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CHAPTER - T P
INTRODUCTION

Iron deficiency is a world wide problem, It is probably the most
common dietary facter leading to anemia in the world. "Iren deficiency
and its attending anemia are not often the immediaﬁé, direct cause of
death, but they coentribute mest importantly to(thé weakness, ill health

and substandard performance of many milliens ef peeple,"

according teo
Moore (1). A conservative estimate places the incidence of iron defi-
ciency in the United States at 18,000,000 persons (2). Mauer (3) calls
it the most common of the deficiency disease syndromes seen.in children
of this country. Studies performed in the United States indicaté that
10 to 20 per cent of apparently healthy young women and nearly 100 per
cent of pregnant wemen have incidence of iron deficiency (2, 4). The
incidence of iron deficilency ameng adolescent girls is especially impor-
tant because they are in a vulnerable poesition due to increased needs
for growth and menstruatien.

Iron deficiency eccurs when the boedy's need for iron exceeds the
supply due to a less than adequate dietary intake. It is the end result
of an imbalance between iren assimilatien and iren ‘loss. For -example, a
menstruating woman with a poor, diet could ge,taking in less iren than,
she is lesing. Sévere iron deficiency can lead to anemia which is a
conditien in which there.i1s a reduction in the hemoglebin concentration

of the circulating bleoed (5). This usually happens when the body's



needs for iron are high and the diet deoes not supply enough. It is
common during perieds of stress such as growth, menstruation, pregnancy
or excessive blood loss.

Because iron deficiency is such an important nutritienal problem,
this study was designed to determine its incidence.in a group of adoles-
cent girls in a small Oklahoma town. High schoel heme ecenemics stu-
dents who volunteered were the subjects for this study because it was
felt that these students would have been exposed to aspects of good
nutritien. The study was designed to collect data on dietary intakes
which was to be analyzed for protein, calorie, and iren intakes and
compared to the .Recommended Dietary Allowances for each nutrient for
teen-age girls. Further, the diets were .to be compared to the Daily
Food Guide (Basic Four) to determine eating patterns and to see if the.
diets were well balanced. Blood samples were analyzed for hemoglobin,
hematocrit, and red cell indices, measures of the. iren centent of the
bleed, which give an indication eof the incidence of iron deficiency in-
this age group. A dietary histery was to be completed to indicate the
food habits of each girl. A nutrition quiz was to be taken to indicate
each'girl's knowledge of nutrition. This was. dene, te help determine
if the.girls had -the knowledge of how to choose a well-balanced diet.

Objectives of .the study were:

(a) To .determine whether girls who take heme econemics in grades
9 to 12 choese a well-balanced diet. |

(b) To determine if iron deficiency occurs in . a group of teen-age.
girls.,

(c) To determine how nutrient intake of .the girl cempares to

national studies.



(d) To determine whether nutrient intakes of iren, protein, and
calories were adequate according to Recommended Dietary Allewances.

(e) To determine whether such factors as age, nutritien knowledge,
food habits and education of parents influenced iron status ef these
girls.

Hypetheses for the study were the follewing:

(a) Even though they have the knowledge of what makes a well-
balanced diet, the majerity of teen-age girls do not eat a balanced diet
when compared toe the Dally Foed Guide.

(b) The majority of these girls will have diets which are below
the Recommended Dietary Allewances for protein and iron.

(c) The hemoglobin and hematocrit levels. of these girls will be

loew or below normal.



CHAPTER II-
REVIEW OF.LITERATURE
History of Iremn

Iron is a metallic element widely distributed in nature. It is
vital for bielegical processes.. Every tissue in the body contains some.
iron. Iren was probably used therapeutically as early as. 1500 B.C. (2).
It was called the "metal of Heaven' by ancient civilizatiens and used
therapeutically both in Egypt and Mesopotamia. Ancient physicians cor-.
rectly guessed that iren is the source of the celoer oftblood. Pliny the
Elder cited the biolegical role of iren in the first century A.D. (2).

In the tenth century, ibn-Sina in his Canon of Medicine advocated

iron rust in wine for all sorts of disorders.

Iron has a styptic preperty by which the flow of women can be.

made te subside. Wine, in which iron has been quenched,

restrains chronic abdeminal discharges; is good for loese.
stools; it improves incentinence of urine; it restrains men-
strual flow; it restores sexual potency and strength to men

(2),

In the seventeenth, century iron began to be used.as specific
therapy for a single disease, chloerosis, which affected yeoung women.
The name derived from the fact that when women developed chloresis they
became so pale their skin seemed.to take on a yellew-green tint. The
term was first used by Jean Varandel (6). In 1640 Lazarus Riverius

enumerated ten major manifestations of chleresis: pallor, edema,

heaviness of body limbs, dypsnea, palpitation, headache, rapid pulse,



unusually sound and prolenged sleep, and cessation of the menses (2).
Shakespeare alse referred te chloresis in several of his works.
Sydenham is credited with identifying iren as a specific remedy for
chloresis in 1681 and treated it with iren filings steeped in Rhine
wine (6).

In 1713 twoe chemists, Lemery and Geoffry, showed that the ash of
bleoed . contained iren (2). In 1747 Menghini demonstrated that iren con-.
tent of the bleed could be increased in experimental animals by placing
them on iren-rich diets (6).

Pierre Blaud, a French physician, started treating chloresis with
iren in 1831, He prescribed tablets containing ferrous sulfate and
potassium carbenate in massive doses to "restore the colering substance-
to the blood." He seems to have been the first to use.a ferrous salt,
His pills became widely known throughout the world as "the veritable
pills of Dr. Blaud" because they produced such outstanding results (2).
His theories on treating chleresis fell out of faver in the last half
of the 19th century. It was net until 1932 when,Heath,'Strauss, and
Castle demonstrated that inorganic iren is incerperated quantitatively
into hemeglobin that Dr. Blaud's theories were coenclusively proven

true.

Functien and Distributien of

Iron in the Bedy

Iron is bound.to a variety of protein melecules. It is a compoenent
of hemoglobin, myeglebin, cytechreme, and the enzymes catalase and
peroxidase (7, 8). The iren is a component of a porphyrin in all of

these compounds. The remainder of the iroen, which is almest entirely



protein bound, includes storage (ferritin) and transport (transferrin)
forms of iren (9, 10, 11).

The function of hemoglobin is to shuttle oxygen from lung to tissue-
and carbon dioxide from tissue to lung. Iron in the body is almost:
exclusively confined to the processes of cellular respiration (11, 12).
Hemoglobin, which is the principal component of the red blood cells,
accounts for 65 to 70 per cent of ‘the iron in a person's body. Myo-
globin is a respiratory pigment found in the muscles which serves as an
oxygen carrier. Three to five per cent of the iron in the body is in.
the form of myoglobin. The cytochromes, which are involved in the
electron transport in tissue respiration and the formation of high
energy ATP bonds, contain 0.1 per cent of the body's iron. Catalase and
‘transferrin each account for 0.l per cent of the body's iron. Ferritin
accounts for 25 to 30 per cent of the body's iron. Normal man has 35 to
50 milligrams of -iron per kilogram of body weight for .a total of three

to four grams of body iren (13, 14, 15). See Table I.
Iron Requirements

The need for iron by a person varies greatly according to age and
circumstances.  Dietary iron is required to: (a) replace daily losses;
(b) replace menstrual losses; (c) supplement the body's greater need for -
iron during growth, pregnancy, and lactation; and (d) .form an iron
reserve which is available in case of blood loss (8, 11).

Daily losses .of iron range from 0.5 to 1.0 milligrams (mg) per day.
These losses occur primarily in the gastrointestinal tract from exfolia-
tion of the cells, some.bleeding, and excretion of bile., This accounts

for three-fourths of the daily iron loss. One-fourth of the body iren



is lost through normal exfoliation of the skin and some losses probably

due to sweat .(13).

TABLE I

DISTRIBUTION OF BODY IRON (15)

Iron-Containing Compound in Body Amount (gm) Per Cent
Hemoglobin 2.1 - 2.5 65 =.70
Myoglobin .13 3 -5
Cytoechromes .004 0.1
Catalase . 004 0.1
Transferrin .004 0.1
Ferritin. 25 - 30

0.8 - 1.5

Total Body Iron 3 -4 gm 1100 %

In menstrua;ing_woman,”the major; and most variable,; component of
iron loss 1s the menstrual flow (16, 17). Average loss of Blood during
a menstrual perioed is 35 to 70 milliliters (ml), which represents a loss
of 16 to 32 mg of(iron. Upper normal limits of b;oqd~loss are 60 to 80
ml. Losses above 80 ml per perilod (menorrhagia) invelve a great risk of
developing negative iron balance. (18, 19, 20). Moore (1) states that
tﬂe,average monthly loss of mengtrual iron is 20 mg, or 0.7 mg per day,
but reports 1osseé.ranging from 2.3 to 79 mg. Mayer (21) reports the.
average dgily iron loss te be 0.6 mg per -day. . However, losses have also
been reported of 1.1 to 2.0 mg per day. Beaton et al. (16) have

reported daily menstrual iron losses .of 0.44 mg.per day.



Periods of rapid growth increase iron requirements because of
exﬁﬁnding bleoed volume. This occurs. in young children and adolescents
and .increases iron requirements by 0.6 mg per day (1). Iron depletion
1s comm;n in adolescent girls because more iron is required for the
growth spurt and for .replacement of menstrual losses.(3). Another
period of rapid growth eccurs during pregnancy when ;nqreased blooed vol=-.
ume,  fetal requirements, and blood loss during delivery increase iron
requirements greatly., Finch (13) states that the fetus gains 270 mg of .
iren, 240 mg 1s lost.at delivery, other losses require 170 mg for a
total iron requirement during pregnancy of 680 mg.

In«summéry, iron requirements for optimal body function are: adult
males and post-menepausal females,~0.5 to 1.0 mg per day; menstruating
females, 1 to 2 mg per day; children, 0.5 to 1.5 mg per day; girls from

12 to-15 years of age; 1 te 2.5 mg per day (8). ' See Figure 1.
Recommended Dietary Alleowances for Iromn .

In 1943 the Recommended Dietary Allowances (RDA) were developed by
the Food and Nutrition Board of -.the National Academy of Sciences -
National Research Council (22) as a guideline for desirable nutrition.
The Recommended‘Dietary Allowance for iron is that amount over the.
minimum requirement with a safety margin added which will meet the.
needs of practically all healthy persons in the United States.

These allowances are revised perlodicdlly as -scientific knowledge
increases. The allowances are intgnded to be used as guidelines for
interpreting:food.consumption of individuals. It should not be ‘assumed
that malnutrition will occur when the recommendations are not met

however. °
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Iron R§3u1remeﬁfs (mg/d&y)
4 (=]

0 5 10 15 20
Age (Years)

The daily iron requirement through life is
indicated. = For those over the age of .12
the line divides;intb_the requirements of
the . female and the male (dotted line), (15)

Figure 1. Iron Requirements in Man

The iron allowance for certain:.age groups was increased in 1963 and-
again in 1968. 1In 1963 the allowance~for children was increased from 12
to 15 mg daily (23)., 1In 1968 the allowance for females from age ten
through childfbeariqg‘years was. increased to 18 mg per day. This allow-.
ance was increased because of,theiwidespread occurfence of iron defi-.
clency (24).. If met, this new allowance -should permit sufficient .
accumulation of iron stores to aveld the need for iron therapy during
pregnancy.

The 1968 Recommended Dietary Allowances for -iron are: men and.
nonmenstruating women, 10 mg pe¥~day;,menstruating_and pregnant women,
18 mg per{day;.children, 10 to 15 mg per day; and infants, 6 to 15 mg

per“day'(S)m These allowances are set-at this level because absorption
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from food i1s estimated to be 10 per cent (22). If these allowances are
not met and 10 per cent is absorbed, body ironxrequirementé should be -
met.

The iron conteqt‘ofimost‘adequate.diets is estimated to be 6 mg of
iron per;1000:kiloqa1§nies1(13, 22).. Men and nonmenstruating women éan
usually meet their allowances with diet alene, but menstruating women, -
adolescents, and.some.children may require iron supplementation to meet

their allowances. .
Iron Absorption-

Absorption of iren occurs.mainly in the duodenal epithelium (25).
Under normal conditions very little iron is excreted and very little is
absorbed. The iron in.a person's body is reused several times. The-
amount of iron that will be absorbéd depends on the bqody's need for
iron, conditions existing within the intestine, and the food mixture.
that is fed, There are limited ways for the body to excrete excess irenm,
so its absorption must be controlled carefully (26, 27).

When a person's . body.needs more iron such as in growth, pregnancy,
and anemia, erythropoiesis increases, transferrin saturation i1s lowered,
and iron -abserption is -increased.: In .a healthy person about 10 per cent:
of,theﬁigbn;ingested:is absorbed. When a person's need for iron
increases, abgorption;may Be increased 2 to 10 times.the normal rate
(28).

Dietary iron, which is usually in the ferric state is redﬁced to
ferrous iron in the acid medium of the stomach. Invthe ferrous state
iron is more soluble-and therefore more absorbable. Achloerhydria

reduces the absorption of iron because less is reduced to ferrous iron.
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Gastrectomies reduce absorption of iron because the iron is in .the
stomach'a shorter time .and less is reduced.to ferrous iron.' Malabserp-
tion syndromes also reduce absorption because. of increased intestinal
motility (29).

Not all of the iren in foods is available for absorption. Absorp-
tion of iron 1is'greater from animal foods (10 to 30 per .cent) than
vegetables (2 to 10 per cent) (13). It has been recommended that
vegetable sources of iron be eaten with animal foods to enhance iron .
absorption from vegetables (30, 31). . The presence of ascorbic acid
increases iron absorption (32). Certain sugars (fructose as compared to
glucose) and certain amino -acids also increase iron absorption (5).
Phosphates, phytates and oxalates decrease iron absorption (10). Ade-
quate .amounts of calcium in the diet help bind phosphates and phytates
and so-help facilitate iron abserption (10). There 1is also -a decrease
in the rate of iron absorption on a.low protein diet -(2).-

The upper duedenum is the majoer site of iron absorption because pH
and redox potential are optimal.. After iron has been reduced.to the
fefrous‘state it must traverse the intestinal epithelium to the mucosa
to.enter the bloodstream. Iron.is transported across the epithelial
cell as part of an active metabolic process (15). Probably iren is
bound.to a low molecular weilight nen-protein.substance and carried
through the epithelium to the mucosal cells (33). This iron complex
diffuses directiy to the vascular border and is transferred across the
cell membrane into the plasma. The transfer .of iron is mediated by the
mucosal cell. It does.not appear to require oxidative energy. Iron
that is not rapidly trgnsported to the plasma probably accumulates in

the mucosal cell and combines with a protein apeferritin-to ferm
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ferritin., This ferritin complex probably keeps the iron it contains

from being absorbed (10).
Iron Transport and Storage

Iron enters the plasma from-the intestine, from breakdown of :
hemoglobin, from tissue stores, and from tissue enzymes. This iren
which énters,the plasma is conve:ted.to the ferric state. Iron is
carried to its storage areag by a specific'protein,'transferrin (or |
siderophilin) (7). Transferrin.is formed. in the liver and 1is normally
present .in the plasma in a concentration sufficient to bind 280 to 400
micrograms of iron per - 100 ml of plasma.

The normal content of iron.in the plasma ranges from 60 te 200.
micrograms (mcg). Plasma iren is decreased in iron deficiency and{total
iron binding capacity (T.I.B.C.) increéses. . Each molecule of transfer-.
rin is capable of bindiﬁg‘twoimolecules of iron. Transferrin functions
as a transport protein. It .shuttles iron atoms between tissues without
itself being assimilated. Approximately .27 mg of irgn enter and leave
the blood plasma each day in-a normal adult (7).

The transferrin transports the iron to selective receptor .tissues
throughout the body. The main storage organs are the liver, spleen,
and bone marrow which participate in producing,;ed.blood‘cells. About
one gram of the iron.is present in the energy -producing enzyme syétem,.

Under conditions of normal erythropoietic activity up to 90 per
cent of the iron absorbed and passing through.the plasma compartment .
will -enter the .bone .marrow and some 70 per cent of it will be incor-.
porated inte the~hemoglobin\of'circulating erythroqytes within 7 to 10

days (33).~,Ironiis'stered;as ferritin and as hemosiderin which is a
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secondary, less soluble compound.  From these storage areas iron is
mobilized for hemoglobin synthesis as needed. From 20 to 25 mg of iron
is invelved daily in hemoglobin synthesis but 90 per cent of this is

iron that has -been used before,
Hemoglobin

Hemoglobin is a.conjugated protein with a molecular weight of
64,458. It is a globular melecule madé up of -four subunits. Each sub-
unit contains a heme moiety .conjugated to.a polypeptide. Heme contains
iron in the center of a porphyrin.structure (protoporphyrin - 9) and-
constitutes about 4 per cent of the weight of hemoglobin (34). The
ﬁemesﬂgive1hemoglobin~its red color. The iron content of hemoglebin is
0.3566 per cent. One gram of hemoglobin contains 3.4 mg of iron (25).
The polypeptides are referred to as the globin portion of the herglobin
molecule (35). There are two pairs of poelypeptides in each hemoglobin
molecule, two of the subunits containing one type of polypeptide (alpha
chains) and two containing another (beta chains) (36). Heme is also
part of the -structure of myogloebin, the oxygen-binding pigment feund in
muscles, ‘and of the respiratory,enzyﬁe,:cytochrome'(37).

The synthesis of hemoglobin takes place in vivo in nucleated red
cells primarily in the bone marrew: This process takes about seven and.
one-half;days.- The red bloed . cells or erythrocytes carry.hemoglobin in.
the circulation. The life span of the eryth;ocyte‘in_man is 120 days.
When the red cell disintegrates, the hemoglobin molecule‘is_spiit into
its components. The globin 1s converted to amino -acids and reutilized.

The iron is stored in the liver and spleen and reutilized (38). The
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non-iron containing portien is converted.to bilirubin and excreted as.
one of the‘bile pigments. The amount of hemoeglebin in,the blood aver-
ages 12 to 16 g per 100 cc (7). |
Hemoglobin combines -with oxygen in the lungs to .form oxyhemoglobin.
Thié'is,carried to the tissues where oxygen is released. Carbon dioxide
is carried back to the lungs by the same hemoglebin. Carbon dioxide is

released "in the lungs and the process starts over.
Iron Deficiency and Anemia

Iron deficiency arises when the body's need for iron exceeds the
supply. The principal causes are rapid growth of children; menstrua-
tien, pregnancy and lactation in women; .and blood less (39, 40, 41; 42,
43), The occurrence of .iron deficiency is favored by a diet which cen-
tains insufficient iren (43). There are several stages of iron defi-
ciency. The first sﬁage_is referred to as iron depletion. The second
stage is referred to as iron deficlency without anemia. In both of
these stages, the red bleod cells are both normochromic (nermal coler)
and normecytic (normal size) (43). The third stage of iron deficiency
is called iron deficiency anemia and is characterized by red bleed cells
that ‘are hypochromic and microcytic (small and pale) (40).'

.Anemia is defined as a deficiency of red blood cqrpusciés, hemo--
globin, or bqth._‘Iron‘deficiency-anemia is any anemia in which .the rate
of erythropoiesis is limited by the supply of available iroen. The
quantity of -hemoeglebin formed may be decreased greatiy, but the iron
content of the hémoglobin is constant (2).

The sequence of iroh depletion leading to anemia has been defined

by several investigators (15, 39, 40, 41, 42, 43, 44). The first stage
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in which body iron stores.are reduced is.sometimes referred to as side-
ropenia. Plasma iron and transferrin levels remain normal.  The second
stage, iron deficiency without anemia or latent iron deficiency, occurs
when'storage iron is depleted. . Serum iron concentration is less than 50-
mcg per.100 ml. Transferrin saturafioh is less than 15 per cent. Hemo-.
globin synthesis is reduced .and some red blood cells are produced with a
decreésed hemoglobin content. At this time iren absorption from food is.
increased. The third stage,‘iron:defiéiency anemia, occurs when nermal
hemoglobin content of .the bloéd.cannot be maintained despite maximum
iron absorption from food. The red blood cells are hemochfomic and
microecytic. See Figure 2. Iron deficiency anemia has‘£herefore been
fermed:hypochromic mic;ocytic anemia,

Fairbanks et al. (2),vstate.that,the term "hypochremic microcytic
anemia" 1s used incorrectly as a.synonym for iron deficiency anemia.
This is because irgn deficiency anemia is only one of the many dis-
orders which result in a hypoghromic, micrdcytiC‘anemia. Some other
causes of hypochromic micrecytic anemia are chronic inflammatery disease,

chronic malignant disease, and.thalassemia (43, 45).
Symptoms of Iron Deficiency

Iron deficlency gén affect all the systems of a body.  When.a
person 1s iron deficient there will be an increased .number of erythro-
blast precursors in the_bone,marrbw, a;dimini;hqd vélume of red bleoed"
cells, and a reduction of hemoglbbin'breakdown products (44). Symptoms

of iron deficiency and'irqn'deffciency anemia of'the;integumentary

system are paller of skin, muceus membranes, conjuctivae, lips,  lobes of
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ears, palms of hands, .and nailbeds, and less of skin elasticity (44).
Nails become brittle, break easily, and may ., become concave instead of
conveﬁ_(koiloﬁy§hia). Hair growth.is poor and hair may have a dry dead.
feéling (75. Rhagades may appear,at.the angles of the mouth (44). The
respiratory and circulatory systems are also affected. There may be
dyspnea; shallow breathing, and shortness of breath. Tachycardia and
even heart murmurs may occur;

Symptoms of the neuromuscular system are headache, vertigo, faint-
ness, increased sensitivity to cold, black spets before the eyes,
irritability, d;owsineés,'and lack of power of concantration,(7, 46).
Muscular weakness may occur (44). Alimentary system symptoms are
anorexia, nausea, and flatulence. Amenorrhea may.be;a symptom displayed -
in.the genitourinary system. In severe anemia. there may.bé an increased
basal me:ébolic rate. Enlargement of fhezliver and spieen can alse
occur,

In iron deficiency anemia there may sometimes be cravings for
unusual or disgusting articles. This is called pica. Ice, .dirt, chalk,
starch, clay, and paint are some.of the substances consumed in large-

amounts by iren deficient persons.

Diagnosing Iron Deficiency and

Iron Deficiency Anemia

There .are several methods of diagnesing iron deficiency and anemia,
Hypochromia and microcytesis of the.red bleed.cells has generally been
considered essential for diagnosié 6fviron‘deficiencfzanemia (45). How-
ever an adequate iron supply may retard erythropojesis for several weeks.

before these characteristics are recognizable. Methods of determination
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of iren status before a hypechremic microecytic anemia is present include
determination of serum iron, serum iren-binding capacity, transferrin
saturation, and amount of hemosiderin in the geticuleendethelial cells
(47, 48). Hemoglobin and hematecrit determinations are goed indices éf
iren status when iron.steres have been depleted enough.te cause an
anemia (2, 7, 15, 47, 48).

Determination of serum iren concentration gives some.indicatien of
the earlier stages of iren depletion. There are several metheds of -
determining serum iren (43, 49). Normal serum iron cencentration in males
is 75 te 175 mcg per 100 ml and for women 65 to 165 mcg per 100 ml.

Whep iren stores are depleted, serum iren falls below 65 mcg per 100 ml..

Serum“ironfbinding capacity is anether measure.of iren depletien
(43, 47, 48, 50). Normal values are: males 5‘156 to 285 mcg per 100 ml
serum; females - 144 to 322 meg per 100 ml serum. In iron deficiency
this value is increased, unless protein synthesis is depressed, because
of increased absorptien of iron frem dietary sources,K (48).

Tfansferrin, which carries iren in the plasma, 1s normally 25 to 50
per cent saturated with iron (43). 1In iron deficiency anemia.transfer-
rin saturatien is decreased to below 20 per cent. See Figure 2,

Hemesiderin present in the reticuleendothelial cells of the bone
marrew is a good measure of iren stores, but it is impractical fer large.
groups (49). Iron deficilent subjects do net have st;inable iron in the
bene marrew (45, 51, 52).

Hemoglebin determiﬁation 1s one of the quickest methods of deter-.
mining iren status, especially for large numbers of people (2). Normal.
hemoglebin levels are 14 te 16 g per 100 ml fer men.and 12 te 14 g per

100 ml for women. (7, 43). There are several methods of hemoglobin
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determination but the one most frequently used is the cyanmethemoglobin
method (43). 1In this method a reagent is added to bleod causing the
iron in hemoglobin to change from ferrous to ferric. The reagent .then
causes a color reaction which is measured on a,spectrophétometer (43).
However Fairbanks (43) points out that in 1965 a new standard for.
optical density offcyanmethemoglobin was adopted thereby making the
lower. limits df:normal 12,2 g per 100 ml for women and 14.3 g per 100 ml
for men.  Verloop (42) states that a woman is anemic when her hemoglobin
level falls below 12 g per ml.  In another article, it was stated that
the lower limits of hemoglebin for a woman should be 12.5 g per 100 ml
(53).

Hematocrit determination is ugually assessed aleng with hemoglobin
levels (50). Hematocrit is a means of determining size of red .bleod
corpuscles (7). Hémat@crit determination is done by centrifuging whole.
bleed to separate red blood cells from white blood cells and plasma.
Normal hemat@crit levels are 37 .to 47 for women and 42 to 52 for men
(7). It has been stated that the lower limits of normal for hematocrit
should be 36 for women and ‘40 for men (53). When a person has iren
deficiency anemia his hematocrit will be low indicating red bleed cells
that ‘are microcytic. There is.still controversy over .'normal levels"
for hemoglobin and hemdtecrit and what levels indicate .the presence of
anemia.

Red cell indices, which are calculated from hemoglobin, hematocrit,
and’ red cell count, have:been:used:to help determine iron deficiency (7,
43).  The red cell indices are_mean\corpuscularbvqlume (MCV), mean
corpuscular hemoglobin. (MCH), and mean»corpuscﬁlar hemoeglobin concentra- .

tieon (MCHC). These terms were first used in.1929 by Wintrobe' (7). When
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the MCV is below 82 it indicates é microecytic cell. MCH ﬁeasures the
weight of hemoglobin in an éverégéfréd cell. MCH is decreased in iren
deficiency. MCHC indicates the concentration of hemoglobin in_#n
average red cell, When it is below 32 it indicates iron deficilency. '
However Fairbanks (43) does not feel that using red‘éell indices 1is a
reliable method of determining iron-deficiency because the normal ranges

are not defined clearly enough.
Methodology .of -Nutrition Surveys

Nutrition surveys have been conducted for years to assess the-
nutritional status of variled groups of people (8, 54, 55, 56). Data
collécted in a nutritiemal survey includes dietary intake, clinical,
measures, and physical data. The first step in deing a nutrition survey.
is to define the population about which information is desired (57).
Thgvsample chosen should be statistically valid (47). Too small a
sample .is inadequate, but too large a sample is wasteful of time and
moeney.,

The next step in conducting a nutrition survey is te determine what:
types of survey methoeds will be needed. Methods used fof groups are-
not the .same as these used for individuals (58). Factoers to consider in
choosing the methed of surveying include: how data will be collected;
how amounts will be reported; how -information will be expressed; the-
time span the survey will cover; and how the data will be used,

The metheds of coellecting data on food intakes, which may be
written or given to a nutritionist during an interview include dietary

histery and foed intake records. The dietary history.tries to disclese
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usual food patterns over a relatively leng period.. This would reveal
deviatioens frem usual foed habits (59). The dietary history would
include an account of the foods usually eaten during the course of a
day reqorded in meal patterns and between meal feedings. Supplementary
information such as occupation, place where meals are eaten, facilities
for -food preparation, expenditures for food,‘anq food preferences can
also be included in the .dietary histery (59).

The -food intake record is, a report of the food eaten for one or
more days (60). These reports are recorded on.a specifically prepared
form such as the one used in the Framingham study (61). Recipe methods
and fooed éomposition analysis are .two of the methods of cellecting data
(60).. The nutritive value of the diet can be calculated from tables of
food composition.or samples of the diet can be analyzed for actual.
nutrient content (63). The nutritive value of the diet can then be
evaluated by certain guidelines.  In .this country, the most common
guideline used is the Recemmended Dietary Allowances of the Foed and
Nutrition Board of the‘Natienal Academy of Sciences - National Research
Council (22, 49).

Amounts of food can be reported either as actual weights of food
eaten or as measurements of food eaten (63). The quantity of -foed may
alse be estimated (59). Other relevant infermation, such as method of
preparatien, can alse be repoftea.

When deciding on the time span the survey will cover, time and
money available to conduct the survey should be considered. Time spans
in various surveys have varied from one, toe seven days. Twenty-four hour
recall methods are used frequently (64). Three day records have also

been used (59, 65, 66). There is at present no agreement ameng.
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investigators as to the number of days which can give a representative
picture.of typical foed intake under all survey conditiqns‘(59).

1f a survey of -factual knowledge of nutrition is desired, methods.
of collecting this informatien can be a questionnaire or .a quiz (59).
True - false, multiple cheice, orjcompletion questions may be used.

This information can be obtained from the dietary history if desired.

Once the nutritional survey metheds are determined, types of
clinical evaluatien should be decided upon if these ‘are a part ef,the
sﬁudy. The actual knowledge of a persén's nutrient intake.is not
synonymous with.his nutritional evaluatien. Surveys of dietary habits
and calcglation:of nutrient intake sheould not be a substitute for direct
evaluation of nutritional séatﬁs.(67).

One.of the most widely used metheds of evaluating nutritioenal
status is to determine hemoglebin levels in the bloed. (12, 62, 68, 69).
Hemoglobin levels are considered a good indices of general health of the
populatien.: The anemia, of iren deficienéy can be differentiated from
anemia of other causes by also determining hematocrit and red cell
indices. The determination eof the concentration of hemoglobin in the.
blood is a valuable preocedure in appraising nutritional status if the
limitations are sufficiently appreciated and if findings are interpreted
with full realizatien of the variability coensistent with normal.health
(59).

Cemplete correlation between dietary.intake -over a short perioed and
clinical or laboratory findings for an individual sheould net be expected
because: (a) the state of a person's health reflects the cumulative
effect of foed consumption over a leng period of -time; (b) errors may be

intreduced by applying tables of average food values te an individual's
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diet; (c) it is difficult to assess adequacy of a diet without detailed
knowledge of how nutrients are abserbed by the .individual; and (d) there
are wide individual differences in dietary requirements and these may

vary frem time to time (59, 69, 70).
Iren.Status in Nutrition Surveys

Only a few large scale nutritien surveys have been conducted. to-
determine the nutritional status of large groups.of people. One, of
these surveys was the Natienal Nutrition Survey which because of limits
of time and .money was.conducted in 10 states and surveyed primarily
peoplé in low income levels. In the preliminary report of the Natioenal
Nugritién Survey in 1969, it was indicated that 15 per .cent of the
population surveyed had inadequate hemoglobin levels (71).

The final report‘of the Ten-State Survey was.published in 1972 (72).-
Again the population surveyed in each state was not representative of
thé-entire~population of that state. Thgvprimary_interest_in each -state
was malnﬁtriti6n §mong the pooer. Over 86,000 persons were surveyed -in,
the 10 states. The results of .the survey indicated that a significant-
proportien eof the population surveyed was malnourished (72). There was
a high prevalence of.low hemeglobin and hematecrit values.througheut all
segmentsg of the population"éurveyedf Low hemoglebin levels were assoc-
iated with low levels of serum iron and serum transferrin saturation.
There was a tendency of lower hemoglebin levels to be assoclated with
lower dietary iren intakes. These surveyors concluded .that iron .defic-
iency anemia was.a widespread problem within the pepulatien survéyed-and
this appeared to be largely due te nutritional iron deficiency. This

nutritional iron deficiency was less a reflectien of poeor.cheice of .
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foods than of the.generally low level of iron in the American diet.
School-lunch programs centributed significantly to the nutrient intake,
of many schoel children. Twenty to 35 per cent of the child's daily
iren intake was provided by the schoeol lunch,

The United States Department of Agriculture regularly conducts food
consumptioen surveys to determine what types of feods and nutrients are
béing consumed (56). The Household Food Consumption Survey.of 1965 was
conducted on.a representative sample. of 14,500 men, women, and children
in.the United States. It was found that girls age 9 te 19 were more
than 30 per cent below recommended allowances for their age group for
iren. Their diets centained less than 6 mg of iron per 1000 caleries.
Average daily iron intake .was about . 11.0 mg.

In a review of the vitamin,and mineral studies dene in the United.
States from 1950 to 1968 Davis et al. (68) determined that 60 per cent
of the persons studied had intakes below recommended allewances for iren .
at the time the studies were conducted. Of girls age 15 to 21, 38 per
cent were 2/3 RDA for iron, and 10 per cent were below 1/2 RDA for
iron. Through dietary intake:reCOrds and biochemical data, i; was .sug--
gested that diets consumed by females follewing puberty were poorer for
most of the nutrients except ascorbic acid. Twenty-five per -cent of the
persons studied had -below acceptable hemoeglobin and hematecrit levels.

In a 1962 report on the Framingham study, Mann et al. (61) found
that iren intakes of women were low or below the Recommended Dietary
Allowances for women at that time. They reported a negative assoclation
between hemoglobin levels and iron intake. |

Monsen et al. (73) reportéd.a study conducted on female students at

the University of Washington in 1966. . All of the-.subjects had normal
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hematocrit levels. Their diets were studied for iron intake over a
seven-day period. Iron content of the diet was determined and the diets
were analyzed for iren content. There was a high correlatien between
calculated and analyzed iren vélues. Analyzed values for iron ranged.
from .0.77 to-24,6 mg per day while calculated values ranged from 2.4 te
24,0 mg per day. Average daily iren intake by analysis was 9.2 mg.
This was less than 2/3 of the Recommended Dailly Allowances for women at
that time.

An attempt was made to evaluate the iron status of these women.
None was anemic. However only 2 eof 12 subjects had nermal iron stores
in the bone marrow. Five per cent had decreased transferrin saturation.
The authors cencluded that iren depletion is frequently caused by a
low-iren diet and that there is a considerable incidence of iroen defi- .
ciency in»women in the United States.

In a study of teen-age pregnant and.non-pregnant girls in
California in 1972, King et.al. (74) found that nutrients moest poorly
supplied before, during and after pregnancy were calcium, iren, and:
Vitamin A. Mean dietary intake of iron was 9 mg per day, with some.
diets having as little as 4 mg of iron per day. The.diets of both
pregnant and non-pfegnant'girls were below RDA for iron and a majoerity
were below 1/2 for RDA for iron. Anemia was diagnesed in 27 per cent
of the pregnant girls, The authors.cencluded that teen-age girls in.
general eat a poor diét whether pregnant or not..

White (75) found that girls from 15'to i7‘have‘less iron per 1000
calories than women.. The meat group is the major source of their iren

intake. The diets of . girls and.women on the whole average 10 to 1l mg
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of iron per day. This 1is only 55 to 60 per.cent of the present RDA for
iron which is 18 mg per -day.. Iron status should be evaluated by means:
other than dietary calculations bedause of the factors invelved in
absofption and utilization of dietary.iron. It was stated further that
the ‘incidence of iron.deficiency anemia among girls and women is 3.5 to
7.0 per .cent as evidenced by hemoglobin and hematocrit levels. How-
ever, many non-anemic girls and women may be.iron deficient. One-third
of college women who.were in "excellent health'" had no iroen stores in
the boene marrow.

‘When using 12.5 g per-100 ml as the lower-unit.oef acceptable hemo-
globin levels and .36 per cent as the lower limit of acceptable hemato-
crit levels, anemia was found in 5 to 10 per cent of .women in another
study (53). However anemia was prevalent in only 3.6 per cent of girls.
The prevalence rates for anemia in the United States seem to be 5 per
cent among white females and 2 per cent ameng Negro females.

Verloop (39) reports that the. percentage of ."normal women' who have.
iron depletion varies from 20 to 30 per cent. The percentage of women
who -have iron-deficlency anemia (hemoglobin lewer than 12.5 g/100 ml)
varies from 2 per cent te 25 per cent. He stated further that iron
depletion is the rule rather than the exéeption in pregnancy because. 30
to 40 per cent of women enter pregnancy with depleted.iron stores.

In all of the studies reviewed, the.average daily iron-intake of
girls is below the Recommended Allowances of 10 mg per day. Anemia
is present .in enly about 5.te 10 per cent, but inadequate iroen stores

are commen.
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Therapy for Iron Deficiency and Anemia

Metbods,of treatment of iron.defiéiency consist of supplying iron.
through diet, oral iron supplements or parenteral therapy. Iron therapy
by dietary means 1s slow and due to absorption factors not:always
reliable. The Recomménded.All§wance forviron is most difficult to pro-.
vide in the diet. Liver, other organ meats, dried fruits, legumes, .
shellfish, -and molasses are.iron rich feods (8). Other goed food
sources of iron are red meat, egg yolk; whqle wheat, green leafy vege-.
tables, and nuts (10).

Cooking procedures .may be an important facter -in.determining the
amount .of iren actually present in.the food (76)7~ Cast-iroen cookwa?e
was widely used several years ago but.its usé-had declined in recent
years-and the use of stainless steel and,aluminumjtgken_its_place.‘
There is a conéiderable ﬁptake”of iren frém the ékillet«by the food 1, .
8). The longer .a food is in centact with the skillet, the more iron it
absorbs. . Acid fooeds tend te absorb the iron better than non-acid foods.
However, food. iren cempounds are generally less available for absorptioen
than iron salts (28);

Therefore, the treatment .of choelce for oral use is an iron prepara-
tien. Ferrous salts are'more easily absorbed .than ferric salts because
the ferrous salts are already in a reduced state (15). Ferrous sulfaﬁe
may. be regarded as the standard with which all other iron .preparations.
are compared (2). It is the most widely used iron preparation and well-
tolerated in 90 per cent of the patients who take it. It 1s also the
least ~expensive. Other iroen salts which can be used are fumarate,
gluconate; succinate, lactate, glutumate and glycine sulfate (3). They

offer no advantage over ferrous sulfate and .may be more costly. Syrups
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are more effectively absorbed than iron tablets. Tablet_efficiency may
vary due to the type. of coating it has (15).

The.iren salt .is given after meals to avoidjgastrointestinal
upsets. Bothwell and Finch (15) state that adequate therapy would be
0.4 mg of a.ferrous salt per mg of bedy weight three times a day.
Georgio (25) recommends 180 mg of elemental iren daily which would be
three USP 0.3:g ferrous sulfate tablets. He dees not agree with giving
a vitamin-mineral supplement because the preparation may mask other
deficiencies.

When oral treatment is initiated, hemoglobin regeneration occurs at
the rate of 0.2 to 0.3 g per day during the first few weeks (25, 77).

No appreciable hemoglobin rise should be expected until the second week
foellowing start of thérapy (25). Oral therapy should continue two to
three menths beyond the time of hemoblobin regeneration to allow for
repletion of iren stores (2, 25).

A slightly faster hemoglobin response has been noeted when parenteral
iron is given (78). The parenteral iron cempound used most frequently
is iron dextran. Several injectiens are usually required and may leave
the injection site discolored and sore. |

Extended iren therapy has certain disadvantages (79). The patient
may fail to take the oral dese regularly or, ifltaking parenteral iren, -
may fail to receive the full series of injections. Because of this,
many -authorities now recommend mere liberal iron fortificatien of food
(25, 78). There 1s at the present .time, however, no agreement on the
exact amount of fortification necessary.

Many studies have been reported which show the nutritional status

of teen-age girls in relation to iren nutriture. Because this is a



vulnerable age group, it is important that studies be.centinued aimed-

toward  improving nutritional.and iron status of these girls.
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CHAPTER III
EXPERIMENTAL -METHOD

This study was cenducted for the purﬁose<of determining the iren.
status of high school home‘eéonomics students using a dietary.intake"
record and laberatoery data. Permission for using humans in this
research was given by the Committee on.Research and/or Expérimentation
Invelving Human Subjects at Oklahoma State University. Permission te
work with the students was given.by the Superintendent of Warner Schoeols
and the Voecatioenal Heme Econemics Teacher at Warner High Scheool. Stu-
dents who were currently enrolled in Home Economics in grades 9 through
12 from Warner, Oklahoma were the subjects for this study dene during
August, 1973. This was done during the second week of school.. Ages.
ranged frem 14 to 19 with most.of the subjects' ages falling between
ages 14 and 17,

At ‘an initial meeting the researcher met with -each class to explain
the purpose of the study.and ask for velunteers. . Sixty-five girls
volunteered. They were given.letters of expldnatien and permission
sheets to take home to their .parents, . At ‘the second meeting 61 girls
had obtained parentgl permission to participate. Of this number, 54
girls completed all phases of the study. Only these 54 girls were used
as respondents. This group of girls was then given an information sheet
and three day dietary records to complete. See Appendix A, The dietary

sheets were filled out fer three censecutive days during the middle of
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the week because it was felt .this would be a more representative picture
of the eating pattern of each girl. At the third meeting the dietary
records .and informatlon sheets were collected.

Blood samples were collected by a laboratery.technician. A
heparinized micrepipette (4417“migfoliter) was filled with bloed and
emptied inte a Unopette reservoir.l The.reservolrs were labeled at that
time.. After bloed samples were drawn from each subject they were anal-
yzed in.a Coulter Counter, Model "S"z in the laboratery at-Muskogee:
General Hospital by a Medical Technelogist. In this procedure the bleod
mixture in the Unopette reserveoir is aspirated inte tﬁe Counter. The
white blood count, red blood.count and.meaﬁ cell volume are counted and
sized electronically. The hemoglobin 1is determined by converting the
hemoglobin to cyanmethemogloebin which is measured by a phote-sensitive
device. The MCH, MCHC, and hematocrit are calculated values derived
from .the red bleed cell count, MCV and hemoglobin. The results of each
bleed test were then printed electroenically on.a special card which has:
a set of normal values printed on it for comparison.

The dietary recerds were analyzed for calories, protein and iren
content of the diet using a coemputer pregram based on USDA Home and
Garden Bulletin No. 72 (80) and also using Food Values of Portions Com-.

monly Used (8l). A mean intake for the three days fer each of the three

lThe Unopette Disposable Pipetting System Neo.: 5840, consisting of a
dispesable pipette and a plastic reserveir, is manufactured by Becton-
Dickinsen especially for the Coulter Counter. The reservoirs coentain a
10.0 ml solution of iseoten which dilutes the bleed 1:224.7. The Uno-
pettes can be obtained from Becten-Dickinsen, Rutherford, New Jersey
07070.

2The Coulter Counter Model "S" 1s manufactured by Coulter Elec-
tronics, 590 West 20th Street, Hiaeleah, Florida 33010.
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days for each of the three nutrients was determined. These were
compared to the Recommended Dietary Allowances for girls in.this age-
group. The . three day dietaries for each girl were.further analyzed for
adequacy in meeting the recommendatiens of the Daily Food Guide (Basic
Four).

A short nutrition quiz was taken by each girl at the third meeting
to help ascertain her knowledge of nutrition. The quiz was graded and
results rated good to poor accoerding to number of questions answered
correctly.

After all the data was analyzed the researcher visited each class

to explain the results.



CHAPTER IV
RESULTS AND DISCUSSION

This study was conducted to determine the iren status of a.group of
“high school home economics students in ninth through twelfth grades.’
Fifty-four .girls ages 14 te 19 were the subjecgs for this study. Each
girl completed a three day dietary record, an .information sheet, and a
nutrition quiz., Finger-prick blood samples were taken and hemeglobin,

hematocrit, and red cell indices were determined for each subject.
Nutrient Intake

The dietary records were analyzed for calorie, protein, and iren
intake for each girl. Range of dietary intakes of calories, pretein,
and iren are shown in Table II. There.was a wide range of nutrient
intake among the subjects. .Mean levels of inﬁakes are shown in Table
III. .-Average daily calerie, protein, iron intakes for each girl were
compared te the Recommended Dietary Allowances (Appendix B) for girls
ages 14 to 18. The individual nutrient intakes for each subject.are:
shown, in Appendix -B.

At the ninth grade level, none of the girls met the RDA for
calories or iron and.ll of 18 did net meet .the RDA for protein. Calerie
intakes ranged from 990 te 2110 with the mean intake 1640 calories per
day. Prétein intakes ranged from 31 te 71 g per day with the mean

intake 48 g per.day. Iron intakes ranged from 3.7 to 15 mg per day with
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the mean intake 7.4 mg per day. One girl had an iren intake of 15.0 mg

per day using "Instant Breakfast'--an iren-fortified product.

Use of .

vitamin-mineral supplements was negligible. Of the three girls who

reperted using a supplement none took one regularly.

TABLE II

RANGE . OF NUTRIENT INTAKES ACCORDING TO
GRADE OF PARTICIPANTS

No. of

Grade ~ Students Caleries Protein (g) Iron (mg)
Recommended Level 2300 - 2400 55 18
9th 18 990 - 2110 31 - 71 3.7 - 15
10th 15 530 - 1560 21 - 68 2.0 - 10.5
1lth _ 12 350 - 2210 6 - 84 0.2 - 10.3
12th 9 460 - 2400 20 - 85 2.2 - 14.3
TABLE IIL
MEAN LEVELS OF NUTRIENT INTAKES
ACCORDING TO GRADE
Grade v Caléries Protein (g) Iron (mg)
9th 1640 48 7.4
10th 1160 42 5.6
11th 1180 41 5.1
7.3

12th 1525 53
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At the tenth grade level none of the girls met:-the RDA for calories
or iron and 13 of 1.5 did not meet the RDA for protein. Calorie intakes
ranged from 530 to 1560 per day with mean intake of 1160 calories per
day. Protein intake ranged from 21 to 68 g per day with the mean intake
43 g per day. Iron intakes ranged .from 2.0 to 10.5 mg per day with the.
mean intake 5.6 mg per &ay. Two.girls reported infrequent use of vita-
min-mineral supplements.

At the eleventh grade level none of the girls met the RDA for
calories or iron and 6 of 12 did not meet the RDA for protein. Calorie
intakes ranged . from 350 to 2210 with the mean intake of 1180 calories
per day. Protéin intakes ranged from 6 to 84 g per day with the mean
intake 41 g per day. Iron.intakes ranged from 0.2 to 10.3 mg per day
with the mean intake 5.1 mg per day. One girl reported using a vitamin-.
mineral supplement irregularly.

At the twelfth grade level, one girl met.the RDA for calories, none
met the RDA for iren, and four of nine did not meet the RDA for protein.
Calorie intakes ranged frem 450 te 2400 per-day with a mean intake 1525
calories per day, Protein intakes ranged from 20 to 85 g per day with a
mean intake of 53 g per day. Iron intakes ranged frem.2.2 to 14.3 mg
per day with a mean intake of 7.3 mg per day. One girl reported taking
an iren supplement daily and one girl reported eating liver on one éf,
the days.

It can be seen from Figure 3 -that none of .the mean nutrient intakes
met 100 per cent of the Recommended Allowances. Mean intakes of cal-
ories by percentage of RDA were: 68 per cent for ninth grade, 48 per
cent for tenth grade, 51 .per cent for eleventh grade, and 66 per cent

for twelfth grade. The percentages.of mean protein intakes by
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percentages of RDA were: 87 per cent for ninth grade, .76 per cent for
tenth grade, 74 per.cent for eleventh grade, and .96 per cent for twelfth
grade. Mean iron intakes by percentages of RDA met foriiron;were; 41
per cent for ninth grade, 31 per cent for tenth grade, 29 per cent for
eleventh.grade,‘anq 40 per cent for twelfth grade.

The intakes of each nutrient decreased. frem ninth te tenth grade.
Protein and iren intakes decreaséd from tenth te eleventh grade, while
calorie intake rose slightly. Nutrient intakes increased during twelfth
grade; but did net reach the levels of the.ninth grade students.

The diets of all the girls showed an average iren intake of 4.6 ﬁg
per 1000 calories. This is below the 6 mg per 1000 caleries which is
the usual intake.in the normal American diet.

Mest of the,nﬁtritional studies done on teenage girls have found
low dietary intakes of iron. The U.S.D.A. Food Consumption Survey of
1965 (56) showed that dietary intakes of iron were around 10.5 mg per:
day. The Ten-State Survey (72) found that iren.intakes of teenage girls
were generally less than 13.5 mg per day. The study by King et al. (74)
on teenage girls showed average iron. intakes of 8 mg per.day. The
present study shewed much lower mean intakes of iron.. The mean intake
of iren was less than 44 per cent of the RDA for iron. Although the
Ten-State Survey.found dietary intakes of protein above levels consid-
ered adequate, King et al. (74) found average protein intakes of SZIg
per day. Thé-mean intakes in the present study were generally lower
possibly due to a high incidence of snacking. A wide range of calerie
intakes for teenage girls have been found in.all of the studies. King
et al. (74) found that teenage girls consume around 1400 calories per

day which is considerably less than the Recommended Allowance.. The
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present study alse found that the mean calorie . intakes were less than

the ‘RDA for . calories for teenage-girls. :
Daily Food Guide and Meal Patterns

The.diets of each girl were analyzed for adequacy in meeting the-
reconmmendations of the Dailly Food Guide (Basic Four). The diets were.
rated good if a subject ate foods from all four food groups and met the
required amount of three groups; fair if a subject ate foodsifroﬁ,all
four food groups and met the-required amount of twoe groups; .and poor if
(a) .all four food groups were not.represented in the .diet, or (b) if the
four food groups were represented, but required amounts not met.‘

At the ninth grade level, two girls had good'diets, 12 had fair
diets, and four had poor diets. At the tenth grade level, noene of the
girls had good die;s, four had-fair diets, and 11 had .poor.diets. At
the eleventh grade level, none‘of<the girls had good diets, five had-
fair diets, ‘and seven had poor diets. At the twelfth grade level, one
girl had a good diet, six had falr diets, and two had poor diets. These
results are shown in Table IV,

When compared to the Basic Four, the diets of the subjects were
shown to decrease in adequacy during tenth and eleventh grades.

Eighteen of the 27 tenth and eleventh grade students had diets rated
poor (66 per cent) as compared to 21 per.cent rated poor for ninth
graders .and 22 per-cent rated poor for twelfth graders. The two food
groups most fre;uently absent or found . in only small amounts in the diet
were the Milk Group and the Fruit and.Vegetable Group.

When‘recording meal patterns, it was found that of the. 54 girls, 20

skipped breakfast entirely. Fifteen others had an inadequate breakfast.
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consisting only, of -such-items as soda pop, ice cream, or coffee. Twelve
girls skipped lunch entirely. Of the 32 girls who reported eating lunch
at a restaurant, cafe, or hamburger stand, 20 of these reported consum-
ing only soda pop or soda pop and such snack foods as chips or candy.
Ten of the.girls reborted eating lunch at the scheol. Their diets were-
better balanced according te the Basic, Four and had higher\nutrient;
intakes than those who ate lunch elsewhere. All.of the girls reported .

eating dinner:

TABLE IV

ADEQUACY - OF ‘DIETS OF THE -SUBJECTS AS COMPARED.
TO THE BASIC FOUR FOOD GROUPS

Grade ‘ Good | Fair " Poor
9th 2 12 4
10th. 0 4 11.
11th 0 5 7
12th 1 6 2
Total 3 27 Y

Snacking.was very common.  Over -two-thirds of the girls reported
snacking -at least once a day every day'and~the other one-third reported-
snacking four or .more times, a week. Snack foods.accounted for.30 per
cent of the~caloriesxper day_in~75_per‘cent of the girls. Most frequent:
snack foods. consumed were soda.pop,.chips and candy. Ten girls reported-

consuming four or more cokes per day, Empty calorie snack foads were



40

the choice of most of the girls. Only a very few choose snack foods.

such as fruit, milk and ceokies, or ice cream.
Results of Blood Analysis.

Blood levels for each subject were compared to the normal values
published for use with the Coulter Counter (Appendix B). Hemoglobin,
hematocrit, and red cell indices were evaluated. Distribution of heémo-
globin and hematercrit values. are shown in-Table V,

For ninth grade students, hemoglobin levels ranged from 11.7 g per
100 ml to 15.3 g per.100 ml with a mean level of 12.9. Hematocrit
levels rangedjfrom324.6,per cent to 45.5 per.cent with a mean hematecrit
of 39,0 per cent, Red cell indices were in the normal range for all
subjects, Normal, values for hemoglobin, hematocrit, and red cell
indices are shown in Table.XII, Appendix.B.

For tenth grade students hemoglobin levels ranged from 11.5 to 14.3
with the mean level 12.8. Hematocrit levels ranged from 33,8 to 4l.4
with.a mean level of 37.3. Réd:cell.indices were in the.normal'range. .

For eleventh grade, hemoglobin levels ranged from 12.1 to 13.8 with
the mean hemoglobin level 12.8. Hematocrit levels ranged from 35.9 to
40.0 with the mean hematocrit level 38.2.- Red cell ‘indices were in the
normal.range.

For twelfth .grade students, hemoglobin.levels ranged. from 12.2 to
13,8 with a mean level of 12.9. Hematocrit levels ranged from 36.7 to
40.9 with a.mean.level of 28.6. Red cell indices were in the normal
range. .

The mean hemoglobin:levels decreased in tenth and eleventh grades.

and then .increased again in twelfth grade. Hematocrit levels dropped in



TABLE -V

DISTRIBUTION OF HEMOGLOBIN AND HEMATOCRIT VALUES

BY GRADE LEVEL-

Hemoglebin Values

Grade Beléw 12.0- ' ' 12.0 to 12.4 S 12.5 to 13.0 'Abeé:IB.O ’
9 1 1 7 9
10 3 3 4 5
11 0] 3- 5 4
12 0 2 3 4
Hematocrit Valués :
Grade 'Belgw-34 0 34,0 to 37.q' a o 37.0 to 40.0. Above 37.0
9. 0 1 14 3
10 1 4 8 2
11 0] 3 9 0
12 (0] 2 4 3

Y
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the tenth grade and rose in the. eleventh and tweifth grades but 'did not.
reach the level of ninth. grade students (Figures 4 and 5).

When.a hemoglobin level of 12.0:'g per 100 ml.is used as.the lower.
limit of normal, as suggested by(Wintrobe,four“girls or 7..per.cent of.
thetentipe'graup\were’belew the lower limit.: A hemoglobin level of ‘12.5 -
g per 100 ml.is used by other investigators as .the lower- limit of normal
and¢13'gipls or 24 per cent were found to be beiow this lower limit.
Hematocrit levels below-37, which is.the nermal level; were found in 11,
girls.

Individually most of -the girls who had'1ow-hemoglobin‘and'hema;
tocrit levels also had low dietary. intakes of iron and ate a poor.diét.
according to the ‘Basic Four. However, one girl»who'did eat.a well-
balaﬁch‘diet~did have low hemoglobin-levels.

Low dietary intakes of .iron.did not-correélate ceonsistently with low-
hemoglobin. and -hematocrit levels.:@ A higher correlation might be shown'
by a leng-term study of dietary.intakes of iren and hemoglobin and

hematocrit levels. :
Nutritien-Quiz Results-

The nutrition quiz was.given to help ascertain the girls' knowledge
of nutrition. The quiz contained'25_qﬁestion5 and: was graded excellent:
if.22 to 25'questions were correct; good if 18 to 21 were correct; fair
if 14 to 17 were correct; and poeor 1f 13 or less were .correct. - The
results are.shown in Table VI.

The results -showed .that most.of .the girls had the.knowledge of:

nutrition they needed ‘to choose a well-balanced diet.. They generally
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did not -use this knowledge as indicated by the foeds they chese.to

44 .

eat. -
TABLE VI
DISTRIBUTION OF NUTRITION -QUIZ:RESULTS
BY GRADE LEVEL OF SUBJECTS

Grade - No. éf_SEudents. Excéllenc . Good: Fair ‘ Poor

9th. 18 2 9 7 0
10th - 15 0 . 4 8- 3
11lth: 12 0 8 4 0
12th 9 0 6 0- 3
Totals - s .2 a7 19 6

Education Levels

O0f the 54 girls in this survey, .only 14 had parents who had -any

college .education.’

Four 'girls had parents who were both college grad-.

uates. Twenty girls had parents who both finished -high school but who

had no cellege education.

Twenty others had parents one or both of

whom ‘had not:.finished:high school. There did not ‘seem to . be any rela-

tion between the educatienal levels of the parents and.the dietary

habits of the girls. -

Other Dietary .Factors

It WQéminte;esting to note that 30 girls reported using iodized .
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salt regularly at home, five reported using it sometimes, and 19
reported never using it. There were also 16 ,girls who .did not use
fortified milk of .any kind. Forty girls reported using iren skillets
infrequently at home, which would be expected to. be élpossible,iron,
source. Vitamin-mineral supplements were used by only seven girls and

only two used them, regularly.
Application-of Findings

When the study was completed, the results were repertéd\and
discussed with all the subjects, The subjects were interested -in the
results and posed many questions about ways of improving their diets..
Based on the findings of the study énd.responses-by:the subjects,
opportunities for further nutritien educatioen with regard to nutrient

intake are many.



CHAPTER V
SUMMARY - AND CONCLUSIONS

Fifty-four volunteer high school heme economics students at Warner

High School between the ages of :14-and 19 were the subjects for this

study. After.parental permission had been obtained, each girl comple;ed

a dietary history, a three day dietary recofd, and a nutrition.quiz,

This was.done to see if they had the knowledge to choose a well-balanced

diet and if they used this knowledge when choosing the diet. Finger-

prick bleod samples were taken to determine hemoglobin, hematocrit, and
red cell indices. These determinations were done using the Ceulter“

. Counter, Model "S" . to give an indication of .iren deficiency in these
girls. The dietary information was analyzed for -calorie, protein, .and
iron intake using a computer program to see if Recommendéd,Dietary
Allowances for these nutrients were met. The diets themselves were
compared to the Daily Food Guide (Basic Four) to see if .the girls chose
a well-~balanced diet. .

For each nutrient studied; mean intakes were found to be below

;ﬁicommended Daily Allowances. It was hypothesized that the majority of-
girls would have diets which were below the RDA for protein and iron.
Thi; was found to be true... No girl in the study met the RDA for iron.
Thirty-seven of the 54 girls did .not meet the RDA for.ﬁrotgin. It was

also found that only one girl out .of the 54 studied met the RDA for

46



47

calories. The overall iron intake froﬁ the diet was 4.6 mg per 1000
calories which 1s lower than the national average.

Mean .intakes of calories, protein, and iren decre;sed from ninth to
tenth-grade and from tenth to eleventh grade. Twelfth grade students
had better intakes than -tenth.and eleventh grade students, but:.were
still belew ninth graders with regard to calorie and iron intakes. . The
per -cent of the Recommended Allowances met by the diets also decreased
by grades in regard to -all nutrients studied;'exqept_thatgtwelfth grade
students had an inc¢rease in protein intake.

When compared to the Daily Food Guide, the diets of the subjects
also showed a decrease in adequacy during tenth-and eleventh grades.’
Eighteen of .the 27 tenth and eleventh grade students had diets rated
poor (66 per cent), while only four ninth graders (21 per-cent) and two
twelfth graders (22 per cent) had diets rated peor.. The results showed,
that eating patterns were good in ninth graders, became poor during
tenth and eleventh grades, .then improved during the twelfth grade.

It was hypothesized that the majority of teen-age girls would not
eat a well-balanced diet, even though they had the knowledge .of how to
choose such a diet;v This was found to be true. The majority of the.
quiz results were good, but the majority of .the diets were fair and
poor. | |

Hemoglobin levels below 12 g per 100 ml were found in four girls.
Hemqglobin levels below 12.5 were found iﬁ nine girls. These lower
‘levels were more common in grades 10 and 11. This would put the inci-
dence of low iron.levels in the bloed at 7 per cent or 24 per cent
depending on which level.is used -as the lower .limit of normal. Hema-

tocrit levels below ;37 wére found in .11 girls. : The majority of the,
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girls had hemoglobin .levels aboeve 12.5'g_per 100 ml.and hematocrit
levels above 37.0. Mean hemoglobin and hematocrit levels decreased
among tenth and eleventh grade.students and rose during the twelfth
grade but ‘did not rise to the level of the ninth graders.

Of -the girls completing .the study, all with low hemoglobin levels
had ‘poer diets except one. There did not.seem to be.a relationship
between dietary intakes of iron and low hemoglobin levels. .

The findings of this study bear out the findings of other studies
indicating that it is difficult te influence teen-age girls with regard
to their eating patterns. If the girls in this age group could be.
encouraged -to meet the recemmendations of the Daily Foéd,Guide,/their

diets would improve considerably.
Recommendation for Further Study

This study was conducted at the beginning of the scﬁool{year,
After the follow-up visit .to the scheol, the author felt that thé;eating
patterns of -the girls may have been better during the summer.months and
that the poor eating habits exhibited during the three days had not yet:
influeqced‘hemoglobin levels of the girls. It is felt that a,folloﬁ—up
study done during the middle of the school.year would show more clearly.
the influence.of low dietary iron intgkes_on hemoglobin ;levels. It
might also show more clearly the eating habits of the subjects. It is-
suggested that some determination of iren stores also be done to assess
the incidence of .iron depletion at this age level. .

It 1s also felt that a long-term stydy should be done én teen-age

girls and their eating habits. If a study were conducted over a longer.
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perioed of time, correlation between bloed ‘levels .of hemeglebin and
dietary in;akes of iren might be higher,

Further studies on the snacking patterns of these girls would be
" helpful in convincing school.personnel of the impertance in providing
nutritious snack foods at the .schoeol. The poor selection of snacks made
by many of the-subjec;s was considered te contribute to the.generally
poor dietary intakes of nutrients.

Student participation in projects invelving eating habits and
detérmination of nutrient .intake -in relation to the total health of the

student .appear to be very effective.
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INFORMATION SHEET

1. Name Grade,
2. Height 3. Weight L. Age
S. Have you had any recent illnesses? If so, what?
6. Does your family use iron cooking utensils? If so, what kind?
7. Do you take a vitamin-mineral supplement of any kind?
I ; ;
If so what?
Does it conta.j.n iron or any ferrous or ferric compound?
If so state type and amount.
8. Circle the highest level of education attained by your parents.
Father Mother
1 1
2 College: 2 College:
3 1 3 1
L 2 h 2
5 3 5 3
6 b : 6 h
7 Other: 7 Other:
8 8
9 9
10 10
1} 11
12 12
9. Check the sources of your food supplies and meals.
Garden Commodities
Grocery Store School lunch
Freezer, beef, chicken, pork Restaurant
Other
10. 1Is the milk you use at home fortified with Vitamin A or Vitamin D?
Vitamin A
Vitamin D
11. Is the salt you use at h}ome iodized? _
\
12. Do you have any allergies to food? : What
13. Do you have any strong food dislikes? What
14.

Have you ever been on a special diet? What is it?

Are you on it now?
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Breakfast Lunch Supper
Snacks
Kind Kind Kind Kind
and How and How and How and How
FOODS amount cooked amount. cooked amount cooked mff?unt cooked

Fruit or Juice

Cereal

o, . m———r——

Bread (biscuit,toast;
etc.)

Egg

Milk

ey

PRy

Coffee

P

Jelly.syrup,sugar

Roll, doughnut .

Butter or margarine

PSSR RTTIN PR PSP I

Meat, fish, cheese

Vegetable

Starch (potatoes, rice,
macaroni, ete.)

Selad

d_dres;

Soda pop or other
beverage

Dessert

Potato chips

e

:

9
2
:

&

RO S

8¢
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TABLE VII

RECOMMENDED DIETARY ALLOWANCES, 1968

Nutrient

Girls, Ages 14 - 16 f - Gifls;‘Age§.16’f 18
Calories 2400 Keal 2300 Keal
Protein 35 g 55 g
Iron

18 mg 18 mg




TABLE VIII

INDIVIDUAL NUTRIENT INTAKES, 9TH GRADE:

o
o]

Student No. Basic 4 Test Cal " Pro. HgB- 'Hct,‘ MGV MCH:.. . MCHC
1 Fair- Good 1520 43 7.7 13.3 38.9 88 29.9 34.4
2 Fair Good - 1410 58 7.9 13.1 39.2 87 28.6 33.4
3 Good Good 1880 71 11.0 12.5 37.3 91 30.5 33.7
4 Fair Good 1995 65 15.0 12.9 39:1 92 30.4 33.2
5 Poor Good 1781 46 7.0 13.1 39.1 91 30.5 33.7
6 Poor Fair 1932 36 5.0 15.3 45,5 89 29.5 33.6
7 Fair Good 1900 50 7.0 12,5 37:8 87 28.5 33.2
8 Fair Fair 994 36 6.0 13.2 39.8 91 29.9 - 33.2
9 Fair Fair 1768 38 6.5 13.9 40.4 920 30.7 34.5

10 Good Gooed 2110 62 11.7 11.7 - 34,6 82 27.6 33.9
11 Fair Fair 1490 35 6.0 13.3- 39.2 92 31.1 33.9
12 Fair Fair 1690 38 7.0 14.2 42.7 94 31.2 33.3
13 Fair Fair 1030 31 3.7 12.6 37.4 85 28,7 33.9
14 Fair Good 1540 64 8.6 13.5 39.2 89 30.5. 34.5
15 Fair Fair: 2040 63 - 8.5 12,7 39.1 89 28.9 32.7
16 Poor Good 1210 46 4.4 13.0 39.1 91 29.8" 33.2
17 Poor Exc. 1540 55 6.0 12.4 37.1 94 31.2 33.6
18 Fair Exc. 1780 35 5.0

12.7 - 37.8 88 29.2 33.6

19



TABLE IX

INDIVIDUAL NUTRIENT INTAKES, 10TH GRADE

Student No. - Basic 4 Test . Cal Pro Fe HgB Het - MCV MCH: MCHC
1 Poor Good . 1320 42 5.0 12.6 37.1 89 30.1 34.2
2 Poor Good 1130 39 5.4 12.9- 37.3 88 30.2 34.6
3 Poor Fair. 1050 - 28 3.7 11.6 34.8 92 30.5 33.6
4 Poor Poor. 735 21 2.0 12.8 37.6- 88 30.0 34.3
5 Poor Fair 890 43 6.1 12.8 37.3 89. 30.5, 34.5
6 “Fair. Fair 1015 41 6.2 11.7  34.8 83 27.8 33.7
7 Poor. Poor, 1300 68 7.9 14.2 40.9 88 . 30.5 34.9
8 Fair. Fair 1560 69 10.5. 14.3 41.4 89 30.5 34.6
9 Poor, Fair 1080 42 5.4 13.1 38.7 86 28.7 33.8

10 Poor . Poor . 995 41 4.5 12.4 37.4 93 30.6 33.1
11 Fair. Fair 1390 43 6.5 12.0- 35.4 89 30.0 34.0
12 Poor . Good . 1280 34 b4 12.3 35.5 87 29.9 34&.7
13 Fair . Fair. 1500 52 7.4 13.3 39.5 92 30.8 33.6
14 Poor Good . 1080 30 4.1 11.5 33.8 86 29.4 34.2
15 Poor . Fair. 1130 47 6.1

13.1 38.5 88 29.8 34,2

29



TABLE X

INDIVIDUAL NUTRIENT INTAKES, 11TH GRADE:

Student .No. Bésic,A Test Cal. ‘Pro Fe HgB Hect ‘MCV MCH MCHC
1 Fair Good 1650 75 10.2 13.2 39.2 92 30.8 33.8
2 Fair Good 2210 84 10.3 13.8 39.8 89 30.4 34.8
3 Poor Fair 1340 41 6.1 12.1 35.9 82 27.5. 33.9
4 Poor Good 660 19 3.6 - 13.0 38.2 95 32,1 34.1
5 Poor Good 950 26 3.8 13.3 39.4 85 28.4 33.9
6 Poor Fair 350 6 .2 12.6 38.6 93 30.0 32.7
7- Poor Fair- 1200 31 3.6 13.0 39.3 93 30.5 33.2
8 Fair Good 1640 42 6.7 12.2 36.3 85 28.3 33.6
9 Poor Good 550 32 3.3 12.5 37.6 89 29.4 33.3

10. Fair Good 1300 57 4.5, 12.3 36.7 88 29.3 33.7
11 Poor Fair 1150 39 5.0 13.7 40,0 81 27.4 34.4
5.1 12.9

12 Fair Good 1150 42

37.6 86 29.4 34.3.

£9



TABLE XI

INDIVIDUAL NUTRIENT INTAKES, 12TH GRADE

tf
o

Subject No.  Basic 4 Test . Cal Pro HgB Het MCV MCH. MCHC
1 Fair. Good . 2100 85 11.0 13.1 39.7 98 32.1 32.9
2 Fair Good. 950 20 2.2 12.7 37.6 86 28.9 33.9
3 Good . Good . 1875 74 14.3 12.9 40.2. 94 30.0 32.1
4 Poor . Poor 1080 27 3.4 12.2 36.9 - 91 29.8 33.0
5 Fair Poor 1460 60 5.2 13.8 30.9 88 29.6 33.8
6 Poor . Poor . 460 38 - 3.6 13.2 40.1 86 28.2 33.0
7 Fair Good . 2400 65 10.9 12.4 36.7 89 29.8 33.9
8 Fair. Good 1840 62 8.2 '12.5 37.1 91 30.5 33.8
9 Fair Good . 1560 49 7.0

13.4 39.0- 90 30.8 34.5

%9



TABLE XII

NORMAL BLOOD VALUES FOR A FEMALE

USED WITH COULTER COUNTER.

65

‘Normal

Value
Hemoglobin (g) 12 - 16
Hematocrit (%) 37 - 47
MCY- (ug) 82 - 92
MCH (uug) 27 - 31

MCHC (%)

32

36
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