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CHAPTER I 

INTRODUCTION 

Iron is an essential element and is necessary for many 

biochemical reactions. It also functions in the transport 

of oxygen as a component of hemoglobin. Iron deficiency is 

common throughout the world (1). Decreased enzymatic 

activity, reductions in work performance, fatigue and 

abnormal thermogenesis are some of the possible 

consequences of iron deficiency (2). 

Blood loss is one of the major causes of iron 

deficiency in the elderly. Another possible contributor to 

iron deficiency is inadequate absorption of iron due to 

dietary factors (3). Heme iron, provided by animal 

proteins, is absorbed more efficiently than nonheme iron 

(4). Most sources of animal protein enhance the absorption 

of nonheme iron (5). Ascorbic acid has also been found to 

enhance the absorption of iron (6,7,8). Products 

containing bran, hemicellulose, lignin and phosphates have 

been associated with inhibition of iron absorption. Nuts, 

tea and coffee also have an inhibitory effect on absorption 

of iron (8,9). 

The purpose of this study was to evaluate the iron 

status of an elderly population using hematofluorometer 

zinc protoporphyrin values. Zinc protoporphyrin. 



hematocrit, hemoglobin, mean corpuscular volume, red 

blood cell distribution width and serum ferritin 

measurements were used to study the iron status of an 

elderly population. Effects of food frequency data and 

medications taken by subjects were evaluated. Dietary 

information was obtained through the use of a food 

frequency questionnaire. 



CHAPTER II 

REVIEW OF LITERATURE 

Iron 

Iron is an essential element found in all living 

cells and it functions in many biochemical reactions. 

Iron is a key component of a number of enzymes, including 

cytochromes which are necessary for electron transport, 

and oxidases and oxygenases which activate oxygen. As an 

element of the hemoglobin (Hb) and myoglobin molecules, 

iron functions in the transport of oxygen (1). 

Iron is continuously recycled. Aged red blood 

cells are broken down by the reticuloendothelial system. 

The iron is released and transported by transferrin to the 

bone marrow where new red blood cells are formed. Some 

iron is used in the formation of new body cells. Iron 

lost from the body is replenished by absorption from the 

diet. Despite the body's ability to conserve iron, iron 

deficiency is a prevalent deficiency disease in the world 

(1). 

Heme iron compounds include cytochromes, myoglobin, 

catalase and peroxidase. Cytochromes a, b and c are 

essential for the oxidative production of adenosine 

triphosphate in the mitochondria. Some cytochromes are 

located in the endoplasmic reticulum. Cytochrome P450 
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in the liver parenchymal cell assists in the oxidative 

break down of drugs and endogenous matter. Cytochrome b^ 

may be necessary for protein synthesis. Myoglobin stores 

oxygen for release during muscle contraction (10). 

Non-heme iron containing enzymes include the iron-

sulphur proteins and metalloflavoproteins such as NADH 

dehydrogenase, succinic dehydrogenase, and xanthine 

oxidase (10). Iron or heme also functions as a cofactor 

for certain enzymes, including aconitase, an enzyme of the 

tricarboxylic acid cycle (10). 

Overview of Iron-deficiency Research 

The possible effects of iron deficiency include 

decreased enzymatic activity, less efficient work 

performance, impaired cellular immunity and abnormal 

thermogenesis (2). 

The purpose of a study by Blayney et al. (11) was to 

determine the effects of iron deficiency on rat heart 

mitochondria. Iron-deficient rats weighed significantly 

less than control rats at both 7 (p<.005) and 14 (p<.001) 

weeks. Ventricle to body weight ratio was significantly 

higher in iron-deficient rats at 7 (p<.05) and 14 (p<.005) 

weeks; evidence of hypertrophy. Significant reductions 

of NADH, cytochrome c reductase, succinic cytochrome c 

reductase, succinic dehydrogenase, and NADH ferricyanide 

activities were found in iron-deficient rats at both 7 and 

14 weeks. Also reduced at 14 weeks were cytochrome c 



oxidase activity and the concentrations of cytochromes a3, 

b and c-ĵ . Mitochondrial oxygen uptake was significantly 

lower at 7 and 14 weeks. Oxidative phosphorylation was 

not significantly reduced. The results indicate that iron 

deficiency is associated with impaired myocardial 

mitochondrial electron transport. 

Decreased levels of monoamine oxidase (MAO) have been 

found in liver, adrenal gland and heart tissue of iron-

deficient people and rats. Brain levels appear to be 

stable. Sensitivity to MAO inhibitors used to treat 

depression may be increased in patients with iron 

deficiency (12). 

Youdim et al. (13) conducted a study to determine the 

effect of iron deficiency on human platelet MAO activity. 

Sixteen subjects with iron-deficiency anemia and 20 normal 

subjects completed the first study. Blood platelets, from 

iron-deficient patients, when assayed with four substrates 

showed significantly decreased MAO activity. Reductions 

were highly significant (p<.001) with tyramine, dopamine 

and 5-hydroxytriptamine as substrates and somewhat less 

significant (p<.05) with phenylethylamine as the 

substrate. Four substrates were used since varying forms 

of the enzyme have different substrate specificities. In 

a second study, seven iron-deficient patients were treated 

with oral iron preparations for 38 days. Platelet MAO 

activity returned to normal in blood samples from all but 



two patients, whose serum iron concentrations remained 

below normal limits after iron therapy. 

Dallman and Goodman (14) studied the effects of iron 

deficiency on the hepatocytes of rats, with the use of 

biochemical and ultrastructural techniques. Experimental 

rats were given iron-deficient diets. Control rats 

received the same diet with the addition of iron 

supplements. An electron microscope was used to determine 

mitochondrial size and number. After three weeks of 

exposure to the iron-deficient diet, a greater percentage 

of cytoplasm was taken up by mitochondria in the 

experimental animals than in the control groups. The 

percentage had increased at eight weeks. The increase was 

due to increase in size of mitochondria. A double 

membrane was observed in many of the mitochondria from the 

iron-deficient animals. When iron treatment was given to 

the iron-deficient animals the mitochondria became normal 

in size and appearance after five days. Cytochrome 

concentration per mg of phospholipid was determined. 

After three weeks on the iron-deficient diet, 

concentrations of cytochromes c and a were significantly 

less (p<.02) than concentrations found in control groups. 

A decrease in cytochrome P450 concentration was noted 

at eight weeks, but not at three weeks. 

Edgarton et ai. (15) conducted a study of 217 female 

tea plantation workers in Sri Lanka (Ceylon) to determine 



the effects of iron-deficiency anemia on work productivity 

and vitality. Subjects were matched according to initial 

Hb concentration and productivity. The treatment group 

received 200 mg of ferrous sulphate daily for two months, 

whereas the placebo group received 300 mg of calcium 

lactate for the first month. The second month the placebo 

group took the same medication as the treatment group. 

Overall treatment effects showed a significant improvement 

in worker productivity (p<.05). Subjects with an initial 

Hb concentration <9.0 g/dl improved their productivity 

from 15.6 to 17.5 kg tea/day (p<.01) while the subjects 

with initial Hb >11.0 g/dl showed a mean decrease in 

productivity of 16.2 to 16.0 kg/day. Given treatment, the 

moderately anemic and iron-deficient subjects were more 

productive than the normal subjects. Subjects who 

received iron treatment were found to have lower heart 

rates for a given level of physical activity in two out of 

three pairs of subjects. The results suggest that 

subjects with iron-deficiency anemia do experience 

tiredness and weakness. 

Physical work capacity and metabolic stress in 75 

female tea estate workers from Sri Lanka (Ceylon) were 

investigated by Gardner et ai. (16). Hb levels of the 

subjects ranged from 6.1 to 15.9 g/dl. Age of the 

subjects ranged from 22 to 65 years (mean = 35 years). 

Seven groups were formed using 1 g/dl Hb increments from 6 
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to 13 g/dl. The eighth group was made up of subjects with 

Hb values >13 g/dl. All of the subjects with Hb >13 g/dl 

were able to reach the selected peak work load of 6.36 

km/hr. at 20% grade on a treadmill. None of the subjects 

in the lowest Hb group were able to achieve the peak work 

load. The work time of subjects with Hb concentrations 

between 11.0 and 11.9 g/dl was 20% less than subjects with 

Hb levels >13.0 g/dl, indicating that mild iron-deficiency 

anemia may result in decreased work performance. With 

each g/dl decrease in Hb the heart rate increased 

approximately 4.7%. Post exercise lactate concentrations 

were significantly greater in the lowest Hb group (p<.001) 

than in the group with Hb >13 g/dl. The authors concluded 

that work performance capacity is proportional to the 

degree of anemia. 

Finch et aJL. (17) conducted a study to determine the 

cause of impaired work performance in iron-deficient rats. 

An exchange transfusion was performed the day of the 

experiment to achieve a common Hb level of approximately 

10 g/dl blood so the effects of anemia would be excluded. 

The iron-deficient rats had an impaired work performance 

and a higher blood lactate concentration than the control 

rats. The rate of lactate clearance from the blood was 

not affected by iron deficiency. Therefore, the 

accumulation of lactate is due to excess production rather 

than faulty lactate clearance. Iron-deficient animals 



with a similar degree of anemia before transfusion were 

divided into two groups, based on ability to run on a 

treadmill. The a-glycerophosphate oxidase, was 

significantly less in the animals with poor running times 

than in the animals who could run more than 20 minutes 

(p<.001). The authors concluded that iron deficiency 

results in depletion of the iron-containing mitochondrial 

enzyme, a-glycerophosphate oxidase, which impairs 

glycolysis. As a result, excess lactate is formed causing 

decreased work performance. 

Perkkio et ai. (18) conducted a study to determine 

the effect of iron deficiency on work capacity in rats. 

The groups of rats were fed diets with iron content 

ranging from 9 to 50 mg/kg. A 16% decline in maximal O2 

capacity (VO2 max) was noted with a decrease in Hb from 14 

to 8 g/dl. VO2 max dropped sharply when the Hb 

concentration was below 7 g/dl. No significant reduction 

in endurance capacity was found when Hb was between 14 and 

10 g/dl. Endurance dropped 73% between a Hb of 10 and 8 

g/dl. The VO2 max results were expected due to the 

compensatory mechanisms that maintain delivery of oxygen 

when Hb concentration decreases. One example of a 

compensatory mechanism is the shift of the oxygen-

hemoglobin dissociation curve to the right and an increase 

in the amount of oxygen extracted from blood as it passes 

through the capillary bed. The authors concluded that 
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relatively mild iron deficiency may cause a major decrease 

in work performance due to decreased skeletal muscle 

oxidative capacity whereas compensatory mechanisms exist 

for maintaining O2 delivery despite mild anemia. 

Joynson et ai. (19) studied cell-mediated immune 

responses in 12 adult patients with iron-deficiency 

anemia. Twelve healthy adults served as controls. A 

significant skin reaction to Candida antigen was noted in 

all control subjects after 48 hours, compared to three of 

the 12 iron-deficient subjects. Skin reaction to purified 

protein derivative (P.P.D.) was positive in ten of the 

controls. Five of the iron-deficient subjects showed a 

positive skin reaction in response to the P.P.D. In vitro 

studies of transformation and macrophage migration 

inhibition factor (M.I.F.) were completed. Lymphocyte 

transformation, measured by thymidine uptake for 

deoxyribonucleic acid synthesis was significantly less in 

the samples taken from iron-deficient subjects when P.P.D. 

was the antigen (p<.001). No significant difference in 

lymphocyte transformation was found when Candida was used 

as the antigen. M.I.F. in supernatants taken from iron-

deficient subjects was significantly less than those taken 

from control subjects with both Candida (p<.005) and 

P.P.D. (p<.05). Results indicate that iron deficiency 

may produce or potentiate immunodeficient states. 
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Chandra (20) conducted a study with 12 children, 

diagnosed with iron-deficiency anemia. The control group 

consisted of 10 healthy children. Ages ranged from one to 

eight years. Results included significantly less (p<.001) 

intracellular bacterial killing by polymorphonuclear 

leukocytes (PMNs) and oxidative reduction of nitro-blue 

tetrazolium in the iron-deficient children as compared to 

the control group. Seven days after the iron-deficient 

children received parenteral iron a normal response was 

shown to the tests. PMN dysfunction may be one of the 

underlying factors in the increased risk of infection in a 

malnourished child. 

Immune response was investigated by Srikantia et al. 

(21) in 88 Indian children with ages ranging from 2 to 14 

years. Children with Hb levels below 10 g/dl had 

significantly lower mean values (p<.01) for both percent T 

lymphocytes and H-thymidine uptake than children with Hb 

values >10 g/dl (p<.01). In vitro studies showed a 

significant decrease in bactericidal activity when Hb 

levels were <10 g/dl (p<.001). 

Along with the status of the immune system, another 

factor that plays a role in the outcome of infection is 

the availability of iron to the invading micro-organisms. 

Iron overload promotes microbial scavenging mechanisms and 

subsequent infection. Brock (22) has reviewed iron status 

and the outcome of infection and concludes that normal 
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iron balance is a compromise situation in which there is 

limited availability of iron to invading micro-organisms, 

while at the same time enough iron is present for the 

proper function of the host's immune system. 

Outward manifestations of iron deficiency are easily 

overlooked. The body has the ability to compensate for 

the reduced oxygen transport of moderate anemia in the 

absence of other problems such as cardiopulmonary disease. 

A person with these compensatory mechanisms activated may 

experience reduced ability to deal with stressors such as 

extreme heat or cold (23). 

Hypothermia and excessive catecholamine response were 

found in iron-deficient rats exposed to a temperature of 

4''C by Dillman et al. (24). Experiments were also done 

after removal of hair to rule out any effects of change in 

body insulation. Oxygen consumption was lower in iron-

deficient animals than in control animals. Iron-deficient 

rats at 4'"C had a mean thyroxine (T^) level of 4.34 ± 0.20 

ug/dl. Mean T^ level in control rats was 3.6 ± 0.32 

ug/dl. Mean triiodothyronine (T3) level in the iron-

deficient rats at 4°C was 48 ± 6.8 ng/dl versus 72 ± 5.6 

ng/dl in the control rats. After iron treatment was given 

to iron-deficient rats, plasma T3 response at 4°C 

normalized within six days. Hypothermia at 4''C was not 

noted in thyroidectomized iron-deficient rats injected 

with T3. Thyroidectomized iron-deficient rats injected 
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with T4 exhibited hypothermia, increased catecholamines, 

and decreased T3 levels. The authors suggest that iron 

deficiency may impair conversion of T^ to T3, resulting in 

hypothermia. 

Iron is required by the central nervous system. 

Irritability, fatigue, lower achievement test scores, 

behavior disturbances and neurophysical difficulties have 

been noted in adolescents and infants with iron deficiency 

(12,25). 

Ghosh et ai. (26) studied gastrointestinal function 

in a group of 30 children with iron-deficiency anemia. 

The mean age of the subjects was 9.3 ± 2.5 years. The 

control group consisted of 13 healthy children of similar 

age. Anemia was secondary to hook worm infection in 16 

children in the study population. The cause of anemia was 

attributed to dietary iron deficiency in 14 children. All 

anemic patients exhibited reduced gastric acidity. Iron-

deficiency appears to cause reduced acid secretion by the 

parietal cells. 

A series of studies were conducted by Halsted et al. 

(27) on 11 Iranian male patients, ranging in age from 14 

to 2 6 years, with severe and prolonged iron deficiency of 

dietary origin. Tests of d-xylose absorption, iron 

absorption and stool examinations showed normal intestinal 

absorption. Barium enema, upper gastrointestinal series 
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and small bowel series did not reveal any abnormalities. 

Achlorhydria was noted in five out of seven patients. 

Intestinal malabsorption has been found in infants 

with iron-deficiency anemia. The reason for the 

difference between adults and children is not clear. The 

regeneration process of the mucosa of adults may be less 

vulnerable to deficiency of iron-containing enzymes (27). 

Iron Absorption 

The two main causes of iron deficiency are blood loss 

and inadequate iron absorption. Possible reasons for 

inadequate iron absorption include sprue, gastric surgery 

and the quality of the diet. The average intake of food 

reflects an iron content of approximately 6 mg/1000 

kilocalories. The availability of food iron varies. The 

absorption of iron increases as iron stores become 

depleted and decreases as stores are replenished (23). 

Most iron is absorbed in the duodenum and upper 

jejunum. The mucosal cells of the duodenum appear to 

store information regarding the status of the body's need 

for iron. Factors possibly contributing to the signal 

sent to the intestinal mucosal cells include the percent 

saturation of transport proteins of iron, plasma mucosal 

cell levels of ferritin, plasma iron turnover rates, state 

of tissue hypoxia, and state of erythropoiesis. This 

mechanism is probably most effective with an iron 

intake ranging from 10 to 30 mg per day. The absorption 
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of pharmacological doses of iron is approximately 10% of 

the amount taken. A person with iron deficiency may 

absorb more than 10%. The body does not appear to provide 

protection from iron toxicity when large doses of iron are 

taken (3). 

Iron from foods other than meat is usually in the 

ferric-ion state. Ferric iron must be reduced to ferrous 

iron before it is absorbed. Heme iron from myoglobin and 

Hb is provided by meats. Absorption of heme iron is 

approximately 12-22%, compared to 1 to 7% absorption of 

nonheme iron (3). Monsen et ai. (28) has developed a 

method for calculating absorbable iron. It is assumed 

that approximately 3% of the nonheme iron in a meal 

containing <2 5 mg ascorbic acid is absorbed compared to 

the absorption of 8% of the nonheme iron in a meal 

containing >75 mg ascorbic acid. The absorption of heme 

iron is not affected by the presence of ascorbic acid. 

The Food and Nutrition Board, National Academy of 

Sciences-National Research Council Recommended Dietary 

Allowance (RDA) for iron in men and women over 51 years of 

age is 10 mg per day. This recommendation is based on the 

average loss of 1 mg per day in adult men and an average 

absorption of 10% of dietary iron (29). 

The epithelial cells of the intestine may absorb heme 

iron directly. Heme oxygenase catalyzes the breakdown of 

most heme iron to free iron and tetrapyrrole (12). 
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Layrisse et al. (4) conducted a study of iron 

absorption with 79 male subjects and 52 female subjects. 

Twenty-five percent of the subjects were anemic and 80% 

had iron depletion according to decreased plasma iron 

and/or transferrin saturation. Size of experimental 

groups ranged from 9 to 21 participants. Mean absorption 

values ranged from 1.7 - 7.9% for spinach, lettuce, black 

beans, corn and wheat as compared to a range from 15.6 -

2 0.3% mean absorption for soybeans, fish, veal and Hb. To 

minimize individual variations in capacity to absorb iron, 

the ratio of food iron absorption to the absorption of 

ferrous ascorbate was calculated. The ratios were as 

follows: spinach 0.11, lettuce 0.31, black beans 0.17, 

corn 0.13, wheat 0.29, soybean 0.46, fish 0.40, veal 1.31, 

Hb (rabbit) 0.57. 

Various animal proteins enhance the absorption of 

nonheme iron. In a study with 70 female subjects ranging 

from 18 to 37 years of age. Cook and Monsen (5) found a 

two-fold to four-fold increase in iron absorption when 

beef, lamb, pork, liver, chicken or fish were individually 

substituted for egg ovalbumin in a semi-synthetic meal. 

When the protein substitute was milk, cheese or powdered 

egg, iron absorption was not significantly different from 

iron absorption with ovalbumin as the protein source. 

Similar findings were obtained with a standard meal 

consisting of ground beef, potatoes, corn bread. 
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margarine, ice milk, and peaches. The authors concluded 

that all sources of animal protein do not have an 

equivalent enhancing effect on nonheme iron absorption. 

Ascorbic acid enhances the absorption of nonheme iron 

by acting as a reducing agent, changing ferric iron to 

ferrous iron (3). Sayers et ai. (6) conducted a study to 

determine the effect of ascorbic acid supplementation on 

iron absorption. Sixty-six women participated in the 

study. Sixty-five of the women were iron deficient (based 

on the absence of stainable iron from bone marrow 

aspirates). Values for mean absorption of iron were as 

follows: maize porridge alone, 0.12 mg; maize porridge 

with a supplement of 50 mg ascorbic acid and 2.5 mg iron, 

1.3 6 mg; supplements of 100 mg ascorbic acid and 2.5 mg 

iron, 1.3 6 mg; supplements of 100 mg ascorbic acid and 5 

mg iron, 1.60 mg. Ascorbic acid added to maize porridge 

before cooking significantly increased the absorption of 

both supplemental and intrinsic iron. No enhancement of 

iron absorption was noted when ascorbic acid supplements 

were incorporated into soya biscuits and whole wheat 

bread. This was attributed to the oxidative destruction 

of the ascorbic acid during baking. 

Bjorn-Rasmussen and Hallberg (7) studied the effects 

of various doses of ascorbic acid on the absorption of 

nonheme iron in 30 men and women, ranging from 19 to 35 

years of age. Dose levels of ascorbic acid were 12.5, 25, 
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50, 100 and 200 mg. A significant increase in iron 

absorption was found at all dose levels of 25 mg and 

above. 

Results of a study by Gillooly et ai. (8) show that 

citric acid, ascorbic acid, malic acid and tartaric acid 

enhance the absorption of iron. Oxalic acid, tannic acid 

and phytate inhibited the absorption of iron. 

Phytates and phosphates have been associated with 

decreased absorption of iron. Simpson et ai. (30) 

investigated the inhibitory effects of bran on iron 

absorption. Five separate studies were conducted. 

Subjects consisted of 60 men and women, without iron 

deficiency anemia. Age range was 19 to 42 years. Nine to 

18 subjects participated in each study. The test meal for 

the first study consisted of two muffins and a milk shake. 

In 10 subjects mean iron absorption from the meals 

containing bran muffins was 0.62% as compared to 2.39% 

absorption from the meals with plain muffins, indicating 

that bran had a significant effect on iron absorption 

(p<.0001). Thirteen subjects completed a second study to 

determine the effect of bran on iron absorption with meals 

containing iron of high availability. Test meals included 

two plain or bran muffins, 100 g cooked lean beef and a 

milkshake. Mean iron absorption was 1.69% with bran 

muffin meals and 3.46% with plain muffin meals. This 

study also showed a significant effect of bran on iron 
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absorption (p<.001). Another result of the second study 

was that the mean iron absorption was 3.89% with bran 

muffins and 9.29% with the plain muffins when ascorbic 

acid supplement was added to the milkshake. Again, iron 

absorption was significantly less when bran was included 

in the meal. Results of the third study showed that the 

mean absorption ratio of labeled iron from monoferric 

phytate (MFP) to absorption of nonheme iron was not 

significant, indicating that the absorption of iron from 

MFP is not less than the absorption of nonheme iron. A 

fourth and fifth study were carried out to detennine what 

factor in bran inhibits iron absorption. Phytate-free 

bran inhibited iron absorption as much as whole bran. 

Dephytinized bran was separated into soluble and 

insoluble, high fiber fractions. Inhibition of iron 

absorption was greater in test meals containing muffins 

made with the soluble, phosphate rich fraction of bran, 

indicating that phosphate may be more inhibitory than 

fiber. 

Gillooly et ai. (31) studied the effects of phytate, 

polyphenol and various fibers on iron absorption in Indian 

women. A process called pearling was used to remove the' 

outer layers of sorghum grain. This process reduces the 

polyphenol and phytate content. Mean iron absorption from 

the treated sorghum was significantly increased (p<.05). 

Addition of 50 mg ascorbic acid to sorghum porridge caused 
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a significant increase in iron absorption (p<.005) as 

compared to a 9.5 mg ascorbic acid supplement. When tea 

was given with the supplemented porridge the iron 

absorption was significantly decreased (p<.0005). Wheat 

bran was found to significantly inhibit absorption of iron 

from white flour (p<.0005). Apple pectin, guar gum, gum 

tragacanth and microcrystalline cellulose did not decrease 

absorption of iron. Hemicellulose and lignin 

significantly reduced absorption (p<.05). 

Macfarlane et ai. (32) studied the effects of nuts on 

iron absorption in 137 Indian women. Iron status of the 

subjects was not considered in the selection process. The 

absorption of iron from bread and nut meals, including 

walnuts, almonds, peanuts and hazelnuts, was significantly 

less than from meals consisting of bread (p<.0005). Whole 

milk was consumed with all meals. All nuts contained 

significant amounts of phytates and polyphenols. A 50-mg 

dose of ascorbic acid given with bread and nut meals 

containing either brazil nuts or peanuts improved the 

absorption of iron to levels comparable to absorption from 

bread meals. Actual effects of fiber and phytic acid on 

mineral bioavailability are uncertain. Kelsay (3) states 

that "the body may be able to adjust to the decreased 

availability by increased absorption of the available 

mineral." 
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Monsen et ai. (33) conducted a study to determine the 

effects of calcium and phosphate salts on the absorption 

of nonheme iron. Thirty-four male and female subjects, 

ranging in age from 17 to 35 years of age, participated in 

the study. None of the subjects were anemic and all were 

free of gastrointestinal disorders known to decrease 

gastrointestinal absorption of iron. A significant 

reduction of iron absorption (p<.001) was found when 

calcium and phosphate were added to semisynthetic test 

meals with and without the addition of beef. Neither 

calcium or phosphate, when added to test meals separately, 

caused a significant reduction in iron absorption. The 

authors concluded that a calcium-phosphate iron complex 

forms which causes the inhibition of iron absorption. 

Phosphate salts are common food additives. Phosphates are 

used as emulsifying agents, buffers, sequestrants, and 

water absorbable anti-caking agents. They are also used 

to prevent bacterial growth and to preserve color and 

flavor in a number of foods. Calcium phosphate may be 

used as a leavening agent. Monocalcium phosphate 

monohydrate is an acidifying agent. 

Cook et ai. (34) found that soy products (full fat soy 

flour, textured soy flour and isolated soy protein) 

inhibited the absorption of nonheme iron. Processing of 

whole soybeans may decrease food iron absorption. Iron 

absorption was lowest in meals containing isolated soy 



22 

protein. The authors conclude that the problem of 

inhibition of iron absorption by soybean derivatives is 

most significant in a diet with soy as the major source 

of protein, containing little meat or ascorbic acid. 

Thirty-six men and one post-menopausal woman, ranging 

from 18 to 50 years of age, participated in a study by 

Morck et ai. (35) One cup of coffee consumed with a 

hamburger meal significantly decreased iron absorption by 

39% (p<.05). Tea consumed with the meal caused a 

significant 64% decrease in iron absorption (p<.001). 

Increasing the strength of the coffee resulted in further 

decrease in iron absorption. Coffee inhibited the 

absorption of nonheme iron when consumed with a meal or 

one hour after the meal. 

Disler et ai. (36) found that tea inhibited iron 

absorption in rats. Extracted tea tannins and tannic acid 

were also found to inhibit iron absorption. Rats given 

tea in which the tannins had been extracted did not show a 

significant reduction in iron absorption. A possible 

mechanism for the decrease in absorption of iron is the 

formation of non-absorbable complexes of tannins and iron 

in the lumen of the intestine. 

The absorption of nonheme iron from food sources is 

influenced by gastric acidity. Efficient solubilization 

of iron requires an acid environment. Gastric acidity 

appears to have little effect on the absorption of both 
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heme iron and the ferrous iron in medicinal iron 

supplements (3). 

Skikne et ai. (37) investigated the role of gastric 

acid in food iron absorption. The effects of cimetidine 

(Tagamet), antacid (Gelusil II) and pentagastrin 

(Peptavlon) on nonheme iron absorption were studied. 

Cimetidine inhibits and pentagastrin stimulates gastric 

acid secretion. Twenty-eight subjects showed a 

significant 28% decrease in absorption of nonheme iron 

when given a 300 mg dose of cimetidine before a meal 

(p<.01). Six hundred and 900 mg doses of cimetidine 

caused further reductions in absorption. A significant 

53% decrease in absorption of nonheme iron was noted in 10 

subjects who were given 15 ml of antacid 15 minutes before 

and 15 minutes after a test meal (p<.01). Pentagastrin 

when given in a dose of 6 >ig/kg body weight did not have a 

statistically significant effect on nonheme iron 

absorption. The authors concluded that cimetidine in a 

normal dose would not have much affect on iron nutrition. 

Cimetidine taken in combination with antacids could 

significantly decrease nonheme iron absorption. The 

degree of blood loss from the gastrointestinal tract in 

patients with acid peptic disease probably affects iron 

status more than the antacids used. 

Brittin and Nossaman (38) found that cooking in iron 

cookware significantly increases the iron content of 
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foods. Iron content was found to increase with increasing 

moisture content, acidity and cooking time. 

Anemia in the Elderly Population 

Kellermeyer (39) has defined anemia physiologically as 

"a decrease in oxygen-carrying capacity per unit volume of 

blood." Based on laboratory values, anemia occurs when 

the hematocrit (HCT) or Hb falls below the specified 

normal value. Normal values are higher for men than women 

due to stimulation of erythropoiesis by androgenic 

steroids. 

A number of estimates have been made of the prevalence 

of iron deficiency anemia in the elderly. Cook et al. 

(40) determined the prevalence of anemia in a subsample of 

1564 people who participated in the Ten State Nutrition 

Survey. The following criteria were used for defining 

abnormal lab values: transferrin saturation <15%, red 

cell protoporphyrin >100 ̂ g/dl packed red cells and serum 

ferritin <12 ng/ml. Iron deficiency was indicated when 

two of the above lab values were abnormal. Iron-

deficiency anemia was identified when in addition to the 

above criteria, the Hb level was <13 g/dl in men and <12 

g/dl in women and children. The incidence of iron 

deficiency in women over 45 years of age was 5.6% as 

compared to 4.2% incidence rate for men in the same age 

group. Iron-deficiency anemia occurred at the rate of 



25 

2.3% in women over 45 years of age and at the rate of 2.4% 

in men the same age. 

Dallman et ai. (41) made estimates of the prevalence 

of anemia based on data from the Second National Health 

and Nutrition Examination Survey (NHANES II) which was 

collected from 1976 to 1980. Reference ranges for Hb were 

established by analysis of data from a subgroup of 11,547 

subjects with normal values for serum iron/iron-binding 

capacity, mean corpuscular volume and erythrocyte 

protoporphyrin. Anemia was defined as "Hb value below the 

95% reference range for age and sex." Prevalence of 

anemia in women 45-64 and 65-74 years of age was 3.7% and 

3.5%, respectively. Men, 45-64 years of age had a 3.4% 

incidence rate of anemia. The prevalence of anemia 

increased to 4.5% in men 65-74 years of age. Normally 

serum ferritin is low in iron deficiency. Serum ferritin 

is usually elevated in the presence of inflammatory 

disease. Since the serum ferritin values of the elderly 

men were not low, the authors suggested that the increased 

prevalence of anemia in the older men may be due to 

inflammatory disease or other conditions. 

An Expert Scientific Working Group (42) made an 

assessment of iron nutritional status, also based on 

NHANES II. Three methods were used in the assessment. 

Impaired iron status was indicated in the first method 

(ferritin model) when a minimum of two of the three 
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following measures were abnormal: serum ferritin, 

transferrin saturation, erythrocyte protoporphyrin. The 

second method (MCV model) was identical to the ferritin 

model except that mean corpuscular volume (MCV) was 

substituted for serum ferritin. The third method (Hb 

percentile shift) was a calculation of the change in 

median Hb concentration after excluding individuals with 

one or more abnormal measure/s of iron status. Estimates 

of the prevalence of impaired iron status with the 

ferritin model were as follows: men 45-64 years of age, 

1.9%; men 65-74 years of age, 1.8%; women 45-64 years of 

age, 4.8%; women 65-74 years of age, 2.7%. Estimates 

using the MCV model were as follows: men 45-64 years of 

age, 2%; men 65-74 years of age, 2.9%; women 45-64 years 

of age, 4.5%; women 65-74 years of age, 3.7%. The Hb 

percentile shift model showed a prevalence of 2.0% in men 

45-64 years of age and 3.6% in men 65-74 as compared to 

3.8% and 3.2% in women of the same respective ages. The 

MCV model showed a significantly higher incidence of 

abnormal measures of iron status in people 45-74 years of 

age who had incomes below the poverty level. 

Cook et ai. (43) used data from NHANES II to estimate 

the iron status of a subgroup of 2,829 people. Mean body 

iron stores were estimated at 309 mg in women 18 to 44 

years of age, 608 mg in women 45 to 64 years of age, and 

776 mg in men 18 to 64 years of age. Based on iron stores 
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the prevalence of iron-deficiency anemia was 2.6% in 

premenopausal women, 1.9% in postmenopausal women and 0.2% 

in adult men. The prevalence of mild iron deficiency 

anemia was lower in both postmenopausal women and men when 

determined by serum ferritin levels indicating possible 

chronic inflammation or infection. 

Development of Iron Deficiency 

An adult's approximate body iron content varies from 

3 to 5 g depending on body weight, iron stores and blood 

Hb content. In a person with normal iron status, 

approximately 70% of the iron is in the form of 

hemoglobin. About 10% is contained in myoglobin. A small 

proportion of the body's iron is found in iron containing 

enzymes. Plasma and extravascular fluid contain a small 

amount of iron bound to the transport protein transferrin. 

The remaining fraction of iron is referred to as storage 

iron. This iron is located in the tissues and is 

available for synthesis of Hb and iron-containing enzymes 

or proteins (44). Usual iron stores in men range from 500 

mg to 1 g compared to 250 to 500 mg in women (3). Little 

or no storage iron may be present in women during 

childbearing years (44). 

Iron is stored in either ferritin or hemosiderin 

molecules. The iron stored in ferritin is very soluble. 

The ferritin is made up of a protein shell surrounding an 

iron core. Hemosiderin is probably degraded ferritin 
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in which the iron cores have aggregated after the 

disintegration of the protein shells. Iron is usually 

stored as ferritin. As tissue iron deposits increase 

hemosiderin is formed (44). 

Continuous net loss of iron causes reduction of iron 

stores followed by iron deficiency anemia (44). Serum 

ferritin decreases as tissue iron stores decrease. Major 

ferritin production sites are the liver, spleen and the 

bone marrow. Inflammed tissues and proliferating tumor 

cells release ferritin, resulting in elevated serum 

ferritin levels (45). 

Total iron-binding capacity (TIBC) increases and 

transferrin saturation decreases when tissue iron stores 

are depleted, resulting in a restricted supply of iron for 

erythropoiesis. Heme synthesis decreases and the level of 

erythrocyte protoporphyrin increases. Hb levels are 

usually within normal limits at this point. With time, as 

normal cells are replaced with microcytic cells, the Hb 

level falls below normal and MCV decreases (12,42). 

Measures of Iron Status 

Serum ferritin measurement by radioimmunoassay 

provides an estimate of iron stores. One nanogram serum 

ferritin is the equivalent of approximately 8 mg storage 

iron (4 5). Results of a study by Cook et ai. (46) 

indicate that serum ferritin is a valid screening measure 
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measure for the initial assessment of iron stores in a 

normal population. Freedman recommends both serum 

ferritin and bone marrow aspirations for the detection of 

iron deficiency (12). The advantage of the serum ferritin 

measurement is that it is a less invasive technique. 

Transferrin is a protein (beta globulin) which 

transports iron in the blood. Iron combines with 

transferrin immediately upon absorption from the small 

intestine. The iron loosely binds to the globulin 

molecule allowing the iron to be released to tissue cells 

as needed (47). 

TIBC is a measure of the amount of transferrin 

available to bind and transport iron. Normally only about 

one-third of the binding sites of transferrin are 

saturated with iron, enabling the transferrin pool to 

serve as a buffer when large amounts of iron are absorbed 

or released (45) 

Transferrin saturation is the percentage of 

transferrin saturated with iron. It may be calculated by 

dividing the serum iron concentration by the TIBC and 

multiplying by 100. Diurnal variations have been noted 

with serum iron, TIBC and transferrin saturation. Levels 

are highest in the morning and lowest in the afternoon or 

early evening (45). 

The red cell indices are frequently used as the 

starting point for the evaluation of anemia. Red cell 
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indices include MCV, mean corpuscular hemoglobin (MCH), 

mean corpuscular hemoglobin concentration (MCHC) and red 

cell distribution width (RDW) (39). 

MCV is the average size of the red blood cells and is 

measured in cubic micrometers (/am*̂) or fentoliters (fl) . 

Average cell volume is microcytic if smaller than normal 

(normocytic) or macrocytic if larger than normal. 

Possible causes of microcytosis include iron deficiency 

and thalassemia (39). 

Christensen (48) conducted a study of 82 adult 

patients to determine the value of serum iron studies 

(serum iron, TIBC, and transferrin saturation) and MCV in 

the differentiation between the anemia of chronic disease 

(ACD), which is common in elderly patients, and iron-

deficiency anemia. Serum ferritin level £20 ng/ml was 

used to identify the presence of iron-deficiency anemia. 

Thirty-one percent of the patients with a serum iron level 

£10 fig/dl had iron-deficiency anemia. Iron deficiency was 

found in 39% of patients with a transferrin saturation <5% 

and in 54% of the patients with TIBC >350 ;jg/dl. Eighty-

three percent of all patients with an MCV <75 jarn^ and 2% 

of patients with an MCV >86 ̂im"̂  had iron deficiency. The 

authors concluded that the predictive value of serum iron 

studies was not strong enough for routine use in the 

differentiation between ACD and iron-deficiency anemia. 

The predictive value of MCV is good as long as the MCV 
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values are <75 or >86. Mid-range values cannot be used 

alone to accurately predict the presence of iron-

deficiency anemia. 

MCHC is the amount of hemoglobin in a given volume of 

whole blood. A hypochromic MCHC value indicates that the 

red cell mass has less Hb than normal (normochromic), 

whereas a hypercromic value indicates the presence of more 

Hb than normal (39). 

MCH is the average amount of Hb in each red blood 

cell. Although usually measured with an automated cell 

counter, MCH may by calculated by dividing the 

concentration of Hb by the red blood cell count (49). 

RDW is a measure of the variation in size of the red 

blood cells. Automated blood cell analyzers are used to 

measure RDW. Normal subjects have an RDW of 13.2 + 1.6% 

(50). 

RDW has been recommended as a possible tool for 

differentiating between the microcytosis of iron-

deficiency anemia and thalassemia. The thalassemias are 

chronic, familial diseases characterized by defective 

production of either a or B polypeptide chains of Hb. 

Thalassemia is most common in people of Mediterranean or 

Southeastern Asian origin (51). HbA2 and F levels, 

measured by Hb electrophoresis, may be elevated in B-

thalassemia. Definite diagnosis of a-thalessemia is 

difficult and requires special technology (39). 
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Bessman et ai. (52), in a study with 1,270 subjects, 

developed a classification for anemic disorders using RDW 

and MCV. The authors defined anemia as a Hb <14 g/dl for 

males and <11.5 g/dl for females. The mean RDW (± 2 SD) 

in subjects with iron deficiency was 16.3 ± 1.8%. The 

mean MCV (±2 SD) was 74.6 ± 20.3 fL. RDW was within 

normal limits in patients with heterozygous a- or B-

thalassemia (13.5 ±1.5 and 13.7 + 1.6% respectively). 

According to the proposed classification system, 

heterogeneous (RDW high) and normocytic (normal MCV) 

indices are an indication of possible nutritional 

deficiency of iron, folate or vitamin B2̂ 2* Heterogenous 

microcytic indices are present in advanced iron 

deficiency. Homogeneous, normocytic values are found in 

ACD. Patients with folate or vitamin B^2 anemia have 

heterogenous macrocytic values. Homogenous, microcytic 

values are found in patients with heterozygous a- or 6-

thalassemia. 

The purpose of a study by Flynn et ai. (53) was to 

determine the value of the RDW in the classification and 

the differentiation between iron deficiency anemia and 

heterozygous thalassemia. One hundred and eighty-four 

subjects, ranging in age from one month to 79 years, 

participated in the study. Mean RDW of the 97 thalassemia 

cases was 14.9% compared to a mean RDW of 18.2% for the 68 

cases of iron deficiency. Ninety-four percent of the iron 
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deficient patients had an elevated RDW. Since it is not 

uncommon for RDW to be increased in thalassemia and other 

conditions, the value of RDW in the initial diagnostic 

classification of microcytic anemias is questionable. It 

was concluded that iron and Hb studies are needed to 

accurately diagnose the cause of microcytosis. 

Complete blood cell counts of 181 subjects without 

anemia were measured in a study by McClure et ai. (50) to 

determine the value of RDW in the detection of early iron 

deficiency. Results indicated that RDW increases in 

subjects with iron deficiency before other red blood cell 

indices become abnormal. 

Hb concentration is often used in studies of iron 

status. The Hb concentration of blacks of all ages is 

approximately 0.5 g/dl below that of whites. The 

difference in Hb level does not appear to be related to 

iron status, thalassemia or socioeconomic status. One 

problem with the use of Hb concentration in diagnosing 

iron deficiency is that there is variation in normal 

levels of Hb from person to person (54). 

HCT or packed cell volume (PCV) refers to the volume 

occupied by red blood cells in a given volume of whole 

blood or percent of red blood cells in a volume of whole 

blood (55). 

Zinc protoporphyrin (ZPP) accumulates in the blood as 

a result of high blood lead levels or iron-deficiency 
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anemia. Measurement of blood ZPP levels has been 

recommended as a sensitive, valid test for lead 

intoxication or iron-deficiency anemia (56). 

Heme is formed when a ferrous ion is chelated with 

protoporphyrin (PP). Normally the rate of PP formation 

and the chelation of iron are balanced. Usually mature, 

circulating erythrocytes contain very little PP (57). 

Greater quantities of PP can be extracted from 

erythrocytes of patients with iron-deficiency anemia or 

lead intoxication than from erythrocytes of normal 

controls. The extractable PP has been labeled free 

erythrocyte protoporphyrin (FEP). Lamola et ai. (58) 

studied the fluorescence values of diluted whole blood, 

suspensions of washed erythrocytes and gel filtration 

purified hemoglobin from patients with iron-deficiency 

anemia, lead intoxication and erythropoietic protoporphyia 

(EPP); all states in which PP is elevated. All samples 

from patients with iron-deficiency anemia or lead 

intoxication showed an emission maximum of 594 nm and an 

exitation maximum of 424 nm, compared to an emission 

maximum of 625 nm, excitation maximum of 397 nm for the 

samples from patients with EPP. Extracts made with acidic 

solvents using samples from patients with EPP, iron-

deficiency anemia and lead intoxication all had an 

emission maximum of 606 nm and an excitation maximum of 

4 05 nm which is the same as PP in the same solvent. 
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Therefore, the flourescent PP is bound differently in the 

blood of patients with EPP than in patients with iron-

deficiency anemia or lead intoxication. Results of the 

study indicate that PP is chelated with zinc in patients 

with iron-deficiency anemia or lead intoxication. The 

authors propose the following possibilities for the 

occurrence of ZPP. 

Heme synthesis is limited in iron-deficiency anemia 

due to lack of iron and in lead intoxication possibly due 

to lead inhibition of ferrochelatase activity. Normal 

amounts of PP and globin are synthesized. In the absence 

of adequate iron, ferrochelatase systems may catalyze the 

formation of ZPP. In lead intoxication zinc chelatase 

activity may not be inhibited in proportion with 

ferrochelatase activity. Another possibility is that 

nonenzymatic zinc chelation may predominate when the 

enzymatic iron insertion into PP is decreased. Patients 

with EPP synthesize excess PP and normal amounts of Hb. 

Therefore, the number of available heme sites are few, 

limiting the formation of ZPP. Another possibility is 

that ZPP may be an intermediate in heme biosynthesis. ZPP 

accumulates in iron-deficiency anemia and lead 

intoxication while the earlier intermediate PP accumulates 

in EPP (58). 

Labbe (59) states that lead may interfere with 

intracellular iron transport rather than inhibiting the 
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activity of ferrochelatase. It is assumed that PP combines 

with ferrochelatase. This complex may react with iron 

to form heme or with zinc to form ZPP. 

Free erythrocyte porphyrin:hemoglobin (FEP:Hb) ratios, 

serum ferritin levels and transferrin saturation were 

measured in 20 infants with iron-deficiency anemia before 

and during treatment with a ferrous sulfate solution by 

Thomas et ai. (60). A direct correlation (r=-0.92) was 

found between elevated pretreatment FEP:Hb ratios and 

increasing degree of anemia as determined by decreasing Hb 

level. After treatment serum ferritin and transferrin 

saturation showed inconsistent responses. FEP:Hb ratios 

showed a steady decline during treatment, but remained 

above levels in nonanemic control subjects. Serum 

ferritin levels and transferrin saturation were found to 

be inaccurate measures of iron deficiency in the presence 

of acute inflammatory disease. Acute inflammatory disease 

did not prevent the detection of iron deficiency with the 

FEP:Hb ratio. Chronic inflammatory diseases may cause 

elevation of FEP. 

Piomelli et ai. (61) conducted a study to determine 

the usefulness of FEP:Hb ratio in diagnosing iron 

deficiency anemia. The study population included 145 

children, 131 of whom were between one and six years of 

age and 14 who were between six and thirteen years of age. 

Also studied were 15 patients with B-thalassemia trait, 14 



37 

patients with renal anemia and 11 patients with sickle-

cell anemia. Results showed an exponential increase in 

FEP:Hb ratio as transferrin saturation decreased and a 

further increase as Hb level dropped. Therefore the 

FEP:Hb ratio becomes abnormal when iron stores are low, as 

indicated by decreased transferrin saturation, before 

anemia develops. The significance of the exponential 

increase in FEP:Hb ratio is that a small decrease in Hb in 

a person with low transferrin saturation values will cause 

a comparatively large increase in FEP:Hb ratio. FEP:Hb 

ratio was not elevated in patients with acute bleeding, B-

thalassemia or renal anemia, but was abnormally high in 

two of the patients with sickle-cell anemia. 

Expressing FEP in /jg/dl of erythrocytes or fig/g Hb 

serves as a correction factor for anemia. Seven out of 2 2 

patients in the above study would have had normal values 

without correction of FEP concentration for anemia (61) 

The purpose of a study by Labbe et ai. (57) was to 

determine the value of the molar ratio of PP to heme in 

the assessment of iron status. Blood samples from 675 

subjects were evaluated. PP was extracted, solubilized 

and measured fluorometrically. Heme was precipitated, 

dissolved and measured spectrophotometrically. Retinol 

acetate, a-tocopherol, bilirubin, diphenylhydantoin, 

phenobarbitol, caffiene, estrone, and cholesterol added to 

samples did not cause any measurable interference with 
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determination of the PP/heme ratio. Significant 

correlation (p=.001) was found between PP to heme ratio 

and HCT, Hb, plasma iron, plasma ferritin and transferrin 

saturation. The procedure used by Labbe and associates 

measures total free porphyrin due to the dissociation of 

ZPP to free zinc cation and di-protonated PP in the 

presence of strong acid solutions. 

Marsh et ai. (62) used standard clinical laboratory 

tests to discover the causes of microcytic red blood cell 

(RBC) disorders in 198 patients. FEP values were used to 

distinguish disorders of heme synthesis from disorders of 

globin synthesis in microcytic RBC states. The age range 

of the patients was 18 to 89 years. FEP values were 

determined using a hematofluorometer and also by Piomelli 

extraction. The laboratory values measured were HCT, 

transferrin saturation, serum ferritin, Hb 

electrophoresis, HbA2 and HbF. Iron-deficiency anemia was 

diagnosed when MCV was <79, HCT was <41% in men, HCT <37% 

in women or <30% in postpartum women, transferrin 

saturation was <16% and serum ferritin was <13 ng/ml. 

Iron deficient erythropoiesis without anemia was diagnosed 

with MCV <79, normal HCT, transferrin saturation <16% and 

ferritin <13 ng/ml. ACD was diagnosed with HCT <37% and 

<41% in men, MCV <79, transferrin saturation <16% and 

serum ferritin >25 ng/mL. These patients also had a 

history of a chronic inflammatory disease. A probable 
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diagnosis of a-thalassemia trait was based on MCV <79 fl, 

normal or slightly low HCT, transferrin saturation >16%, 

serum ferritin >12, normal Hb electrophoresis, HbA2 <3.5%, 

HbF <2%, along with an agreeable history. 6-thalassemia 

trait was diagnosed when MCV <78 or <75 when HCT was low, 

low normal or somewhat low HCT, normal serum ferritin, 

elevated HbA2 (>4.5%) along with an agreeable history. 

Disorders of heme synthesis were correctly identified in 

75 out of 83 patients with the Piomelli extraction FEP as 

compared to 69 out of 83 patients with the 

hematofluorometer FEP. Fifty-four out of 62 patients with 

globin synthesis disorders were identified using the 

Piomelli extraction while 52 out of 62 cases were detected 

with the hematofluorometer. The authors conclude that the 

hematofluorometer FEP is a logical initial test in 

evaluating microcytic RBC disorders in adults and 

children. 

Peter et ai. (63) measured the erythrocyte 

protoporphyrin (EP) concentration (fig/dl blood) of 43 

blood samples using both a hematofluorometer and an 

extraction method. The correlation between the two 

methods was very high (r=0.986). Hematofluorometer 

readings were approximately 9% lower than extraction EP 

values. 

Marsh et ai. (64) determined normal hematofluorometer 

ZPP values to be <30 yug/dl blood for men and <40 yug/dl for 
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women. This estimate was based on results obtained from a 

group of 66 men and 58 women with normal values for HCT, 

MCV, serum ferritin, blood lead levels and serum 

bilirubin. Piomelli extraction and two hematofluorometers 

were used to determine ZPP and FEP values. 

Hematofluorometer readings were stable for one month, 

using refrigerated blood samples. Correlation coefficient 

for ZPP (>ig/dl blood) and FEP (/ag/dl whole blood) was 

0.87. Conversion of FEP and ZPP values to ug/dl RBC 

resulted in a correlation coefficient of 0.94. No 

correlation was found between FEP or ZPP and MCV, serum 

ferritin, blood lead level, reticulocyte count or serum 

bilirubin. 

Schifman et ai. (65) evaluated the feasibility of 

using the ZPP test to screen blood donors for iron 

deficiency anemia. A normal ZPP range of <55 /jg/dl RBC 

for men and <60 /jg/dl RBC for women, was used. The study 

population consisted of 1,147 men and 615 women. ZPP 

values increased as yearly donation frequency increased. 

A significant correlation (p<.001) was found between the 

natural logarithm of serum ferritin and ZPP concentrations 

in donors who became anemic. The predictive value 

(percentage of test results that identified whether or not 

donors would become anemic) of ZPP and serum ferritin were 

similar. The authors stated that two advantages of the 
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hematofluorometer ZPP are the low cost and the minimal 

technical skill required. 

Schifman and Finley (66) evaluated the use of the 

hematofluorometer for measuring normal to mildly increased 

ZPP concentrations. The correlation between erythrocyte 

protoporphyrin determined with extraction and ZPP measured 

with a hematofluorometer was high (r^). It was 

noted that plasma has the potential of causing high 

hematofluorometer readings. Also hematofluorometer 

measurements decreased with time after sample placement. 

The hematofluorometer reading remained constant six to ten 

minutes after sample placement. The proposed reason for 

these fluctuations in the hematofluorometer readings is 

the optical design of the hematofluorometer. Accurate 

values depend on a uniform layer of erythrocytes which is 

sufficiently dense for collection of the excitation light. 

ZPP, rather than plasma should be the main source of 

emission. For accurate measurements the authors recommend 

washing the cells free of plasma. An alternative is to 

allow erythrocytes to settle to the illuminated surface, 

displacing plasma, before measurement. It is recommended 

that the time of the sample readings be standardized to 

improve interlaboratory precision of hematofluorometer 

readings. 

Buhrman et ai. (67) conducted a study to determine the 

effect of plasma bilirubin on ZPP measurement. Red blood 
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cells were removed from seven blood samples and 

resuspended in differing amounts of native plasma and 

serum from jaundiced newborns to produce a range of 

bilirubin concentrations for each sample. The HCT of each 

resuspension was approximately 30%. Hematofluorometer 

readings increased in all samples as bilirubin 

concentration increased. To determine the effect of 

varying Hb concentration on hematofluorometer reading, 

blood samples were diluted with plasma. ZPP increased 

with decreased Hb concentration. ZPP values for control 

samples diluted with saline did not increase as Hb 

concentration decreased. Another aspect of the study was 

to determine the effects of hyperbilirubinemia on ZPP. 

Mean ZPP was significantly higher when measured by 

hematofluorometer than when determined by extraction for 

both adults with liver disease (p<.0025) and jaundiced 

newborns (p<.005). Photodegradation of blood samples by 

irradiation resulted in decreased bilirubin concentration. 

Fluorescence increased in the three samples with the 

highest bilirubin concentrations. The authors concluded 

that the hematofluorometer is both a cost effective and a 

practical device to screen for lead poisoning and iron 

deficiency. No special reagents or laboratory facilities 

are required. When screening a large population, few 

people will have plasma bilirubin levels high enough to 

distort ZPP values. A small number of people may have 
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very low HB values and therefore will have a high 

bilirubin/ZPP ratio. These people will need more 

definitive tests. Caution is to be used when plasma 

bilirubin levels are high due to the possibility of false-

positive values. 

The Hematofluorometer 

Hematofluorometers have been designed to monitor 

groups at risk for chronic lead intoxication or iron-

deficiency anemia (68). Results provided by 

hematofluorometry do not indicate which of these 

conditions are present. Therefore, the hematofluorometer 

is a screening device, rather than a diagnostic tool (69). 

The hematofluorometer used in this study is a single 

channel front surface photofluorometer which measures the 

ZPP in whole blood (68). Hematofluorometry is possible 

due to the strong absorbance and minimal fluorescence of 

Hb (70). Heme exhibits its greatest absorption in the 

blue region (4 00 to 430 nm), known as the Soret band. In 

a given blood sample, a thickness of approximately two 

blood cells will absorb 99% of light at a wavelength of 

415 nm. The iron in the heme molecule causes the light 

energy absorbed to be converted to heat and the heme 

chromophore does not show any measureable fluorescence. 

Consequently, blue-excitable fluorophores can be analyzed 

in whole blood samples. The fluorescence intensity is 

proportional to the fluorophore concentration (70). 
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In front face hematofluorometry an optically dense (at 

the excitation wavelength) sample is used. The excitation 

light penetrates a thin layer of a sample. Therefore, the 

emission must be observed through the same face used 

for exhitation (70). 

ZPP measurement is most accurate when the excitation 

wavelength is near the soret-absorption-band-maximum of 

ZPP. The absorption maximum for ZPP occurs at 42 5 nm. An 

excitation filter with a slightly lower wavelength 

provides less sensitivity to the degree of oxygenation of 

the blood. 

A hematofluorometer with a 420 nm excitation filter 

and a 580-680 nm emission filter and detector should 

minimize bilirubin interference. Bilirubin is the only 

naturally occurring substance which, along with ZPP will 

emit red fluorescence when excited by blue light (70). 

The hematofluorometer used in this study has an excitation 

wavelength of 420 nm (narrow band) and an emission 

wavelength of 594 nm (narrow band) (68). 

The thickness of the sample must be at least 10 um 

(as thick as a few red blood cells). Sample volume or 

thickness may vary as long as the minimum volume is 

provided for an optically dense sample. Only the 

outermost layer contributes to the fluorescence (68). 

A small drop of oxygenated blood is placed on a #1, 

25X25 mm glass cover slide in the sample holder. Each 
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slide is checked for minimal background fluorescence. The 

sample is spread over a 6-mm (1/4-inch) target area. The 

"MEAS" button is pressed. The machine pauses for cali

bration with a blank and a standard and then 

automatically draws the blood sample inside the 

hematofluorometer (68). 

The excitation light is focussed on the blood sample 

at an angle of 37 degrees. The emitted light passes 

through a filter to a photomultiplier tube with high red 

sensitivity. The machine then displays the result (68). 

Assessment of Food Intake 

Methods of assessing dietary intake include the 

dietary history, the 24-hour recall, the seven-day recall 

and the food frequency questionnaire. The food frequency 

questionnaire may be administered to a large group with 

ease. Food frequency data has been found to correlate 

well with data obtained with the use of diet histories 

(71). 

Willett et ai. (72) compared the validity of a self-

administered semi-quantitative food frequency 

questionnaire with a one-year diet record. Twelve men and 

15 women completed the study. Subjects recorded food 

eaten daily for one year. The subjects then completed the 

food frequency questionnaire. The mean nutrient intake 

calculated from the questionnaire was within ten percent 



46 

of the mean intake from the diet record for 11 out of 18 

nutrients. Except for vitamin A, the measured difference 

between the two methods was less than 25% for all but one 

of the nutrients. The mean of all correlation 

coefficients for the 18 nutrients measured using both 

methods was 0.60. The authors concluded that self-

administered food frequency questionnaires can provide 

useful dietary information regarding both group mean and 

individual intake. 

The reproducibility and validity of a 61-item 

semiquantitative food frequency questionnaire was 

evaluated by Willet et ai. (73). One hundred and seventy-

three female registered nurses completed the study. Four 

one-week diet records were collected from each subject 

over a period of one year. The questionnaire was 

administered to subjects before and after the completion 

of the diet records. Results from the diet records 

included intraclass correlation coefficients which ranged 

from 0.41 for total vitamin A without supplements to 0.79 

for vitamin Bg with supplements. Intraclass correlation 

coefficients calculated from the questionnaires ranged 

from 0.49 for total vitamin A without supplements to 0.71 

for sucrose. Therefore, the two methods show a similar 

capacity for reproducibility. 

Mullen et ai. (74) compared frequency questionnaire 

data with actual intake data in a study with 31 college 
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Students who lived in a dormitory. Eighty-four percent of 

the r values were >0.50. Fifty-five percent of the r 

values were >0.71. Correlations were all significant 

(p<.002). The authors concluded that the use of food 

frequency questionnaires is valid for the estimation of 

the usual intake of a group. The advantages of the food 

frequency method include ease of administration and low 

cost. 

Summary 

Iron deficiency and the functions of iron have been 

studied extensively. Iron is a key component of many 

enzymes. As part of the hemoglobin and myoglobin 

molecules, iron aides in the transport of oxygen. Iron 

deficiency may result in decreased enzymatic activity, 

less efficient work performance and abnormal 

thermogenesis. Factors which may inhibit the absorption 

of iron include bran, phosphates, hemicellulose, lignin, 

nuts, tea and coffee. Heme iron is absorbed more 

efficiently than nonheme iron. Ascorbic acid and most 

animal proteins may enhance the absorption of iron. 

Measures used in assessing iron status include serum 

ferritin, TIBC, bone marrow aspirations, red cell indices, 

Hb and HCT. ZPP is also a possible indicator of iron 

deficiency. Food frequency questionnaires, both 

economical and convenient, have been found to be reliable 

for estimating usual dietary intake of groups. 



CHAPTER III 

METHODS 

Subjects 

Fifty-two men and 104 women, ranging from 60 to 86 

years of age, all members of the "Seniors are Special" 

program sponsored by Lubbock General Hospital and Texas 

Tech University Health Sciences Center, Lubbock, Texas, 

participated in this study. The "Seniors are Special" 

program is available to persons over 55 years of age. A 

number of benefits are available to the members. Some of 

the benefits include monthly seminars, lower 

hospitalization costs, and special services during 

hospitalization. 

The Texas Tech University Health Sciences Center 

Institutional Review Board approved the protocol for this 

study. Each participant signed a copy of an approved 

consent form. 

Blood Samples and Analyses 

Fasting blood samples (12 hours) were drawn into five 

ml Bectin Dickenson EDTA vacutainer tubes via venipuncture 

by phlebotomists employed by Lubbock General Hospital. 

A Complete Blood Count (CBC) was obtained for each sample 

using a Coulter S + V blood analyzer. The blood analyzer 

48 
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is standardized with Coulter controls every 24 hours. 

AA Chems were performed on a Beckman Astra chemistry 

analyzer. The blood analyzer is calibrated with Beckman 

Astra calibrators every eight hours, except for glucose, 

which is calibrated every two hours. The CBCs and AA 

Chems were completed by laboratory technicians employed by 

the Lubbock General Hospital Clinical Laboratory. 

Zinc protoporphyrin (ZPP) was measured on a ZP model 

Hematofluorometer (AVIV Biomedical, Inc., Lakewood, N.J.). 

AVIV standards were used to calibrate the 

hematofluorometer. 

Blood samples were oxygenated by vortex-mixing for a 

minimum time of 60 seconds. Each #1, 25 mm square cover 

slip was tested for minimal background fluorescence. A 

20-40 ^1 drop of blood was placed on a cover slip with a 

Unocap Blood Bank Pipette (Curtin Matheson Scientific, 

Inc.). Blood was spread over the target area of each 

slide with a clean glass rod. After a pause of 15 

seconds, ZPP values were read as ug ZPP/dL whole blood. 

Two more readings were taken with a pause of ten seconds 

between each reading. The three readings were then 

averaged for the final value. All initial readings were 

taken within three days from the time the blood samples 

were drawn. Blood was stored at three to four degrees 

centigrade. ZPP was determined for a subsample of 12 

blood samples seven days after the blood was drawn. 
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Seven ml Serum Separator Tubes (Bectin Dickenson) were 

used for collecting blood samples for serum ferritin 

values. Serum ferritin was determined using a RIANIN 
TOR 

Ferritin [ l] Radioimmunoassay Kit (DuPont Co). 

Procedures in the instruction manual provided by the 

company were utilized for the analyses. 

Questionnaire 

The questionnaire was developed to provide 

demographic data, medical information, nutritional 

supplements taken and food frequency intake. A 

preliminary questionnaire was administered to twelve 

adults to aid in evaluation of validity and readability. 

All subjects completed the questionnaire at a monthly 

"Seniors are Special" meeting. Four registered dietitians 

and two dietetic interns assisted in administrating the 

questionnaire. Prior to the monthly meeting, the 

dietitians and the dietetic interns attended a training 

session on questionnaire administration. After specific 

directions were given to the subjects, the dietitians and 

dietetic interns circulated among the participants to aid 

and assist in the accurate completion of the 

questionnaire. Additionally, the questionnaires were 

checked by one of the dietitians before each of the 

subjects were scheduled for their blood to be drawn. The 

day of the blood drawing, individual conferences were held 
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as necesssary with participants by one of two dietitians 

to clarify and obtain any missing or questionable data. 

Statistical Analysis 

The Statistical Analysis System (SAS Institute, Cary, 

NC) was used for analysis of data. Statistical tests 

included analysis of variance (ANOVA) and t-tests. The 

Scheffe method was used to determine significant 

differences between group means. Pearson Product Moment 

Correlation Coefficient's were determined for selected 

variables. 



CHAPTER IV 

RESULTS AND DISCUSSION 

The Sample 

The study sample consisted of 52 men and 104 women, 

all Caucasian. Ages ranged from 60 to 86 years (mean = 

7 0.3). The mean annual income per household member was 

$10,591. Household size ranged from one to four members 

(Table 1). 

Table 1. Household size 

household 
size 

1 
2 
3 
4 

no. of 
subjects 

48 
98 
7 
3 

no. 
men 

3 
44 
2 
3 

of no. of 
women 

45 
54 
5 
0 

One hundred and twenty-five subjects (80.1%) of the 

total group, (75.0% of the men and 82.7% of the women) 

reported that they had one or more health problems. 

Sixty-eight subjects (43.6%) reported having hypertension 

Twenty-six subjects (16.8%) reported having heart disease 

Subjects who reported having hypertension and/or heart 

disease did not have mean lab values significantly 

different from subjects who did not have hypertension 

52 
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and/or heart disease. Other health problems reported 

included allergies, arthritis, diabetes mellitus, 

diverticulosis, gout, hypothyroidism, muscular dystrophy, 

melonoma, osteoporosis and Parkinson's Disease. 

The mean HCT of the men (Table 2) was significantly 

higher than the mean HCT of the women in the study (t=6.77, 

p=.0001). The mean Hb of the men also was significantly 

higher than the mean Hb of the women (t=6.75. p=.0001). 

Milne et ai. (75), in a study of 215 men and 272 women 

between 62 and 90 years of age found the mean HCT and Hb to 

be significantly higher in men than in women (p<.01). 

Table 2. Iron parameters of the study population' 

men no. 
of 
men 

no. 
of 
women 

ZPP(/ag/g Hb) 

ZPP(|jg/dl 
whole blood) 

HCT(%) 

Hb(g/dl) 

MCV(fl) 

RDW(%) 

serum ferritin 
(ng/ml) 

1.5±0.14 

22.5±2.16 

46.5±0.57^^ 

15.5±0.18^ 

93.7±0.62 

13.3±0.15^ 

104.4112.34 

52 

52 

52 

52 

52 

52 

37 

1.5±0.07 

20.1±0.81 

42.2±0.28^ 

14.2±0.09^ 

93.2±0.41 

12.4±0.09^ 

105.4±7.65 

104 

104 

104 

104 

104 

104 

73 

*Means ± standard error (SEM) 
^Within rows, means with different superscripts are 
significantly different at p<.0001 
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The mean RDW (Table 2) was significantly higher in 

the men than in the women (t=5.46, p=.0001). RDW is a 

measure of variation in cell size and increases in iron, 

folate, or vitamin B-ĵ2 deficiency (50) . ZPP is commonly 

reported as pg ZPP/dl blood. ZPP (pgZPP/g Hb) was 

converted to pg ZPP/dl blood using the formula as follows: 

/ag ZPP/dl blood = ̂ igZPP/g Hb X g Hb/dl blood. 

A significant correlation (r=.88, p=.0001) was found 

between ZPP (pg ZPP/g Hb) and the calculated ZPP (pgZPP/dl 

blood). 

The ZPP values of a subsample of 12 blood samples, 

which had been stored at 3-4° C, were determined eight 

days after the initial blood samples (n=47) were drawn. A 

significant correlation (r=.98, p=.0001) was found 

between ZPP values measured on the day the initial samples 

were drawn and ZPP values determined eight days later. 

Due to technical difficulties, the ZPP values for the 

second group (n=54) were determined two days after the sam

ples were drawn. The blood samples were stored at 3-4°C. 

The ZPP values for the third group of samples (n=55) 

were determined the day the samples were drawn and two 

days later as a cross reference to the previous samples. 

All samples were stored at 3-4° C. The correlation was 

again highly significant (r=.93, p=.0001). ZPP is 

usually stable in blood samples stored less than one day 

at room temperature or for one week, if stored at 4°C (68). 
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Free erythrocyte protoporphyrin (EP) >60 pg/dl blood 

or >̂ 5.3 jug/g Hb is considered positive for iron deficiency 

or lead poisoning (76). EP values up to 190 pg/dl blood 

(17 /jg/g Hb) indicate possible iron deficiency or lead 

poisoning. Values above 190 pg/dl blood are found only in 

cases of lead poisoning or erythropoietic protoporphyria, a 

genetic disorder (76). EP concentration in whole blood may 

be determined by multiplying the ZPP value (jug ZPP/g Hb or 

pg ZPP/dl blood) by 0.90 (68). Using this conversion a ZPP 

>̂ 5.9 Mg/g Hb or a ZPP >67 jug/dl blood would indicate 

possible iron deficiency. One male had values of 6.7 jug 

ZPP/g Hb or 107.3 pg ZPP/dl blood. All other subjects had 

ZPP values within these limits. 

Marsh et ai. (64) found normal hematofluorometer ZPP 

values to be <30 pg/dl blood for men and <40 pg/dl blood 

for women. Based on the normal values as determined by 

Marsh et ai., seven men (13%) and two woman (1.9%) in the 

present study had ZPP values above these limits. 

All subjects with elevated ZPP values had RDW values 

within normal limits (Table 3). Two male subjects with 

elevated ZPP values had low Hb and HCT values. Both 

female subjects with elevated ZPP values had Hb and HCT 

values within normal limits. One male subject with a ZPP 

of 50.03 Aig/dl blood had low serum ferritin (12 ng/ml), Hb 

(11.2 g/dl), HCT (35.4%) and MCV (78.5 fl). Another male 

subject with an elevated ZPP, had a low serum ferritin and 
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normal values for Hb, HCT and MCV. A third male subject 

had an elevated ZPP, low Hb and HCT. Two of the subjects, 

one male and one female, with elevated ZPP values also had 

elevated MCV values. Other labs were within normal 

limits. Because of the small number of subjects with 

elevated ZPP values a clear correlation of ZPP values with 

other parameters can not be shown. 

Table 3. Iron parameters of nine subjects with elevated 
ZPP values 

sex 

male 

male 

male 

female 

male 

male 

male 

female 

male 

ZPP 
(pg/dl 
whole 
blood) 

36.8 

41.2 

42.2 

42.4 

42.8 

49.6 

50.0 

57.6 

107.4 

serum 
ferritin 

136.0 

65.0 

102.0 

NA* 

19.0 

NA 

12.0 

49.0 

NA 

Hb 
(g/dl) 

13.3 

14.7 

14.9 

14.3 

17.6 

17.1 

11.2 

14.3 

16.1 

HCT 
(%) 

38.8 

43.4 

43.9 

43.2 

54.1 

51.2 

35.4 

42.1 

47.8 

RDW 
(%) 

12.9 

14.7 

12.9 

13.2 

13.3 

13.3 

12.5 

12.7 

14.9 

MCV 
(fl) 

94.9 

88.4 

99.2 

91.8 

89.2 

88.5 

78.5 

99.1 

96.0 

'NA serum ferritin not available 

Normal ranges selected for evaluating lab values are 

as follow: Hb, men (14-18 g/dl), women (12-16 g/dl); HCT, 
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men (40-54%), women (37-47%), MCV, men and women (82-

98 fl); MCH, men and women (26-34 pg); MCHC (31-38%) (45). 

The normal range selected for RDW is 11.6-14.8% (53). 

Three men (5.8% of the male subjects) had Hb values 

<14 g/dl (Table 4). Three men (5.8%) also had HCT values 

<4 0%. One woman (1.0%) had a Hb less than 12 g/dl. Four 

women (3.8% of the female subjects) had HCT values <37%. 

Two men had Hb values >18 g/dl. Three men had HCT values 

>54 g/dl One woman had a Hb >16 g/dl and a HCT >47%. 

Cook et ai. (40) evaluated the iron status of a 

subsample of participants from the Ten State Nutritional 

Survey. Of the subsample over the age of 45, 9.1% of the 

165 men had Hb values <13 g/dl and 215 of the women or 

8.3%, had Hb values <12 g/dl. In comparison, 4% of the 

men in the present study had Hb values <13 g/dl and one 

woman (1.0%) had a Hb <12 g/dl. 

Dallman et ai. (41), in a study of the prevalence of 

anemia in participants of NHANES II, found that 4.5% of 

the men 65-74 years of age had Hb levels <12.6 g/dl and 

3.5% of the women in the same age group had Hb levels 

<11.9 g/dl. Two men (3.8%) in the present study had Hb 

values <12.6 g/dl. None of the women had Hb values <11.9 

g/dl. Three men (5.8%) had HCT values <40%. Four women 

(3.8%) had HCT values <37%. A relatively low incidence of 

iron deficiency anemia was noted in this population. 
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Table 4. Report of subjects below and/or above normal range 
for selected indicators of iron status 

indicator 

ZPP 
men >67 pg/dl whole 
women >67 Ajg/dl whol 

blood 
.e blood 

men >3 0 jdg/dl whole blood 
women >4 0 pg/dl whole blood 

Hb 
men <14 g/dl 
women <12 g/dl 

men >18 g/dl 
women >16 g/dl 

HCT 
men <40% 
women <37% 

men >54% 
women >47% 

MCV 
men <82 fl 
women <82 fl 

men >98 fl 
women >98 fl 

serum ferritin 
men <20 ng/ml 
women <20 ng/ml 

RDW 
men >14.8% 
women >14.8% 

men <11.6% 
women <11.6% 

no. of 
subjects 

52 
102 

52 
102 

52 
104 

52 
104 

52 
104 

52 
104 

52 
104 

52 
104 

37 
73 

52 
104 

52 
104 

no. of 
subjects 
below/above 
normal range 

1 
0 

7 
2 

3 
1 

2 
1 

3 
4 

3 
1 

1 
0 

(1.9%) 

(13%) 
(1.9%) 

(5.8%) 
(1%) 

(3.8%) 
(1%) 

(5.8%) 
(3.8%) 

(5.8%) 
(1%) 

(1.9%) 

9 (17%) 
14 (13.5%) 

4 
3 

2 
1 

(10.8%) 
(4.1%) 

(3.8%) 
(1%) 

2 (3.8%) 
16 (15%) 
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One man (1.9%) had an MCV <82 fl (Table 4). MCV 

values of women were all above 82 fl. Nine of the men 

(17%) and 14 of the women (13.5%) had MCV values >98 f1, 

indicating that this sample showed more macrocytic than 

microcytic red cell changes. 

MCHC values of both men and women subjects were within 

normal limits. One male had an MCH of less than 26 pg. 

None of the women had MCH values less than 2 6 pg. None of 

the men had MCH values >34 pg. Three women (2.8%) had MCH 

values >34 pg. 

Four men (10.8%) and three women (4.1%) had serum 

ferritin values of <20 ng/ml (Table 4). None of the 

subjects in this study had serum ferritin values below 12 

ng/ml. In the subsample of participants from the Ten State 

Nutritional Survey over 4 5 years of age, studied by Cook et 

al (40), 3.6% of the men and 3.7% of the women had serum 

ferritin values <12 ng/ml. 

Health problems reported by a few of the subjects of 

the present study included inflammatory conditions, such 

as arthritis and cystitis. Chronic inflammation is 

associated with increased serum ferritin (45). Although 

the presence of inflammatory conditions must be consid

ered, the low incidence of serum ferritin values below 

normal also indicates a low prevelance of iron deficiency 

in the present study sample. 
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Two men (3.8%) and one woman (1.0%) had RDW values 

above the normal range (Table 4). Two men (3.8%) and 16 

women (15%) had RDW values below the normal range. The 

higher mean RDW for men may be an indication of increased 

incidence of iron, folate and/or vitamin B3̂ 2 deficiency. 

Elevated RDW may also occur with blood loss. 

The mean Hb value of individuals living alone was 

significantly lower (a=0.05) than Hb values of subjects 

living with one other person. Only three men (5.8%), as 

compared to 4 5 women (43.3%) reported that they lived 

alone. 

Medications 

One hundred and seventeen or 75% of the subjects 

reported that they were taking one or more medications. 

Less than 10% of the subjects were taking one or more of 

the following medications: antiarrhythmatic agents, 

antibiotics, anticoagulants, anticonvulsants, antidiabetic 

agents, antigout medications, antihistamines, 

antihyperlipidemic agents, anti-inflammatory agents, 

antiparkinson agents, antiulcer agents, bronchodilators, 

and sedatives. 

Ten % or more of the participants reported taking 

antianginal medications, antihypertensive agents (other 

than diuretics), hormones and thyroid medications. The 

subjects taking one or more of these medications did not 

have lab values significantly different from participants 
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not taking these medications. One of the above 

medications, an antihypertensive agent (enalapril 

maleate), has been associated with a slight decrease in Hb 

and HCT (77). 

The mean RDW (Table 5) of the 50 subjects taking 

diuretics was significantly higher than the mean RDW of 

subjects not taking diuretics. Thirty-one (29.8%) of the 

women and 19 (36.5%) of the men were taking diuretics. 

Diuretics have been related to blood dyscrasis and 

gastrointestinal irritation (77,78). 

Table 5. Diuretics and RDW* 

diuretics 

yes 
no 

no. of 
subjects 

50 
106 

RDW 
(%) 

13.0010.16 
12.6010.01 

t 

2.29 

p>t 

.024 

means 1 standard error 

Subjects who reported that they took antacids, aspirin, 

fiber supplements and laxatives did not have lab values 

significantly different from subjects who did not take 

these medications. Aspirin has been associated with 

gastrointestinal bleeding (77), which with time could 

affect iron status. 

One hundred of the subjects (64%) indicated that they 

were taking one or more nutritional supplements. However, 

less than 10% of the subjects reported that they were 



62 

taking one or more of the following supplements: niacin, 

vitamin B-complex, vitamin Bg, vitamin 62̂ 2/ calcium and 

magnesium, calcium plus vitamin D, iron, zinc, selenium, 

fish oil, garlic oil, and lecithin. Due to the small 

number of subjects taking these supplements no further 

statistical analysis was done. 

Sixty-four subjects (41%) reported that they were 

taking a multivitamin and/or mineral supplement. The mean 

RDW, while within normal limits, was significantly lower 

(t= -2.46, p=.015) in the subjects taking multivitamin 

and/or mineral supplements than in the subjects not taking 

multivitamin and/or mineral supplements (Table 6). 

Table 6. Multivitamins and RDW 

multivitamins no. of RDW t p>t 
subjects 

yes 64 12.4810.11 -2.46 .015 
no 92 12.8910.11 

*Means 1 standard error 

Ascorbic acid has been found to improve the absorption 

of nonheme iron (6,7,8). It was noted that the mean serum 

ferritin value (Table 7) for the subjects who indicated 

that they took an ascorbic acid supplement was 

significantly higher than the mean serum ferritin for the 

subjects who did not take an ascorbic acid supplement. 
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Table 7. Ascorbic acid supplements and serum ferritin' 

ascorbic 
acid 
supplements 

no. of 
subjects 

serum 
ferritin 
ng/ml 

p>t 

yes 
no 

21 
135 

138.71116.13 
97.1416.90 

2.57 .012 

Means 1 standard error 

Twenty-two subjects reported that they took a vitamin 

E supplement. The mean lab values of the subjects who 

took a vitamin E supplement were not significantly 

different from the mean lab values of the subjects who did 

not take a vitamin E supplement. 

The 39 subjects who reported that they were taking a 

calcium supplement (Table 8) had a significantly lower 

mean Hb (t=-2.11, p=.038) and HCT (t=-2.45, p=.016) than 

subjects not taking calcium supplements. The mean MCHC 

(t=2.13, p=.035) and the mean MCH (t=2.13, p=.034) were 

significantly higher in subjects taking a calcium 

supplement. 

Monsen and Cook (33) found that calcium and 

phosphate salts when taken together decreased iron 

absorption. However, calcium and phosphate when added 

separately to test meals, did not cause a significant 

reduction in the absorption of iron. 

The type of calcium supplements (i.e. calcium 

carbonate, calcium lactate, calcium phosphate, etc.) taken 
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by the subjects in the present study was not identified 

with the questionnaire. Intake of calcium supplements may 

affect iron status. 

Table 8. Calcium supplements and Hb, HCT, MCHC and MCH •k 

no. Of Hb hct MCHC MCH 
subjects (g/dL) (%) (g/dL) (%) 

with 39 14.3210.15 42.4810.48 33.7610.09 31.8410.27 
calcium 
without 117 14.7310.12 43.9810.38 33.5310.06 31.2210.14 
calcium 

Means 1 standard error 

Food Intake Data 

A food frequency questionnaire was used to obtain food 

intake information. Food frequencies provide general 

rather than specific information. In addition the ability 

of some participants to provide complete information may 

have been affected by the fact that a subsegment of the 

population may have had memory difficulties; results 

should be interpreted with this in mind. 

Frequency data indicated that one hundred and thirty-

two (85.2%) of the subjects ate breakfast daily. Lunch was 

eaten daily by 14 2 (92.2%) of the subjects. One hundred 

and forty-one (91.6%) of the subjects indicated that they 

ate supper seven days per week. Iron parameters assessed 

did not differ significantly (ANOVA) between groups of 

subjects with differing frequency of intake of snacks. 
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One hundred and thirty-five (87.1%) of the subjects 

did not drink wine. One hundred and forty-three (91.7%) 

subjects reported that they did not drink other alcoholic 

beverages. One hundred and forty-eight (96.1%) of the 

subjects indicated that they did not smoke cigarettes. 

Two subjects smoked a pipe. No subjects reported that 

they smoked cigars. Due to the low reported frequency of 

intake of wine and/or alcoholic beverages, and the small 

number of subjects who smoked, these factors were not 

given further statistical analysis. 

The subjects who drank two or more cups of coffee per 

day had a significantly higher mean Hb (Table 9) than 

subjects who drank less than two cups of coffee per day. 

These subjects had a significantly higher (t=-2.004, 

p=.05) mean MCHC (33.70310.069) than low volume coffee 

drinkers (mean= 33.50810.064). 

Table 9. Coffee intake and Hb* 

coffee no. of Hb t p>t 
intake subjects (g/dl) 

<2 cups/day 95 14.4710.12 -2.03 .044 
>2 cups/day 61 14.8710.18 

*Means 1 standard error 

Subjects drinking four or more cups of coffee per 

day had a significantly higher mean RDW (Table 10) than 

subjects who drank less than four cups of coffee per day. 
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Coffee has been shown to decrease the absorption of iron 

(35) . The significantly higher RDW values of subjects who 

drank four or more cups of coffee per day possibly 

indicates that iron status may be sensitive to the amount 

of coffee consumed per day. 

Table 10. Coffee intake and RDW* 

coffee no. of RDW t p>t 
intake subjects (%) 

<4 cups/day 138 12.6610.09 -2.08 .04 
>4 cups/day 18 13.2010.09 

*Means 1 standard error 

Tea intake ranging from one to four, eight ounce 

servings per day did not have a significant effect on lab 

values studied. Forty-nine subjects reported that they 

drank at least eight ounces of tea daily. The mean intake 

of tea was 5.77, eight ounce servings per week. Previous 

studies have shown that tea inhibits the absorption of 

iron (35,36). 

The mean Hb (t=-3.43, p=.0008) and the mean HCT (t=-

3.34, p=.001) of subjects who drank less than two cups of 

whole milk per day were significantly lower than the mean 

Hb and HCT of subjects who drank more whole milk. The 

mean serum ferritin of these low volume whole milk 

drinkers was significantly higher (t=2.72, p=.012) than 
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the mean serum ferritin of subjects who drank more whole 

milk (Table 11). 

Table 11. Whole milk intake and Hb, HCT and serum ferritin 

whole milk No. of Hb HCT serum 
(servings/day) subjects (g/dl) (%) ferritin 

(ng/ml) 

<2 141 14.510.10 43.310.32 109.317.16 
>2 15 15.610.32 46.711.07 73.4111.09 

*Means 1 SEM 

The mean MCV (94.6210.62 SEM) of subjects who ate 12 

ounces of chicken or more per week was significantly 

higher (t=-2.33, p=.02) than the mean MCV (92.8810.397) 

in subjects who ate less chicken. The mean MCH 

(31.8510.24 SEM) of subjects who ate 12 ounces or more 

of chicken per week was also significantly higher (t=-

2.34, p=.021) than the mean MCH (31.1910.15 SEM) of 

subjects who ate less chicken. 

Statistical analyses (t-test) did not show that the 

mean iron status indicators of the subjects were 

significantly affected by the intake of beef, pork, liver, 

fish, eggs, cheese, skim milk, cottage cheese, dry beans, 

fruits or vegetables. This was reveiwed because heme 

iron, found in meats has a high availability for 

absorption. Therefore, the intake of meat could be 

expected to benefit iron status. Food frequency data on 
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intake of fats, sweets and desserts were not included 

in this study. 

The mean ZPP value (Table 12) was significantly higher 

in subjects who did not eat enriched bread or who ate only 

whole grain bread and cereals than in subjects who ate one 

or more serving/s of enriched bread per day. Iron is one 

of the nutrients added to enriched bread products and 

intake may improve iron status. 

Table 12. Bread/cereal intake and ZPP' 

bread and/or 
cereal intake 

no. of 
subjects 

ZPP 
(ug/dl) 

p>t 

<7 servings 97 
enriched products 

>7 servings 59 
enriched products 
per week 

Means 1 standard error 

1.5610.09 

1.3210.07 

2.02 .045 

The subjects who reported an intake of four or more 

servings of whole grain bread and/or cereal had a 

significantly higher mean RDW (Table 13) than the subjects 

who ate less than four servings of whole grain breads per 

day. The mean serum ferritin (Table 14) was significantly 

lower in the subjects who ate four or more servings of 

whole grain bread and/or cereal per day than in the 

subjects who ate less than four servings per day. Bran, 
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which is supplied by whole grain products, has been found 

to inhibit the absorption of iron (29,30). 

Table 13. Whole grain bread/cereal intake and RDW* 

intake of no. of RDW t p>t 
whole grain subjects (%) 
products 

< 4 servings 132 12.6310.09 -2.59 .011 
per day 

>̂  4 servings 24 13.2210.22 
per day 

Means 1 standard error 

Table 14^ Whole grain bread/cereal intake and serum 
ferritin 

intake of no. of serum t p>t 
whole grain subjects ferritin 
products (ng/ml) 

< 4 servings 90 110.8217.51 2.41 .021 
per day 

> 4 servings 20 79.23110.75 
per day 

Mean 1 standard error 

Reported frequency of use of cast iron cookware did 

not have a significant effect on lab values assessed. 

Eighty-six subjects (55.1%) reported that they used cast 

iron cookware. Iron cookware has been found to increase 

the iron content of foods (38). 
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Iron parameters did not differ significantly between 

groups using different types of water. Types of water 

used by the subjects are shown in Table 15. 

Table 15. Usage of water by subjects 

type of no. of subjects % of subjects 
water 

65.2 
17.4 
11.0 
2.6 
3.9 

City 
Bottled 
Home Filtered 
Well 
Combination 

101 
27 
17 
4 
5 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Fifty-two men and 104 women, 60 to 86 years of age 

(mean=70.3) participated in this study. The iron status of 

the sample population was evaluated. As expected the men 

in this study had a significantly higher mean HCT and Hb 

than the women. 

Using 66 pg ZPP/dl whole blood as the upper limit of 

normal, one male subject had a ZPP value above normal, 

indicating possible iron deficiency or lead poisoning. If 

normal ZPP values are <30 jug/dl blood for men and <40 pg/dl 

blood for women, seven men (13%) and two women (1.9%) had 

ZPP levels above normal. The participants in this study 

were relatively healthy and a low incidence of iron 

deficiency was observed. Because of this it is difficult 

to assess the value of ZPP measurement in screening for 

iron deficiency. 

Units of measurement of ZPP include jug ZPP/dl red blood 

cells (RBC) , fag ZPP/g Hb and ̂ ig ZPP/dl whole blood. 

Standardizing the units of measurement would simplify the 

evaluation of ZPP values and make ZPP a more useful tool 

for assessment of iron status and/or lead poisoning. 

Incidence of anemia, based on Hb, was lower in this 

population than in participants of both the Ten State 
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Nutritional Survey (40) and NHANES II (41). One woman 

(1%) and three men (5.8%) had Hb values below the selected 

normal range. 

Serum ferritin values <20 ng/ml were found in four men 

(10.8%) and three women (4.1%). Since it was not possible 

to show a correlation with ZPP, then these low serum 

ferritin levels may be a more sensitive indicator of iron 

status. 

With the exception of one man, all MCV values were 

within or above normal limits. Seventeen percent of the 

men and 13.5% of the women had MCV values >98 fl. The 

mean RDW of the men was significantly higher than the mean 

RDW of the women. The men in this study may be at a 

higher risk than the women for iron, folate, and/or 

vitamin 63̂ 2 deficiency. 

The subjects who reported that they took diuretics, 

had a significantly higher mean RDW, than the subjects who 

did not take diuretics. Other medications were not found 

to have a significant effect on iron parameters evaluated. 

The mean RDW of the subjects who reported that they 

took a multivitamin and/or mineral supplement was 

significantly lower than the mean RDW of the subjects who 

did not take a multivitamin and/or mineral supplement. The 

subjects who took an ascorbic acid supplement had a 

significantly higher mean serum ferritin, possibly 
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reflecting improved absorption of iron with intake of 

ascorbic acid. 

The subjects who took a calcium supplement had 

significantly lower mean HCT and Hb values than subjects 

who did not take a calcium supplement. A factor to 

consider in the interpretation of this data is that 79.5% 

of the subjects taking calcium supplements were women. 

The subjects who drank less than two cups of milk daily 

had significantly higher mean serum ferritin values than 

subjects who drank more milk daily. 

The intake of four or more cups of coffee per day and 

the intake of four of more servings of whole grain bread 

and/or cereal were associated with increased mean RDW and 

possible decreased absorption of iron. 

Further study is needed to determine the value of ZPP 

in evaluating iron status. Recommendations for future 

research and study are: 

1. Develop normal ZPP ranges for the elderly. 

2. Standardize units of measurement of ZPP. 

3. The rather high percentage of subjects with 

elevated MCV values may indicate a need to study 

causes of macrocytosis in the elderly. 

4. The influence of calcium and/or calcium complexes 

on iron absorption may need further study. 
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Table 5. ANOVA: Household size and Hb 

Household size Mean Hb No. 

1 14.19* 48 

2 14.82* 98 

3 14.80 7 

4 14.77 3 

Significant at the .05 level 
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NAME: 
(last name) (first name) 

ADDRESS: 
(street, apt. #) 

PHONE NUMBER: ( ) 
area 
code 

(zipcode) (state, if other 
than Texas) 

AGE SEX 

RACE/ETHNIC. Place an X beside the correct choice. 
BLACK 
HISPANIC 
^WHITE 
OTHER 

Please answer the following questions. 

1. Do you have any health problems? Yes No 

If you answered yes, please describe briefly. 

2. What is your physicians name? 
(last name) 

3. Do you have high blood pressure? Yes No 

4. Are you currently taking any medications? Yes No 

If you answered yes, please list the medications. 

(first name) 

5. Are you currently taking an anticoagulant? Yes No 

6. How often do you take an antacid? (Tums, Maalox, etc.) 

Continued on Next Page 



85 

7. If you take aspirin, how often and how many do you take at a time? 

8. Do you take any fiber supplements? Yes No 

If yes. please indicate type, frequency and amount taken below. 

9. Do you take any laxatives? Yes No 

If yes, please indicate type, frequency and amount taken below. 

10. Do you take any vitamin, mineral or multi-vitamin and mineral 
supplements? Yes No 

if yes, please complete the following: 

SUPPLEMENTS BRAND NAME HOW OFTEN TAKEN AMOUNT TAKEN 

11. Do you take any other supplements, ie., Omega 3 fatty acids? 
Please indicate amount taken and how often supplement is taken. 

12. Have you experienced any of the following problems? 
Fever in the past week? Yes No 

within the previous 2 days? Yes No 

Cold, flu, diarrhea, or other illness without fever. 
in the past week? Yes No 
in the past 2 days? Yes No 

Serious burn or cut.. 
in the past week? Yes No _ ^ 
within the last 2 days? Yes No 

Surgery (major or minor) 
in the past week? Yes No 

No 13. Are you a vegetarian? Yes — 

14 How many times a week do you eat: 
a morning meal 
a midday meal 
an evening meaf 

Continued on Next Page 
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15. How many times a day do you eat a snack? 

Please list snack foods eaten most often and indicate how often 
foods are eaten. 
For example: candy bar-1 per day 

cereal and milk-1 time per day 

16. How often do you eat a meal away from home? 

17. Do you use cast iron skillets or pots for cooking? 

18. What type of water do you use? 
City water 
Bottled water 
Other (please describe) 

19. What is your approximate yearly income? 

20. How many people live in your home? 

PLEASE COMPLETE FOOD FREQUENCY QUESTIONNAIRE ON FOLLOWING PAGE. 
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FOOD FREQUENCY QUESTIONNAIRE 

PDOD 

Chicken, turkey 

Beef, pork 

Liver 

Salmon, mackerel, 
tuna 

Shellfish (shrimp, 
lobster, etc.) 

All other fish 

Eggs 

Cheese 

Cottage cheese 

Dry beans 

Bread, cereal-
whole grain 

Enriched bread, 
cereal, pasta, rice 

Vegetables 

Fruits 

Skim/lowfat 
milk 

Whole milk 

Citrus fruits 
or juice 

Vegetable oil 

1 DO NOT eat 
this food 

1 DO eat this food 
Servings/ 

Day 
Servings/ 

Week 
Servings/ 

Month 
Serving 

Size 

Continued on Next Page 
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FOOD 

Solid shortening, 
i.e. Crisco 

Margarine, Please 
specify brand 

below 

Butter 

Salad dressing, 
oil or sour cream 

based 

Potato or corn chips 

Candy 

Pies, cakes, other 
desserts 

Coffee 

Tea 

Wine 

Other alcoholic 
beverages 

Special dietary 
products (please 

indicate product/s 
and complete food 

frequency) 

1 DO NOT eat 
this food 

1 DO eat this food 
Servings/ 

Day 
Servings/ 

Week 
Servings/ 

Month 
Serving 

Size 
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1. Please indicate your activities during a 24 hour period. 

ACTIVITY 

Sleeping, reclining 

NUMBER nf HOURS 

Very Light: 
Seated or standing, reading, driving, 
typing, ironing, sewing, playing musical 
instruments 

Light: 
Walking (level, 2 1 / 2 - 3 mph), shopping 
with light load, carpentry, electrical trades, 
restaurant work, golf, volleyball, 
gardening 

Moderate: 
Walking (3 1/2 - 4 mph), shopping 
with heavy load, scrubbing pots or 
floors, weeding, farm work, 
racquetball, cycling, jogging, skiing, 
dancing 

Heavy: 
Walking (uphill with load), heavy 
construction work, competitive 
basketball, swimming, football 

TOTAL: 24 hours 

2. Do you smoke? 

Number per day: 

Yes 

^Cigarettes 

Cigars 

.Pipes 

No 
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