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CHAPTER I
INTRODUCTION
Significance of the Study

In recent years there has been much interest, research, and contro-
versy in the area of iron nutrition and iron fortification of foods.
Iron deficiency is regarded as one of America's most prevalent and ser-
ious nutritional problems. It has Been found that a significant propor-
tion of the population probably have inadequate intakes of this nutrient
(11,14,25,26,29,48,64,65). The most vulnerable groups are pregnant
women, menstruating women, and infants (14). Actual iron deficiency
anemia in these groups is not uncommon-(22,29)., Iron deficiencies occur
in all economic classes and at-ail educational levels but are more fre~
quent among the lower income groups and in families with less education
(26). All these observations have led to speculaticn about the iron
nutrition of vulnerable age groups of females just before the onset of
the menses. It has been speculated that these females enter the criti-
cal child-bearing years with less than adequate serum iron levels. It
seems pertinent, therefore, to consider this population group in relation
to iron intake and serum iron levels.

Iron is one of the most thoroughly researchéd.ﬁutrients yet there is
much that is still not completely understood about the absorption, utili-
zation, and metabolism of this vital element. The Food and Nutrition

- Board of the National Research Council, National Academy of Sciences,
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recommended in 1968 that the dietary allowance for iron be increased
from 15 to 18 milligrams for females from the age of ten years through
the child-bearing years (45). It 1s quite difficult to obtain this
amount of iron from dietary sources. The long term effect of inadequate
amounts of iron is anemia. Literally interpreted, the word anemia means
without blood. Clinically, anemia may b; defined as a condition in which
the blood is reduced in amount or is deficient in red blood cells or in
hemoglobin. The result is diﬁinution in the capacity of the blood to
combine with and transport 6x§gen to .the peripheral tissues. Some of
the ciinical symptoms of anemia include general fatigue and lassitude,
breathlessness on exertion, headache, insomnia, and skin pallor. Anemia
can be.due to many different factors. The type of anemia can be diag-
nosed quickly by blood tests. The most common anemia is due to an in-
adequéte intake of iron. This nutritional anemia will arise slowly and
take months or years to develop. Periods of stress such as pregnancy

or lactation or periods of growth increase this tendency towards anemia.
Girls between the ages of nine and 11 years need extra iron due to the
loss of blood iron at the beginning of menstruation and also because of

the growth needs for irom.
Statement of the Problem

The purpose of this study is to determine the adequacy of iron in-
take in nine- to éleven—year-old Girl Scouts in Stillwater, Oklahoma.
The hypotheses of the study are:
a., This group of nine— to ll-year-old girls have adequate hemo-
globin and hematocrit levels.

b. This group of nine~ to ll-year-old girls have adequate iron



intakes according to the Recommended Dietary Allowances, 1968, .
¢, These girls do not need improvement in their diets.
A three—~day dietary record was kept by each subject in order to
assess the adequacy of calories and eight nutrients. Finger prick blood
was used to determine hemoglobin levels and hematocrit values for each.

subject. .



CHAPTER II

REVIEW OF LITERATURE

The Metabolism of Iron

Iron is one. of the trace minerals essential to human life. Iron,
in the body, is usually complexed with protein molecules. Practically
no ionic iron exists in the animal body, The iron protein complexes
function as enzymes such as cytochromes, catalase, peroxidase, and as
myoglobin and hemoglobin (23); anSt of these complexes function in
processes involving the transfer of oxygen. Hemoglobin is the most re-
searched and understood of these compounds and is an essential constit-
uent of the red blood cell,

The function of hemoglobin in the body is to carry oxygen to the
tissues from the lungs and to return carbon dio%ide from the cells to
the lungs. Most of the essential body iron is in the form of hemoglobin.
Hemoglobin is a conjugated protein composed of the iron-containing pig-
ment, heme and the protein, globin. A single red blood cell contains
abdut 280 million molecules of hemoglobin. Hemoglobin contains 10,000
atoms, four of which are iron atbﬁs, Hemoglobin formation is then de-
pendent on iron. Protein, of ¢0urse, is also necessary for the forma-
tion of hemoglobin. Most of‘the'B;complex vitamins are also needed be--
cause of their functions é; coenzymes in protein production and red

blood cell formation. For example, two B-complex vitamins necessary for

hematopoiesis are folic acid which is necessary for the formation of



heme, and vitamin Blz’ or cobalamin, which is necessary for red blood
cell production and is the treatment for permicious anemia. Copper,
which funetions much 1ike iron in the body, is also essential for the
formation of hemoglobin (17,59,78).

The essential body iron is 70 per cent of the approximately 35-50
mg, of iron per kilogram of body weight in females. About 20 per cent
of the iron is in the protein~iron compound, ferritin, which is a stor-
age or nonessential form. The main storage organs are the liver, spleen,
and bone marrow. A small amount.of the iron is also found in the plasma.
This iron is bound to one of the plasma B-globulins, transferrin, and is
in the pfocess of being transferred from one place to another. The iron-
binding capacity of serum is the quantitative ability of transferrin to
retain iron. Another five per’cent’of body iron is found in the oxida-
tive enzyme systems of all qells which produce energy. In humans, iron
is severely conserved. It ié estimated that under normal conditions,
the human loses only about one mg. of iron per day. Average daily in-
take of iron is about 10-20 mg. from food. It would appear from these
facts that iron deficiency would be rare. However, this is not the
case and is due to many factors. One of these is a change in the need
for iron (17,23,46,47,59,78).

Since most of the essential iron is in.the blood, bleeding of any
sort results in iron loss, During pregnancy, there is an increase in
blood volume as well as iron transfer to the fetus. There is a blood
loss at delivery also. Lactation requires increased iron as do periods
of growth. Another factor affecting iron needs is the absorption of
iron across the intestional mucosa. The human absorbs only about ten

per cent of fcod iron. The rest passes through the body by means of the



large intestine (14,17,24,46,47,59,78).

Absorption varies among individuals., Absorption is affected by the
body iron levels. The lower these levels, the more iron is absorbed.
Severe infection can hinder iron absorption. Certain substances iﬁ the
body affect absorption. For example, ascorbic acid enhances iron absorp-
tion while phytates decrease absorption. An adequate amount of calcium
helps to bind the phytates and other substances which would otherwise
combine with the iron and inhibit its absorption. The oxidation state
of the iron affects abso‘rption—--Fe++ (férrous) forms are easily absorbed
while the Fe+++ (ferric) forms are not absorbed. However, high gastric
acidity can reduce the ferric fofms making them available for absorption.
Iron salts are more readily absorﬁed than food iron while iron from dif-
ferent foods is absorbed at differéﬁt rates. About ten to 30 per cent
of iron from animal proteins can be absorbed while only two to ten per
cent of iron in vegetables can Be absorbed (14,15,23,24,56,69,78). Iron
salts are given by mouth for the treatment and prevention of iron defi-
ciency anemia. These salts are effective and inexpensive. The ferrous
gsulfate compounds are preferred ovef:ferrous gluconate, ferrous succin-
ate, and ferrous fumarate becadsevof the lower.price of the ferrous sul-
fate., All are equally effective unless the anemia or deficiency 1is
caused by a malabsorption syndrb@eog In this case, saccharated oxide of
iron may be given intravenously (8,59,60).

Toxic levels of iron have been found. Accidental poisoning, espec-—
ially of children, with ferrous sulfate has caused death. Hemosiderosis,
a condition in which large amounts of tﬁé iron storage compound, hemosid-
‘erin, are depositedfin the body, especially in the liver and spleen,

has been noted in Bantu natives who consume iron in excess of 100 mg .



per day. These high levels are due to the use of iron pots and utensils
for cooking and beer brewing (17,19,59).

There are approximately six mg. of iron per 1000 calories in the
‘average American diet, This represents up to 0.9 mg. of absorbable irom.
Girls in the age group for this study need to retain approximately 1.5
to 1.6 mg. of iron per day since they are in a rapid growth phase (47).
In the recommended dietary allowances thege figures were used to deter-—
mine the value set as a guide for interpretation of food consumption
records and a goal for planning food supplies for females in the age
group of nine to 11 years. The recommended daily allowances are regular—
1y reviewed and changes are made ancording to new information about nu—
trients from recent research. Tne‘recbmmended allowances for iron for
this age group have been increased recently to 18 mg. per day (24,25).
This amount is extremely hard to satisfy in a regular diet because "iron
is so widely distributed in the diet that manipulation of foods to modify

iron intake is impractical’ (24, p. 58).

History of the Recommended Dietary

Allcwance for Iron

The - Recommended Dietary Allowances were established in 1943 to be
guides for planning for adequéfé nutrition for the civilian population
of the United States. They gave amounts of specific nutrients that
allowed a margin of safety above the average physiologic needs so that
the variation of practically all individuals in the population would be
covered. These allowances have been revised six times since then as
scientific knowledge advanced sufficienﬁly to allow better estimates to

be made (45,66). The Recommended Dietary Allowances can be used as



guides for the requirements of individuals only if one realizes that
the amounts may be in excess for a given individual, Because they are
planned to cover the needs of practically everyone, they may well be
considerably higher than some persons need. Thérefore, it is erroneous
to say an individual is malnourished or deficient if he does not meet
the recommended allowances. .

The recommended allowanceéifor iron have seen much change since the
inception of the Recommended Dieféry Allowances because of the nature of
the nutrient. That is, the question of the availability of iron from
food and the fluctuation iﬁ capabilities of absorption by individuals
make recommendations for needs difficult. The whole history of the
recommended allowance for iron has beeh one of "goocompromise between
the opinion that more is neeaed than i; recommended and the principle
that the Recommended Dietary Allowances should be provided by foods in
ordinary diets" (45, p. 115},

In the last two revisions of the Recommended Dietary Alilowances
made in 1964 and 1968, the iron requirement was increased for certain
population groups. In 1964, thezallowance for children from nine to 18
years was increased from 12 to 1'5bmge daily (45). The research in the
next four years and the evidence of the widespread occurrence of iron
deficiency anemia in the United States led to re-evaluation and further
changes in 1968, . At this time the allowance was increased to 18 mg. per
day for females from age ten through child-bearing years (24,66). It
was pointedxout that this amouﬁt‘wodi& permit sufficient accumulation of
iron stores to avoid the need for ifon therapy during pregnancy. It was

also noted that this amount would be difficult to obtain from the aver-

age 2000 calorie diet and that further iron fortification of breads and



cereals might be required to allow females on an ordinary diet to obtain

the recommended allowance (66).
Hemoglobin and Hematocrit Levels

In order to discuss the deficiency groups, the limits of the hemo-
globin and hematocrit values must be set., There is controversy over "at
just what level" there is anemia and what values indicate low or defi-
cient amounts of hemoglobin. Most o%lthe_arbitrarily set values today
are based on values féund froﬁ surveys on normal, healthy persons. Hence,
as the number of normal valﬁes were compiled, standards were set from
them, The trends in hemoglobin and hematocrit values are clear (35).

At birth the hemoglobin values are high and are followed by a rapid de-
cline. TFrom the third to the fifth months there is a gradual decline
with a minimum reached between one and two years. Variation in hemoglo-
bin -levels with age is most marked under three years. Hemoglebin values
increase throughout childhood. Adult men usually have higher hemoglobin
values than women. Hemoglobin vaiues vary during different phases of
pregnancy. Hawkins et al. (30) in their survey of 1308 male and 1424
female subjects between the ages ofrnine and 98 years in Canada, found
that up until age 12 years theré was a tendency for higher hemoglobin
values among the females but that after that they were higher in the
boys. Between the ages of 14 and.20 years, the hemoglobin values for
the females decreased slightly but increased markedly for the males.
After age 20, the values gradually decreased with age in the men but re-
mained fairly constant in the women.

Two of the most often used parameters of hemoglobin status are

those of Wintrobe and of the Interdepartmental Committee on Nutrition
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for National Defense (ICNND). Wintrobe (80) gives values which are high-
er but are used as an ultimate guide (see Table 1). The ICNND Manual
(35) states that most surveys have found lower values than those used by

Wintrobe and they used the guidelines given in Table 2.

Table 1: Guide to interpreting hemoglobin levels——Wintrobe's recommen—
dations

sex age normal hemoglobin conéentrations
VT, v ' gm./100 ml,
male and female 6-10 12.9
male and female 11-15 ' 13.4
female over 15 14%2
male over 15 1612

Table 2: Guide to interpreting hemoglobin levels~—ICNND recommendations

hemoglobin, gm./100 ml.

‘ deficient . = low .. aeceptable high
men < 12,0 12,0-13.9 14.0-14.9 2 15.0
women < 10.0 - 10.0-10.9 - 11.0-14.4 > 14.5
children, 3 to 12 yrs, < 10.0 . 10.0-10.9 11.0-12.4 > 12,5
hematocrit, volume % '
deficient low acceptable high
men < 36 36 - 41 42 =44 2z 45
© wemen. - - < 30 30 - 37 38 - 42 z 43
children, 3 to 12 yrs. < 30 30.0-33.9 34.,0-36.9 > 37.0

These values established by ICNND were used in the recent ten-state nu-
trition survey, 1968-1970 (32). The Committee on Iron Deficiency of the
American Medical Association (14) gives lower .limits of normal hemoglo-

bin values as presented in Table 3.
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Table 3: Guide to interpreting hemoglobin levels——American Medical
Association recommendations

lower limits of normal

age sex hemoglobin hematocrit

yIs. | gm./100 ml, volume %

0.6-4 - both sexes 11 33

5 -9 both sexes 11.5 34,5

10--14 both sexes 12 36

adults men 14 42

adults women 12 36
pregnant women 11 33

Davis, Gershoff, and Gamble (18) in their review of the studies of vita-
min and mineral nutritioﬁ in the Un%ted States from 1950 to 1968, stated
that most of the biochemical Stﬁ&ies prior to 1960 used Bessey and Lowry
standards (7) while ﬁost studies after 1960 used the ICNND standards

(35):
The Iron Deficiency Groups

The National Nutrition Survey (64,65) preliminary reports in 1969
indicated that between five and ten per cent of the population examined
had iron deficiency anemia., The later Ten—State Nutrition Survey final.
results (33) verified this. This survey was established to identify the
incidence, magnitude,; and location ofvmalnutrition'ahd‘related health
problems in the United Statesoy(The fﬁblic Health Service carried out.
the survey in ten states selected'6ﬁ~the basis of geographic representa-—
tion of the major areas of the country and a.diversity of economic and
socio—cultural composition of thekpofulation as well as availability of
resources for conductingvthe study. The ten states were: Texas, Loui-

siana, New York, Massachusetts, Kentucky, West Virginia, Michigan,
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Washington, California, and South Carolina. The primary persons sampled
were from the lower economic groups. Over 86,000 persons were surveyed.
The survey included a 24-~hour dietary recall, a clinical evaluation, and
a biochemical examination. It was concluded that iron deficiency anemia,
as evidenced by a high prevalence of low levels of hemoglobin, is a wide-
spread problem within the population surveyed. They found that the low
levels of hemoglobin were assbéiated with low levels of serum iron and
serum transferrin saturation. They also found that the lower hemoglobin
levels were usually associated ngh low iron intakes. The results re-
vealed that generally there was‘increasing evidence of low and deficient
hemoglobin values as income leﬁel decreased. The educational attainment
of the person buying and preparihgbfood was . found to be related to the
nutritional status of children under the age of 17 years. As the educa-
tion of the homemaker increaséd, the evidence of low and deficient hemo-
globin values of the children decreased. There was a positive relation-
ship between the education and the hemoglobin status of adults., They
also found that hemoglobin status was not age dependent--that both sexes
in all age groups had about the same incidence of deficient and low hemo-
globin values. The mean hemoglobin values of all age groups were con-
sistently lower than generally aécepted mean values. It was alsc shown
that the black population had the poorest hemoglobin status while the
white population had the best. For all ethnic groups, hemoglobin status
was less satisfactery in the lb&—income-ratio states than in the high-
income-ratio states.

Iron intake, as revealed by 24-hour dietary recall, was.below die-
tary standards for many of the age groups.:  For infants 0-36 months of

age, iron was the only nutrient for which the mean intakes were generally
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below the dietary standard. In the group of ten-~ to 1l6-year-olds, it
was found that all females had mean iron intakes that were less than 75
per cent of recommended dietary allowances. It was also found in this
age group that the mean iron intakes per kilogram of body weight for
both males and females decreased with age; values for 15- to l6-~year-
olds were approximately 30 per cent lower than those of the ten~ to 11-
year-olds. More than half of the pregnant women surveyed had iron in-
takes of less than 11.0 mg. of iron per day.

In the Household Food Consumption Survey of 1965 (2,3) a sample of
14,500 representative men, women, and children in the United States was
used., It was found that calcium and iron were the nutrients most often
found to be below the recommended allowances and that diets of girls and
women provided iron at more than 30 per cent less than recommended. The
diets of children under three years provided iron at about 50 per cent
below recommended amounts. It was also discovered that iron intake was
lower for persons in the income class under $3000.

Davis and his coworkers (18) reviewed the studies of vitamin and
mineral nutrition status done in the United States from 1950 to 1968.
They determined that a total of 25 per cent of the persons in the studies
had below acceptable hemoglobin and hematocrit levels and another 25 per
cent had low levels. About five per cent had deficient hemoglobin and
hematocrit levels. Approximately 60 per cent of the persons studied had
below the recommended dietary allowance (at the time of the study) for
iron. About 15 per cent had below two—tﬁirds of the allowance and al-
most five per cent had below one-half of the allowance.- In all age
groups from age 12 years and above, the femaleg had é greater percentage

of the low and deficient values for both the biochemical indices and the



14

iron intakes. Davis et al. also determined that the dietary habits of
the American public have become worse, especially since 1960.

The primary populations studied with regard to iron status have
been the most nutritionally vulnerable groups——pregnant women, menstrua-
ting women, and infants (14).

Infants, because of their rapid rate of growth, have a greater iron
requirement in proportion to food’intake than any other age group. The
healthy infant is born with a three to six-month supply of iron stored
in the liver. Milk contains~very little iron. Therefore, the diet must.
begin to include iron very early in life. The infant with severe iron
deficiency is anorexic, irritable, and inactive (62). Beal (4) in her
study of 58 children during their first five years of life collected 795
nutrition histories and found that there was a sharp rise of irom intake
during the first year, due primarily to high iron content of commercial-
ly prepared infant cereals used during this time. This was followed by
a decrease in iron intéké as those foods were replaced in the diet.
After three years, the intake levels increased but from age two and one-
" half years to five years, more than 75 per cent of the intakes remain
below the recommended dietary allowances. Beal's research was done in
1954, In 1971, Fox et al, (25) in a survey of over 2000 preschosl chil-
dren in the North Central Region found that the amounts of iron, calcium,
and phosphorus consumed were similar to those Beal had found earlier.,
The recOmmendedldietary allowance for iron had been increased since
Beal's study and the later invgstigation’revealed that 95 per cent of
the children between the ages of one and three years and 75 per cent of
those between three and six yearsvdid not meet the higher recommenda-—

tions. Fox and her coworkers also found that the amount of money spent
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for food was more important than income of the family or education of
the mother in influencing the intake-of the child. Haughton (29) in a
study of 283 preschool children randomly chosen from three child health
stations in a low income district éf New York City found that almost 20
per cent had hemoglobin values of less than 10 gm. per cent., Most of
these childfen were under age two years. Haughton feels that while ten
gm., per cent levels of hemoglobin may not be accepted by some as con-
stituting anemia in children under age two years, his study does indi-
cate a significant prevalence of nutritional anemia among underprivileged
preschool children. Burroughs aﬁd Huenemann (11) conducted a survey of
168 rural, lower socio-economic groups of children from six months to
nine years of age from the Coachella Valley of Southern California in
1970. Of these children, 52 per cent had hemoglobin values belew normal
acceptable standards, 88 per cent had serum iron levels below normal and
latent iron binding capacities above normal. This would indicate iron
deficiency, if not anemia. The dietary histories taken indicated that
only a few of the children were receiving sufficient iron to meet the
recommended dietary allowances and that infants between 12 and 24 months
had the lowest mean iron intake and the highest incidence of low hemo-
globin levels. Owen and Kram (56) in a 1969 study of 558 Mississippi
preschool children reported that on the average, children from the low-
est income groups had twice the incidence of low hemoglobin values than
did children from more affluent homes. Futrell and coworkers (26) in a
1971 nutritional status study of 139 Negro preschool children in Missis-
sippi evaluated intake of the chiidfen with the education of the mother.
They found that, in general,'thé average daily intake of caleries, pro-

tein, calcium, iron, vitamin A, and ascorbic acid paralleled the educa-
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tion of the mother; as the grade level increased, so did the intake of
these nutrients. Hemoglobin values were low for about 20 per cent of
the children., They also found that the highest intake of nutrients fell
within the families with incomes above $750 per person per year. The
1970 Ross Conference on Pediatric Research--Iron Nutrition in Infancy
concluded that

«o.data at hand concerning iron balance in the first year of

life, plus the demonstrated high incidence of iron deficiency

anemia, make it highly desirable that the prevention of iron

deficiency be recognized as a public health problem (62, p.

45).

Menstruating, pregnant and lactating women have been studied be-
cause of their increased needs for iron, ‘They have been found to be the
groups with the greatest incidence of anemia and low hemoglobin values.,
They need more iron than the average American diet usually supplies.
Pregnant women have a greater biood volume as well as a.need-to provide
iron.for the fetus. The lactating mother uses as much iron per day in
the milk as the menstruating woman loses per day during the monthly
blood loss (14).

White (74) in a review of a‘numBer of published surveys of the iron
status of females from ages nine to 90 years, found that in no study
was the mean iron intake of 15 mg. per day (the recommended allowance at
the time of this review) fulfilledo Yet the mean hemoglobin values did
not indicate a high prevalence of anemia. She concluded that much re-
search needs to be done in this area to determine actual iron content of
foods, actual absorption of iron, and the needs (including iron stores)
of this group.

White and Gynne (76) in a later study on the utilization of inor-
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ganic elements by young women eating iron-fortified foods, used nine
university women. The subjects were given blood tests‘before a 30 day
balance sfudy began and it was found that eight of the nine women had
little or no detectable marrow iron stores but that all had normal hemo-
globin levels. The foods given during the study contained an average of
22.9 mg. of iron with almost half this amount coming from breads pre-
pared from flour fortified with ferrous sulfate. The subjects absorbed
an average §f 16.3 per cent or 3.7 mg. of the dietary iron. This in-
creased absorption was probably to compeﬁsate for earlier body losses as
evidenced by the lack of iron stores. There was considerable variation
among the subjects in the absorption and retention of the iron but the
average amount of iron retained was more than enough to balance the es~
timated losses. The aﬁthors concluded from their study that if the
dietary iron of girls and women were to approximate the recommended
allowance of 18 mg. per day, and if a significant proportion of this
were provided in a readily available form, iron would be absorbed in
amounts sufficient to prevent depletion. This study reinforced the
early findings that iron is more readily absorbed when the body is de-
pleted and apswered the question of whether 18 mg. per day of iron would
prevent depletion (69).

Monson and his coworkers (48) in their study on 13 University of
Washington students found that only four were considered to be normal
in regard to iron status. While none exhibited iron~deficiency anemia,
five exhibited iron deficiency as reflected by no iron stores, increased
iron absorption, and a decreased level of saturation of transferrin.
Two of the four subjects considered normal were supplementing their

diets with iron enriched foods or medicinal iron. The authors concluded
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that iron intake adequate to meet the needs of the entire female popula-
tion can be met only by some form of supplementation or fortification.
In a report on the extent and meanings of iron.deficiency in the
United States by the Food and Nutrition Board of the Natiomal Academy of
Sciences (15) it was pointed out that during periods of stress the inci-
dence of iron deficiency anemia increase. Periods of growth,  especially
the adolescent growth spurt which is often accompanied by the onset of
menstruation in females can cause anemia especially if it comes after a
life long pattern of poor iron intake that does not allow significant
iron storage. In a study of 401 Vermont Junior High School children
made by Morse et al. (49) it was found that boys rated better than girls
with respect té hemoglobin and hematocrit values. Twice as many of the
girls compared to the boys had values below 14.0 gm. per 100 ml, blood.
Two per cent of the girls had hemoglobin levels of less than 12.0 gm.
per 100 ml. blood. Another 11.4 per cent of the girls had hemoglobin
levels of less than 13.0 gm. pef cent. When compared to the ICNND stand-
ards for young men, almost 65 per cent of the girls had low or deficient
.hemoglobinvlevels and almost 70 per cent had low or deficient hematocrit
values., Dribble et al. (20)‘designed a study to compare 400 New York
adolescents between the ages of 12 and 15 years from several different
socio—~economic groups with regard to various biochemical indices of nu-
tritional status; Three schools representing different racial, social,
and economic backgrounds were used. Although hemoglcbin values were not
taken, hematocrits were used and it was found that there were more fe-
males than males in the low hematocrit classification and that more
adolescents from the school with the lowest economic status had low

hematocrit values. Daniel and Roland (16) in a study of 268 adolescent
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patients at the University of Alabama Medical Center found only four out
of 123 boys and six of 145 girls had hemoglobin values less than 11 gm./
100 ml. of blood. These authdrs concluded iron deficiency anemia was
not related, in this case, to either ethnic or economic factors and that
iron deficiency anemia is not a problem of this age group.

Lantz and Wood (40,41,42) however, in studies of New Mexico adoles—
cents did find ethnic and economic differences in iron status of Spanish-
American and "Anglo" adolescents: The hemoglobin and hematocrit levels
were significantly lower in the éﬁ#nish—American subjects and they had a

lower mean iron intake than their Caucasian counterparts.

Iron Status of the Preadolescent Girl

There has been little nutritional research done on the preadoles~
cent girl. She is not at the most‘vulnerable age although she is between
two vulnerable ages-—infancy and adolescence. Because of the high inci-
dence of anemia in young women, the purpose of this study is to deter-—
mine sométhing of the iron status of this group.

In 1950, McBee, Mochette,‘and‘Tucker (44) studied 515 white. chil-
dren between the ages of eight and 13 years in Louisiana. They found
that 86.9 per cent of the subjects had a normal hemoglobin levels of
above 12.0 gm. per 100 ml, and 13,1 per cent of the subjects were below
normal with 3.5 per cent having less than 11.1 gm. per 100 ml. . levels.
In 1952, Moschette et al. (50) in a study of 487 Louisiana school chil-
dren between the ages of eight and eleven years, found a mean hemoglo-—
bin level of 12.8 gm, per 100 ml. of blood. About five per cent of the
children had levels of 10.9 gm. per 100 ml. or less and were given a

hemoglobin rating of "poor™. In 1956, Marlatt et al. (43) reported on a
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study of school children from Iowa,‘Kansas, and Ohio. Hemoglobin con-
centrations were determined for 242 children. Only three of the 242 had
hemoglobin concentrations of less than 11.0 gm. per 100 ml. of blood.
Eppright ef‘al. (21) reported in 1957 on the nutritional status of nine-
to eleven-year—old children In Iowa, Kansas, and Ohio. Ninety-three per
cent of the subjects in Iowa, 95vper cent of the subjects in Ohio, and
only 39 per cent of the subjects in Kansas had hemoglobin levels above
11.5 gm, per 100 ml. of blood Which-was get -as the lower limit of normal
for this study. The childre;.in rural areas of Towa had lower hemoglo-
bin values than those living in urban areas; however, in Kansas, the
opposite was true. In a more recent report in 1963 by Roderuck (61) on
the nutrition and growth of about 200 Iowa girls from the ages of eight
to 16 years, hemoglobin values were taken at seven or eight different .
times over a period of four yeérS'(l953—l957)g The values,within six
months of each birthday were averaged to give one mean value for each
girl for each year of age. About five per cent of the girls at each age
had hemoglobin concentrations below 11 .gm. per cent although only two
girls had consistently low heméglobin levels from one reading to the
next., Ro&eruck concluded that low concentrations of hemocglobin were not
consistent findings in this group. In a nutritional study of 642 New
York school children between the ages of ten and 13 years made in 1965,
Christakes et al. (12) found over 90 per cent of the children had hemo-
globip levels of 12.0 gm. per ceﬁt or above when their dietary histories
had been rated excellent. This compared with only 84 per cent.of those
with a dietary history rated as ﬁoor with hemoglobin levels ef above 12
gm. per cent. The ﬁinority ethnic groups studied (Negro, Pyerto Rican,

and Chinese) all had more siubjects in the below ten gm, per 100 ml, of
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blood hemoglobin level than did the Caucasians studied. However, the
mean hemoglobin level was about the same for every group. The hemato-
crit values showed that tﬁé Caucasian children had a significantly
greater proportion of values above 40 per cent and significantly fewer
below 35 per cent.

Myers and her coworkers (51,52) conducted a nutrition study of 322
school children aged nine to 13 yvears in a depressed section of Boston.
The children wefe considered to be part of a society which was under—
pfivilegedvsociologically, economicglly, edu;ationally, and medically.
Twénty—two per cent of the children were found to have low:or deficient
hemoglobin levels (based on iCNND gtandards for adult males). More
girls than boys fell into this group and more Negro than Caucasian chil-
dren, Thirteen per cent of the children were in the low range for hema-
tocrit levels. They also found that the older children had poorer eval-
uations for meals and food groups than did younger chil&ren, with the
critical point being between ten and 11 years of age. Negro children
scored lower in every dietary evaluation than thé Caucasian children.
Negro children also showed a sﬁarper deterioration in food habits with
age. S
It can be seen that the 1£térature dealing with the iron nutriture
of this age group 1is sparse and.conflicting. However, it seems that
only the most recent studies have shown anemié and iron deficiency to be
problems of this group. Iron ihﬁake is usually found to be below recom-—
mended allowances in all economic groups with the lower.income groups

having less than the higher income groups.



22

Means of Assessing the Adequacy of Iron Intake

Biochemical Methods

In order to best determine the adequacy of iron intake of the in-
dividual, it is necessary to use biochemical methods. Although anemia
may be due to principally one of three causes——inadequate iron intake,
faulty absorption of iron due to any of many factors, or body loss of
iron as from bleeding~-it is most often due to poor diet. Pearson
states that while hemoglobin levels cannot be interpreted sclely on a
nutritional basis, "it remains the best single biochemical index of the
general state of‘health of a popﬁlation" (57, p. 576-78).

There are several biochemical indices used to determine the state
of iron nutriture. One of these is the hemoglobin determination. The
iron content of hemoglobin is 0.340 per cent and hemoglobin iron repre-
sents about 98 per cent of .total blood iron. About three-fourths of all
Body iron is found in the two coﬁpounds hemoglobin and myoglobin. Most
of the rest of the iron is in storagé form in the liver, spleen, and bone
marrow. Anemia is a slow developing disease that occurs only when iron
stores are depleted and the Body has a lowered capacity to provide oxy-
gen becauge there is a lack of iron for production of the vital com-
pounds of oxygen transport and the enzymes in the cellular electron
transport system (17). In this way the hemoglobin determination is a
measure of the adequacy of iron intake. There are several methods of
determining the hemoglobin content of ‘the blcod. The method recommended
by the Interdepartmental Committee on Nutrition for National Defense
(35) and most often used by researchers today is the cyammethemoglobin

method, In this procedure, a cyanmethemoglobin reagent added to blood
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causes the hemolysis of the erythrocytes and the reaction of hemoglobin
to methemoglobin. This reaction is essentially the change of the iromn
in the hemoglobin from the férrous form (Fe++) to the ferric form
(Fe+++). The reagent tﬁen causes a color reaction with CN  to form
cyanmethemoglobin from methemoglobin. The optical density of cyanmethe-
moglobin can then be measured spectrophotometrically and plotted on a
Beer-Lambert curve obtained from standard cyanmethemoglobin solutions to
determine the gm. per cent of hemoglobin of the unknown sample (28,35,
55). |

Another method of determining hemoglobin levels is the acid hematin
methodel In this procedure the blood is treated with dilute hydrochloric
acid to produce the brown "acid hematin' color which is compared with
the color produced by similar treatment of blood of known hemoglobin
content . This method is not entirely satisfactory however because it is
difficult to obtain an accurate standard and color is affected by non-
hemoglobin substances (53,55). There is also an alkaline hematin method
that is similar but less accﬁréteo Both of these methods measure total
hemoglobin. That is, active hemoglobin and its derivatives as methemo-
globin, carboxyhemoglobin, ahd sulfhemoglobin are all found in one
measurement (53,55).

Until recently the determination of hemoglobin was frequently made
indirectly from specific gravity of whole blood. The specific gravity
measurements are made by observing the rise or fall of drops of bloed,
plasma, or serum dropped into a graded series of copper sulfate solu=-
tions of known specific gravities. The hemoglobin concentration may
then be found by calculations using established formulas_or may simply

be read from charts based on those formulas (34). This method is pre-
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cise and actually can be done in the field. However, as Wilson et al.
(79) point out, the method is almost as time consuming as the more pre-
cise spectrophotometric techniques and is subject to more operator
error. For these reasons, the cyanmethemoglobin method is now more
commonly used.

Still another method that can be ugsed is the determination of the
total iron content of the blood (55). In this method, concentrated sul-
furic acid in the presence of potassium persulfate is used to detach the
iron from the hemoglobin molecule. The proteins are removed by tungstic
acid and the amount of iron in the filtrate can be determined colori-
metrically., The amount of hemoglobin can then be calculated using the
optical density of a sample of known iron content., This method is sub-
ject to opefator error and the several reagents that must be used may
make the procedure cumbersome for field work.

A biochemical measurement usually taken along with the hemoglobin
determination is the hematocrit (28,35,53,55,63). This procedure gives
the packed red blood cell volume. This is done by centrifuging whole
blood to separate the red and white blood cells and the plasma. The
percentage of red blood cells is indicative of the nature of the anemia,
Pernicious anemia, one of the primary anemias, has a large volume of
average red cells while the anemias caused by dietary deficiencies have
red cells which are decreased in size and hemoglobin content. Hence,
the iron deficiency anemia is characterized by microcytosis (small red
cells) and hypochromia (lack of iron). The hematocrit will indicate the
former condition and along with the hemoglobin values give a true indi-
cation of anemia. The hematocrit values are also a check on the hemo-

globin values. Strumia, Sample, and Hart (67) have determined the rela-
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tionship of the two values and have suggested that one hematocrit point
equals 0.34 hemoglobin points. This gives the researcher some basis for
determining the accuracy of his procedures.

Unfortunately, hemoglobin and hematocrit values do not give a clear
indication of iron stores. Determination of the serum iron gives some
indication of the earlier stages ofbiron depletion before the signs of-
anemia appear. There are several methods for this determination, how-
ever, Pearson (57) feels that this parameter of iron status has not. been
extensively explored and Krehl and Hodges' (39) state that there is still
debate about whether serum iron levels are sufficiently valuable to
merit the time and difficulty of taking them. And as the National Acad-
emy of Sciences survey manual points out, low serum iron is not a reli-
able sign of dietary iron deficiency since there is also a diminished
serum iron concentration during infection (53).

The determination of hemosiderin in the bone marrow is a good meas-
ure of iron stores although it is an impractical procedure for field
work (37,38,57). White (75) feels that the estimation of bone marrow
iron may be the most reliable method for evaluating iron stores. Her
findings indicate that many healthy, nonanemic women and girls may be
iron deficient. She feels that moré research is needed in this area to
define "adequate iron stores'" and the actual prevalesnce of iron defic-
iency.,

Another measure of early iron depletion is the determination of the
serum total iron binding capacity (38,57,63). This is increased during
iron deficiency (unless protein synthesis i1s depressed) because of the
body's increased uptake and reserve of iron when little is available

from dietary sources., This procedure will also help to distinguish be-
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tween the anemia of iron deficiency and the anemia of infection since
only in the case of the former condition is the iron binding capacity

increased.

Dietary Survey Methods

Ideally the dietary survey is part of a nutritional study that in-
cludes a clinical examination and biochemical assays in additicn to the
dietary survey (57). It can be used alone but, of course, gives best
information when supported by the clinical and biochemical findings.

The dietary information is gathered to determine the kinds and amounts
of foods an individual or a population is consuming. This information
may be gained by several means but the seven~day record, the dietary
history, and the 24-hour recall are’most commonly used iﬁ the United
States. The methods to be used arevdetermined by the information needed
(group or individual), the number to be surveyed, the competency and
number of researchers, the reliability of the subjects and other related
factors (79).

If information about an individual is needed, the dietary history
is the most wvaluable method since it reveals the individual's food prac-
tices over a long period of time. Seasonal and other variatisns can be
noted also. It does require the skills of a trained interviewer so as
not to bias the report. Burke states in her explanation of this method
that the dietary history method cannot be exact but that it does have
value for many studies (10).

Young and coworkers (8l) found when they compared the 24-hour re-
call, the seven-—day record, aﬁd the dietary history that for the indi-

vidual the 24~hour recall did not correlate significantly with either
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the dietary history or the seven-day record. However, the means for all
groups studied were about the same for both the seven-day record and the
24-hour recall. These researchers concluded that these two methods could
be used interchangeably when obtaining information about a group of sub-
jects, The mean for the dietary history gave higher values than the
other two methods. Trulson's studies gave similar information. She
found that for the individual, the seven-day record and the dietary his-
tory gave'similar‘information but that three or more 24-hour recalls did
not give the same frformation as the other two methods. Therefore, she
recommended using only one method in the dietary survey or using a cor-
rection factor when more than éné method has been used so that results
will be consistent (70). Adelsoﬁ, in her study on adult men concluded
that the recall method was as satisfactory as the record method and that
one week for the study was as satisfactory as two consecutive weeks (1).
The most accurate dietatry information is gained from balance studies
where both intake and excretions are chemically analyzed to determine
exact composition. However, these studies are‘time consuming and ex-
pensive (19).

Trulson and McCann point out that no one technique suitable for
field work is completely reliable-(71)c Beal also feels that none of
the techniques now used for dietary studies are completely reliable
(5,6). She feels that weighing and then analyzing aliquot samples of
all foods eaten would allow greater accuracy but points out that this
would require a great deal of money and time making the method infeasi-
ble for most studies. Trulson and McCann in their study involving
weighing of food to insure greater accuracy found that the method creat-

ed an inconvenience that might alter eating patterns in the subjects
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(71).

Hence, the 24~hour recall method does not give information about
long term food habits and is reliable only for determining iﬁtakes of a
large group. However, it is easy to use. The seven~day recerd must be
- completed by reliable, intelligent subjects and is also limited in the
information about the long term food habits of the individual although
not as much so as the 24~hour recall, The dietary history must be re~-
corded by a skilled interviewer which makes this method expensive and
time consuming (53). The Intefdepartmental Committee on Nutrition for
National Defense feels that a thfee-day record may be a compromise suit-
able for some field work (35,57).

Once the dietary information is gathered, determination of the dif-
ferent nutrients is used to assess the diet. This can be obtained by
\analyzing aliquots of the fopds or by calculation from tables of amounts
of nutrients commonly found in foods. The difference between the methods
has been the subject for a study by Whiting and Leverton (77).. They com-
pared the values from laboratory analysis with the calculated values
taken from Agriculture Handbook 8 tables (73) based on weighed food in-
take. They found that protein and calorie content of the diets calcu-
lated by both methods were within ten per cent of either side of each
other but that fat content was considerably higher if calculated from
Handbook 8. Monsen, Kuhn, and ;inch (48) found a high correlation be-
tween the iron content of the diets of 13 college women when both cal-
culated from food coméosition tables and determined chemically.

There are several food value tables in existence used for the de-
termination of nutrients from diets. Watt and Merrill in Agriculture

Handbook 8 (73) present food values for 2,500 food items in twe tables.
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One of these gives the nutritive content of 100 gm., edible portions of
food while the other gives the nutrient values for the edible portiomn of
one pound of food "as purchased." The values given were derived chiefly
by chemical analysis. Another food nutrient table sometimes used to
determine the nutritive value of foods is Bowes and Church Food Values
of Portions Commonly Used (13). %his table presents values for 26 nu~
trients found in common portions of food. The United States Department
of Agriculture also prepares a pamphlet in addition to Agriculture Hand-
book 8 which gives the nutriti#e value of foods based on common house-
hold measurements. The revised Nutritive Value of Foods (54) is current-
ly being used as the basis for a computer program at Oklahoma State
University.

The use of the computer in‘determining the amounts of nutrients in
diets is well documented, is in practice in hospitals and nutrition
clinics (9,72) and hés been used in dietary surveys (27,31). The com-
puter calculations can be done more quickly and efficiently than by hand
and the possibility of error is greatly diminished. The computer has
made it possible to eQaluate diets more quiékly and can also give a
routine statistical analysis of the resuits (58,68)., In addition teo
saving time, Thompson and Tucker (68) found that using the computer to

calculate nutrients rather than calculation by hand actually saved money.



CHAPTER III
EXPERIMENTAL, METHOD
Regearch Design

Fifty—fourvGifl Scout volunteers, ages nine to 11 years, from four
different troops in Stillwater were the subjects for this study. Three
dietary records and finger prick Blood samples from each girl were taken
from October to December of 1972, Permission for using human subjects
was obtained from the Committeé‘on Research, Experimentation or Demon-
stration Involving Human Squectsg See Appendix A. After acquiring the
permission of the Girl Scout Chairman of the Stillwater Neighborhooed of
the Magic Empire Council and the leaders in the Stillwater area, leaders
suggested by the Chairman were contacted and the interviewer attended the
various troop meetings. At the initial meeting, each girl in the troop
was given a set of papers. These included a letter of explanation of
the study, a permission slip to be signed by the parents, an instruction
sheet on how to keep their dietary fecord, a dietary record sheet, and
an information sheet to be filled but giving health and dietary informa-
tion. The information sheet included special diets, if used, use of
dietary supplements, frequency of meals, educational attainment of the
parents, and income level of the family., See Appendix A. The research-
er explained the purpose of the study, what would be expected of the
volunteers, and how to fill out the dietary records at this initial

meeting. At the second and third meetings, the dietary records, which
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had been completed by the girls on the day following their last meeting,
were collected and another record sheet for that week was passed out to
the girls whose parents had consented to their being in the study. At
the third or fourth meeting, a laboratory technician accompanied the in-
terviewer and collected the finger prick blood samples. Two heparinized
hematocrit tubes were filled and placed in the carrying tray of the
Adams Autocrit Cen;rifuge,l Enough‘blood’Wasxalso,taken from the finger
prick for two hemoglobin determinations. A Unopette2 disposable pipet-
ting system was used for this. The reservoirs were labelled and the
blood was diluted with the reagent as it was taken. Within two hours,
all samples were returned to the Nutrition Laboratory at Oklahoma State
University where tﬁe centrifuging and spectroscopic work were done. The
cyanmethemoglobin samples were read in the Coleman Junior II spectro-
photometer at 540 mp. The amount of hemoglobin was then read from a
Beer-Lambert graph made by using a cyanmethemoglobin standard. Although
a new graph was made each time, they were all essentially the same., A
copy of the graph is shown in Figure 1. At one of their meetings, the
heights and Weights of the girls were taken. The weights were taken

using household scales calibrated by the Health-O-meter professional

lThis is the Adams Autocrit model CT-2905, 115 volts, 60 cycles AC,
1.2 amps. serial no. AD8785A which has a ncminal speed of 11,500 R.P.M.
and a relative centrifugal force of 13,000. Three minutes operating time
will give complete cell packing. The timer dial is calibrated in one
minute intervals up to 30 minutes.

2The Unopette Disposable Pipetting System consists of .a plastic
automatic disposable pipette and a plastic reservoir containing a modi-
fied stable cyanmethemoglobin reagent. These No. 5857 Unopettes can be
cbtained from Beckton-Dickinson, Division of Beckton, Dickinson and
Company, Rutherford, New Jersey 07070,
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33

springless scales by Continental in the Nutrition Laboratory at Oklahoma
State University., The heights were taken using yard sticks placed next
to a wall., Another stick was used to place atop the heads of the girls

to read the exact height to the closest one-half inch.
Analysis of Three~Day Dietary Records

The dietary records were analyzed by the IBM 360 computer at Okla-
homa State University. The information from the records was.transferred
to 80 column computer cards using food codes and amounts from the Nu~
tritive Value of Foods (54) as a reference. The amounts of the calories
and following nutrients were found: protein, calcium, iron, vitamin A,
thiamin, riboflavin, niacin, and ascorbic acid. Also given on the com~
puter cards was the weight of each girl, a code number for each, her age,
and the day of the dietary. Because the computer program was one already
in the library of the Computer Center, basic changes had to be made in
the program which was originally designed to determine calorie needs
based on desirable weight and amount of exercise of men and women ages
18 to 22 years as well as the calculation of nutrients and percentage of
the Recommended Dietary Allowances; 1968 (24). The changes permitted
the computation of the percentage of the recommended allowances for each
" nutrient for nine- to ll-year-old girls and for comparing the calories
eaten with the recommended allowances rather than computing them based
on needs and activity. The recommended allowances are different for
nine- to ten-year—olds and for ten-~ to l1l-yegr-olds. The girls in this
study were divided into two groups—-those who were nine years to ten
years and six months and those who were ten years, six months and older.

For the younger group, the recommended allowances for children ages
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eight to ten years were used. For the older group, comparisons were

made with the recommended allowances for girls ages ten to 12 years.
Statistical Analysis of Results

A statistical analysis system from North Carolina State University3

was used for analyzing the data. This program gave correlation coeffic-

ients and other statistical information. The variables in this analysis
included nutrient amounts for each day for calories, protein, calcium,
iron, vitamin A, thiamin, riboflavin, niacin, and ascorbic acid; an
average of the two hemoglobin determinations; an average of the two
hematocrit readings; whether the subject took a vitamin or mineral sup-

plement; height and weight; and age for each subject.

3Statistical Analysis System (Copyright Institute of State, Raleigh
Division, 1972).



CHAPTER 1V
RESULTS AND DISCUSSION
Biochemical and Dietary Findings

Fifty—four Girl Scouts between the-ages of nine and 11 years were
the subjects for this study. Hemoglobin and hematocrit values were es-—
tablished for each subject. In addition, a three-day dietary record was
kept by each girl and an informétion sheet about dietary habits of each
subject was.completed by the parents. Height and weight for each subject
was also determined.

The Interdepartmental Committee on Nutrition for National Defense
(35) guidelines given in Table 2 for hemoglobin and hematocrit values
were used to evaluate these parameters. The Recommended Dietary Allow-
ances, 1968 (24) for‘iron for females in age groups eight to ten years
and ten to 12 years were used as the standard for nutrient amounts. The
recommended allowance for the former group is ten mg. per day and 18 mg.
per day for the latter group. Amounts of seven other nutrients .and cal-
ories were also found although iron was the primary nutrient studied.

The mean percentages of the recommended allowances for calories, protein,
calcium, vitamin A, thiamin, riboflavin, niacin, and ascorbic acid are
given in Table 8 in Appendix B. Because the recommended allowances are
different for eight—- to ten-year-old females for ten- to twelve-year-old
females, the subjects were divided intc two groups——those from age nine °

to ten amd ene~half years and thoese ten and one-half years and older—-so
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that comparisons could be made between the two.
Table 4 gives the hemoglobin and hematocrit values for the number

of subjects from the two age groups in each category.

Table 4: Hemoglobin and hematocrit values of two age groups

deficient low acceptable - high
hemoglobin: (< 10.0 (10.0-10.9 (11.0-12.4 (z 12.5
gme. %) gm. %) gm, %) gm, %)
9-year-olds 0 0 6 27
1ll-year-olds 0 0 5 16
hematocrit: (< 30%) (30.0-33.9%) (34.0-36.9%) (= 37.0%)
9-year-olds 0 3 6 24
1l-year-olds 0 : 2 6 13

Since the hemoglobin and hemétocrit“values are related, the correla-
tion of these factors is of interest, In this study there was a correla-
tion coefficient of 0.902 between the hemoglobin and hematocrit values.
This was sigﬁificant at the 0;0001 level. Because of the high signifi-
cance, it can be assumed that tﬁese two values were closely associated
in this sample. There was a relationship between height and weight with
a coefficient of correlatidn of 0.569 with an observed significance
level of 0.0001, The study also showed a correlation between the height
of the subjeet and iron intake. The correlation coefficient here was
=0.184 with ‘an observed significance level of 0.018, There was a posi-
:tive significant correlation between most of the nutrients studied with
only three cases where the intake of one nutrient was not related to

the intake of another at the 0,05 level of significance. The consump-
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tion of niacin was not related to the intake of vitamin A, ascorbic acid,
or calcium.

The hemoglobin_and hematocrit levels of these subjects were, for
the most part, within the n&fmal range for thils age group. When com-
pared with the ICNND (35) guidglines for this ageée group, 11 subjects.
had hemoglobin levels in the "acceptable' range. The remainder of the
subjects had hemoglobin values in the "high" range. Five of the sub-
jects had hematocrit values in the "low" range, 12 subjects had values
in the "acceptable" range, and 37 subjects had "high" hematocrit values,
In all cases, there was a greater pf§portion of;the group of older giris
in the low and acceptable ranges. When compared to Wintrobe's values
for normal hemoglobin given in Table 1, 30 of the 54 subjects met his
guidelines for normal hemoglobin values. The mean.hemcglobin value for
the group was 13.2 gm. per ceﬁt and the mean hematocrit value for the
sﬁbjects studied was 37.9 per cent. When the subjects were studied ac~
cording to the two age groups it was. focund that there was no significant
difference between the two groups in either hemoglobin or hematocrit
values. However, a joint analysis of variance of the hemogleobin and
hematocrit values did reveal a significant difference between the two
groups,

The scattergram presented in Figure 2 helps to show this difference,
The least square lines drawn’for both the younger girls and the older
ones on the scattergram of hemoglobin and hematocrit values for all sub-
jects shows the difference between the two age groups. The least square
line for fthe nine-year-olds as compared to the ll-year-olds indicates
higher hematocrit values for corresponding hemoglobin values. The mean

hemoglobin value for the younger group was 13.21 gm. per cent and 13,26
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gm. per cent for the older girls. The mean hematocrit value was 38.0
per cent for the younger girls and 37.7 per cent for the older omes.
The mean values for height, weight, hemoglobin, hematocrit, and intake
of iron in percentage of the recommended allowance for the two groups is
given in Table 5. This shows that the older girls were heavier and tal-
ler than the younger subjects,.,The gir1s in both age groups were taller
and heavier than the averages given by the 1968 Recommended Dietary
Allowances (24) presented'ianable 7 in Appendix B. The older girls
also had a ﬁuch smaller percentﬁgé:of tlie' recommended allowance for iron
than did the younger girls. However, fﬁe recommended allowance is only
fén mg. of iron per day for the younger group and is 18 mg. per day for
the older group.

The actual mean iron iIntake was 12.4 mg. for the younger girls and
11.2 mg. for the older girls. The older girls who need more iron to
meet the recommended{allowance than the younger ones are actually getting
less iron than the younger girls. The older group is getting, on the
average, less than two-thirds of the recommended amocunt of iron. How-
ever, in this study, there was no significant correlation between iron
intake and either hemoglobin or hematocr#t values. There was a positive
relationship significant at the 0.009 level between the use of a mineral
and/or vitamin supplement and bofh hemoglobin and hematocrit values.
There was also a correlation between the intake of thiamin and the use

of a vitamin supplement which was significant at the 0.04 level.
Education and Income Levels

Although information about income was collected by means of check-

ing categories of above or below $4000 per year per family, it was found



Table 5: Mean values for height, weight, hemoglobin, hematocrit, and iron

intake for the two

age groups

weight hemoglobin

number of height hematocrit iron intake-
subjects subjects (inches) (pounds) (gm. per cent) (Z of total) (% of R.D.A.)
all subjects 54 56,5 84.6 13.22 37.94 100
g ta 10% years 33 55,39 81.8 13.21 38.09 124
10% years and
older 21 58.28 89.2 13.26 37.71 62

oY
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that 48 of the 54 subjects had incomes above $4000 which was set as the
national poverty level for”a family of four at the time of the study.
Only two families had incomes below $4000 per year and four subjects
chose not to answer this question. Although more information about
family income would have been helpful, it was felt that too specific
questions about income might have limited the number of subjects willing
to participate in the study. Since the‘main<goal of the study was.to
determine iron status, it was felt that énly brecad definitions of income
should be'soﬁght@‘ Of course, no correlations could be found when there
was no division of income level.

The education of the parents of the subjects in the study was quite
high. This might help to account for the large number of higher incomes
in the group. Only two mothers and.one father had less than a high
school education. Twenty—éix of the mothers and 14 of the fathers had
completed high school. Nineteen of the mothers and 14 of the fathers
had completed a college degree gnd five more mothers and 28 fathers had
schooling above the college deéree, Two mothers were widows and two

1

fathers were wifeless., Because the educational attainment of the parents

was so high and no clear cut divisions in the groups could be made, it

was decided not to use this information except to report it.
Frequency of Meals

Presented in Table 6 is the frequency of meals and snacks eaten by
all subjects.

When asked about the frequency of meals—-breakfast,- lunch,; dinner,
and snacks——most of the subjects always had all these meals. Forty of

the subjects always had breakfast. Nine of the subjects stated they
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frequently had breakfast, four seldom had breakfast, and only one never
had breakfast. Nineteen of the subjects frequently had snacks and four
seldom had snacks while 31 of the girls always had snacks. Two subjects
stated they had lunch freéuently; all the rest of the girls always had

lunch.

Table 6: Frequency of meals and snacks eaten by all subjects

meal ' nﬁmber of subjects in eaéh”category
always frequently seldom never
(7 times -a week) (4 or more times (less than 3 times
‘ a week) a week)
breakfast 40 9 4 1
lunch 52 2 0 0
dinner 54 0 0 0

snacks 31 19 4 0



CHAPTER V
SUMMARY AND CONCLUSIONS

Fifty-four volunteer Girl Scouts between the ages of nine and 11
years from four different troops in Stillwater, Oklshoma, were the sub-
jects for this study. After permission slips were obtained from the
parents, each subject completed a questionnaire which gave information
about food habits, education of the parents, and income of the family.
In addition, each subject képt a three-day dietary record recording all
food eaten in one day from each of three weeks. Finger prick blood was
obtained from each girl for dﬁplicate‘hemoglobin and hematocrit deter-
minations, The hemoglobin determinations were made using the cyanmethe-
moglobin method. The dietary’information was compiled by computer and
results from this, the biochemical data, and the questionnaire were
statistically analyéedm

It was found that this group of nine- to ll-year-old girls did have
adequate ﬁemoglobin and hematocrit levels. The correlation of 0.902 be-
tween the hemogléBins and hematocrits was significant at the 0.0001
level. When judged by the ICNND (35) guidelines, most of the subjects
had hemoglobin levels that were in phe "high" classification. The re-
maiﬁder of the girls had hemoglobin levels in the "acceptable' range. -
Thirty-seven of the 54 subjects had hematocrit values that were in the
"high' classification; 12 subjects had "acceptable' hematocrit values;

and, five subjects had hematocrit levels in the "low" range. When the
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girls were divided into two groups based on nutrient needs as defined by
the 1968 Recommended Dietary Allowances (24) it was. found that a greater
proportion of the older girls had hemoglobin and hematocrit values in.
the "low" and "acéeptable" ranges.

There was a positive relationship that was significant at the 0,009
level between the use of a vitamin and/or mineral supplement and the
hemoglobin and hematocrit values of the subjects. There was also a nega—-
tive correlation between the height .and wedight of the subjects and their
iron intake_which was.significant at the 0.03 Ievel.

Not all these subjects had an adequate iron intake. That is, the
younger group of girls from age nine to ten‘and one-half years had a
mean iron intake of 12.4 mg. or 124 per cent of the recommended allowance
which, for this age group, is ten mg. ﬁowever, the older girls from age
ten and one-half years and older had a mean iron intake of only 11.2 mg.,
per day which is only 62 per cent of éhe recommended allowance of 18 mg.
for this age group. This is lessbthan two-thirds of the recommended
allowance.

There was no significant correlation between hemoglobin and hemato-
.crit values and iron intake in this study., There was also no significant
difference in the hemoglobin or hematocrit values between the two groups.
Therefore, the lack of correlation between iron intake and hemoglobin
and hematocrit values appears to bé due to the recommended allowances
for the older girls being high. That is, although the oider girls are
not receiving an adequate iron intake according to the recommended allow-
ances, they do have adequate hemoglobin and hematocrit levels. This
study did not assess iron stores and it may be that a difference between

the age groups may be found here. It may be that the sample was not
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large enough to adequately determine the relationship between the dietary
and biochemical findings.

These girls do need some improvement in their diets. The mean per-
centages of the recommended allowances for calories, protein, calcium,
iron, vitamin A, thiamin, riboflavin, niacin, and ascorbic acid are
given in Appendix B. The younger girls in the study had at least 102
per cent of the recommended allowance of every nutrient except calories
of which they received only 88 per cent of the recommended allowance.

The older girls for whom the recommended ailowances were higher for

every nutrient except thiamin, niacin, and ascorbic acid had only 62 per
cent of the iron; 78 per cént of the calcium, 81 per cent of the calor-
ies, 89 per cent of the thiamin, and 97 per cent of the niacin required
according to the 1968 Reéommended Dietary Allowances (24). Protein,
vitamin A, riboflavin, and ascorbic acid were consumed in amounts great-
er than 100 per cent of the recommended allowances for the older girls.
All the subjects received at least two-thirds of the recommended amounts
of all nutrients except for iron for the older girls. This would indi-
cate that the diets as a whole are probably adequate, except for the
iron intake, for the older girls. The frequency of meals and snacks
tends to reflect these high nutrient intakes. Almost all the subjects
always had three meals per day plus snacks. The education of the parents
and the family income were also above average for most of these subjects.
This probably influences the high intake of nutrients of this group. It
should be pointed out here that nutrients important for hematopoiesis
other than iron (protein and the B-complex vitamins), are present in
adequate amounts in these diets.

If this study of iron nutrition were tc be conducted again, this
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researcher feels that some measure of iron stores might be made to de-
termine the effect of the adolescent growth spurt and beginning of men-
struation on the iron stores of the oldest girls in this age group who
are consuming less than the recommended amounts. It is also suggested
that a follow-up study be made on the same subjects during their adoles-
cence to determine any changes in their iron nutriture.

This researcher also suggests the use of the Unopette cyanmethemo-
globin system because of the ease with which these can be used, especial~-
ly if used in the fieldwork of a‘éurveyu It was also valuable to have
an experienced technician to collect the blood samples since a less
skilled person might encounter difficulty in obtaining an adequate sample

for duplicate hemoglobin and hematocrit determinations.
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PERMISSION FROM COMMITTEE ON RESEARCH, EXPERI-
MENTATION OR DEMONSTRATION INVOLVING

HUMAN SUBJECTS

OKLAHOMA STATE UNIVERSITY
MEMORANDUM

DATE: August 22, 1972
TO: Dr. Esther Winterfeldt

FROM: Marvin T. Edmison

The Committee on Research, Experimentation or Demonstra-
tion Involving Human Subjects has unanimously agreed that
there is no appreciable risk to subjects who will be in-
volved in the project "Determination of Iron Nutritional
Status in PreadoTescent Girls in Stillwater.”™ . However,
the Committee does wish to caution that no subject should
be used who has had any history of bleeding difficulty.
That is, the subject who might have:some'&ifficulty from
‘the taking of a blood sample. Also, it is understood
that informed consent in writing will be obtained from
each subject and her parent, as indicated in the summary
of the project. The University expects, of course, that
major advisors as full time employees of the University
will be responsible for the supervision of projects;

this certainly is in no way meant to be an aspersion con-
cerning the incompetence and/or responsibility of the

students
MTE: jd

cc: J. Edene Riggs
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Consent Form:

Name of subject:

I will permit my daughter to participate in the study concerning
iron nutrition of girls between the ages of nine and eleven years.

Signed:

Parents Name



LETTER OF EXPLANATION TO PARENTS

Oklahoma State Wimty STILLWATER, OKLAHOMA 74074

(405) 372-6211, Exts. 6007, 6091
Department of Food, Nutrition and Institution Administration

September 18, 1972

Dear $irl Scout Parents:

As a graduate student at Oklahoma State University, I am involved
in research regarding the iron nutrition of girls between the ages
of nime and eleven years and the relation of that nutrition to the
income and educational level of the parents. As I'm sure you are
aware, iron deficiency is a major health problem today. It is hoped
that this study will help to alleviate that problem.

Through the Girl Scouts of Stillwater and with the cooperation
of the troop leaders, we would like to have your daughter serve as one
of the subjects in our study. Her participation would involve the
recording of all foods that she eats for three different 24-hour
periods. A finger prick drop of blood for biochemical analysis will
be needed and will be taken by trained technologists at the Food and
Nutrition Department Research Laboratory on the 0.S.U. Campus. This
procedure has been approved by Dr. Marvin Edmison, Director of the
Research Foundation. In addition, we need to ask you, her parents,
to complete an information sheet concerning the health of your daughter,
her regular food habits, your educational level, and a check in one
of two categories of your income level.

We would appreciate your help in our study. Please have your
daughter return the attached consent form to me at her next Girl Scout
Meeting if you are willing to allow her to participate.

Very Sincerely,

Edene Riggs,ZZéaduate Student

Department of Food, Nutrition
and Institution Administration
Oklahoma State University

Hlow G Berdoir

Helen F. Barbour, Professor
Thesis Advisor

Department of Food, Nutrition &
Institution Administration
Oklahoma State University

P.S. If you have any questions, I would be glad to answer them. Please call
Edene Riggs at 372-6211, Ext. 457 or 372-4038.
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DIRECTIONS FOR FILLING OUT DIETARY STUDY SHEETS:

Record everything put into the mouth and swalloﬁed.

Record the food eaten as frequently as necessary to include an accurate
account of all the food which you consumed each day. Suggestion: Recoxd
at least once every day, more often if possible.

Record the tihe of day whgn you consumed the meals and snacks you listed.

For each food consumed:

.a. Describe the type of food eaten. Example: fried, poached, baked,

steamed, broiled, roasted, creamed, buttered, raw, peeled, skim, 2%,
whole, instant non-fat dry, etc.

b  Record amount of food ingested, .

1. Record liquids according to standard 8 oz. measuring cup.
cooked vegetables (e.a. #c. buttered green beans)
canned fruits
cooked cereals
dry cereals
mixed dishes such as casseroles, s#lads
cottage cheese
ice cream, puddings, etc.
liquids (e.g..6 oz. orange juice, 4 oz. 2% milk)

2. Record according to dimensions: .
cooked meat {e.g. ) hamburger patty 3" diam., #* thick)
cakes
ples
crackers
hot breads (muffins, biscuits, rolls) dismeter and thickness

3. Record according to portions commonly served:
fresh fruit (e.g. 1 navel orange, 2" diam.)
raw vegetables
sliced bread (e.g. 1 sl. enriched white)
sliced cheese, lunchmeat (e.q. 1 sl. bologna)
eggs, frankfurters, number eaten

4. Record according to teaspoons or tablespoons:
butter or margarine
mayonnaise
sugar
mustard
catsup, gravies, whipped cream and all other condiments

c. In addition to amount and description of food, record the brand names
for the followings
candy
soft drinks
crackers, snacks such as daisies, preszels
any food fortified in addition to regular nutritive value, such as
Hi-C fruit drinks, milk with added skim milk solids, Teng

d. If the food is in combination with other foods, such as a casserole,
sandwich, describe the amount of each food in the serving.
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DIETARY INFORMATION SHEET

To the Parents: This information sheet is designed to give us information about
your daughter so that a study of iron nutrition of 9-to 1ll-year-old girle can be
made. All answers will be kept confidential. Please do not place names on this
or the dietary record sheet.

PLEASE RECORD ALL INFORMATION ABOUT YOUR DAUGHTER AS ACCURATELY AS POSSIBLE

Ages years. Birthdate: Day
Month
Year

Height:

Weight:

Piease check the highest grade or degree level:

Father 6th grade _ 8th grade H.S. grad
college grad above '

Mother ¢th grade 8th grade H.S. grad
college grad above

Income level of family (please check): above $4000/year
below $4000/year
How many members in family

Health:
2. Is she on a special diet or medication prescribed by your doctor?
Yes No
If yes, briefly describe the diet or medication

b. List food allergies, if any

c. Describe the kind and amount of food supplements which she is now taking,
such as vitamin pills (see label on bottle)

Check the following categories according to number of meals usually eaten:

ALWAYS FREQUENTLY SELDOM NEVER
(7 times a week) (4 or more times (less than 3
a week) times a week)
BREAKFAST
LUNCH
DINNER

SNACKS




RECORD OF FOOD INTAKE

DATE
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Food - Name and description

Amount

BREAKFAST:

LUNCH:

DINNER:

SNACKS:







Table 7: Recommended Dietary Allowances, 1968 (11)
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recommended amounts for each age group of females

nutrients 8- to 10-year-olds 10- to l2-year-olds

height 52 incﬁég : 56 inches
weight 62 1bs. 77 1lbs.
calories 2260 Kcal., 2250 Kcal.
protein 40 gm. 50 gm.
calcium 1.0 gm. 1.2 gm.
iron 10 mg. 18 mg.
vitamin A 3500 I.U. 4500 I.U.
thiamin 1.1 mg. 1.1 mg.
riboflavin 1.2 mg. 1.3 mg.
niacin 15 mg., 15 mg.
ascorbic acid. 40 mg. 40 mg.




Table ‘8: Per cent of R.D.A. (11) for nutrients for two age groups

subjects
all
9-10% years

10% years
and older

number
in greup
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33

21

nutrient in per cent of R.D.A,

ascorbic
calories pretein calcium iron vitamin A thiamin riboflavin niacin acid
86 184 93 100 126 100 152 105 157
88 204 102 125 142 107 159 110 166
81 153 78 62 101 89 143 97 144
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