si s ts of the following basic un its : 

1. A modified Knorr - Albers sca nning unit . 

2 . A Speedomax Mode l G transmitting r e corder 

which produces the raw , uncalibra t e d f ilm 

d e n s ity curve of the calibration we dg e , a nd 

contains within t he same panel a seri e s of 

pote ntiome t ers us ed for the purpose of cali ­

brating t he wedge density curve . 

3. A Spee domax Model G r e c orde r for displaying 

the calibra t ed wedge curve . 

4. An Instron Integra t or gea r ed to the outpu t 

of the second recorder . 

The addition of a small di g ital compute r i n to t he 

analog system has provided further automa tion to the Bone 

Densitometer Assemb l y developed in stages by Texas ~voman 's 

University staff members and currently in use a t t his in­

stitution. 

The light transmission data from the fil m, in the 

form of a voltage functional with per cen t light transmission , 
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a1e meas ured with t he modif i ed Kn orr-Al bers microphotome t e r . 

The fi lm is h e l d in a motor- dr i ven ass embly which traverses 

a ligh t beam . The light beam which pas ses through the film 

h~s a wi dth of 10 microns a long the scan path a nd a heigh t 

or 1. 25 mm . n orma l to sca n path. Nine d i fferent scan speeds 

ore a vai labl e . Ad jus t able l imit-switches restrict the scan 

pnth to a prede t ermined r a nge . 

The output of the sca nning unit is connec t ed t hrough 

the amp li f i e r to a sma ll d i gital c omputer . An a n alog- to­

digi ta l conve rter forma ts the data for direct proc ssing 

by the computer, and the computer s amp les the data at spe­

cif ic interva l s of time . Programming a n d operating c ontrol 

are effected through a t eletypewri t er unit ·which includes 

a paper-type inp ut/ output feature . 

The computer program include s severa l operationa l 

features that permit flexibility in the us e of the s ystem . 

The present system provides an automatic mean s fo r c a li ­

brating the film in terms of the light transmissio n of the 

entire aluminum alloy wedge throug hout its s l ope , t he 

roentgenogram of which is taken simulta n eou s ly with the 

roe ntgen image of the bone of interest . Manu a l operations 

required of the operator have been reduced to those in­

volving the scan of the film. The digital technic offers 

a mor e rapid procedure for analyz ing the fi lms, and it a lso 

reduces the technical e rror that can be introduced by the 

operator. 



Quanti ta t ion of bone mass changes in growing huma n 

subjGcts i s mo~e d i fficult t h a n tha t in adul t s becausG of 

cl1nnge s in the s i ze o f the bone . The os calcis was the 

a11~tomic s i t e u t ilized i n thi s study . The reason s for the 

s elec t ion of tl1is bone we r e the fo llowing : 

(a ) The os calcis i s a l arge bone with a 

minimum of over- and under l yin g soft tissu e , which 

has s evera l advan tages inclu ing th reduction of 

x-ray sca t tering ; 

(b ) The os calci s has two distinct anatomi ­

cal l andma r ks which c a n be loca t d without di ff i­

culty, and which serve to mark the extremes of 

tra cing p a th s which are v a luab l e in. a l ong i tudina l 

study involvi ng one g r o up of children e valua t ed a t 

inte r va l s o f time ; 

(c) The f oo t is subjected t o a grea t dea l of 

mechanical stre ss with norma l a c tivity , and there­

fore it is like l y to s how differences in bone mass 

in pers ons who dif f er mar ked l y i n t he ir l eve l of 

activity or in one perso n unde r going d i fferent 

levels of activity at d i ff e rent times ; a nd 

(d) This bon e conta i ns a l a r ge amount of 

cancellous or trabecular tissue. It was known by 

those who work in this fi e ld t ha t i n terchange of 

ions b e tween bone and ext racel lula r f luid occurs 
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more r eadi l y in newly formed trabecul ar bone than 

in olde r compact bone . 
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The " conventional " os calcis tracing path represen ts 

a sec t ion of bone from a posterior to an anterior l andma rk 

1 0 mi crons wide , the width of the scanning beam . In making 

sca ns of the conventi onal tracing path in s uccess i ve films 

of o ne subject, pricks are made wi th a steel need l e at the 

extremities of this path , but outside of the film . Seque n­

tia l fi l ms are s uper-imposed carefully over the original 

film of a series . The same supe r-imposition of wedge film 

ove r wedge f ilm also i s made in order to in s ure that the 

same path of the calibration wedge is traced from one time 

t o anothe r. 
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OBSERVATIONS AND TESTS FOR BODY FUNCTIONS 

IJE /'l~T 

The physician examined the heart of each child by 

thP use of a stethos cope . The da ta on the f unctioni ng of 

t he heart were classified as follows : 

Subj ec ts exhibiting no dysfunction 

Subj e cts exhibiting some dysfunction 

REFLEXES 

The medical examiner , by mean s of a rubber h amme r , 

t ested the r ef l ex a ction in two areas , the patella r ana the 

achil les . Prese nce of reflexes is norma l in both o[ these 

areas . The f unctioning of the reflexes as observed in the 

all-over medical examina tion were c l assified according to : 

Norma l r eflexes 

Sluggish reflexes 

Hyperactive reflexes 

BODY CHE.1ISTRY 

LEUCOCYTE COUNT 

The leucocyte count was determined pe r mil lili te r 

of blood . This value has little nutritional significance 

except as it deviates from the normal , denoting infe ction 

or some pathological situation. The normal l eucocyte (white 

cell) count varie s from 6,000 to 10,000. 
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The me thod u s e d for hemog lobin de t e r mina ti o n was 

that o utline d in The American J o u r n a l o f Me dica l Sci e nces , 

( 2 2 ) (2 3). Thi s me thod is l abeled the Cyanme t hemog l ob i n 

Methucl . The classi f ication us e d to r epo r t hemog l obi n 

r anues f ound in the study were : 

Clas s e s Range o f Hemog lobi n Va lues 
-

(gm. per 1 00 ml. b l ood ) 

Class 1 13 . 00 a nd a b ov 

Class 2 . 12 . 99 t o 11 . 5 0 

Clas s 3 . 11. 49 to 10 . 00 

Class 4 8 . 49 a nd b e l ow 

ERYTHROCYTE COUNT 

The me t hod d escribed by Ha wk ( 24) was us ed t o 

meas ure the nunilie r of red blood c e lls p er cub ic millime t e r 

of blood . The i mproved Neubau e r ruling was used in t his 

t est . The arbitrary classifications for the Red Ce ll Co unt 

were : 

Classes 

Class 1 . 

Class 2 . 

Class 3 . 

Class 4 . 

Class 5 . 

Ranges of Red Cell Count Value s 
(mill ions per 100 cu . mm . ) 

4.7 6 and abov e 

. 4.75 to 4 . 51 

. 4 . 50 to 4 . 26 

4.25 to 4 . 01 

4.00 and below 
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HEMA'l ( >CRIT 

The h ematocrit v a lue , which is a numbe r which indi-

cate s th~ percent age of whole blood made up of erythocy t es , 

was JLl'as ured by the method of Natelson ( 25 ). The h ema to-

cr i t va lue s were c l ass i fied in the following ranges . 

Classes Rang e s of Hematocrit Va lues 
-

Clas s l 40.0 % and above 

Class 2 39 .0 % t o 37.0 % 

Class 3 . 36.0 % t o 34 .0 % 

Class 4 33 .0 % t o 31. O!f.. 

Class 5 30 . 0 % and below 

CORPUSCULAR CONSTANTS 

From the above va l ues of h emog lobin , erythrocyte 

count, a nd h ematocrit , three corpuscular c onsta nts were 

determi ned as outlined by Gradwohl (26). The mean corp us cu-

l ar vo lume (MCV ) shows whether or not the cell volume is 

small or l arge in proportion to the numbe r of r e d cells , and 

is calculated from the formula : 

Volume of packed red cells (cc. per 1 000 cc.) 
Red cell count (millions per cu . mm .) 

The mean corpuscular hemoglobin (MCH) tells whether 

or not the hemoglobin is low or high for the number of red 

cells, and is calcul ated from the formula: 

Hemoglobin (gm . per 1000 cc . ) 
Red c e ll count (millions per cu . mm. ) 



The ave rage me an corpuscular h emog lobin conce n tra-

tions (NCHC ) indicated whether or not the h emog lobi n c o n-

~entr.1ti on is low or hig h in comp a rison with the s i ze of 

the c~l ls , and is calculated f rom the form u l a : 

--~_H_e_m_og l obi n (gm. per 100 cc . x 100) 
Vo lume of packed red cells (cc. per 100) 

The data for a ll · thre e corpuscul a r consta nt s were 

clas sf ied as normal , above norma l , or b e low no rma l . 

Mean Corpuscular Vol ume (MCV) norma l limits 

ranged from 82 to 92 cubic microns . 
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Mean Corpuscular He moglobin (MCH ) norma l limits 

were from 27 to 31 micromicrog r ams . 

Mean Corpuscular Hemoglobin Concentration 

(MCHC ) had norma l limits from 32 t o 36 per 

c ent. 

BLOOD PLASMA VITAMIN A 

The vitamin A content of the b l ood plasma was dete r -

mined photometrically by the method of Kimble ( 27) . The 

classifications of vitamin A va l ues were used as follows : 

Classes Range of Vitamin A Values - -
(me g. per 100 ml. plasma) 

Class l . 35.5 meg . and above 

Class 2 . 35.4 to 29.51 meg . 

Class 3 . 29.5 to 23 . 5 1 meg . 

Clas s 4 . 23.5 to 17.51 meg . 

Class 5 17 .. 5 meg . and below 
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BLOOD PLl\ Sl~~'.tA CARO'I'ENE 

The carotene conte nt of the b l ood plasma was deter-

mined p ho tometrically by the method of Kimble ( 27 ). To 

determi ne the classes of blood plasma carotene, the foll ow-

ing ranges were used . 

Classes Ranges of - Carotene Value s 
(mg . per 100 ml. plasma) 

Cl ass 1 0. 20 mg . a nd above 

Class 2 0.1 9 to 0.1 5 mg . 

Class 3 0 . 14 to 0 . 10 mg . 

Class 4 . . . . 0.0 9 to 0 . 0 5 mg . 

Class 5 . 0.05 mg . and b e low 

BLOOD PLASMA ASCORBIC ACID 

The concentration of the b l ood p l asma ascorbic acid 

was meas ured photometrically by the method of Mindli n and 

Butle r , (28 ) with a slight modification as sugges t ed by 

Bessey and King (29). 

The values of blood plasma ascorbic acid were 

grouped into the following seven classes with l a , l b and 

lc con s ide r e d as subdivisions of a sing l e g roup : 

Classes Range of Ascorbic Acid Values 
(mg . - per 100 ml. plasma) 

Class la . . . . 2.00 mg . and above 

Class lb . . . . . 1. 99 to 1. 50 mg . 

Class lc . . . . . . 1. 49 to 1.10 mg . 
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Class 2 . . . l. 09 to 0.90 mg . 

Class 3 . . . 0 . 89 to 0 . 70 mg . 

Class 4 . 0 .69 t o 0.50 mg . 

Class 5 . 0 . 49 mg . and be l ow 

BLOOD SERUM TO'r AL PROTEIN - --

The tota l protein , albumin and albumi n p lus a l pha 

globulin , were determined by t he me t hod o f Wo l fson e t al . 

( 30), as mod i f i ed by Saifer a nd Zymo ris ( 31 ), e xcep t t ha t 

the biur e t r eag e nt us ed for color development wa s tha t pro-

posed by Gorn a ll e t a l. ( 32). 

I n these a nalyses , a l b umi n plus alpha g lobulin (A) 

was d e ter mined by sal t fractionation with 22 . 1 p e r c e nt 

sodium sulfa te. Globulin (g ) was ob t a ined by s ubtra cti ng 

albumin p lus a lpha g l obulin (a ) from total pro t e in . The r e -

fore , globulin (g) r epresents globulin minus alpha globulin . 

Albumin (a ) was determined by salt fractiona t i o n 

with 26 . 9 per c e nt sodium sul f ite . Globulin (g ) was ob-

tained by subtracting albumin (a ) from total protein . The 

findings for tota l protein were class ified as fo llows: 

Classe s Gm. per 100 ml. serum 

Class 1 . . . . 7.00 gm . and above 

Class 2 . . . . . . . 6.00 to 6.99 gm . 

Class 3 . . . . 5.00 to 5.99 gm . 

Class 4 4.00 to 4.99 gm . 

Class 5 . . . . . 3.99 gm . and below 



These five classifica tions were used to report t he 

se r um a lbumi n range s found in this study . 

Cl asses Gm. per 100 ml. serum - ---

Class l . 4.50 gm . and above 

Class 2 . . . 4.00 to 4 . 49 gm . 

Class 3 . . . . 3.00 to 3.99 gm . 

Class 4 2.00 to 2 . 99 gm . 

Class 5 Below 2.0 gm . 

The following classes were u sed to r eport serum 

globulin concentration: 

Clas ses Gm. per 100 ml . serum 

Class 1 3 • 0 0 to 2 ; -0 1 gm . 

Class 2 2. 0 0 to l. 50 gm . 

Clas s 3 • 1.4 9 and below 

BLOOD SERUM CALCIUM 

The method of Ferro and Hamm ( 33 ) was u sed to 

determine the calcium content of the blood . Th e fo llow-

ing ranges were used to designate the classes . 

Classes 

Above Normal Limits . 

Within Normal Limits 

Below Normal Limits . 

Range s o f Bl ood Serwn 
Calc ium-concentration 

. 11.0 mg. and above 

. 10.0 to 10.9 mg. 

. 9.99 mg . and below 

30 
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BLOOD PLASMA PHOSPHORUS 

Phosph o rus in the blood plasma was de t ermined accord-

i n g to -the method of Drye r et a l. ( 34). The fo llowing ra11ges 

were us ed to c lassify the phosphorus conce ntration . 

Cl asses Ra nges of Bl ood Plasma 
Phosphorus 

Above Normal Limits . 4. 00 mg . ahd above 

Within Norma l Limits 3.00 to 3 . 99 mg . 

Be low Normal Limits . 2.99 mg . a nd below 

CHOLESTEROL 

The cholesterol content o f the blood was determined 

fo r each s ubject. The method employed was one d eve loped 

and modified by Zak (35). The choles tero l ·was class i f ied 

according to the following categories : 

Classes Range s 

Above Norma l Limits . 300 and above 

Withi_n Normal Limits 200 to 299 

Below Normal Limits . 19 9 a n d be low 

DETERMINATION OF THIAMINE 

The urinary output of thiamine i s close l y r e l ated 

to the state of nutrition of the body . Healthy human b e ings 

on an adequate diet excrete between 50 to 150 mg . of t h ia-

mine per day. Lower values are found duri ng vitamin B1 

defici e ncy, pregnancy, and a variety of diseases . The 



th i ochrome procedure was us ed in t his s tudy for the deter -

mi n tion of thiamine in the urine . Thi s i s a method modi -

fi e d by Mi cke l s on et a l. ( 36) . The following c lassif i c a -

ti on s we re used to designate the thi ami ne c ontent of t he 

ur i ne: 

Clas ses Meg. p e r l hr. fastin9: 
samp l e 

Cl ass 1 . 7.50 meg . and above 

Cl ass 2 7.4 9 to 6.00 meg . 

Class 3 5.9 9 t o 4 .50 meg . 

Class 4 4.4 9 to 2 . 50 meg . 

Class 5 . 2.49 meg . and above 

DETERMINAT ION OF RIBOFLAVIN 

Riboflavin is excreted predominantly in the feces 

and to a smaller extent ln urine. During a vitamin B2 de ­

ficiency, no riboflavin is excreted in the urine , while a n 

increase in the vitamin's intake in human beings increases 
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the urina ry output. Normal humah beings on a ba l a nced diet 

excrete about 500-800 meg. of this vitamin per day. The 

method used for the determination of riboflavi n in urine is 

similar to a method developed by Ferrebee (37) The fol l ow-

ing classifications were used in this study: 

Classes MCSJ:. ~ l hr. fasting 
samel e 

Class 1 45.5 meg. and above 

Class 2 . 45.4 to 30.0 meg . 
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Class 3 29. 9 t o 1 5 . 0 meg . 

Cl ass 4 . 1 4 . 9 to 10.1 meg . 

Class 5 10 .0 meg . and b e low 

DETEJ_~I~!_INATION OF N-!'1ETHYLNI COTINM1IDE ACID (F 2 SUBSTANCE ) 

A norma l adult on a n adequa t e diet excr t es from 

thre e t o 17 mg . (a n aver age of seven mg .) o f N-Methy 1-

nicot i namide in the urifie during a 24 h o ur period . 

N-Methy l nicotina mide i s a me taboli c end produc t o f N-Me thyl-

ni c otini c acid and nicoti n amide . If a d e t ermi n a tion o f 

N- Methylnico tinamide in uri n e resu l t s in l ow v a lues , it 

c an be a ss umed tha t the body does not h a ve a s u ff icie nt 

supply of nicotinic acid . This determinati on , according to 

Huf f (38 ), of the amount of N-Me thylnicotin~mide present , 

c a n b e taken as a measure of the amount of nicotini c a cid 

in the body . The classif i cation used to repor t the F 2 

Substa nce ranges in the study we r e : 

Cl asses Meg. ~ _!_ hr . fastin s:r 
sam2 l e 

Class 1 . . 700 meg . and above 

Class 2 . . 699 to 500 meg . 

Cl ass 3 . . 499 to 300 me g . 

Class 4 . . 299 to 1 00 me g . 

Class 5 . 99 meg . and below 



P R E S E N T A T I 0 N 0 F D A T A 

Inf orma tion c o nce r n ing the home b ackground s o f the 

stud o11ts in thi s s tudy was secured throu gh the comp l e ti o n 

of Surv ey Form A, as d i scussed in the Plan o f Procedure 

for tl1i s s tudy . The d a ta ob t a i ne d are give n in Table I , 

Par t s A and B i n the Append i x . 

The educat i onal s t atu s of the parents of the chi l­

d r en invo l ved in t his s tudy i s s h own in Tab l e I , Part A. 

The p e rcentages we r e based upon 26 subj ects . Th e mo th e rs 

of t he sub j ec t s r e c e i ved a higher l e vel o f educ a t ion tha n 

d i d t he fa thers . Thes e da t a may be misleading , however , 

because a l a r ge p e r c e ntage o f t he educationa l l eve l s of 

the fa the rs was not provi ded. In many c as es the father 

was deceased or the p a r e nts we r e separ ated or divorced a nd 

the mo t he r di d not know the educa ti o n l eve l of the father . 

Thi s demonstra ted a disintere s t in educ a t iona l a tta inme nt 

by ma n y of the mothers involved in t h is study . 

3 4 

Table I, Part B, gives a s ummar y of the o c cupa t ional 

status of the chief income earne r in e ach family . The l arge 

percentage in the skill e d worker cla ss with t he sma l l per­

centage having any technical training i mp li e s t hat mos t of 

these skilled workers received their tra ining on the j ob . 

Thos e on relief were mothers, either widowed or s epa r a t ed 

from their husbands, receiving no income othe r th an we l fa r e . 
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ENERGY AND MAJOR NUTRI ENTS IN THE DIETS 

Each sub j e ct p a rticipating in thi s study p resented 

a r ecord of all foods eaten for three days before the 

med ica l-nutrition tests. The fir st dietary records we r e 

ob t ained before schoo l commenced in Septembe r , 1 969 . The 

r e cords wer e recorde d by the mothers as ins tructed by the 

au t hor . The food was prepared in the homes . The se and 

di e tury records we r e kept in late Fe bruary , and they in­

cluded lunches prepared a nd serve d at school . The indivi ­

dual die tary r ecords were calcula t ed fo r conten t o f energy 

and of the major nutri e nts for the 23 students . Thi s was 

accomp lished on the IBM 1620 computer a t the Texas Woman ' s 

Univers ity Data Processing Center , which are bas ed on the 

most modern available data on nutri e nt conte nt of th e foods . 

The tab les summa rizing the di e t ary data are found in the 

Appe ndix. 

The 1968 revision of the Recommended Dietary Allow­

ances of the National Res e arch Council , Food a nd Nutrition 

Board ( 7) was used in the evaluation of the diets . Vita­

min A was evaluated according to the recommendations of 

Muns e ll (39) as well as in accordance with those o f t he 

National Research Council. 

The intake levels of most of the nutrients were 

divide d into the fo llowing five classes , depending upon 



thei r conformity to recommendati ons . 

Class 1 . 

Clas s 2 . 

Cl ass 3 . 

Cl ass 4 . 

This indicates that the recomme nded 

a l lowan ces for a particul ar nutrient 

we r e be i ng me t or exceeded . 

This i ndicates that between 99 . 9 a nd 

75.0 per cent of the recomme ndations 

for tha t particu l a r nutrient are being 

me t . 

Th i s indicates t hat between 7 4 . 9 and 

50.0 per cent of the recommended a llow­

a n ces a r e b e ing me t . 

Thi s ind i ca t es that only 49 . 9 to 25 . 0 

p er c e nt of t he reconunendations are 

b e ing me t. 

Class 5. Th i s i ndica t es t hat the diets provide 

l e ss than 25.0 per c ent of t h e recom­

mendations for tha t parti c ular nutri ent . 
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Tab l e I I g i ves the compar i sons of the average energy 

a nd nutri e nt content o f the sub j e cts ' die t s before t he 

initia l a nd the fina l t es t s , as well as t he average recom­

mended a llowances for sub j ec t s o f t he age of the partici ­

pants. All of the subjects were in age six to e i ght class i­

fication. 

Each o f t h e ma jor nutr i e nts , fat , carbohydrate , 

protein, ascorbic acid, vitamin A, thi amine , ~i acin, 
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ri bo fLa vin , ca l c ium, pho s pho rus a nd i ron a r e s umma r i ze d 

in p arts A thro ugh F o f Table 

TOTAL ENERGY I NTAKE (CALOR I ES ) ---

The c l ass i fi c a tions f or e n e r gy inta k e h ave bee n 

changed i n th is s tudy b e c a u se o f the g e ne ra l opini o n t hat 

it i s j ust a s s e rious a form o f ma lnutrition t o be above 

nor ma l l i mits in r egard to c a loric in t a k e a s i t i s t o be 

be l ow the norma l limits. The refore , t h e fo l lowi ng c l as i -

fi cat i o n s h a ve b een adopte d : 

Above normal limi t s . 2 300 c a l o r i es a nd ov e r 

Wi t h in norma l l imit s 1 800 t o 2 300 calori es 

Be low normal l imits . . 17 99 ca l ori es a nd b e l ow 

The recommende d numbe r of c a lor ie s f o r chi l d r e n 

age s six t o eight years is 2000 c a l ori es dai l y . With t h e 

norma l limits set at 1800 to 2300 calori e s daily , Tab l e I I , 

Part A i ndicates tha t 4.3 per cent of the subjects we r e 

within this normal range at the time of the initial t e st , 

with 13.0 pe r cent within norma l range a t t he final test . 

This was a very favorable tre nd r egardi ng caloric intake . 

The data show tha t 91.4 per c en t o f the children we re be low 

the normal limits for caloric intake in the f irst test a nd 

4.3 above normal limits, as noted. 

One child, a six year old female, appeared to b e 

above the norma l range in the second t es t a s we ll as i n the 



f i r s L. tes t. Her d i etary r ecord , however , d id no t indicate 

thi s . Perhaps not a ll he r food intake was recorded or h er 

acti vi t i e s below norma l. The children who appeared very 

smal l und unde r - nourishe d in the i niti a l test , appeared to 

b e l arger a nd bette r no urishe d in the fina l test . The 

da t a i ndic a tes , that for some o f the children , this was 

true . The mean daily caloric intake i ncreased from 1 269 

c alo r ies to 1502 c a lories during the s tudy . 

FAT INTAKE 
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The av e rage daily inta kes of f a t , c arbohydrate , a nd 

prote in are s hown on Table II , Part B. The recomme ndations 

concerning fa t by the Food a nd Nutri t i on Board , National 

Re s earch Council are limited t o the sta t ement tha t fat is 

t o b e included in the di e t, with no speci f ic perc entage of 

the tota l c a l ories as fat r ecommended . In this s tudy , the 

mean fat intake increased from 55. 3 per c ent i n the f i rst 

test to 70.5 per cent in the final t es t, r epresenti ng 39 .0 

per c e n t and 42.0 per cent of tota l c a lor i es as fa t . This 

appears to be slightly high, particular l y i n the second 

test. The Food and Nutrition Board, in their r eport c on­

cerning the 19 6 8 Recommende d Dietary Al l owances ( 7 ) , does 

state tha t d a ta indicate tha t the proportion of t otal f a t 

in the diet from animal sources is decreasing while t hat 

from vegetable sources is increas ing in the United States . 

Many studies indicate that the perce ntage o f fat calorie s 
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i n the United States di e t is t oo high a n d tha t the trend 

t owa r d a lower f at inta k e c o n taining more linoleic ac i d i s 

de s :[ r ab le. 

Cl\RL' OII YDRATE INTAKE 

The d a ta show tha t t he ave rage c arbohydrate intake 

fo r the s ubj ec ts in thi s s tudy decreased signif i cant l y in 

t h e f ina l t es t. Their average c a loric inta k e increased , 

howe ve r , from Tes t I to Tes t II . These data t end to indi -

cate tha t the s ubjects substituted some protein and fat 

f o r carbohydr ate in thei r fi nal d iet . 

PROTEIN INTAKE 

Part C of Table II gives th e a verage protein intake 

of the s ubj e cts a nd the per c ent in v a ri ous c l asses o f con-

formity to protein recomme nded a llowanc e s in whi ch th e sub-

j ects fell. 

The summary of the data ind icates a dramatic change 

in the p e rce ntage of subj e cts movi ng from Class 3 and 

Cla ss 2 in the initi a l test to 100.0 per c en t fal l ing into 

Class l in the final test. The di e t instructions given t o 

the parents by the author and the increased p rotei n intake 

through the school lunch contributed to this favor ab le in-

crease in protein consumption. There was a high l y signifi -

cant difference statistically in the protei n intake from 

animal sources between the two t e sts. See Table VII. The 

correlation between the means of protein intake from anima l 
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source s a nd protein intake f rom tota l sources was very 

h i ghly s ignif i cant in Te st I and Te st I I . The corre l ation 

betw2en the mean s o f protein intake from vege t ab l e sources 

and protein i ntake from total s o urces was very highly s i gni­

fic ant in Tes t I and Tes t II. 

ASCORB I C ACID INTAKE 

rrhe s ummary of the da t a co n cerning t h e ascorbic acid 

in t ake of the sub j e cts appear s on Table II , Part C. The 

mean tota l d a ily inta k e of cooke d a nd raw ascorbic aci d in 

t he d ie t decreased f rom 63 . 6 milligr ams in the initia l t es t 

t o 54 .6 milli g r a ms in the f ina l t est . Th i s r esult does not 

c onform wi t h t he blood plasma ana l ys i s of as c orbic a cid , in 

which th e data s hows a slight increase 1n b l ood plasma as­

corbic acid in the f inal t e st. This c o uld be explai ned 

only if ascorbic acid from c o oked source s were d e creased . 

There was a general upwa rd trend in class di s tribu­

tion of the subjects i n dietary ascorbic a cid intake . These 

re s ults are shown by a d e crea s e in Class 5 f r om 4 . 3 per c e nt 

in the initial test to 0.0 in the f inal test, and a decrease 

in Class 4 in the initial test from 17.4 per c e nt to 4 . 3 per 

c e nt in the final t est . Class 3 had the s ame d i s tributio n 

in both tes ts and Classes 1 and 2 increased in the final 

test. 
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VI T/'.JH N A INTAKE 

The Na·t iona l Research Council r ecommends an average 

o f 3, 50 0 International Units of Vitamin A for children in 

t h e s ix to eight year age r a nge . The sununa ry for th e da t a 

co n ce r n ing th e dietary intake of vitamin A, Tab l e II , Part 

D, fo r the subjects of this study indicate s tha t the me an 

da ily intake of t he animal sources of vitami n A decreas e d 

fr om 1 ,741 I .U . in the initial te s t to 1,409 I . U. in the 

fi n a l test. The vegetable source s of vi tamin A precursors 

inc reas ed from a mean daily intake of 2 , 316 I.U . to 3 , 293 

I. u. There was statistically a highly signi fi c ant differ -

ence in the vitamin A intake from vegetable sources b etween 

Test I and Test II. Refer to Table VII . There was , how-

ever, a very highly significant correlation b e twee n the 

me an intake of vitamin A intake from anima l sources a nd th e 

mean intake from tota l vitamin A sources in both te s ts . The 

correla tion of the means of vitamin A intak e from vege tabl e 

sources and vitamin A from total source s was highly signi f i -

cant in both tests. 

Following the trend of a n increase in tota l daily 

intake of vitamin A, the perce ntage of children in Class 1 

and Class 2 increased also. The percentage of children in 

Class 3 decreased from 17.4 in th e initia l test to 0.0 per 

cent in the final test and the percentage of children in 

Class 4 and Class 5 decreased from the first to the second 

test. 



The results show a generally favorabl e tre nd in 

d ai ly die tary inta ke of vitamin A f rom the f irs t to the 

s econd tests. There i s some incons i s t ency , howe ve r , wi th 
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thG re s u lts of the b l ood plasma vitamin A and the di etar y 

i n t ake of vitamin A. The b l ood pla sma vitamin A shows a 

decrease f rom the first to the second t est , altho ug h the 

c a r otene of the b l ood did show a slight inc r ease . These 

r e sults may be attributable to the fact that the a nima l 

s ources of vitamin A decreased from the first to the se c ond 

t e st , wh i le t he vegetab l e source s of vitamin A increased 

duri ng this period . Evaluati on of vitamin A f r om pl a n t 

sources is comp licated by the fact that not all o f the 

precursors a r e b i o l og i cally active as vitamin A, whil e 

those wh i ch a r e a c tive may vary consider ably in biological 

potency ( 40). 

Whe n the s ubj ects we r e class i fied according t o the 

Munse ll Recommenda t i ons f o r v i tamin A intake , the initia l 

test s h ows t h e same p ercentage of children in Class 1 as 

the r e wer e i n Cla ss 2. Classes 2 , 3 and 4 increased in the 

fin a l t es t in p e rce ntage of c h ildren in each of thes e 

classes . Class 5 decreased f r om 43 . 5 p e r c ent in the lnl ­

tial test to 4 .4 per cen t i n the final test . The same ex­

planatio n for the results of the v itami n A in t ake according 

t o the Na tiona l Research Council recon@endations would apply 

to t he resul ts of the v itamin A i n take accordi ng to the 
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Muns e ll reconunendations. 

CALC IUM INTAKE 

The calc i um c a l culations shown in Table II , Part 

r e vP a l the fact tha t not one of the subjects of this study 

me t the daily recommended allowances for c a lcium in the 

i nitia l test . The Class l percentage did increase in the 

fi na l test to 21 . 7 per cent . Class 2 showed a l arge in -

crease in percentage in the fi nal test (from 13 . 0 per c e nt 

to 43 .5 per cent) , a nd the percentages in Class 4 and Class 

5 dec reased sign i ficantly . Th e i ncrease was in f luenced by 

the incr eased consumption o f milk a nd dairy products during 

t he four month interva l between the t ests . 

PHOSPHORUS INTAKE 

The phosphorus intake in the diets of the children 

1n this study was s lightly lowe r than t he recommenda tions 

of the National Research Council in t he fir s t test and 

slig htly above the recommendat ions in the fina l test. The 

percentage of children in Class 1 increased from 26 . 1 pe r 

cent in the initial test to 65.2 per c e nt, and t he percent-

age in Class 4 d e creased from 13. 0 per c ent to 0.0 in t he 

f i nal t es t. Classes 2 and 3 decreased in percentages from 

Test I to Test II. 

The results of these data indicate a larg e r th an 

recommended proportion of calcium to phosphorus relati on-

ship. 
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IRO~;i I NTAKE 

The d i eta ry iron i n take for the sub j ec t s in t h i s 

.stuc-t\' is summarized in Part E , Tab l e II . The da t a indicate 

tha t t h e me an d a ily iron intake had i ncreased in the fi na l 

t es t, a lthough t h e mean did not r each the l eve l r ecomme nded 

by the Na tiona l Research Council. Th e p e r cen tage of chil ­

dren i n Class l incr e as e d from 26 .1 to 30.4 pe r c e n t and 

tho se in Class 2 f rom 34 . 8 to 47. 8 p e rc n t . The percen t ­

ag e s i n Classes 3 and 4 ha d decre ased sig ni f i cantly by the 

fin a l tes t. 

foo ds . 

The se results indicate a l arge r intake of iro n r ich 

The h emog lobi n l eve l was reduce d from the f i rs t t o 

the s econd test, however, a nd t his may indic a t e a l a r ge r 

percentage of iron requir ed for growth during this p e ri od . 

THIAMINE 

The average reconune nded a llowance of t hiamine for 

all of the subjects included in this study was 1,00 0 micro-

grams. Ta ble II, Part E, gives t he per cent distr i bution 

of subjects in the classes for thi ami ne con formity . 

The mean daily intake of thiamine of the childre n 

was 747 micrograms in the initial t es t. This dec r eased to 

686 micrograms in the final test. Class 3 shows a n increase 

in the percentage of subjects from the initial t est to the 

final test. All other classifica tions either decreased or 
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r c·ua i ned the same. 

RJnOFLAVIN 

The data concerning riboflavi n intake indicate a 

s ign ifican t increase f rom Tes t I to Test II . The recom­

mended intake of 1 , 100 microg rams was not met in mean d a ily 

i ntake in the initi a l t es t, but was fo und to exceed the 

r ecommenda t1on in the f ina l test . The p e rcen t age o f sub­

j ec ts in Class 1 increased s igni f icantly , from 43 . 5 per 

c en t t o 78.3 per c e nt , from the initi a l t e st to the fin a l 

t es t. 

The class distributi on in perc e ntages increased in 

Clas s 1 from 8.7 per c e nt in the ini tia l tes t t o 21 . 7 pe r 

cen t in the final t es t . Class 2 likewi se increased from 

30 .7 per cent to 47 . 9 per c e nt . Classes 3 , 4 and 5 showed 

a decrease in percentage d i s tribution from t he initial t es t 

to the final t est . 

NIACIN INTAKE 

The children in thi s study initially s h owed a lower 

intake of niacin than the recommended amount of 1 3 .00 milli­

grams daily . The summary of the data on Table II , Pa rt E , 

indicates that the mean daily inta k e o f niacin for the 

children was 3.67 mi lligrams be l ow the recorrunended 13.00 

milligrams in the f i rs t test, and 2 . 26 milligrams below the 

recommendation in the second test . This indicates a s light 
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i nc rea se in the t wo mean daily l eve l s of intake . 

WLI GHT STATUS 

The re s ults f r om the data c on cerning weight status 

l n Tab l e III show that the we i ght status of t he children as 

a g roup d id not change in perce n tag e distribution in the 

t wo tests . At the time of each test , 22 children fe ll with in 

the normal limits according to the Pryor Norms , a nd four 

chi ldr en were above normal limits at this time . No ne of th e 

sub jects we r e b e low the norma l l imits in e ither test . 

GROvlTH PROGRESS 

The 23 f ir s t grade childre n t a ki ng part in thi s 

study showed some grow t h progress b e t wee n t h e t wo t es t pe -

r iods . Tab l e IV s ummarizes t he r esul t s of t he meas ur e -

me nts r e lated to growth. Part A of Table IV ind icates that 

the p e rce ntage distribution of child ren in Class 2a in-

creased from 11.5 per cent to 23 .1 pe r c e nt, wi th decrea ses 

in Class 4 from 7.7 per c e nt to 0 .0 pe r c e nt and in Class 5 

from 7.7 per cent to 3.8 per cent. Classes 1, 2b a nd 3 

remained the same ln both te s ts. 

Part B of Table IV summarizes the r esu lts f r om the 

Wetzel Grid measurements for the physique cha nnel of t he 

children. Only one child was in Clas s A4 , showing obesity 

in both tests. This child had grown in height a nd h a d in-

creased in weight between the t wo testing per iods. Th e re 
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wa s s ome imp rovement 1n those classified as stocky , which 

c a n be verified by a decrease in this classification from 

f i ve chi ldren in t he first t est to three in the f inal t est . 

Th e med ium build clas s i f ication increased from 18 children 

i n t he initial tes t to 19 in the final t est . Only one child 

wa s of very s l ender build 1n the initi a l t es t , and this 

c hild imp r oved to the l e ve l of a slender build in the fin a l 

t est . 

The Ag e Schedule of Development , as determined by 

the Wetze l Gri d , showed that t wo chi l dren fe ll in the b e st 

2.0 per cen t of the popu l a tion with respect to growth 1n 

compari so n with age in both tests . Table IV , Part C, also 

indicates tha t fo ur childre n in the init i a l test and five 

childre n in the f ina l t es t had advanced t o the l eve l of 

15 pe r c e nt of the population. Fourteen children in th e 

first test and 12 childre n in the fin a l t est fel l in the 

67 per cent, or median range of the popu l ation . Six chi l-

dren in the fir s t test a nd seven in the fin a l t est were no 

better than 82 p e r cent of the populati on. Most of t hese 

results indicate a generally fa vorab le tr end in growth of 

the 26 children in this study. 

SKELETAL STATUS 

SKELETAL MATURATION 

Summary A gives the result s of the ske l eta l ma tura­

tion eva luation for each subject involved in this study in 
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t he init i a l a nd the fin a l t ests. Th e s urmnary a l so in c l udes 

t he c hange in ske l eta l ma turation b e t wee n the two tes t s . 

Part A i s the summary o f the re s ult s o f t he ske l e t al 

motura tion of the mal es involved in thi s s tudy i n Tes t I and 

Tes t II . In the initial t est , it was shown that 11 ma l e 

ch i l dr e n were below the ir chronolog i ca l age in s k e l e t a l 

matura tion. Three children were above t he ir chrono l og i ca l 

a ge in maturation a n d one child was fo und t o h ave a chr o no­

l og ica l age which was the same a s his s k e l e t a l age . 

Nine of the sub j ec t s who we re b e l ow chronologi c a l 

a ge i n skele t a l matura tion in Test I i mp r oved in Tes t I I . 

Two children who were be l ow t heir chrono log ica l age in 

s ke l e tal maturity in Test I r ema ine d below chronolog ica l 

age in Test II with no chang e r e corded b e twee n t h e two 

t es t s . The one child who indicated th e s ame chrono l ogical 

age a nd skeletal age in Test I, i mproved in Test II. Th e 

four male children who we re above chrono l ogica l ag e in 

skeletal maturity in Tes t I i mproved in Test II. 

Part B give s a summary of the re su lts o f the ske l e ­

tal maturation of the females inv olved i n t h is study in 

Tests I and II. In the initial t es t, t he result s indica t e 

that four of the female subjects were below chronolog ical 

age as compared with skeletal maturation . Six o f the fe­

male subjects were above chronological age as c ompared with 
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ske leta l maturation in Test I. In the f i na l test , t he re-

sul ts· indicate that two of the s ubj e cts who were below the ir 

chrono l ogical age as compared with their skeletal age in 

Tes t I i mp roved in Test II, and two of the subjects who were 

b e l ow their standards for skeletal ~aturity in Test I indi­

cated no cha nge in Tes t II. Of the six female subjects who 

were above chronologica l age as compared with skele tal 

ma turi ty in Tes t I, only one subject showed an improved 

change in Test II and this was the same chi l d who was 

c lassified as 4B in Test I and SB in Test II according to 

the Pryor Norms, indica ting obesity. 

The skeletal ma turation status of all of the children 

involved in this study either was maintained or i mproved 

during the time involved in the study . All in al l, 14 chil­

dren (10 boys and four girls) were low in s ke l e t a l age in 

the initial test, with only seven boy s and three gir ls with 

skeletal ages lower than chronological ages when the study 

closed. 

BONE DENSITY 

The summary of the individual bone density evalua­

tions (Summary B) indicates that there were slight indivi­

dual variations in the calibration wedge equivalency fo r 

the bone density of the central os calcis section between 

the initial test and the final test. These variations were 

small, however, and were not statistically significant when 

data for all subjects were pooled together. 



SUMMARY /l 

SKELETAL MA TU RA TION STATUS .Q.E. .lH[ CHI LDREN l.N. .I.ti.E. STUDY 

Campa rison Change 
Cas e I with Be tween 

Numbe r Ske letal Age Chronolog ical Age Tests 

Test I l_ Test II Test I Test I ! 
---'--· 

f 
2795 5 yrs., 3 mas . 6 yr s ., 3 mas. - 2 yrs . - 1 y r .' 3 mos . I +9 mos . 

2797 4 yrs., 9 mos . 5 yrs ., 3 mas. -2 yrs . - 1 yr . , 3 r.IO S . +3 mo s . 

2798 5 yrs., 9 mas. 6 yrs., 3 mos . -6 yrs . - 3 mos. +3 mo s . 

2799 6 yrs ., 9 mos . 7 y rs., 3 mos . +3 mos . +6 mos . +3 mos . 

2801 6 yrs., 3 mos . 7 y rs., 3 mos . .±0 +9 mos. +9 mos. 

2802 5 y rs., 3 mos. 5 yrs., 9 mos. -1 y r. - 1 y r . +0 

2803 6 yrs., 3 mos. 7 yrs., 3 mas. - 3 mos . +3 mos . +6 mas. 

2808 6 yrs., 3 mas . 6 y r s. , 9 mos. -o +3 mos . +3 mos . 

2811 5 yrs ., 3 rno s. 6 yrs., 3 mas . -1 y r.' 6 mos . -1 yr .' 3 mos . +3 mos . 

281 2 5 yrs . , 9 mas. 6 yrs., 3 mas. -6 mos. -6 mos .I ;:a 

2813 6 yr s. , 3 mos. 7 yrs., 3 mos. -3 mos. +6 mos. +9 mos . 

281 L~ 6 yrs . , 3 mos. 6 yrs., 9 mos . - 6 mos . -3 mos . +3 mos. 

2816 6 y r s . , 3 mos. 7 y rs ., 3 mos . -3 mos . +6 r-os . +9 ~OS . 

2817 7 y rs., 3 mos . 7 yr s., 9 mos. +9 mo s . +1 y r . +3 mos . 

2818 7 yrs ., 3 mas . 7 y rs. , 9 mo s. +9 mos . +9 mo s . .±0 

2820 6 yrs., 9 mos . 7 yrs ., 3 mo s. +3 mos . +6 mos . +3 mos . 
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SUMM/l.RY Ji 

.8.11:iti0.EY Q£ SKE I EI~..l DEN S I IY JJi TE RMS QE. I N D I ViDUAL 

- · 
Ce nt r a l Os Ca l c i s Sec tion 

Case Number -· 
Tes t I Tes t I I 

-· 
2 79 3 0. 8575 C. 8187 
2 7l:JL+ 0. 8059 0 . 7Lf5L1 
2795 I. 0765 1 . 09311 -
2 796 0. 9341 0. 893/ 
2797 0.6737 0 . 5620 
2 798 0. 8229 0, 7665 

!--~799 0. 8718 0. 783/ 
2800 0 . 7300 0 . 7490 
280 1 0. 8863 0 . 7950 
2802 0. 8484 0. 7730 - 2803 0.9565 1. 0138 
280l.j 0. 874 1 0 . 830 1 
2805 0 . 9664 0 . 9787 
2807 1. 3468 1. 1768 
2808 - 1. 0184 0 .9985 -
2809 0.9045 0 . 8668 
2810 1. 301 1 1. 2787 
2811 1. 11 82 1. 102 7 
2812 0.9600 0. 93 44 
2813 0. 9648 1. 00 14 
2814 0. 9519 0 . 9395 
2816 0. 91 09 0 . 8660 
2817 0. 9139 0 . 8J!f6 
2818 I. 0202 1. 080 I 
2819 0 .9240 0 . 9082 
2820 0 .9334 0 . 9096 
2821 0. 9492 0 . 8996 
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BIOCHEMICAL TESTS 

Hemoglobin Concentration 

For the students as a whole, the mean for hemoglobin 

was 12.1 grams per 100 milliliters of blood at the fi r st 

t es t , in comparison with a slight decreas e to 11.8 grams at 

t he time when the final analysis was made. There was a 

mark ed drop in the percentage distribution of children in 

Cl a s s 1 during the study, with the percentage in Class 2 

r e ma ining about the same and an increased number in Class 3. 

Th i s decrease in hemoglobin concentration may have been 

c aused by increased metabolism due to growth during thi s 

p eriod as well as a decrease in the diet of foods rich in 

iron. 

EryG~rocyte Count 

Erythrocyte count is the count of red cells in the 

blood stream. Table V, Part A, indicates that there was 

come slight general improvement in the red cell count be-

tween the first and the second tests . While the percentage 

of subjects in Class l decreased s:ornewhat, those in Class · S 

had decreased markedly at the time aE the second tests and 

a significantly larger number maved· into the Class 3 ~ range. 

Hematocrit (J!ac:ked C:ell Volume) 

The average packed cell voLume of the blood_ (hema to- · 

crit) is recorded on Table V, Part A. The hematocrit is 

related to the size of the red: cells:.. . Macrocytosis.:. may. 
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i ndi ca te lack of B12 , folate, and possibly v itamin E ; or 

micr ocy tosis may indicate lack of iron and v itamin B6 . Th e 

me~n s in these data indicate a slight increase in packed 

cel l volume from the first to the second tests , and a mark e d 

i ncreas e in the percentage of subjects in Class 1 at the 

s econd test period. There were no subjects in Cla ss 5 in 

e i t h e r test and none in Class 4 in the final test. 

Mean Corpuscular Volume 

The data on Mean Corpuscular Volume are recorde d in 

Ta b l e V, Part B. The normal range for this test represents 

t h e range of values for this MCV factor in which the packed 

cell volume is in proper proportion to the red c e ll count. 

The results from the first group of tests indicate tha t 50.0 

per cent of the subjects were within the normal limits and 

50.0 per cent were above normal limits. In the second t es t, 

the subjects within normal limits decreased to 34.6 per cent 

and the subjects above normal limits increased to 65.4 per 

cent, denoting an improvement. 

Mean Corpuscular Hemoglobin 

The results concerning the Mean Corpuscular Hemo­

globin constant are given in Table V, Part B. When a sub­

ject falls within the normal limits for this factor, this 

indicates that the hemoglobin is in the proper ratio to the 

number of erythrocytes. The per cent of subjects falling 

within the normal range for this factor initially was 53.9. 
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Ttl i s fell only slightly to 50.0 per cent at the last test. 

Mean Corpuscular Hemog l obin Concentration 

When a subject falls within the norma l limits f or the 

MCHC factor, the hemoglobin concentration is norma l for the 

size of the red cells. 

The subjects who initially were within the norma l 

r ange showed a marked decrease from 50 per cent to 3.8 per 

c e n t between tests. The subjects in the rang e below normal 

l i mits increased 96.2 per cent and those in the range above 

no r mal limits decreased 50 per cent. The data for these 

findings are recorded in Table V, Part B. 

'The results of thi.s finding are the result of the 

marked decrease in hemoglobin which occurred during this 

study. 

Lau:cocyte Count 

'The leucocyte count for all of the subjects · in this 

study fell with£n the rrarrnaL range in both tests ~ . There are 

fewer leucocytes in number· than the red cells . . Normally 

there are from s,aaa to LQ,,QQO. leucocytes per cubic _rnilli­

meter. In many infections. and inf lanuna tory_ conditions they 

increase in number, while in. s.-orne:. abnormal states ~ they de­

crease. 
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Blood Plasma Vitamin A 

Table V, Part C, contains the r e ports of the find­

i ng s of the blood plasma analysis of the subj e cts. Initi a lly 

a l l of the subjects averaged 34.4 microgr ams o f blood p l asma 

v i t amin A per 100 milliliters. On the final test, t he re was 

a me an of 23.1 micrograms of blood plasma vitamin A pe r 100 

mil l iliters. 

The mean of ' blood plasma vitamin A decr e a s e d f r om 

Tes t I to Test II by a difference which was slightly s i g ni f i-

c an t (P< 0.10). See Table VII in the Appendi x . 

There was a marked drop in Class 1 (from 36.0 per 

cent to 8.0 per cent). The percentage in Class 4 increas ed 

from 16.0 per cent to 48.0 per cent. This marked decreas e 

in vitamin A may be explained by a decreased intake of gre en 

and yellow vegetables during the winter months, with little 

or no liver in the diet during this period. It appears that 

the majprity of the mothers of the subjects depended upo n 

the school lunch as the most important source of food intak e 

while school was in progress, with much to be desired in the 

selection and preparation of the school lunch meals which 

were consumed. 

Blood Plasma Carotene 

The data concerning blood plasma carotene are found 

in Table V, Part C. These data show slight increases in 
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Cl a sse s 3 and 4. Class 1 had 0.0 per cent distribution 1n 

ha t h tests while Class 5 decreased from 4.0 per c ent to 0.0 

pe r cent in the second test. 

Blood Pla sma Ascorbic Acid 

The average blood plasma ascorbi c acid level in­

cre ase d slightly from an initial 0.7 milligr ams per 10 0 

mi l liliters of blood to an average of 0.75 milligrams . 

The greatest increase in perce ntage d i stributi on of 

the subjects occurred in Class 1 in the final tests. Th e re 

wa s a marked decrease in Class 5 (from 48.0 per cent . to 

36 .0 per cent) and in Class 4 (from 20.0 per cent to · 1 6. 0 

per cent). This, of course, tended to raise the d istribu­

tion to the upper three classes.. In this study , Clas s 1 

increased from 16.0 per cent in Class 1 in the initial test 

to 28.0 per cent in the final test.. Class 2 decreased from 

12. 0 per cent in the initial.. te_st to 8. 0 per cent i n. t he 

final test, and increased fr-om 4 · . . 0 per cent in Class - 3 ~ 

initially to 12.. a per cent finally . . 

The availability a£ citrus fruits in this~ geo~-

. graphical area plus the iil'f arma-tion concerning the-::- neees- ­

sity of providing citrus fru±ts: in the diet of · the =. children 

apparently accounts far the: irrcr.e:as:e of ascorbic.:: acid .::. in:· 

the blood plasma in the firra.I. tests. 
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Blood Serum Total Prote in 

Table V, Part D, summarizes the findings concern i ng 

the total protein, albumin and globulin l evels in the b l ood . 

The r e was a general increase in total protein from an ave r ­

aqe of 7.43 grams per 100 millilite rs in the initial test 

to 7 .81 grams at the final test. The larges t percentage o f 

s ub j ects (95.5 per cent) fell in Class 1 in the f inal t es t 

wi t h the remainder in Class 2 (4.5 p e r cent). In the ini­

t i a l test the subjects were distributed between Class 1 

(81. 8 per cent), Class 2 (13.6 per cent) and Class 3 (4. 6 

p e r cent). A statistically significant increase occurred 

in the second test at the P< 0.01 level. The correlation 

between serum protein mean and albumin me an in the first 

test is very highly significant (P < 0.001) and also was 

significant in the second test (P < 0. 05). 

Blood Serum Albumin 

Serum albumin values increased from an average of 

4.44 grams per 100 milliliters in the initial test to 4.64 

grams per 100 milliliters finally. The subjects falling 

in Class 1 increased from 18.2 per cent to 63.6 per cent 

during the study. The remainder of the children in the 

final test fell in Class 2 (36.4 per cent). In the initial 

test, the subjects were distributed in Class 3 (13.6 per 

. cent) with no subjects falling in Class 4 or Class 5 in 

either test, and none in Class 3 in the final test. The 



i ncrease in serum albumin values in the second test was 

sta tistically significant (P < 0.001). 

The albumin fraction within the tota l prote in in 

the serum rises when protein metabolism i s optimum (41). 

Blood Serum Glob ulin 
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The results of the findings conce rning bloo d se rum 

globulin indicate that it was this fraction o f the bl o od 

serum total protein that decreased in the s e cond test. Th e 

average of 3.54 milligrams per 100 milliliters in the 

i nitial test and 3.17 milligrams per 100 millilite rs in 

the second test confirm this belief. 

all of the subjects were in Class 1. 

In the initial t es t 

In the s e cond t e st 

there v1as a minor change, with 95.5 per cent of the sub­

jects in Class 1 and 4.5 per cent in Class 2. 

Blood Serum Calcium 

Table V, Part R, surmnarizes the data concerning 

blood serum calciurr,. The average blood serum calcium le vel 

did not change durLrrg the study, although the . ~umber of 

subjects falling within_ normal limits increased .. from 70.0 

per cent to 8.2..3. per c:en.t.. Those falling below normal 

limits decreased from 21 .. 6: p:e:r.- cent to 17 . 7 · peL· cent. 

BLand Flasrna Phosphorus 

The average blood plasma phosphorus values increased 

from 4.54 mi.lligrams per lOQ mi_lliliters in the .:. first test 



t o 5.57 milligrams in the second test. This change in­

c r eased the percentage of subjects falling within normal 

l i mits to 16.0 per cent in the final test from 12.0 per 

ce nt in the initial test. The remainde r fell above normal 

l i mits in both tests. 

Cholesterol 

Cholesterol values were recorded individually for 

e a ch subject and the data is recorded in Table V, Part E . 

The results indicate that the mean value in the initial 

test was 164.39 milligrams per 100 milliliters of blood , 

and the mean value in the final t est was 179.91 milligrams 

per 100 milliliters. These findings show that these sub­

jects were well below normal Limits in both cases. 

Thi.amine in the Urine 
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Table VI contains a summary o£ the findings con- ­

cerning urinary analyses of thiamin~, riboflavin and N- ­

Methylnicotinamide. It was faund that mean urinary output 

of thiamine decreased from ll .. S:S:: mi_crograms in the initial _ 

test to 9.9'7 micrograms in t:h~ firra:L test. The percentage 

distribution through the class:~s::, how~ver, did experience · 

some change. Class Z dist:r±hutian increased from 15 ~ 4 - to ~ 

23.1 per cent and Classes 4 and~ decreased in distribution 

from 3. 8 to- a. a per <re-nt irr. but:lT. c::crs:e:S' • . 
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Riboflavin in the Urine 

The daily riboflavin output average in the urine 

de creased very slightly from the initial to the fina l test. 

The mean daily average in Test I was 26.3 micrograms t o 

24 .1 micrograms in Test II. The percentage distribution 

i n Classes 1 through 5 was higher in the initial test than 

i n the final test. This is an unfavor ab l e result a nd indi­

c ates a decreased intake of riboflavin in the fo ur mo nth 

p eriod between the two tests, although the final t es t rep ­

r esents one day only and not the entire interim period . 

N-Methylnicotinamide in the Urine 

The findings concerning the amount of N- Me thyl­

nicotinamide excreted in the urine indicate tha t there was 

a decreased intake of foods high in niacin from the initial 

test to the final test. The mean daily output in the urine 

decreased from 255 micrograms in Test I to 200 micrograms 

in Test II. The percentage distribution decreased by 3.8 

per cent in each class for Classes 1, 2 and 3 and increased 

from 61.5 per cent in Class 4 in Test I to 80.0 per cent in 

Test II. Class 5 showed a 7.7 per cent decrease from Test 

I to Test II. 

These generally decreased values of the B vitamins 

from the initial test to the final test may indicate a de­

creased intake of these vitamins or a loss of the vitamins 

during preparation of the food. 



RESULTS OF THE CLINICAL-LABORATORY 

EXAMINATION AND TESTS 

!·1EDICAL EXAJ.'vliNATION 

The initial physical examinations of the 26 childre n 

of th is study made by the internist . who serves as the .tvledi -

c a l Consultant for the Texas Woman's University Research 

Ins titute showed no pathological situations which would 

interfere with a nutrition study. The purpose of the medi-

ca l examination was to find whether or not any types of 

pathology might be present which would prevent the stude nt 

from reflecting changes in clinical or laboratory t es ts fo r 

nutritional status, and to help in the recognition of subtle 

and overt signs and symptoms of malnutrition. 

General Appearance of the Subjects 

All af the children cooperating in this study were 

classified on the me.dic.a·L form as "good" with respect to 

their appearance.. None- af the children had the outward 

appearance of prcrfaurrd malnlitrition or other. p~y?ically 

adverse conditions .. 

The ca.nditiarr af the. e.yes generally appeared to be 

normal in bath tes:ts: .. Narre_ a:f .. the subjects : wore -:. gJ:_asses. 
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Condition of the Lips 

In the initial test, seven of the subjects displayed 

some slight fissuring or angular lesions. These lesions may 

~ppear with a deficiency of niacin, riboflavi n, iron, or 

Ji t amin B6 . In the final test, all subjects were classifie d 

as normal regarding the condition of the lips. 

Condition of the Tongue 

In the first test there were some cases in which a 

s l ight invol~nent of the tongue, including slight hyper-

trophy, slight proliferation, or slight hyperemia was re-

corded. In the second test, no tongue involvme nts were 

found. Nor were there any other adverse conditions of the 

tongue evident. 

Condition of the Teeth 

The general condition of the teeth of these chil-

dren ranged from fair to very poor in the first test and 

remained the same in the final test. In the first test, 

only one child was rated "excellent'', and one child as 

"good". This was related to the state of repair of the 

teeth, and not to an absence of caries. In the final test 

the number of caries per child had increased, and not one 

was in a good state of repair. 

Condition of the Skin 

In the first test, only three children were classi-

fied as "normal'' with regard to the condition of the skin. 
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ThL s kin of most of the children was slightly to modera t e l y 

d ry. Four of the children app e a red to have slight fo ll icu­

l ar hyperke ratosis and slight papular r o ughness . These in­

vo l vments of the skin ma y possibly be d u e t o a d e fic i e n cy 

o f v i tamin A a nd c e r tain of the B- vitamins . I n the second 

t es t , the condition of the skin improved i n these subjec t s , 

al t hough the skin appeared to be s lightly dry in a majori ty 

o f t he subjects, possibly due to the fac t t hat t he t i me 

between tests included the winter months. 

GENERAL PHYSICAL APPEARANCE 

Appeara n c e o f t he Extr emi t ies 

The condition of the legs of t hese subj e cts rema i ned 

nearly the same in the two tests. Only 13 of the children 

we re classified as "normal " regardi n g t he ske l e t a l con fo r ma­

tion of the lower e xtremities. The maj ority o f the child r en 

displayed slight to moderate bowed legs, with the r ema i nder 

displaying slight to moderate· knocked k nees. Thes e rninor 

deformities undoubtedly were: r e lat ed to ear ly inadeq ua c ies 

of calcium and other n.ee:ded nJJtri ·ents in the early~ diets of 

the children. 

POSTURE 

The subjects af trri£ studY presented a generally 

fair posture consisting· a f ~ ~Lght spine, an· ereet - head, 

and straight shoulders. The abdomen in a majority of the 

cases was slight to irr.t.erme:dia:te: rn pr_ominence, with one . 
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c dse classified as prominent. There were three subjects 

d isp laying slight lordosis on the final te s t. 

PLl\NTAR CONTACT 

Only four subjects displayed well-defined arches in 

e i t her test. Twenty-one of the children showed s light to 

mode rate evidence of flat feet, and one child had marked 

f la t feet. 

CONDITION OF SUBCUTANEOUS TISSUE AND 

MUSCULATURE 

In the initial test, three of the subjects showed 

evidence of inadaquate subcutaneous ti ss ue and very poor 

musculature. In the final test, all subjects appeared to 

have normal subcutaneous tissue, with musculature which was 

regarded as adequate. In the final test one child dis-

played evidence of excessive subcutaneous tissue. All 

other subjects were recorded as normal in this respect. 

CONDITION OF THE HEART AND LUNGS 

In both tests, two children showed evidence of a 

"Grade II, Apical, Systolic, High Pitched Murmur". This 

condition was suspected to have been congenital in both 

cases. There were no other irregularities concerning the 

heart, lungs, ears, or nose found. 
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CONDITION OF THE REFLEXES 

One child showed a sluggish Achil l e s r e f l ex in 

'l'e s t I, but all sub j e cts were rated as "no r ma l" in t h e 

fi nal test. 

STATISTICAL ANALYSIS OF. BLOOD LEVELS 

AND NUTRIENT I NTAKE BETWEEN TEST I AN D TEST II 

A "T" Te st was c a lcula t ed i n orde r t o c ompa r e the 

specific blood value group s between Test I a nd Te s t II. 

Th e results of these analy ses appear on Tab l e VI I i n the 

Appendix . A discussion o f the res ults o f t h e sta t istical 

calculations have b e en discus s ed in c o nne c tion with the 

presentation of findings in the s e a r eas. The r e sults 

which were not signLficant statis tica lly app ear only i n 

the table, and did not enter Lilto the pre v i ous d i scuss i ons . 



S U M M A R Y 

This study was initiated in order to develop a 

pic ture of the nutritional status of preschool and e a rly 

~lementary school children in Greenvi lle , Te xa s . Nutri ­

tion studies h ave demonstrated that prog r e s s could b e mad e 

in the field of nutrition and health education through the 

p ublic elementary schools, the volunteer gro ups in the 

c ommuni ty, the Public Health facilities in the community, 

a nd the Commodity Foods Program now in effect . 

Purpose 

The purpose of this research is to dete r mine the 

nutritional status of 26 preschool or early e l ementary 

school age children in low and middle-low income families 

who are enrolled in the 1969 Sununer "Head Start " Prog ram 

in Greenville, Texas. Specific purposes will be: 

(1) To determine the dietary intake of the children by 

means of a diet history, a f ood intake record, and 

a food frequency chart. 

(2) To obtain a personal history of members of the 

children's families, and particularly the education 

level of the parents of the children. 

(3) To establish the nutritional status of these 

children through determinations of collected data 
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in the Nelda Childers Stark La bora t o r y f o r Human 

Nutrition Research, Texas Woma n's Univer sity . 

These tests will consist of: 

(a) biochemical tests 

(b) medical e xamination 

(c) skeletal ma turation sta tus 

(d) bone density 

(e) height and weight-growth accompli s hmen t 

( 4) To present the r e sults o f t h e da t a of the biochemica l 

and medical tests to the par ent s of the childre n , 

and to teach them, through ind i v i d ua l instruction, 

in several half-hour periods, how to i mprove t he 

nutritional status of the ir children . 

(5) To present the f indings o f this s t udy to t he t eachers 

and the administrators in the Gree n v ille Independent 

School District in orde r tha t they may be aware of 

inadaqua cie s in the di~ts of th i s g r o up of childre n . 

and may continue to deve:-lop me..thods of i mp rovement - i n 

the school health education. curricu l um , t he school ~ 

lunch, and the mi lk ~ragram~, and , if poss ible~ to : 

initiate a school hre.akfast pr.o.gram. 

6 8 

Between the ini.tia l and: the: :fina·l tests, an·· e ffort · 

was made to instruct the pare nts o f the subj e cts i n meth ods 

of food preparation and selection. which would result·. in .. 
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b e tter family nutrition. The author attempted to e ncourage 

b o th parents and children to develop better food habits by 

d i scussing the results of the initial dietary survey a nd 

b i ochemical tests with them. 

The socio-economic survey showed that only three of 

t he parents had any college training. The ma j o rity of the 

parents completed some grades of high school. Most of the 

fa thers were in the skilled labor or unskill e d l abor class i­

f ications. 

The dietary survey showed that, from the nutr i e nts 

which provide energy, the amount o f carbohydra t e c onsumed 

decreased, while the intake of protein increased , during 

the period of the study, although protein inta ke was not a 

dietary deficiency in the initial or final t e st. The 

quality of protein, however, increased in the final test, 

with a greater proportion coming from animal sources. Other 

nutrients exhibiting some increase in intake during the 

study included calcium, phosphorus, iron, vitamin A, ribo­

flavin and niacin. 

The growth status of the children improved during 

the time between the two tests and the skeletal maturation 

status had improved for 73.1 per cent of the children in 

the final test. The bone density, on the other hand, made 

no statistically significant change during the study. With 



g r owth increasing as well as s keletal maturation , however , 

bone·density actually increased by keeping up with the 

f o rmation of new bone centers together with maintaining 

t h e same density for somewhat larger children. 

Analysis of the blood showe~ distinct i mprovement 

i n the hematocrit value, with i mprovement also evident in 

p lasma carotene, plasma ascorbic acid , serum total protein , 

s e rum albumin, serum calcium, and plasma phosphoru s . 

The hemoglobin value decreased in spite of an in­

crease in dietary iron.. Other die t ary components which 

s howed an increase , however , may have made contributions 

to hemoglobin levels. The increase in serum albumin is 

indicative of a greater biological value of t he p rotein 

which was ingested. The decrease in the blood val ue of 

vitamin A may be correlated to. the increased b l ood caro- · 

tene and increased nutrient intake o f vitamin A. The . ani ­

rnal sou.rces of vi tarnin A dec reased f r om Tes t I to Test I I , 

resulting in a decreas.ed to.ta-I. blood value vitamin A" • . 

The urinary a.n.a.lyses: a£ thiamine, riboflavin and 

niacin indicate a slight decrease in v a lues f r om Test ~ I ~ to 

Test II. These res.ults may· havec been related to a~ lbweL· 

consumption of foods rich~ Lrr. s:arne af these vitamins, o r . 

this may have been caus-ed by arr. increased metabolic - re-- ­

quirement during periods of growth. 
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The students were in a reasonab l y good physical 

condition, particularly in Test II. Two childre n had con­

ge nital heart murmurs at both t ests , and most children 

d i splayed either knock-knees or bowed legs, indicative of 

e a rly poor nutrition. The skin of most o f the children 

a ppeared to be dry and a few children had slight fissuring 

o r angular lesions of the lips at the time of the initial 

t e st. In the final test, the lips of all th e subjects were 

f ound to be normal. 

The dental status of the children in both t es ts was 

a profound example of poor earlier dietary habits t o be 

exhibited in these subjects. This correlates with the 

findings of the National Nutrition Survey as reported by 

Schaeffer (1). 

The study can be regarded as successful in that the 

subjects involved in the study did show a significant growth 

improvement and an advance in skeletal maturation, whi le 

maintaining their bone density status. Also they showed a 

significant increase in intake of calcium, vitamin A, and 

protein from animal sources. The overall level of caloric 

intake by the children increased while the amount of carbo­

hydrate consumed decreased from the initial to the final 

test. 

In view of the amount of improvement shown in these 

"Head Start" children within a relatively short period of 
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t i me, it can be assumed that, with furth e r training o f mo th­

e r s in the selection and preparation of foods , with continued 

t r aining of the mo the rs and children in th e relationship of 

f ood to health, and with an increas e in the avai l ab i lity of 

e s sential foods particularly for the very poor , better food 

h abits would be developed. 

Training methods must be adjusted to the educational 

l e vel of parents and to the age and l eve l o f education of 

t he children. 

Because heavy dependence is pla ced upon the schoo l 

l unch by lower income families, especial training should be 

given to those who hav e cha rge of the planning and prepar ing 

of school meals. 

7 2 



R E C 0 M M E N D A T I 0 N S 

Based upon the results of the study cove red in t his 

t h es is, the author makes the following recommendation s : 

1. The nutrition education program in the Greenville 

I ndependent Schools should be developed and enlarged to e n­

c ompass all grades, including kindergarten, when it i s estab­

li shed as part of the school program. The objectives of 

nutrition education may be stated thus: 

a. To develop and continue good habits of 

eating and wholesome attitudes toward 

food as related to good physical status 

and general health. 

b. To encourage healthful habits of everyday 

living as related to good nutrition. 

c. To develop an increasingly intelligent 

understanding of the reasons for desirable 

health habits and to assume increasing 

responsibility for practicing these habits. 

d. To develop an awareness of home, school 

and community nutrition problems. 

2. The school lunch program should play a larger 

part in total nutrition education of the students throughout 
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t h e school year. In addition, those responsi b l e f or the 

s c hool lunch should make an especial effort t oward incor­

p o rating food patterns into the menus o f the schoo l lunch 

wh ich will, in part, supplement the home di e t. For examp l e , 

i ncreased use of organ meats and mor e fr eq ue nt use of vari ­

o us types of greens, among othe r cha n ge s, s ho ul d be f ollowe d . 

3. The development of a well-integ r a t ed community 

nutrition program should be encourag ed, i nclud ing t he c oop­

e ration of School Health Officials, Pub l i c Hea lth Off i ci a ls , 

Home Demonstration Agents, Day-Care Center Supe rvi so r s , 

Pre-Natal and Well-Baby Clinic Administra t o r s , a nd c ommunity 

volunteers in the field of nutrition and h e a lth educ a t ion. 

4. The need for future nutrition status resea r c h 

should be undertaken, concerning pre-school and early ele­

mentary aged children of low, middle, and high income socio ­

economic backgrounds. 
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UJRVEY E Q R M 

Name of ch i 1 d 

t~ame of Fathe r 

-------------------------------------A ge 

Home address of ch il d 

Educat ion l eve l of Fath e r 

Occ upat ion : 

Moth e r 

Moth er 

8 0 

Moth e r· 

Fa th e-r 

Hour s pe r week -------­

Hour s pe r week ---------

Ave rage amount of mon ey spe nt on food and b ve ragC:;s pe r v.Jec k -----­

Who i s respons i bl e f or· preparation o f meal s for· th e f a111 ily 

Me t hod of prepa rat ion of food: Heat 

Vege tables 

Types of cook i ng vesse l s use d : I ron - --------------------

Aluminum--------------------------

0 the r - --------------------

Food 1 ikes of c hil d : 

Food d i s li kes of chil d : 

Is wat e r s uppl y co nnected t o cit y water? 

If not, wh e re does water supp ly come f r om? 

Does chi ld r ece ive a v it am in or mi ne ral supplement? 

How often? 

Con te nt of s upp l ement? 
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SUR V U f 0 R tl ~~ CONTINUED 

\>/hich , i f ony, mea l does child miss: Occa s iona lly Frequent l y 

Brea kf as t : 

Noon Hea l o r Lun ch : 

Eve n i ng Mea l or Di nn e r : 

Wh a t a r e t he reason s for mea l s mi s se d? 

\.Jha t f oods do you t hi nk a r e impo r tant i n th e c hil d ' s da il y d i t? __ 



.s_JLJUL .. L.Y.. t 0 R M 

~ FREQUENCY ~ 

How oft e n does yo ur c hil d ea t th e fo ll owing foods : 

Food 

Ce rea l s : 
Oa t s , cooked 
v/h ea t' cooked 
Rice , cooked 
Oats , prepa red, p l ain 
Ri ce , pr epared, pl a i n 
Wh eat , pr epa red , pl a in 
Oa ts, su ga r coa t ed 
Wh ea t, SLr ga r coated 
Rice, suga r coated 
Other 

Br ead : 
/~ il k Products : 

Homogen i zed, who l e 
Ski mmed or 2% 
Powde r ed 
Evaporated 
Ch eese 
Oth e r 

Eggs : 
~1ea t : 

Fats a nd Oil s : 
Legumes : 
Ve getab l es : 

Spina ch 
Greens 
Carrot s 
Squa sh 
Other l eafy gree n or ye llow 
Othe r vegetab l es 

Citru s fruit s , tomatoes 
Othe r fruit s 

Mi sce ll aneous: 
Ca ke , cook ies 
Candy 
Carbonat ed beverages 
Othe r 

Numbe r· of Ti mes Sc r·vcd Per 
Day Wee k Somel imrs 

Do you g ive your child any spec ia l food not g iven to o the r membe r s of 
your fam i 1 y? 
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Di e t a ry Reco rd Fir s t Da y 

Name of Ch i 1 d Age 

Usu a l t ime for : Breakfas t 

Lunch ------------------------------------

Dinner 

Brea kfast eaten : a l one with fam il y 

wi th s ib li ngs only 

* ln c lude wate r and a l 1 oth~ r beverages with amounts . 

B!-eakfast Lun c h Di nner Sna ck 

Food Amount Food Amo unt Food Amo unt Food Amo unt 

·-·-
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H O\~ DI D ~1Y WHAT FOODS DO I 
TESTS RATE? NEED TO I 11PRO VE 

TE ST \mAT DOE S THE TEST MY NUTI~ IT I OIJfiL 
TELL ME? >-"D 1-g L L >- L ST/\TUS? 

L Q 0 L 0 
Q) 0 0 cu 0 CJ 0 

I> t:J t:JLL ()_ ;... o_ 

f:-· -

HEAR T Cond i t ion of the 
hea rt at t imc of 
exam ina ti on 

REFLEXES Sl ugg i s.h o r hype r -
act ive re fl exes ar e 
r-e l ated to cJn im-
p rope r ly ba la nc d 
d ie t a ry 

t-----

H E~\OG LO B IN Hemog l ob in i s the 
r ed co lo r-i ng s ub-
stance in th e blood . 
Pro te in and i r-o n 
ar e chi e f ly r e lat ed 
to i t ' but a 11 v i ta -
m in s p lay a pa rt 

RATE OF Th e chi ld vJ i th t he 
DEVELOPMENT be st diet wi 11 pr o -

gress in g rowth by 
on e deve l opme nta l 
l eve l per month o f 
age aft e r in f anc y . 

DENTAL C 1 in i ca I e xamination 
E XA /~,1 NAT I ON of the t eeth s how 

the number of mi s -
sing tee t h, cav it ies 
and f i 11 i ngs . This 
indica tes no specifi c 
deficiency , but is 
relat ed to genera l 
nutr i t iona l we 11 -
be ing . 
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J_6_.JL .. l_E_ J.. 

.SLII·lMARY .Q£ £b.J\ENIAL Q.AIA Q£ I.tii. EX PER ii1ENIAL .SUB.JEC TS 

Fathe rs Mothers 
Edu cat ion Leve l s 

Numb e r Per Ce nt Nurnbe r Per Ce nt 
-

B. A., B, S . , or equ iva l ent 0 0 . 0 0 0 , 0 

Hi gh sc hoo l graduate , some 
co 1 1 ege or· techn ica l 1 3 . 8 2 7. 7 
tr-a inin g 

Hi gh sc hool g r aduate , no 
furth e r t r-ain in g 2 7. 7 1-t 15 . 5 

Attended hi gh sc hoo 1 , d id 
not g r·adua te 7 26 . 9 13 50 . 0 

Comp l e ted Grade 8 1 3.8 1 3 0 8 

Comp l e t ed Grades 5 - 7 2 7. 7 3 11. 5 

Compl eted Gr ades 1 - 4 2 7. 7 0 0 . 0 

Edu ca tion unk novm 11 42 . 4 3 11 . 5 



T AG L E _.L, CONTI NUED 

.eAR.lll. QC.CUP!\ TIONS OF D:iiE F I NCOt1E EAR NERS 
l.li FAM ILIE S .Q£ _STUDEN TS 

r-· 

Oc c upa ti ona l Cl a ss i f i ca t ion s 

Bu s i ness 

--

Sk ill e d 

Semi -S k ill ed 

Un ski ll ed 

Re li e f 

Numbe r 

l 

13 

l 

11 

2 

p r Ce nt 

3. 4 

4Lj _8 

3. 4 

3 7. 9 

6 . 9 

Non e we re c lass ifi ed in th e profes sional , s emi - pro fess iona l, far me r, 
un em ploy e d (not on r e li e f), or ret i red g ro ups . 

86 



T ABLE LL 

SUMMA BY .Q£. J)A I A .Qli .ENERGY 6..t::lQ. tlUTR I ENI 

C 0 N IE N I .Q.E. lLLE..li 

E£lli.I [2 . _l;t;!E GY ( CA LO_Rjli) 

Ave rage Recomme nded All owance 2000 Ca 1 o 1· i es 

Test I 
-

1·1ean En e 1·gy Intake 1269 

Pe r Ce nt Subj ec ts 

Abov e No rma l L. i rn i t s Lf . 3 

\~i thin Nor ma l Li mi ts 11.3 

Be low Norma l Li mi t s 91 . }~ 

fARI ~ . ~fbi, CARBOHYDRATE~ PROTEI N INTA KE 
6J:ill. .ErR .liJil .Q£ CA L 0 R I E S P R 0 V I D E D A S .ffil, 
Cf\ RBOHY DRATE 8lil2. PROlE IN 

Test I 

Mean Fat Int ake 55 . 3 

Per Cent of Calori e s as Fa t 39 . 0 

/4 ea n Ca r bohydrat e Inta ke 156 .9 

Per Cent of Calori e s as 
Car bohyd rate 49 . 0 

Mea n Pro te in In take 50. 3 

Pe r Cen t of Calori es as Prot e in 15. 0 

Tes t II 

1502 

0. 0 

13. 0 

87 . 0 

Test II 

70 . 5 

42 . 0 

142 .8 

38. 0 

64.9 

17. 0 
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I A B L E. I I I 

SUMt1A R ~ _Q£ .D..0_ffi _Qti COt~ F0Rt1 1 TY .Q£. 

WEIGHT RECO MMFNPA II ONS 

Su bj ec t Numbe r anci Pe r·ccn tage 
Distri but i on 

Ranges 

Tes t I Tes t II 

Numbc r Pe r Cen t Numbc r Pe r Cen t 

F:· 

Pe r c ent of s ub j ect s 4 15.4 I+ 15 . 4 
above no r ma l 
1 i rn i t s 

Pe r cen t of subjects 22 8'-1 . 6 22 81f . 6 
w i t hin norma l 
1 i mi t s 

Pe r c e n t of s ubj ec ts 0 0 . 0 0 0 . 0 
be l ow normal 
1 i m i ts 



SU~1MARY _Q£ DATA .QJi GRO\HH PROGRESS 

( \·1 E TZ E L. .GJUD.) 

EA.!ll 6.. . D E V ll.O.f.tl EN IA L .LD!IJ~ fiR l:iillLlli _Q£_ 
CHlWNO U1G I CAb. A GF 6.U..EB.. l N F!IN CY 
lJ__g_ LW1Il:l2l 

Subj ect Nu mbe r· and Pcr·ccntagc 
Di st rib ution 

Cl as ses -----
Test I Test II 

Numb e r Pc r Ce nt N u11 rb e ,. Pe r Cent 

Cl as s 1 

( 1. 00 an d above ) 13 50.0 13 50 . 0 

1------
Clas s 2a 

( 0 . 90 to 0 .99 3 11. 5 6 23. 1 

Cl ass 2b 

( 0 . 85 t o 0 . 89) 2 7 . 7 2 7. 7 

Cl ass 3 

( 0 . 75 t o 0 . 84) 4 15 . 4 4 15 . i-t 

Class 4 

(0 . 60 to 0 . 74) 2 7 . 7 0 0 . 0 

Cl ass 5 

(0 . 59 an d be 1 ow) 2 7. 7 1 3 . 8 
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T A B .L....1. .L.JL, CONT I ~JUEO 

SUMt1A Y QE _DATA QlJ.. GROWT H PRO GRESS 

..E1llii .B.. . PliY S I 0-.U_E. -~ 

- -
Su bj ec t Nu mbe r· and Percentage 

D i s t r i but ion 
Cl assf's 

Test I Tcs t I I 

Number Per Ce nt Numbe r Pe r Ce nt 

-

A4 - Obe se 1 3.8 I 3.8 

A 3) A - St oc ky 
2 

5 19 . 3 3 11. 5 

A, N, B - Med i um 18 69 . 3 19 73 . 2 

B2' B3 - S le nde r 1 3.8 3 11 . 5 

B -
Lf Ve ry S l e nde r 1 3. 8 0 0 . 0 



95 

.LlLlL .. L£ .LJL, CONTINUED 

~ Q.E DATA .Qli GROIHH PROGRESS 

.E1.llii _C.. A G E 5...CliE.l.llJll. .Q£ D E V E L 0 PM E NT 

Su bject N urn be r and Pc rcent<lge 
D i s t ,- i but ion 

Cl asses 

Test I lc•S t I I 

Number p (' ,- Cent Nur:,b<?r Pc r Cent 
- -

Upper 2% of t he 
pop u la t i on of t he 2 7 . 7 2 7 . 7 
sarne age a nd sex 

1---

Upper 15% of the 
po pu l at ion 1+ 15 . II 5 19 . 2 

Med ia n 67% of th e 
popu 1 at ion 14 53 . 8 12 46 . 2 

No bet ter than 82% 
of t he popul a ti on 6 23. 1 7 26 . 9 

No bet t e r th an 98% 
o f th e popu 1 a t ion 0 0 . 0 0 0 . 0 

Lowe st 2% of th e 
popul a ti on 0 0 . 0 0 0 . 0 



96 

J>AKl (;:._ . lLfJ:LQGLOJ.UJi , tRYT HR OCYTE, AND ll£MAIOCRil 

,---

Hemog l o b in E r y l h r· oc y t c Hcnrotoc rit 

Test I Te s t II Tc<;t I Tes t I I Tes t I TC'S t I I 
-·-

1'1ea n Va lu es 
( gm. pe r 100 m 1.) 12. 1 11. 8 1-t , 0 I+. 1 38 . 0 39 . 3 

t-· 

Pe r centage Cl ass 
I 

I 
D i s t i. i but i on i n : 

Class 1 1 5. Lj. 3. 8 3.8 0 . 0 19 . 2 Lr2 . 3 

--

Class 2 69.2 69 . 3 15.4 3. 8 65 . 5 50 . 0 

C 1 ass 3 15. 4 26 .9 1 1. 5 34 . 6 11.5 7. 7 

Cl ass 4 0. 0 0 . 0 23 . 1 23 . 1 3. 8 0 . 0 

Cl ass 5 0 , 0 0 . 0 46 . 2 38 . 5 0 . 0 0 . 0 



I A B L E 'i, CONTINUED 

~.R.J::. .Q£ .MJ:A Q.tl. 1l1...Q.QlL 1\ NA L Y S I S 

(CORPUSCUlAR CONSTANTS) 

J:AB.I .fl . tJ.ffili _r;_o R PUS C lJ lM. .ILCllilliE. . .tiEAii _c_O..Bf!.I2C U I .6.& ill11illl.LQ.GJ..tl 
AND ill.ill:i COf\PU SCJ!l.0R IIF.I"tOGLQJl.Lti COWEtiJiill..LLQli 

-----· 
Mean ~\ eon 

Means a nd Ra nges Corpus cu l ar Corpu sc ular 
Volu me HenlC>SJ I ob i n 

Test I Tes t II Test I Tes t I I 

::::.... -

Mea ns 95 . 4 95 . 6 30 . 6 28 . 7 

--

Per ce nt s tu dents 
vJ i t hin no rma l 50 . 0 31+. 6 53 . 9 50.0 
1 i rn i t s 

--

Per ce nt st ude nts 
be low no r ma l 0. 0 0. 0 11. 5 30 . 8 
1 i n1 i t s 

Pe r ce nt st ude nts 
above norma l 50 . 0 65 . 4 34 . 6 19 . 2 
1 i m i ts 

97 

~\c n 
Corpu scu lc:1r 
H etnO~J 1 ob i n 

Cor1 cc rll r <~ l i O!l 

Tes t I Tes t I I 

32 . I 29 . 8 

50 . 0 3. 8 

0 . 0 96 . 2 

50 . 0 0. 0 



I A B L E 'i, CO NTINUED 

S U M t1A 8 Y QE J2Alli ill:L .!ll..Q_QJL A N A LY S LS_ 

PA R.I .L QlQ.QJ2 .P~J6. ANA l.YS L_5_ : VI TAM IN /l, 
C!l R 0 I E N E , 1\ Jill.. 65..C_QJillJ_C_ ~ 

Averages Vit ami n 1\ 

and 

I I Te st Ranges Tes t I I 

Ca rol enc 

Tes t I I Te s t I I 

He a n 34 . 4 23. 1 . 108 . 11 3 

1---

Pe rc e n t ag e Class 
Di str i but ion i n : 

Cl a s s 1 36 . 0 8 . 0 0 . 0 0 . 0 

Cl ass 2 4 . 0 8 . 0 24 . 0 16 . 0 

Cla ss 3 32. 0 24 . 0 2l.J . O 52 . 0 

Cla ss 4 16 . 0 48 . 0 LJ8 . o 32 . 0 

Cla ss 5 12. 0 12 . 0 4 . 0 0 . 0 

98 

Asc orb ic Ac id 

Tcs l I llc s t I I 

0 . 7 0 . 7) 

16 . 0 28 . 0 

12 . 0 8 . 0 

4 . 0 12. 0 

20 . 0 16 . 0 

lf8 . 0 36 . 0 



l_P_lll~ ~. CONTINUE D 

.s..!.U:llif\.JU 11£ .M.ffi. .Qli .QLQ..Q.Q. 61'0 L Y S I S 

£.MI. Q. IQiill.. ffiQ.I1JlL 1\ Ll~ U M llL illiQ. .G.LO 8 U L I N 

r---· 

Ave rage s Tota l Prote in Albumin 

a nd 
I l Test Ran ges Test I Test I I Te s t I I 

f-· 

Mea n 7 . 43 7 . 81 4 . 1+1f Lf . GL1 

Percentoge Cl ass 
Di st ri bution in : 

Cl ass 1 81 . 8 95 . 5 18 . 2 63 . 6 

f--· 

Class 2 13.6 4.5 68 . 2 36 . 4 

Class 3 4 .6 0 . 0 13 . 6 0 . 0 

Cl ass 4 0 . 0 0 . 0 0 . 0 0 . 0 

Cl as s 5 0 . 0 0 . 0 0 . 0 0 . 0 

99 

G 1 obu 1 i n 

Te<.t I I l esl II 

3. 51+ 3 . I 7 

100.0 95 . 5 

0 . 0 l.j . 5 

0 . 0 0 . 0 

X X 

X X 



I A B L E 'J/... , CO NTI NUEO 

SUtJIJ/\RY .Q£ .Q/\If\ .Qli m.QQl2. AI~ALYS I$_ 

J:l~.m:_ .E.. Jll.QQ.Q. SERUH r/\LC lllt-1, .81.lli,'IJL .Pl.ASI1A 
.PH 0 S P l1Qilll2., {IN D .GJ:.!.Q_W~!Jlill.. 

-···· 
Ave rages 

Ca l c ium Pho sphoru~ 

and 

Ra nges Tes t I l Tcs t II Test ~ jTcs t I I 
--

l'ica n 10. 1 10 . 2 L1. 511 5.57 

Pe r ce n ta ~Je of 
s ubj ects above 5 . 9 0 . 0 88 . 0 811 . 0 
norma l 1 i mi t s 

Pe r cent age o f 
s ubj ect s wi th in 70 . 5 82 . 3 12 . 0 16 . 0 
nor ma l 1 i mi t s 

Pe r ce nt age o f 
s ubj ects be l ow 23 . 6 17 . 7 0 . 0 0 . 0 
norma l 1 im i ts 

100 

Chol es terol 

Test I Te s t I I 

1 Gl1. 39 179 . 91 

0.0 0 . 0 

4 . 3 21.6 

95 . 7 78 . 4 
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IA RL[ .u_ 

IJll.f.M ! NE .. , J3JJ30Fl)\V II·J, Mill.. N-~\FTHYUii C OT i N /\ 11 1 D (. 

r----

Averages Thi amin e Ri o f1 a v in N-1·\l> th y 1-
and ni co ti n::111l id c 

Ranges 
Test I !Tes t I I Te~t I Test II Tes t I I TC'S l II 

:------ - --

1'\ea n 11 . 58 9 . 97 26 . 3 2LI . 1 255 200 

P e ;· c e n t a 9 e Cla s 
Distribution in: 

Class 1 6 1. 5 6 1. 5 11. 5 11. 5 3. 8 0 . 0 
I 

Cl as s 2 15 . 4 23. 1 19 .2 19 . 2 7 . 7 3 . 8 

Cl ass 3 15 . 4 15 . 4 50 . 0 38 . 5 11 . 5 7 . 7 

Cl ass 4 3 . 8 0 . 0 11 . 5 15.4 6 1. 5 80 . 8 

- · 

Class 5 3. 8 0 . 0 7 . 6 15 . 4 15 . 5 7 . 7 



102 
.LtL~.U ..v.._u_ 

STAT I STu.;Al ANAI.YS IS .Q£ GL00f) LEVELS [illQ .tilllf'..l.Uil. 

INTAKE REHJEE.N. llli l MQ. n:sr il 

. 
S t.Jn cb ,-d " t" 

SamiJ ie 11c<ms Devi.:aion Voluc Pro h.J h i I i t y 
-- - '---------- -- .--

Bl ood Pl asma Vi tam in (\ 

Te st I 34. 1+ 17 . 7 2. 8612 P< O.OI Tes t I I 23 . I 7. 0 ------
f3 I ood Pl asma ca,·otene 

Test I C. I 03 0 . 011 11 0 . 1!06) N.S . Tes t II 0 . 113 0.078 -
Blood Serum Tota l Pr otein 

Te st I 7. 43 0. 53 2. 6397 P< 0 . 0 I 
Test I I 7. 81 0. Lj I+ ---

Bl ood Se 1·um A I bcml in 
Tes t I 4 . 44 0. 213 4. 8787 P< O. 00 I Tes t II 4. 6L1 0. 28 -

Pro te i n Intake from 
/-In ima I So u 1· ces 

Tes t I 32 . 2 13. 9 4. Si.;88 P< O. OOI 
Test i I 50.3 12. 0 

Prote i n In take f1 ·om 
Veget<J b l e Source s 

Tes t I 18. I 9 . I~ I . 5788 N. S . Te st I I ] II . 6 3. 9 
Prote i n Inta ke from 

Tota l Sour ces 
Test I 50 . 3 1 7. 7 2.9 564 P< O. Ol 

' Test I I 6L1. 9 14 . 2 
Vi ta m in A Inta ke fr om 

Ani ma I Sources 
Te st I 174 1 2283 0. 61119 N. S. Tes t I I 1409 708 

Vi tam i n A Inta ke from 
Vegeta b le Sources 

Test I 231 6 1783 2. 6592 P< O. Ol I 

I Te st II 4293 3099 
I Vi ta min A Intake f rom 

I To ti:ll Sources 
Test I 405 7 

I 
2709 I Test I I 5702 2957 1. 9494 P<O. 10 


