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ABSTRACT 

Iron status and dietary iron intake were examined in 

thirteen non-anemic menstruating competitive female cyclists 

training greater than 150 miles/week. Serum ferritin was 

37.6 ± 49.1 ng/ml (mean ± SD), iron stores were 241 ± 92 and 

serum iron was 124.0 ± 64. Four subjects (30.8%) presented 

with iron deficiency, 30.7% had iron stores less than zero 

mg and 23.1% had iron stores less than -100 mg. 

Mean energy intake was 1625 ± 376 Kcal. Mean total 

iron intake (food + multivitamins) was 18.8 ± 6.9 mg/day, 

and absorbable iron intake was 1.5 ± 1.2 mg/day. Seven 

athletes (47%) consumed less than the RDA (18 mg/day) while 

73% (11) consumed less than 1.8 mg/day of absorbable iron. 

The results suggest that insufficient iron intake, either 

total or absorbable, contributes to a high prevalence of 

iron deficiency among female cyclists. 
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CHAPTER 1 

INTRODUCTION 

The role of nutrition in athletic performance has been 

recognized in recent years. Iron is one nutrient which 

continues to be studied and is of concern since iron 

deficiency has been documented in both endurance and non 

endurance female athletes. 

According to Finch, (1968) iron deficiency is "the 

end result of an imbalance between iron intake and iron 

loss" and is a "nutritional deficiency when it is due to a 

restricted iron intake in the presence of physiologic 

losses". It is thought to be the most prevalent nutrient 

deficiency in the United states (Simmes et al, 1980). A 

nutritional survey of the population in the northwest United 

States found that 20% of adult females had iron deficiency 

and 8% had iron deficiency anemia (Cook et al, 1976). Using 

data collected on women ages 18-44 years old from the Second 

National Health and Examination Survey (NHANES II), Cook et 

al, (1986) found that 10% to 21.3% had iron deficiency, 2.6% 

to 7.5% had iron deficiency anemia, 22.3% had iron stores 

less than 0 mg and 11.1% had iron stores less than -100 mg. 

In another study, Cook, (1979) reported that 50% of women 
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studied had iron stores less than the average of 300 mg 

present in adult menstruating women. The variation in 

findings may be due to inconsistencies in methods or 

criteria used to assess iron deficiency. 

The athletic population and especially the female 

athlete have been shown to have a high prevalence of iron 

deficiency (Parr et al, 1984). Three percent to 82% (Selby 

and Eichner,1986, Clement et al, 1978) of female athletes 

observed in several studies have been shown to have either 

iron deficiency or iron deficiency anemia. Like the 

variation in the prevalence of iron deficiency found in the 

general population, the variation in findings among the 

female athlete may also be due to the criteria used to 

assess iron deficiency or the population studied (endurance 

athletes versus non endurance athletes). 

The balance between dietary iron intake, absorption 

and iron loss is important in the maintenance of iron 

status. The recommended daily allowance (RDA) for women of 

childbearing age is 18 mg of iron per day (Recommended 

Dietary Allowances, 1980). This is based on the assumption 

that 10% of iron ingested will be absorbed. Therefore, 1.8 

mg of dietary iron must be absorbed in order to maintain 

iron status. However, Hallberg (1981) and Baker (1979) 
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contend that in order to meet the iron needs of 95% of 

menstruating women, 2.8 mg of dietary iron must be absorbed 

per day. It is estimated that adult women in the United 

States consume between 10 and 11 mg of iron per day 

(Abraham, 1979 , Looker et al, 1988, Murphy et al, -1986,) 

with an iron density of 6 mg per 1000 Calories (NHANES I). 

Therefore, in order to meet the RDA for iron, it may become 

necessary (assuming 10% absorption of iron) for women to 

consume 3000 kcal per day. However, the average caloric 

intake of women (ages 25-35 years) in the United States has 

been estimated to be 1700 kcal per day (NHANES I) and the 

estimated proportion of available iron in the diets of women 

ages 18-50 in the United States is about 8.1% (Raper, 1984). 

This may be compared to the assumed absorption of 10% upon 

which the RDA is based. 

Diet composition and iron status are important factors 

in the regulation of intestinal iron absorption. In 

reference to diet composition, the diet is made up of two 

forms of iron. Heme iron is the iron contained in the 

hemoglobin and myoglobin of meat, fish or poultry (MFP) 

while non-heme iron represents the iron found in items such 

as iron supplements, fruits, vegetables, grains, eggs, and 

the nonheme iron of MFP. Heme iron is more readily absorbed 
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than non heme iron and is affected minimally by diet 

composition, whereas non heme iron absorption is influenced 

by the presence of enhancing and inhibiting factors in the 

diet. Enhancing factors include meat, fish, poultry (MFP) 

and ascorbic acid, while inhibiting factors include tannic 

acid (present in tea, coffee, and vegetables), 

enediamineteracetic acid (EDTA), phytates, phosphates, eggs, 

milk, fiber, oxalate, and succinate. (Monsen et al, 1978 

Monsen, 1988, Forbes et al, 1989 Cook, 1977, Hallberg, 

1981). The iron status of an individual is the second 

factor which affects mucosal absorption of dietary iron 

(Monsen, 1978, Finch, 1984). Iron absorption is directly 

associated with the amount of body iron stores, that is, 

absorption of dietary iron increases as the level of iron 

stores decreases, and iron absorption decreases as iron 

stores enlarge (Finch, 1984). Intestinal absorption of iron 

can increase by 2 to 3 mg/day when an individual is iron 

deficient (Bothwell et al, 1979). A person who is iron 

deficient will absorb up to 20% of nonheme iron, and 35% of 

heme iron while an iron replete person (with no enhancers or 

inhibitors in the diet) will absorb 2% and 15% of heme and 

nonheme iron, respectively (Monsen et al, 1978). 

Iron loss is the third factor which affects iron 
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balance. It is estimated that .5 to 2.5 mg of iron may be 

lost per day via the gastrointestinal tract, (red blood 

cells, exfoliated mucosa) the skin and urinary tract 

(Hallberg et al, 1966). In addition, women have overt losses 

of iron from menstruation of approximately .5 mg per day 

(Hallberg et al, 1966). Therefore, in women of child bearing 

age an obligatory iron turnover of approximately .5 to 3.0 

mg per day exists (Finch, 1969). This loss may be a 

contributing factor to the relatively high prevalence of 

iron deficiency found in women of child bearing age (Abraham 

et al, 1979) as the prevalence of iron deficiency decreases 

from 10% in women ages 18 to 44 years to 4.1% in women ages 

45 to 65 years (Cook et al 1978). In addition to obligatory 

iron turnover and iron loss from menstruation, female 

athletes may also experience iron loses from cell damage 

during strenuous exercise, (Puhl et al,1980, Yoshimira, 

1970, Davidson, 1964) from excessive sweating, 

hemoglobinuria, increased fecal loss and decreased iron 

absorption (Clement and Swachuk, 1984). 

Iron is the most abundant trace mineral in the body. 

Total body iron content is about 300 mg in the adult 

menstruating female with an iron concentration of 38 mg/kg 

body weight (Bothwell and Finch, 1962). Approximately 33 
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mg/kg body weight is considered to be essential iron and is 

in the form of hemoglobin, myoglobin and cell enzyme iron 

(Finch, 1982). Non essential iron is in the form of 

ferritin and hemosiderin and accounts for about 5 mg/kg body 

weight in women (Finch, 1982). Ferritin and hemosiderin are 

primarily located in the liver, bone marrow and spleen 

(Finch, 1969). 

Laboratory assessment of iron status may be divided 

into three areas: (1) iron transport (2) red blood cell iron 

and (3) storage iron (Finch and Huebers, 1982). Transport 

iron is measured through determination of the binding 

capacity of transferrin, i.e total iron binding capacity 

(TIBC), percent saturation of transferrin (PSAT) which 

represents the amount of transferrin which is saturated with 

iron, and serum iron (SI) which is a representation of the 

amount of iron present in the serum (Finch and Huebers, 

1982). The most useful expression for iron available to the 

tissues is percent transferrin saturation which is'the 

quotient of serum iron divided by TIBC (Finch and Huebers, 

1982). 

The amount of iron contained in the red blood cell is 

reflected in the measurements of hemoglobin concentration, 

hematocrit, red blood cell number, mean cell volume, mean 
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corpuscular hemoglobin, and mean corpuscular hemoglobin 

concentration (Finch and Huebers, 1982). 

Storage iron may be determined using measurements of 

serum ferritin (SF), erythrocyte protoporphyrin (EP), and 

through bone marrow biopsy (Todd et al, 1984, Schiffman and 

Finley, 1981, Lipschitz et al, 1984, Vallberg, 1980 Cook et 

al, 1974). Serum ferritin and EP have been shown to produce 

a high predictive value for the diagnosis of iron deficiency 

(82% and 61% sensitivity serum ferritin and EP respectively 

at 95% specificity) (Zanella et al, 1989). There is a 

direct linear relationship between serum ferritin and body 

iron stores (1 ng/ml of serum ferritin is equivalent to 8 -

9 mg of stored iron) (Finch and Cook, 1984). Serum 

ferritin strongly correlates with bone marrow iron and is 

inversely correlated with iron absorption; therefore it is 

useful in the assessment of iron deficiency and in the 

estimation of body iron stores (Cook et al 1974, Lipschitz 

et al, 1974, Engel and Pribor, 1978). 

Multiple criteria and iron storage estimates for 

assessing iron deficiency have been proposed by Cook et al, 

(1986). Iron status is determined and iron stores calculated 

using the criteria listed in table 1. Iron deficiency is 

diagnosed if calculated iron stores are below zero mg or 
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when an abnormal value of SF is present alone or with 

abnormal values of SI, PSAT, and EP. Iron deficiency anemia 

is diagnosed if iron storage is less than - 300 mg or if 

hemoglobin concentration is less than 12 g/1. A negative 

value for iron stores indicates the amount of iron which 

must be returned to the body before iron stores may 

accumulate, while a positive value indicates the amount of 

iron which may be removed from the body without incurring a 

deficit in the funcitonal compartment (Cook et al, 1986) 

Table 1 Criteria for assessing iron deficiency for females. 
Adapted from Cook et al, 1986. 

Test Abnormal value 

Serum Ferritin (ng/1) < 12 
Transferrin saturation (%) < 16 
Serum iron (/ig/dl) < 50 
Erythrocyte protoporphyrin (/ng/dL RBC) > 70_ 
Hemoglobin (g/L) < 12" 

• Indicates iron deficiency anemia 

Iron deficiency may be recognized in three stages 

(Parr et al, 1984). During Stage I (prelatent iron 

deficiency), iron stores in the liver, bone marrow and 

spleen become depleted resulting in a decrease in body iron 



19 

stores to less than an average of 300 milligrams present in 

adult menstruating women (Brittenham et al, 1981). Serum 

ferritin falls below 12 ug/1 during this stage of deficiency 

(Cook et al, 1986, Finch and Huebers, 1982). 

The second stage of iron deficiency is referred to as 

iron deficient erythropoiesis. During this stage plasma 

iron concentration decreases and transferrin production 

increases; these physiological changes are reflected in the 

biochemical values of TIBC, EP, and SI (TIBC increases to 

greater than 400 fig/1, EP increases to greater than 70 Mg/dl 

red blood cell and SI decreases to less than 50 nq/dl) (Cook 

et al, 1982, Parr et al, 1984). Hemoglobin may decrease 

slightly, but is still within the normal range (Bothwell et 

al, 1979). 

Iron deficiency anemia is the third stage of iron 

deficiency. During this stage, hemoglobin values fall below 

the normal range of 12 Mg/dl in women. In addition, PSAT, 

SI and serum ferritin remain depressed while TIBC and EP 

continue to increase. During this time, the production of 

red blood cells is significantly retarded and ineffective 

erythropoiesis occurs (Finch, 1969). 

Physical symptoms associated with iron deficiency 

anemia include fatigue, weakness, coldness and paresthesia 
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of hands and feet, pica, constipation or diarrhea, nausea, 

flatulence, menorrhagia and capricious appetite ( Moore, 

1973, Fairbanks, 1978, Conrad and Barton, 1981). 

The physiological consequences of iron deficiency 

anemia are related in part to the decrease in oxygen 

carrying capacity of the blood and are therefore reflected 

in decreased work capacity. A significant correlation 

(increased severity of anemia implies a decrease in work 

capacity) has been established between work capacity and 

hemoglobin levels in both humans and rats (Gardner et al, 

1977, Anderson and Barkve, 1970, Dallman, 1982). Decreased 

work capacity, elevated post exercise lactate concentration, 

elevated heart rate during submaximal exercise, and an 

increase in post exercise recovery time have been associated 

with anemia(Anderson and Barkve, 1970). The main effect of 

iron deficiency anemia is the reduction of the oxygen 

carrying capacity of the blood however muscle mitochondrial 

iron deficiency (as defined by Davies et al, 1982) may also 

impair endurance capacity (Davies et al, 1982). 

The consequences of iron deficiency without anemia may 

be related to tissue abnormalities from a lack of enzymes 

and other compounds which contain iron or require it as a 

cofactor (Dallman, et al 1978). Iron related changes 
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include reductions in activities of pyruvate-malate oxidase, 

cytochrome oxidase, and succinate oxidase (Davies et al, 

1982). Iron deficiency also appears to decrease the ability 

of skeletal muscle to generate adenine triphosphate (ATP), 

and to utilize oxygen (Davies et al 1982). Iron deficiency 

has been shown to cause depletion of alpha glycerol 

phosphatase which may impair glycolysis and result in an 

increase in lactate formation which at high levels may lead 

to cessation of exercise (Finch et al, 1979). 

Because of the relationship of iron deficiency to 

oxygen transportation, utilization and mitochondrial enzyme 

systems, iron deficiency may contribute to decreased 

performance. Therefore it becomes important to determine 

the iron status of the endurance athletes, and especially 

the female athlete who may be at higher risk of iron 

deficiency than her male counterpart due to menstrual 

related losses. 

Purpose 

The purpose of this study was to determine iron 

status and dietary iron intake, and to examine their 

interrelationship in a group of 15 competitive female 

cyclists. The intent of examining iron status was to 



determine if there were differences in iron status or 

dietary iron intake in the population studied versus the 

population of women ages 18 to 44 years in NHANESII. As 

for examining the diet-iron status relationship, the intent 

was to determine which dietary intake variables (total iron, 

heme iron, non heme iron, absorbable iron, and ascorbic 

acid) were most highly related to the iron status variables 

(iron stores, SF, SI, TIBC, EP, PSAT) and to determine 

whether this relationship was confounded by vegetarianism, 

ascorbic acid intake, or use of a vitamin supplement. 

STATEMENT OF HYPOTHESES 

Hypothesis one: Mean dietary iron intake in the group of 13 

female cyclists studied would not differ significantly from 

the iron intake of females ages 25 to 44 years studied in 

NHANESII. 

Hypothesis two: Mean biochemical values of iron status 

(iron stores, SF,SI and PSAT) would be lower, and EP would 

be higher in the group of competitive cyclists compared to 

values found in women ages 18-44 years studied in NHANESII. 

In addition, the percent of individuals with iron stores 

less than zero mg or less than -100 mg would be higher than 



the percentages found in NHANESII. 
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Hypothesis three: Dietary intake variables would be related 

to iron status variables, but total absorbable iron and iron 

stores would be most highly related, and after individually 

controlling for vegetarianism, ascorbic acid intake, and 

vitamin supplement usage, dietary intake variables would not 

be related to iron status variables in 13 female cyclists. 

Hypothesis four: After dividing 13 female cyclists into two 

groups based on iron status (iron deficient and non iron 

deficient) and vegetarianism, there would be mean 

differences in total and absorbable iron intake, ascorbic 

acid intake, exercise training characteristics (mileage per 

week) and menstrual characteristics (age at menarche). 

SCOPE AND LIMITATIONS 

This study involved the description and comparison of 

biochemical iron status indicators (SF, TIBC, PSAT, SI, iron 

stores and EP) and dietary iron intake (total iron, nonheme 

iron, heme iron, absorbable iron, and ascorbic acid) in 

sample of (n=13) competitive female cyclists at the end of 

the 1988 cycling season. The scope was limited to 
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describing the sample's iron status, dietary intake and 

their interrelationship, and comparing to the above 

variables to that of the population of women in the United 

States. 

The investigation was not designed to determine the 

effects of exercise training on iron status or to examine 

physiological or physical changes related to iron deficiency 

which may occur with endurance exercise. The following were 

limitations to this investigation: 

Limitation 1: Training intensity and endurance capacity of 

the athletes in the study were not determined; therefore, 

the possible relationship of these variables to iron status 

could not be determined. 

Limitation 2: The amount of absorbable iron is dependent on 

enhancing factors and inhibiting factors consumed with a 

meal. The method of Monsen et al (1976) accounts for 

enhancing factors but does not consider inhibiting factors 

in the estimation of absorbable iron. In addition, the 

method does not account for the higher absorption of 

supplemental iron. Therefore, absorbable iron intake may 

have been underestimated in individuals who were consuming a 

vitamin supplement and overestimated in individuals who had 
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a high intake of foods containing inhibitory factors. 

Limitation 3: Research indicates that compliance decreases 

as the number of days in the diet record increases (Block, 

1982). Therefore, dietary intake data may not be as 

accurate toward the end of the record. 

Limitation 4: Statistical significance may not have been 

reached due to the small sample size. Also, findings may be 

less generalizable to the larger population of female 

cyclists. 

Limitation 5: Alterations in dietary intake may have 

resulted from participation in the study (Hawthorne effect). 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

This literature review will address the prevalence of 

iron deficiency and dietary iron intake in female athletes. 

Also considered in this review are the effects of exercise 

on iron status, and the physiological changes associated 

with exercise that may contribute to iron deficiency in the 

female athlete. 

Iron Deficiency: Prevalence in the Female Athlete 

Table 2 summarizes the occurrence of iron deficiency in 

selected studies of female athletes. The incidence of stage 

I iron deficiency ranges from 11% in runners (Lampe et al, 

1986) to 57% found in swimmers by Selby and Eichner, (1986). 

The prevalence of stage II iron deficiency ranges from 3.3% 

found by Durstine et al (1987) to 81.8% found by Clement et 

al, (1982). Stage III iron deficiency was found in 0% of 

athletes studied by several investigators (see table 2) to 

25% in individuals who were placed on a training program 

(Magazanik et al, 1988). The variation in findings may be 

due to the population studied (endurance athletes versus non 

endurance athletes), the type of biochemical tests used and 

the criteria used to assess iron deficiency ( serum ferritin 
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values used to determine iron deficiency ranged from 10 

Hg/dl to 40 nq/dl) as well as the method used to assess the 

deficiency. 



Table 2 Percent of foaala subjects with stage I, stage II, and stage III Iron deficiency frca selected studies. 

Population n Stage I Stage II Stage III Reference 

Runners 10 40X 20X OX Manors et al, 1989 

Runners 
Modified vegetarian 9 55X 33X OX Synder et al, 1989 
non vegetarian 9 11X 11X 11X Synder et al, 1989 

Runners 17 MR 81.8X ox Clement et al, 1982 
Runners 51 » 35X NR ox Duester at al, 1986 
Runners (x-country) 30 45X NR ox Rowland et al, 1987 
Runners 32 28X NR ox Colt et al, 1984 
Runners 9 11X 11X NR Lampe et al, 1986 
Runners 20 HR 40X 3X Kundllng et at, 1981 

Runners 30 26.7X 3.3X 6.7X Durstine et al, 1987 
Runners 

Marathon 18 20X NR OX Pate et el, 1979 
5K 17 20X NR 5.9X Pate et el, 1979 

Runners 7 28.X 14.3X NR Lanpe et al, 1982 
Marathon runners 25 16X NR 4X Davidson et al, 1987 
Marathon runners B5 16X NR 2X Hatter et al, 1987 
Suinners 9 57X NR 11X Selby 1 Eichner et al, 1986 
Swimmers 35 28X NR NR Pellicla et al, 1987 
Field hockey players 37 40.5X NR OX Diehl et al, 1986 
Various sports 37 48.6X 4X OX Parr et al, 1934 
Various sports 69 13X 11X 7X RU*er et al, 1988 
Olynpic Athletes 39 15X 5X 5X Deuijn et al, 1971 
Untrained 8 NR 75X 25X Magazanik et al, 1988 

MR Indicates not reported 

to 
03 
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Dietary Iron Intake 

Dietary iron intake of female athletes competing in 

various sports has been studied by many investigators. 

Table 3 summarizes dietary iron intake in female athletes 

from selected studies. The average iron intake of female 

athletes ranges from approximately 11 mg/day (Risser et al, 

1988) to about 19 mg/day (Ellsworth et al, 1985). Benson et 

al, (1985) and Manore et al, (1989) found that 48.9% of 

ballet dancers and 20% of runners respectively consumed less 

than two-thirds of the RDA for iron. Cohen et al, (1985) 

found that 80% of the ballet dancers studied consumed 

between 75% and 90% of the RDA, and Hamilton et al (1986) 

found that 73% of the dancers studied consumed less than 85% 

of the RDA. Duester et al (1986) found that 43% of subjects 

consumed less than 18 mg of iron per day, while Lampe et al 

(1986) and Clement and Asmundson (1982) found that 91% and 

78% of endurance athletes studied consumed less than 18 mg 

of iron per day. Fredrickson et al (1983) and Lampe et al 

(1982) found that the mean dietary iron intake of runners 

studied was 81.5% and 78% of the RDA respectively. Adams et 

al (1982) found that the mean iron intake in a group of 

swimmers was 92% of the RDA. The variation in iron intake 

may be due to the method of dietary assessment as some 



Tabl* 3 Dietary Iron Intake asm mg various gr«f>s of femle athletes fraa (elected studies. 

Population n Iron (ag/day) Method Reference 

Hockey players 
season 1 13 16.6 i 10.2 3 day recall DleM et al, 1987 
season 2 16 11.3 i 6.4 3 day recall Dlehl et al, 1987 

Sulanera 65 14 Ml 3 day record CaM»ll tt a 1,1984 
tuiiaaera 20 15 HR 3 day record Short et al, 1983 
Sulaaers 7 11 NR 24 hr recall AdM et al, 1982 
Basketball 19 IS M 3 day record short et al, 1983 
Crew 24 15 NR 3 day record Short et at, 1983 
Dancers .9 * 19 NR 3 day record Short at al, 1983 
lacrosse 7 14 N9 3 day record short et al, 1983 
Volleyball 24 11 NR 3 day record short et al, 1983 
Volleyball 26 11 NR 3 day record Perron et at, 1985 
•sllet dancers 12 13.5 i 11.6 6 day record Cohen et al, 1985 
•silet dancers 19 12.0 * 3.6 3 day record Hani Iton et al, 1986 
•sllet dancers 92 13.4 t 7.6 3 day record Benson st si, 1985 
Marathon runners 9 14.4 t 4 3 day record laape et al, 1986 
Runner* 17 12 1 3.6 7 day record CtesKiit et al, 1982 
Rimers 51 41 t 5.5 3 day record Ouaater et al, 1986 
Kumars 10 13.7 t 4.6 3 day record Manors st al, 1989 
Rimers 

vegetarian 9 14.7 i 2.0 3 day record Syndar at al, 1989 
ran-vegetarian 9 14.0 l 2.2 3 day record Synder et st, 1989 

Runers 6 15.5 * 7.1 3 day record Lnsanca et a 1,1938 

Various sports 
non Fe deficient 69 17.0 1 13.3 24 hour recall Rlsser et st, 1988 
Fe deficient 31 11.8 i 7.9 24 hour recall Rlsssr st si, 1988 

Olympic athletes 
lesser endurance 5 18.1 t 5.8 7 day record tteuert et ol, 1972 
greater endurance 3 30.3 t 6.1 7 day record Stewart at ol, 1972 

Nordic skiers 
set 1 14 19.2 * 6.0 3 day record Ellsworth et st, 1985 
set 2 14 15.1 t 3.7 3 day record Ellsworth et st, 1985 
set 3 14 17.3 * 3.7 3 day record Ellsworth et si, 1985 
set 4 14 17.5 t 2.1 3 day record Ellsworth et al, 1985 



investigators used 7 day diet records while others used 

either 24 hour recalls, 24 hour records or 3 day records. 

Inadequate dietary intake may be a result of inadequate 

caloric intake, or the practice of vegetarianism. 

Vegetarianism and inadequate caloric intake have been 

observed in female athletes and might be associated with 

the relatively high prevalence of iron deficiency found in 

this population. Barr (1986) found that 34.6% (n=104) of 

swimmers studied practiced semi-vegetarianism (no red meat), 

and 1.9% were lacto-ovovegetarians. Slavin et al (1973) 

found that 30.5% (n=36) of racing cyclists and 33% (n=76) of 

recreational cyclists studied consumed a modified vegetarian 

diet. In a study of female runners, Synder et al (1989) 

found that although mean iron intake was not different 

between a group of vegetarians and non vegetarians, the 

average amount of bioavialable iron in the diet was 

significantly lower in the former group. Synder et al (1989) 

concluded that the unavailability of iron contributed to the 

poor iron status of the vegetarian runners. The absorbable 

iron intake in the group of runners studied by Synder et al, 

(1989) may be compared to the estimated intake of about .8 

mg/day in menstruating women found by Raper et al, (1984) 

after examining dietary intake from the Nationwide Food 



32 

Consumption Survey. Since the iron concentration in plant 

foods is less than that of MF.P, and nonheme iron is less 

available than the iron in MFP, those individuals who are 

vegetarians may place themselves at greater risk for iron 

deficiency. 

Inadequate caloric intake may lead to inadequate 

dietary iron intake which in time will result in iron 

deficiency. This may be another contributing factor to the 

high prevalence of iron deficiency found in the female 

athlete. In a survey of the literature, Barr (1987) found 

that the mean energy intake of females athletes to be 2069 

kcal/ day. This energy intake level was similar to the RDA 

of 2100 kcal/day (Recommended Dietary Allowances, 1980). 

However, this may not be adequate to meet the caloric needs 

of exercise, and is not adequate to meet the iron 

requirements of menstruating females given an average iron 

density of 6 mg/1000 kcal (Cook, 1983). At a caloric intake 

of 2069 kcal/day, iron intake is estimated to be about 12 mg 

per day or approximately 66% of the RDA for iron. 

Therefore, like the sedentary female, in order for the 

female athlete to meet her iron needs she may require up to 

3000 kcal/day. Whether the relatively high prevalence of 

iron deficiency is due to inadequate iron intake (absorbable 



or total), the effects of exercise on iron stores or from a 

combination of their interaction is debateable as evidence 

exists for all cases. 

The phenomenon that athletes appear to have decreased 

caloric intake, but yet are able to maintain their body 

weight has been the focus of several investigations. It is 

postulated that aerobic exercise training may increase 

digestive efficiency and energy metabolism (Leblanc et al, 

1984). Other possibilities include metabolic adaption to 

chronic food restriction (Bruce et al, 1984), or 

underreporting of caloric intake. 

The recommended distribution of calories for athletes 

in training is 15% protein, 25%-30% fat and 50-55% 

carbohydrate, while endurance athletes should consume a diet 

of 65-70% carbohydrate (American Dietetic Association, 

1987). The overall distribution of caloric intake in female 

athletes was calculated by Barr (1987) to be 49% 

carbohydrate, 15% protein, and 36% fat. 

The accepted percent body fat ranges for female 

athletes are from 10% to 20% body fat (American Dietetic 

Association, 1987). The average level of percent body fat 

for female athletes is 18%. For sports which require 

efficient body movement such as running, percent body fat 
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ranges from 13% to 18% for females (Wilmore, 1982). 

Effect of Training on Iron Status 

Some investigators have found that physical training 

affects iron status, yet other investigators have failed to 

show this effect. A study conducted by Diehl et al, (1986) 

found that iron stores in female hockey players decreased as 

the number of seasons of play increased. Kilbom (1971) 

found that serum iron levels in women were significantly 

lower after a period of physical training. Fredrickson et al 

(1983) did not find significant changes in serum iron and 

percent saturation in runners in their study; however, mean 

percent saturation values decreased by about 3% and then 

returned to normal during detraining. Wirth et al (1978) 

found that short term physical training did not affect 

hemoglobin, hematocrit or serum iron levels in the college 

age women they studied. Blum et al (1986) found that after 

placing sedentary women on a 13 week program of aerobic 

exercise, 23% became iron deficient and 13% presented with 

iron deficiency erythropoiesis, but none of the individuals 

developed iron deficiency anemia. Blum et al postulate a 

physiological adaptation occurs that prevents anemia even 

though iron stores become depleted (Figure 1). The 
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mechanisms by which physical training may affect iron status 

are not clearly understood but may include decreased iron 

absorption, faster elimination of iron, and increased iron 

loss. 
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Figure 1. Proposed mechanism explaining iron costs 

associated with exercise, and postulation of prevention of 

anemia. Taken from Blum et al (1986) 
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MOBILIZATION 
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OR 

t ABSORPTION 

I 

IRON STORES MAINTAINED AT COMPROMISED LEVEL 
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POTENTIAL PHYSIOLOGICAL CHANGES ASSOCIATED WITH 

IRON DEFICIENCY AND EXERCISE TRAINING 

Decreased Iron Absorption 

Theoretically, iron absorption should increase with 

decreasing iron stores. However, studies in the athletic 

population have shown that this may not be true for the iron 

deficient athlete. Radio iron studies conducted by Ehn et al 

(1980) showed that iron absorption was about 16% in iron 

deficient runners versus 30% in iron deficient controls. 

The average iron absorption in sedentary, iron deficient 

females is about 70% (Heinrich et al, 1970); however, in a 

study of exercising females, Clement and Swachuck, 1984) 

found that the average iron absorption was 29%. The etiology 

of decreased iron absorption is not understood, and further 

investigation is'needed yet, Banister and Hamilton (1972) 

have proposed that the release of iron from the intestinal 

mucosa is retarded in heavy exercise because of an elevation 

in plasma transferrin saturation. This would cause decreases 

in the red blood cell count and hemoglobin until a period of 

rest when the transferrin saturation decreases and allows 

for iron to be absorbed. 
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Increased Hemolysis 

Iron loss through hemolysis has been documented in some 

athletic populations and may be attributed to mechanical 

destruction of red blood cells during exercise (Davidson et 

al, 1964, Puhl and Runyon, 1980, Ekblom et al 1972). 

Hematological tests which indicate hemolysis (serum 

haptoglobin, hemoglobin and hematocrit) have been found to 

be depressed following heavy exercise suggesting the 

presence of red blood cell destruction (Puhl and Runyon, 

1980) . The increase in hemolysis observed in athletes may be 

due to mechanical trauma from foot strike in runners 

(Davidson, 1964) or acute acidosis from exercise (Puhl and 

Runyon, 1980). It may also be from trauma weakening the cell 

membrane thereby increasing the fragility of the red blood 

cell (Puhl and Runyon, 1980, Yoshimura, 1970). Sports anemia 

which occurs with the onset of strenuous exercise is 

characterized by a drop in hemoglobin, and is thought to be 

the result of increased hemolysis but is not a true iron 

deficiency (Yoshimira, 1970). 
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Gastrointestinal Bleeding 

Gastrointestinal bleeding has also been seen in 

athletes and especially in endurance runners (Fisher et al, 

1986). Hemoccult positive stools have been reported in 

marathon running (Mcabe et al, 1986) and in competitive 

cyclists (Dobbs et al, 1988). Gastrointestinal hemorrhage 

due to physical exertion or from drug-induced mucosal damage 

(Mcmahon et al, 1984) has been observed in athletes and may 

result in excessive blood loss from the bowel, thereby 

increasing the likelihood of developing iron deficiency. 

Faster Elimination 

Faster elimination of iron has been detected in 

athletes. Using radioactive iron, Ehn et al (1980) found 

that runners had significantly higher rate of elimination 

compared to normal controls (1000 days versus 1200 days 

respectively for elimination of 50% of radio iron). A 

biological half life of 1000 days is equivalent to iron 

losses of about 2 mg per day (Ehn et al, 1980) and may 

contribute to depletion of iron stores seen in some 

athletes. 
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Iron losses in Sweat 

Increased loss of iron may also be due to increased 

elimination of iron from excessive sweating. Vellar et al 

(1968) found that extreme sweating can result in a loss of 

40 ug per 100 ml of sweat. Sweat loss in some athletes can 

average between 1 and 3 liters per day (Cade et al, 1972). 

This may cause extra iron elimination of .4 to 1.0 mg per 

day (Cade et al, 1972). The findings of Cade et al (1972), 

and Vellar (1968) are debatable in light of the more recent 

findings by Brune et al (1986) that only 22.5 ug of iron is 

lost in 1 Liter of sweat. This loss would have minimal 

effects on iron status. Lamanca et al, (1988) found that 

although male runners in their study had a higher sweat rate 

than the females, the average concentration of iron in the 

sweat was higher in the females. The Results of Lamanca et 

al (1988) suggest that even though men sweat more, the total 

amount of sweat loss between men and women is about the 

same. 

Although, the etiologies of iron deficiency in the 

athlete are poorly understood, evidence suggests that the 

relatively high prevalence of iron deficiency may be due to 

inadequate dietary iron intake, the effects of exercise on 

iron metabolism, or a combination of the above. 
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CHAPTER 3 

METHODOLOGY AND PROCEDURES 

This study was designed to assess biochemical iron 

status and dietary iron intake in a group of 13 female 

cyclists. 

The research method employed was descriptive, and the 

design was both comparative and interrelationship. 

The comparative design was used both with and without a 

criterion reference. The criterion reference was used to 

assess iron status and to determine the prevalence of iron 

deficiency within the population studied compared to that of 

women in NHANESII. The comparative design without the 

criterion reference was used after dividing the population 

of cyclists into iron deficient groups, and vegetarian 

groups. The interrelationship design was used to examine the 

relationship of iron status variables to dietary intake 

variables. 

The population was competitive female cyclists who had 

competed in 1988 cycling events. Fifty four female cyclists 

were recruited via local cycling clubs, teams and bicycle 

shops. A brief screening questionnaire which addressed 

medical and menstrual histories, training characteristics, 
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and diet supplement usage was developed using the method of 

Dillman (1978). The questionnaire was mailed to each 

potential participant. Fifteen of the fifty four female 

cyclists were selected to participate according to the 

following criteria: (1) female, ages 18-44 (2) no known 

history of anemia (3) no consumption of iron supplements (4) 

no history of amenorrhea (defined as less than two menstrual 

cycles per year) (5) no history of gastrointestinal or 

malabsorption disorders (6) no medication which may 

i n f l u e n c e  h e m a t o l o g i c a l  o r  b i o c h e m i c a l  l a b o r a t o r y  v a l u e s  ( 7 )  

cycling at least 150 miles per week (8) cycling for at least 

2 years (9) no blood or plasma donation. Seven day diet 

records, biochemical analysis of iron deficiency, and 

urinalysis data were collected on each subject after they 

had been selected to participate. Diet records, 

anthropometric data, and data from the last portion of the 

questionnaire were not collected on two subjects since they 

were unable to complete the study. In addition to monetary 

compensation of $25.00, each subject received samples of 

products from Health Valley Foods Incorporated and 

literature concerning nutrition and athletic performance 

from Ross Laboratories. Each subject gave informed consent 

and involvement of human subjects was approved by the Human 
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Subjects Committee of the University of Arizona. 

Biochemical Measurements 

Fasting blood samples were collected by a licensed 

phlebotomist at The University of Arizona Student Health 

Center, Tucson, Arizona between one and two weeks after the 

final race of the 1988 cycling season. Thirty milliliters of 

venous blood was drawn into two serum separator vacutainer 

tubes; one plain 20 ml tube and one 5 ml tube containing 

disodium EDTA. Each collection was taken between the hours 

of 8:00 am and 9:00 am after a 12 to 14 hour fast. After 

collection, the 20 ml tube was allowed to clot for 10 

minutes, then centrifuged to obtain plasma. The 5 ml tube 

was immediately placed on ice after collection. Blood 

samples were transported within one hour to the Veterans 

Administration Hospital for analysis. Ten milliliters of 

plasma from the 20 ml vacutainer tube was removed and frozen 

for determination of SF and transferrin. The remainder was 

used for analysis of SI and TIBC. Blood from the 5 ml tube 

was used to determine Hemoglobin, hematocrit, and EP. 

Serum ferritin was determined in the clinical lab at 

the Veterans Administration Hospital using the ferritin 

1125] Radioimmunoassay kit (Becton Dickinson). Transferrin 
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was determined in the clinical lab using the turbidimetric 

method (Beckman ICS). Hemoglobin concentration was 

determined using the Hemoque technique (Schenck, Falkenson, 

and Lundberg, 1986) . Serum iron was measured using 

controlled-potential coulometry ( Ferrochem Ila; 

environmental Science Associates). Total iron binding 

capacity was measured by controlled-potential coulometry 

(Ferrochem Ila; environmental Science Associates) and 

calculated from transferrin values. Calculated values of 

TIBC were used in data analysis. Hematocrit was measured 

using the microhematocrit method (Bauer, 1982). Percent 

saturation was calculated as the quotient of SI divided by 

TIBC. 

Iron status was determined according to the criteria 

listed in table 1. Iron stores were also calculated 

according to the method of Cook et al (1978) and described 

as follows: 

If SF was < 12 ng/ml then: 

Iron stores (mg) = -80 x index 

Index values ranged from 0 to 5 with a value of 1 

assigned to each of the following: SF < 9 ng/ml, 

PSAT < 16%, PSAT < 10%, EP > 70 jLig/dl RBC, and 

EP > 100 fig/dl RBC. 
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If SF > 12 fig/1 then: 

Iron stores (mg) = - 400 x (log SF Mg/1 - log 12) 

URINE MEASUREMENTS 

Urinalysis was performed using the dipstick method 

(chemstrip 9, Boehringer Mannheim Diagnostics) and included 

urine color, appearance, specific gravity, pH, protein, 

glucose, ketones, bile, occult blood, nitrite, and 

urobilinogen protein, bilirubin, and hemoglobin. 

Urine containers were used to collect between 1 cc and 

2 cc of first morning urine. Each subject was given written 

and oral instructions for proper collection. Subjects were 

asked to collect a first morning urine samples at home and 

on the same day of blood collection. Each participant was 

requested to bring the sample with her on the day she 

reported for blood collection. 

NUTRITIONAL MEASUREMENTS 

Food records were completed on seven consecutive days 

by 13 subjects. Subjects were requested not to alter their 

dietary patterns during the course of the study. Recording 

forms, written instructions, and oral instructions were 
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provided to each subject. Subjects were asked to record food 

intake, time of consumption (breakfast, lunch, dinner and 

snacks) and supplement usage including the meal with which 

the supplement was consumed. Nutrient intake was computed 

through the use of the diet analysis program Nutritionist 

2 III (N Computing 1985) . Nutrients analyzed were protein, 

fat, carbohydrate, alcohol, total iron, ascorbic acid, 

vitamin B-12, and folacin. In addition, iron from coffee 

tea, cereal, and bread was also determined. The amounts of 

heme and nonheme iron were determined using the output from 

Nutritionist III. Absorbable iron was calculated using a 

computer program which was written according to the method 

of Monsen et al (1978). This method is described in table 4. 

It takes into account the amounts of total iron, heme iron, 

non heme iron and ascorbic acid present with each meal or 

snack in addition to the iron stores of the individual. 

Total absorbable iron is then determined by summing the 

amounts of absorbable heme iron and absorbable non heme 

iron. This method is recommended by the Committee of Dietary 

Allowances of the Food and Nutrition Board for determining 

iron bioavailability and intake (Recommended Dietary 

Allowances, 1980). The computer program was checked to 

ensure it was correctly calculating absorbable iron by using 



47 

meals analyzed by Monsen (1976) and calculations presented 

by the National Food and Nutrition Board (Recommended 

Dietary Allowances, 1980). 

Table 4 Factors for Determining percent absorption of 
dietary iron at various levels of iron stores. Adapted from 
Monsen. 1978. 

Iron stores (mq) 
0 250 500 

Heme iron 35% 28% 23% 
Nonheme iron 
A. Low available meal 5% 4% 3% 

1. < 30 g MFP 
or 
2. < 25 mg ascorbic acid 

B. Medium availability meal 10% 7% 5% 
1. 30 - 90 g MFP 
or 
2. 25-75 mg ascorbic acid 

C. High availability meal 20% 12% 8% 
1. > 90 g MFP 
or 
2. > 75 mg ascorbic acid 
or 
3. 30 - 90 g MFP plus 

25 -75 mg ascorbic acid 

ANTHROPOMETRIC MEASUREMENTS 

An Accu-Weigh Model 150 TK/A-50 beam scale was used to 

determine body weight in 13 subjects. Body weight was 
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determined with subjects wearing shorts and a tee shirt, and 

was measured to the nearest 0.05 kg. 

A wall stadiometer was used to measure height in 13 of 

15 subjects. Subjects were instructed to remove their shoes, 

look straight ahead and place their hands on their hips. An 

inspiration was performed and height was determined by 

placing a straight edge on top of the subject's head and 

reading che value to the nearest 0.10 cm. The mean of two 

trials was used for statistical analysis. 

A Lafayette caliper was used to determine skinfold 

thicknesses at three sites (Tricep, abdominal and 

suprailiac) according to the method of Brozek (1960). Three 

non consecutive measures were taken to the nearest 0.1 mm at 

each site. The mean for each site was used for data 

analysis. 

Anthropometric measurements were used to determine 

several calculated variables. Body density was determined 

according to the following equation of Jackson and Pollack: 

Body Density = 1.089733 - 0.0009245 (SSK) - 0.0000025 (SSK) 

- 0.0000979 (age yrs). 

where SSK= sum of skinfolds 

Body fat was determined from body density according to the 

equation of Siri (1961). Fat mass was computed as (PERCENT 
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BODY FAT) X (Weight), and fat free body mass was calculated 

as (WEIGHT kg) - FAT MASS. Body mass index was computed as 

WEIGHT(KG)/ HEIGHT 2. Basal metabolic rate (BMR) was 

calculated using the following Harris - Benidict Equation 

(Krey and Murray, 1986): BMR females = 655.095 + (9.563 

Weight) + (1.8496 Height) - (4.6756 Age) 

Statistical Analysis 

The Statistical Package for the Social Sciences (Nei et 

al, 1975) was used for statistical analysis. Descriptive 

statistics (mean, standard deviation, minimum, maximum, 

frequencies, and percentages) were computed on all 

biochemical, nutrition and anthropometric variables, and on 

variables from the questionnaire where appropriate. Z tests 

were used to determine if the cyclists differed 

significantly from 18 to 44 year old women in NHANESII with 

respect to mean dietary iron intake, mean biochemical values 

of iron status, and percent of individuals with iron 

deficiency. Within the sample of cyclists, zero order 

correlations were used to examine the interrelationships 

between iron status and dietary intake variables. Partial 

correlations were computed to assess the relationships 

between iron status variables and dietary intake variables 



50 

after individually controlling for vegetarianism, ascorbic 

acid intake, and vitamin supplement usage. Independent t 

tests were used compare total absorbable iron intake, 

ascorbic acid intake, exercise training characteristics, and 

menstrual characteristics in iron deficient and non iron 

deficient female cyclists and in vegetarian versus non 

vegetarian female cyclists. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The results of this study are presented in five 

sections. The first section describes results of the 

questionnaire and descriptive findings of dietary intake, 

iron status, anthropotometry and urinalysis. The second 

section describes the results of the dietary iron intake 

comparison between NHANESII and n=13 competitive female 

cyclists. Section three describes comparisons between iron 

status variables in n=13 competitive female cyclists versus 

data from females ages 18-44 studied in NHANESII. Sections 

four and five describe the findings of within group 

comparisons of dietary iron intake, and the relationship 

between dietary iron intake and iron status in n=13 female 

cyclists. 

Descriptive Findings 

Questionnaire 

Medical History 

The mean age of the female cyclists was 30 ± 8 years 

with a minimum of 20 years and a maximum of 44 years. 
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Data collected from the questionnaire concerning the 

use of pharmaceutical preparations is shown in table 5. Five 

subjects reported talcing birth control pills. Five subjects 

reported regular consumption of antacids, while 8 said they 

took them occasionally. Aspirin or other pain relievers were 

consumed regularly by 73% of subjects, and occasionally by 

13%. Those individuals who regularly consumed pain relievers 

or aspirin limited their consumption to not more than four 

to six tablets per week. 

Over consumption of aspirin or other pain relievers has 

been associated with gastrointestinal bleeding in some 

athletes (Mcmahan, 1984). However, the use of these types of 

preparations was limited in the group of female cyclists 

studied. Further testing is needed to determine if 

gastrointestinal blood loss exists within the population 

studied. However, Gastrointestinal blood loss has been 

documented in male cyclists, and appears to be due to 

increased physical exertion of the individual (Dobbs, 1988). 



Table 5 Pharmaceutical preparation usage by thirteen 
competitive female cyclists living in Tucson, Arizona. 
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Preparation Frequency Percent 

Birth control pills 
Antacids 
Pain Relievers 

5 
5 
11 

38.5 
38.5 
84.6 

Table 6 shows menstrual characteristics of n=13 female 

cyclists as assessed by the questionnaire. The mean age at 

menstruation was 12 ± 2 years with a minimum of 7 years and 

a maximum of 18 years. Forty six percent of subjects 

reported menstrual cycles of less than 28 days, while 38.5% 

reported cycles of 28 to 35 days. Two subjects reported 

sporadic periods, but they experienced more than two 

menstrual cycles per year. Thirty three percent of subjects 

said they experienced periods which were lighter and shorter 

in duration, while 20% said they experienced fewer periods 

since they began cycling. 
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Table 6 Self reported menstrual characteristics of thirteen 
competitive female cyclists living in Tucson, Arizona. 

Characteristic Freouencv Percent 

Occurrence 

less than 28 days 6 46.1 
28-35 days 5 38.5 
36-50 days 0 0.0 
every 6 months 0 0.0 
sporadic 2 15.4 
other 0 0.0 

Duration 

Less than 3 days 1 7.7 
Three to five days 7 53.8 
Five to Seven days 5 38.5 

Menstrual Flow 

Heavy 1 7.7 
Medium 4 30.8 
light 8 61.5 

Changes in menstruation + 

Heavier periods 
lighter periods 
Shorter in duration 
Fewer periods 
More periods 

7 53.8 

2 13.3 
5 33.3 
5 33.3 
3 20.0 
1 6.7 

* Greater than two cycles per year. 

+ Changes in menstruation since started cycling. Greater 
than 100% as some subjects responded positively to more 
than one answer. 
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Training History 

Mean miles per week cycling was 178 ± 35 with a minimum 

of 150 and a maximum of 250 miles per week. The majority of 

subjects reported riding either 5 or 6 days per week for two 

hours per day. 61.5% (8 subjects) reported that they had 

been competitively cycling for 2 years and 38.5% 

(5 subjects) said they had been cycling between three and 

five years. 

The mean miles cycling per week by subjects enrolled in 

this study was lower than the mileage reported by Slavin et 

al (1973) who found that the female racing cyclists they 

studied rode over 200 miles per week. 
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Table 7 Exercise training characteristics of thirteen 
competitive female cyclists living in Tucson, Arizona. 

Training variable Frequency Percent 

Davs per Week 
Four days 1 7.7 
Five days 4 30.8 
Six days 6 46.1 
Seven days 2 15.4 

Hours/day (weekdays) 

Two hours 10 76.9 
Three hours 3 23.1 

Hours/day (weekends) 

Two hours 1 7.7 
Three hours 11 84.6 
Four hours 1 7.7 

Diet History 

Table 8 reflects self reported multivitamin supplement 

usage in n=13 competitive female cyclists as assessed by the 

questionnaire. Although no subjects were consuming an iron 

supplement, 27% reported regular consumption of a 

multivitamin supplement, and 33% reported occasional use of 

a multivitamin supplemant. In addition, ascorbic acid 

supplements were taken regularly by 13% of subjects and 

occasionally by 33% of subjects. 



The percent of female cyclists who were using a 

multivitamin supplement is lower than the findings of Cohen 

et al (1985), who found that 90% of female ballet dancers 

studied consumed a multivitamin supplement. The findings of 

this study were lower than the results of Duester et al 

(1986) who found that nutritional supplements were taken by 

53% of female runners studied and Slavin et al (1973) who 

found that multivitamin supplements were taken by 64% of 

racing cyclists and 20% of touring cyclists. The percentage 

of female cyclists in this study who consumed supplemental 

ascorbic acid was lower than the results of Slavin et al 

(1973) who found that ascorbic acid supplements were taken 

by 58% of racing cyclists and 32% of touring cyclists. 

Table 8 Self reported nutritional supplement use by 
thirteen competitive female cyclists living in Tucson, 
Arizona. 

Supplement Frequency Percent 

Multivitamin (Regularly) 4 30.7 
Multivitamin (occasionally) 5 38.5 
Multivitamin (Don't consume) 4 30.8 

Vitamin C (regularly) 2 15.4 
Vitamin C (occasionally) 5 38.5 
Vitamin C (Don't Consume) 6 46.1 

Nutritional supplements 1 6.7 
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Table 9 represents self reported diet descriptions in 

13 subjects. Eight female cyclists described their diets as 

semi-vegetarian, three said they consumed a typical American 

diet, and two said they excluded refined products. When 

asked if they excluded any foods from their diet, 8 subjects 

said they excluded red meat, and one reported exclusion of 

milk. 

These findings may be compared to the results of Barr 

(1986) who found that 34.6% of 104 swimmers practiced semi-

vegetarianism (compared to 66.6% of female cyclists), and 

1.9% were lacto-ovovegetarians (compared to 0% of female 

cyclists). The percent of female cyclists in this study who 

practiced vegetarianism is much higher than the 30.5% of 

racing cyclists and 33% of recreational cyclists found by 

Slavin et al (1973). 

Table 9 Self reported diet descriptions of thirteen 
competitive female cyclists living in Tucson, Arizona. 

Type of diet Frequency Percent 

Vegan 
Lacto-ovo 
Typical American 
Exclude refined foods 
Fast food 

0 
8 
3 
2 
0 

0 . 0  
6 6 .  6  
23.1 
15.4 

0 . 0  
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Assessment of Dietary Intake 

Dietary intake data presented in this section are 

results from seven day diet records in n=13 female cyclists. 

Table 10 shows mean energy and macronutrient intake of 

13 subjects. The mean diet composition was 15% protein, 55% 

carbohydrate, 26% fat and 2% alcohol. Mean energy intake was 

1625 kcal which is 77% of the RDA of 2100 kcal/day. 

The diet composition of n=13 female cyclists was higher 

in carbohydrate, lower in fat and similar in protein intake 

when compared to the overall mean of female athletes which 

was found by Barr (1987) to be 49% carbohydrate, 15% 

protein, and 36% fat. The composition is similar to the 

distribution of 15% protein, 25-30% fat and 50-55% 

carbohydrate recommended by the American Dietetic 

Association for athletes in training, but lower than the 

recommendation that endurance athletes consume a diet which 

is 65% to 70% carbohydrate (American Dietetic Association, 

1987) . 

The mean caloric intake of female athletes as computed 

by Barr (1987) was 2069 kcal/day. In contrast, the caloric 

intake of the group of female cyclists was 1625 kcal/day. 

The mean caloric intake found in this study was similar to 

the average caloric intake of women (ages 25-44 years) in 
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the United States which has been estimated to be 

approximately 1700 kcal per day (NHANESI) and 1600 kcal per 

day (NHANESII). The mean caloric intake was lower than the 

RDA for adult females. 

In comparison to energy expenditure, the mean energy 

intake of the group of female cyclists is inadequate. 

After taking into account the mean weight of the group of 

cyclists (124.9 pounds), the mean energy cost associated 

with cycling is estimated to be 541 kcal/day. The average 

number of hours cycled per week by the female cyclists in 

this study was between two and three hours per day, so that 

the mean caloric requirement for cycling would range from 

1082 kcal/day to 1623 kcal/day. Since the mean basal 

metabolic rate of the cyclists was calculated to be 1418 

kcal/day, in order to maintain energy balance a range of 

2500 kcal to 3041 kcal per day must have been consumed 

(compared to a mean intake of 1625 kcal/day). Only one 

subject consumed over 2000 kcal/day. 

There are several possible explanations for the 

findings that the mean caloric intake was inadequate. It is 

possible that subjects underreported caloric intake, or as 

postulated by Leblanc (1987), a metabolic adaptation may 

have occurred, which increased the efficiency of energy 
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metabolism. 

The present investigation was not designed to assess 

energy balance in the group of cyclists studied and further 

research is needed in this area. 

Table 10 Macronutrient intake of thirteen competitive 
female cyclists living in Tucson, Arizona. 

Dietarv Variable Mean ± SD Min Max 

Energy (Kcal) 1625 ± 376 1101 2469 

Protein (g) 63 ± 21 36 102 
Protein (%) 15 ± 3 11 20 

Carbohydrate (g) 231 ± 68 118 340 
Carbohydrate (%) 55 ± 8 43 69 

Fat (g) 46 ± 16 21 85 
Fat (%) 26 ± 8 14 39 

Alcohol (g) 6 ± 8 0 24 
Alcohol (%) 2 ± 3 0 12 

Table 11 shows mean values of dietary iron intake 

variables in n=13 competitive female cyclists. The mean 

total iron intake was 18.8 mg per day (104% of RDA) with a 

mean food iron intake of 13.8 mg per day and a mean total 

absorbable iron intake of 1.5 mg per day (83% RDA assuming 

10% absorption). The mean iron density was 11.56 mg per 1000 

kcal and mean absorbable iron was .9 mg/1000 kcal. Total 
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absorbable iron comprised 8.0% of total iron intake. 

The mean total iron intake is higher than the mean 

intake of female athletes found by several investigators 

(see table 2). The results are similar to those found by 

Risser et al (1988) in non deficient female athletes but 

higher than the intake of iron deficient female athletes 

studied by Risser et al (1988). The results are similar to 

those found by Stewart et al in female Olympic athletes and 

by Ellsworth et al in female nordic skiers (see table 2). 

The results are higher than the average iron intake of 10.48 

mg/day found in NHANESI (females ages 18-44) and 10.85 

mg/day found in NHANESII (females ages 25-44) (Looker et al, 

1988). 

The mean total absorbable iron intake of n=13 

competitive female cyclists was higher than the mean intake 

found by Snyder et al (1989) who studied 18 female runners 

to determine if those subjects who practiced vegetarianism 

were predisposed to iron deficiency. Synder et al (1989) 

found a mean absorbable iron intake of .66 mg/day for their 

modified vegetarian group and a mean intake of .91 mg/day 

for their non vegetarian group. The mean absorbable iron 

intake found in the group of female cyclists is higher than 

the mean intake of .83 mg/day (women ages 19-22) and .80 
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mg/day (women ages 23-24) from the Nationwide food 

Consumption Survey (Raper et al, 1984). Mean absorbable iron 

per 1000 kcal was higher than the mean of .5 mg per 1000 

kcal found in the Nationwide Food Consumption Survey (Raper 

et al, 1984). Although absorbable iron intake and absorbable 

iron per 1000 kcal were higher in n=13 female cyclists 

compared to females studied in the Nationwide Food 

Consumption Survey, the percent of total iron made up of 

absorbable iron was similar to the 8.1% found in the 

Nationwide Food Consumption Survey. This may be due to the 

relatively low caloric intake coupled with a relatively high 

total and absorbable iron intake. 

The mean iron density in the diets of n=13 female 

cyclists was 5.3 mg per 1000 kcal higher than the mean iron 

density of 6.26 mg per 1000 Calories found in females ages 

18-44 from NHANESI (Dietary intake source data, 1974) and 

4.6 mg per 1000 kcal higher than the iron density of 6.9 mg 

per 1000 kcal from NHANESII (Looker, 1988) 

The mean percent of the RDA for dietary iron (104%) was 

higher than the results of Adams et al (1982) who found that 

the mean iron intake in a group of swimmers was 92% of the 

RDA. The mean percent of the RDA was also higher than the 

results of Fredrickson et al (1983) and Lampe et al (1982) 
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who found the mean dietary iron intake of the runners they 

studied to be 81.5% and 78% of the RDA respectively. 

Heme iron intake was .5 mg/day lower than the intake of 

women ages 19-34 from the Nationwide food consumption Survey 

(1.0 mg/day for females ages 19-34) and non heme iron intake 

was approximately 9 mg/day higher than mean non heme iron 

intake (9.1 mg/day for females ages 19-22 years and 8.9 

mg/day for women ages 23-34 years). Heme iron intake was 

similar to the results of Manore et al (1989) who studied 

female long distance runners and found that mean heme iron 

intake ranged from .4 mg/day for diet record number four to 

.7 mg/day for diet record number one. Mean non heme iron 

intake ranged from 10.1 mg/day (diet record number four) to 

13.0 mg/day (diet record number one) in their runners, which 

is similar to the results found in n=13 female cyclists. 

Mean heme iron intake in this present study was higher than 

the intake of modified vegetarian group (.2 mg/day) but 

lower than the intake of the red meat group (1.2 mg/day) in 

a study conducted by Snyder et al (1989). 

One explanation of lower heme iron intake in the group 

of female cyclists compared to women in the Nationwide Food 

consumption survey is that 66% of the cyclists were 

vegetarian (excluded red meat). 
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Table 11 Dietary iron intake of thirteen competitive female 
cyclists living in Tucson, Arizona. 

iron source (mo/day) Mean + SD Min Max 

Total iron 18.8 ± 6.9 9.9 30.3 
Food iron 13.8 ± 3.7 8.5 19.2 
Heme iron 0.5±0.5 0.5 1.6 
Non-heme iron 18.3 ± 6.9 9.2 29.6 
Total absorbable iron 1.5 ± 1.2 0.6 5.2 

Table 12 shows ascorbic acid, vitamin B-12 and folacin 

intakes of n=13 subjects. The mean ascorbic acid intake of 

319 mg/day was 526% above the RDA of 60 mg/day. Mean vitamin 

B-12 intake was 546% above the RDA of 3.0 /zg/day and mean 

folacin intake was 96% of the RDA (400 ug). 

The mean intakes of ascorbic acid, vitamin B-12 and 

folacin are higher than the mean values for female athletes 

computed by Barr (1987) who found that mean ascorbic acid 

intake was 145 mg, mean vitamin B-12 intake was 3.8 mg and 

mean folate was 213 ug/day. Mean vitamin C intake was higher 

than the intakes of female vitamin supplement users and 

nonusers from NHANESII (100.2 mg/day and 80.3 mg/day for 

supplement users and nonusers respectively). The high intake 

of the above vitamins was due to the use of a multivitamin 

supplement by some subjects. 
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Table 12 Selected vitamin intakes of thirteen competitive 
female cyclists living in Tucson, Arizona. 

Vitamin Mean ± SD Hin Max 

Ascorbic acid (mg) 
B-12 (ng) 
Folacin (/ig) 

319 ± 57 
16 ± 31 
384 ± 204 

55 
0.3 
123 

2222 
116 
700 

Table 13 represents the frequency and percent of 

subjects below the RDA for total iron, total absorbable iron 

ascorbic acid, vitamin B-12, and folacin. Seven subjects 

consumed less than the RDA for iron while 11 subjects 

consumed less than 1.8 mg of total absorbable iron. Three 

subjects consumed less than the RDA for vitamin B-12, and 7 

subjects consumed less than the RDA for folacin. 

The 46.7 percent of subjects who consumed less than the 

RDA for iron is similar to the 43% of subjects who consumed 

less than the RDA found by Duester et al (1986), but lower 

than the 91% found by Lampe et al (1986) in runners and 78% 

found by and Clement and Asmundson (1982) in endurance 

athletes. 
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Table 13 Percent of thirteen female cyclists above or below 
RDA for selected nutrients. 

Dietarv Variable 
Below 

Frecruencv 
RDA 

Percent 
Iron 7 53.8 
Total absorbable iron 11 84.6 
Ascorbic acid 0 0.0 
Vitamin B-12 3 23.0 
Folacin 7 53.8 

Table 14 shows the contribution of dietary iron from 

sources containing inhibiting factors in n=13 female 

cyclists. Iron from coffee and tea was minimal while iron 

from grain products was approximately 6% of total iron 

intake. 

The amount of iron from cereals and breads which 

contributed to total iron intake in the female cyclists was 

higher than the intake of 1.96 mg/day (cereals and pulses) 

found in menstruating women by Soustre et al, (1986). 

Table 14 Selected foods containing inhibitory factors 
consumed by thirteen competitive female cyclists living in 
Tucson, Arizona. 

Iron source Mean ± SD Min Max 

Coffee .8 ± 1 0 4 
Tea .1 ±.3 0 1 
Cereal 3 ± 3 0 11 
Bread 3 ± 1 11 5 
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Assessment of Iron status 

Descriptive statistics of iron status variables for 

n=13 competitive female cyclists are shown in table 15. 

The mean value for hemoglobin is similar to the mean 

value of 13.3 g/100 ml found in NHANES II. Mean SF values 

were also similar to the mean of 37 ng/ml found in NHANES 

II. Mean EP was 9 ng/dl lower in the female cyclists 

compared to 55 ng/dl found in NHANES II, and PSAT was 3% 

higher than the mean of 27% found in NHANES II. Mean iron 

stores were lower than the mean of 309 mg found in NHANES 

II. A statistical comparison of the above variables is 

reported later in this discussion. 
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Table 15 Selected biochemical and hematological indices of 
iron status in thirteen competitive female cyclists living 
in Tucson, Arizona. 

Indicator Mean + S.D. Min Max 

Serum Ferritin (ng/ml) 37.6 + 49.1 5.0 191. 0 

Hemoglobin (g/100 ml) 13.7 + 0.8 12.5 15.7 

Hematocrit (%) 41.0 + 3.6 31.0 46.0 

Serum iron (/ig/100 ml) 124. 0 : ± 64 31.0 26.0 

Total iron binding 
capacity (/Lig/100 ml) 

411 + 84 308 595 

Transferrin (mg/dl) 349 + 79 262 509 

Percent saturation (%) 30.9 + 14.6 7.3 57 .1 

Erythrocyte protoporphyrin 
(ug/dl RBC) 

47.1 + 40.3 24.3 177 . 0 

Iron Stores (mg) 290 + 354 -160 1107 

As demonstrated in table 16, a wide variation in the 

mean values of iron status indicators exists among the 

population of female athletes. Mean SF in this present 

investigation was similar to the results of Durstine et al 

(1987) Rowland et al (1987), and Davidson et al (1987), but 

higher than the results of Synder et al (1989), Lamanca et 

al (1988), Slavin et al, (1973), Diehl et al (1986) and Parr 
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et al (1984), and lower than the results of Steenkamp et al, 

(1986), Pellicia et al (1987), and Wirth et al (1978). The 

mean values of TIBC, SI, and PSAT found in the group of 

female cyclists may be compared to other investigations 

(Table 16). 
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Table 16 Continued. 

Population n SF TIBC SI PSAT Reference 

Swfimers 35 58.6 * 34.1 226 l 35.6 106 t 32.8 32.3 t 11.3 Pelltcia et al, 1987 

Runners 17 27.9 * 20.0 414 ± 48 78.4 t 41.8 19.2 i 10.4 Clement et al, 1982 

Ballet 12 22.3 * 16.1 290.3 t 28.8 103.6 t 23.2 NR Cohen et al, 1985 

Untrained 
pretraining 
postraining 

19 
17 

128.8 1 31.3 
126.6 l 32.6 

NR 
NR 

NR 
NR 

NR 
NR 

Mirth et al, 1978 

Untrained 
ueek 0 
ueek 6 
ueek 13 

2*. 
24 

30.7 i 4.1 
24.6 ± 4.1 
24.9 l 3.6 

386.8 i 
379.7 l 
378.2 * 

14.2 
16.3 
15.7 

114.0 t 8.6 
117.8 * 7.8 
117.1 i 9.7 

30.1 t 2.8 
30.2 ± 2.4 
27.8 i 2.5 

Blun et al, 1986 

Various 46 NR 396.4 t 66.2 120.2 ± 47.9 31.7 l 15.6 Pate et al, 1979 

Field hockey 
1st season 
3rd season 

13 
13 

23.4 ± 14.9 
19.6 t 14.4 

NR 
NR 

NR 
NR 

NR 
NR 

Dfehl et al, 1986 

Various 
pretest 
postest 

29 
11 

16.8 t 12.7 
15.2 ± 9.5 

318.3 t 
306.9 i 

55.6 
39.6 

82.2 t 42.5 
80.6 t 27.6 

25.8 i 7.6 
30.2 t 9.7 

Parr et al, 1984 

NR indicates not reported 

* N size varied with biochemical test 

-j 
w 



Table 17 represents the frequency and percent of 

individuals with acceptable, borderline deficient and 

deficient values of iron status variables. The prevalence of 

a deficient value for any one indicator ranged from 0% for 

hgb and Hct to 47% for TIBC. The prevalence of borderline 

deficient values ranges from 0% for hgb to 27% for serum 

ferritin. 

Iron deficiency was present in 30.8% (4 subjects) of 

n=13 female cyclists. Three subjects (23.1%) presented with 

stage I iron deficiency and 1 subject (7.7%) presented with 

stage II iron deficiency. There were no subjects who 

presented with stage III iron deficiency. 
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Table 17 Iron deficiency in thirteen competitive female 
cyclists living in Tucson, Arizona; based on criteria from 
the World Health Organization. 

Indicator Frequency Percent 

Serum ferritin (no/ml) 

Iron deficient (< 12 fig/L) 4 31 

Borderline deficient (13-30 ixg/L) 3 23 

Acceptable (> 30 6 46 

Hemoglobin 

Deficient (< 10 g/1) 0 0 

Low (10-11.9 g/dl) 0 0 

Acceptable (>12 g/1) 13 100 

Hematocrit 

Deficient (<31%) 0 0 

low (31% - 37%) 1 7 

Acceptable (>38%) 12 93 

Serum iron 

low (< 40 /ng/dl) 1 8 

Acceptable (> 40 jug/dL) 12 92 
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Table 17 Continued 

Indicator Frequency Percent 

Total Iron Binding Capacity 

Deficient (>400 ng/1)  6 46 

Acceptable (<400 /ng/1) 7 54 

Percent Saturation 

LOW (<15%) 2 15 

Acceptable (>15%) 11 85 

Erythrocyte Protoporphyrin 

Deficient (>70 jig/dL RBC) 1 8 

Acceptable (< 70 /ig/dL RBC) 12 92 

The percent of subjects with iron deficiency may be 

compared to the results found by several investigators 

(table 2). A large variation exists in classification 

systems and the laboratory tests used to differentiate 

between stage I and stage II iron deficiency. This makes 

comparisons of iron status between athletic populations 

difficult. However, most investigators agree that a SF 
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value less than 40 ng/1 is indicative of diminished iron 

stores, and a PSAT less than 16% indicates stage II iron 

deficiency. The prevalence of stage I iron deficiency found 

in the group of n=13 female cyclists was similar to the 

results of Duester et al (1986), but lower than the results 

of Manore et al (1989), the modified vegetarian group of 

Synder et al (1989), Duester et al (1986), Rowland et al 

(1987), Selby and Eichner (1986), Deihl et al (1986), and 

Parr et al (1984) and higher than the results of Risser et 

al (1988), DeWijn et al 1971), Pate et al (1979), Lampe et 

al (1982), Davidson et al (1987), Matter et al (1987) and 

Pellicia et al (1987), and the non vegetarian group of 

Snyder et al (1989). The prevalence of stage II iron 

deficiency in N=15 female cyclists is similar to the results 

and the non vegetarian group of Synder et al (1989), but 

higher than the results of Durstine et al (1987), Parr et al 

(1984), Lampe et al, (1986), Lampe et al (1982), Manore et 

al (1989) and DeWijn et al (1971), and lower than the 

results of Clement et al (1982), Hundling et al (1981), and 

Magazanik et al (1988). The prevalence of stage III iron 

deficiency in the group of female cyclists studied may be 

compared to the results of other investigators (table 2). 

The prevalence of iron deficiency within the population 
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of female cyclists studied is higher than the 20% of female 

adults in the northwest United States who presented with the 

deficiency (Cook et al, 1976). The prevalence is also higher 

than the 10% to 21.3% of women ages 18-44 years old from 

the second National Health and Examination Survey (NHANES 

II), Cook et al, (1986). The prevalence of anemia within the 

population studied is lower than the results found in NHANES 

II which ranged from 2.6% to 7.5%, and lower than the 8.0% 

of female adults living in the northwest United States (Cook 

et al, 1976). 

Anthropometric analysis 

Table 18 represents results of anthropotometry in n=l3 

competitive female cyclists. Mean height was 165.4 cm and 

mean weight was 56.8 kg. Mean percent body fat was 18.1% 

with a minimum of 14.6% and a maximum of 24.7%. 

The mean percent body fat is within the recommended 

range of 10% to 20% for female athletes (American Dietetic 

Association (1987). The mean body mass index is higher than 

the overall mean of 19.6 for female athletes computed by 

Barr (1986) 

The calculated mean basal metabolic rate was lower than 

mean caloric intake determined from 7 day records indicating 
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that mean caloric intake was adequate to meet mean basal 

requirements. 

Table 18 Anthropometric measurements of thirteen 
competitive female cyclists living in Tucson, Arizona. 

Variable Mean + 8D Min Max 

Height (cm) 165.4 + 5.9 153.8 175.5 
Weight (Kg) 56.8 + 8.9 44.0 79.5 
Basal metabolic rate 1418.3 + 102.3 1287.2 1565.7 
Body mass index 21.1 + 2.9 17.3 28.9 

Skinfold (mm) 
Anterior suprailiac 8.8 + 5.2 4.0 25.2 
Abdomen 10.9 + 4.3 5.3 18.7 
Triceps 13.6 + 5.4 4.3 25.2 

Body density 1.06 + 0.01 1.04 1.06 
Percent fat 18.1 + 3.7 14.6 24.7 
Fat (kg) 11.5 + 4.2 7.7 19.7 
Fat free body (kg) 50.5 + 44.9 44.9 59.8 

Urinalysis 

Tables 19 and 20 represent the results of the 

urinalysis. Six individuals had trace amounts of protein 

detected in their urine sample, and one individual tested 

positive for ketones. Urine pH was within the normal range 

for all subjects, urine color was abnormal for two subjects 

and appearance was cloudy in 1 subject. Mean urine 

osmolality was 598 ± 162 mOsm/L with a minimum of 310 mOsm/L 

and a maximum of 845 mOsm/L. Four subjects had a urine 
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osmolality below the normal range of 500 - 1200 mOsm/L. 

The finding that four subjects had a urine osmolality 

below the normal range may be due to increased water intake 

in the subjects, or possibly due to technical problems in 

laboratory measurement of osmolality. The appearance of 

ketones in the urine of one subject may be a reflection of 

inadequate caloric intake. The finding that no individuals 

had occult blood or hemoglobin in their urine indicates that 

the iron deficiency found in the subjects was not due to 

urinary blood loss. This finding is different from those in 

runners who have been shown to have increased hemolysis 

which is reflected in a low serum haptoglobin (Davidson, 

1984, Ehn et al, 1980). 

Table 19 Urine chemistries of thirteen competitive female 
cyclists living in Tucson, Arizona. 

Chemistry Positive 
Freauencv 

Neerative 

Protein 5* 8 
Glucose ° *  13 
ketones 1* 12 
Urobilinogen 0 13 
Bilirubin 0 13 
Occult blood 0 13 
Urinary Hemoglobin 0 13 
Leukocytes 0 13 
Nitrite 0 13 

* Trace 
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Table 20 Urinanalysis; urine color and transparency of 
thirteen competitive female cyclists living in Tucson, 
Arizona. 

Number of individuals 

Mormal Abnormal * 
Color 11 2 
Appearance 12 1 

color; any deviation from yellow, straw like 
Appearance; any deviation from clear 

COMPARISON OF DIETARY IRON INTAKE TO NHANESII 

In the following comparison of iron intake results, 

dietary iron intake was compared to a sample of women ages 

25-44 years studied in NHANES II (Looker,1988). Z tests 

were used to test for differences between the NHANES II 

sample and n=13 female cyclists. Table 21 shows the results 

of the Z test. Total iron intake was significantly higher 

in n=13 female cyclists compared to NHANES II females ages 

18-44 years (Z=2.99 p=0.01) 
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Table 21 Comparison of total iron intake between 
competitive female cyclists living in Tucson, Arizona and 
females ages 18-44 years from NHANES II (Looker et al, 
1988). 

Population n Iron (mg/day) 
Mean ± BEM 

Data 13 18.8 ± 6.9 

NHANES II 1481 10.8 ± .25 
2.99 0.01 

COMPARISON OF IRON STATUS TO NHANES II 

In the following description of iron status results, 

iron status was compared to the sample of women ages 18-44 

in NHANESII (Cook et al,1986). Z tests and 95% confidence 

intervals were used to test for differences between SF, iron 

stores, PSAT, EP and PSAT in n=13 female cyclists compared 

to females ages 18-44 years studied in NHANESII. In 

addition, Z tests were used to compare the percent of 

individuals with iron stores less than 0 mg and less than 
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-100 mg in NHANESII (females ages 18-44 years ) versus n=13 

female cyclists. 

Figures 2, 3, and 4 show the results of the Z tests 

for .SF, EP, PSAT, Hgb and iron stores in n=13 female 

cyclists compared to NHANES II. Mean iron stores were not 

significantly lower for n=13 female cyclists (z= -.714). 

Mean values of Hgb and SF were not significantly lower in 

n=13 female cyclists versus the population of women in 

NHANES II (z=.780 for hgb, z=.820 for SF). EP was 

significantly lower in N=13 female cyclists (z=-5.13, 

p=0.01) and PSAT was significantly higher (z=4.22 p=0.0l) 

when compared to NHANES II. 
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Figure 2. Iron stores in femole cyclists compared to 
femoles age 18—44 yrs. from NHANESII 
Dota os mean ± SD. 
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Figure 3. Hemoglobin concentration in female cyclists 
compared to females age 18-44 yrs. from NHANESII 
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Figure 4. Serum ferritin (SF), erythrocyte protoporphyrin (EP) 
ond percent transferrin saturation (PSAT) in female cyclists 
compared to females age 18-44 yrs. from NHANESII 
(Cook et ol, 1986). 
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Figures 5, 6 and 7 display 95% confidence intervals 

around iron variables for n=13 female cyclists compared to 

NHANESII. Mean values of EP were found to be significantly 

lower and PSAT was found to be significantly higher in both 

n=13 female cyclists compared to NHANES II. Mean values of 

Hbg, SF and mean iron stores were not significantly lower in 

n=13 female cyclists when compared to NHANES II. 
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Figure 5. 
95% confidence intervals around mean volues of hemoglobin (Hgb) 
erythrocyte protoporphyrin (EP), and percent tronsferrin soturotion 
(PSAT) in female cyclists compared to females oge 18-44 yrs. 
from NHANESII ' 
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60 

Figure 6 
95& confidence intervols around mean values of serum ferritin (SF) 
in competitive female cyclists compared to females ages 
18-44 yrs. from NHANES II (Cook et ol, 1986). 
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Figure 7. 

953s confidence intervols oround mean volues of iron stores 
in competitive female cyclists compared to females ages 
18-44 yrs. from NHANES II 
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Figure 8 shows the results of Z test 011 the percent of 

female cyclists with iron stores less than 0 mg or less than 

-100 mg for n=13 competitive female cyclists compared to 

NHANESII. The percent of subjects with iron stores less than 

0 mg was 30.7% and was not significantly higher than women 

ages 18-44 years from NHANESII (z=.927). The percent of n=13 

subjects with iron stores less than -100 mg was 23.1% and 

was significantly higher (z=2.54, p=0.05) when compared to 

NHANESII. 
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Figure 8. Percent of female cyclists with iron stores 
less than 0 mg or less than —100 mg compared to 
females age 18—44 yrs. from NHANESII (Cook et ol, 1986). 
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Several possible explanations exist for the large percent of 

subjects with inadequate iron stores. Decreased iron 

absorption has been documented in athletes (Ehn et al, 1980, 

Clement et al, 1983) and may be a contributing factor to the 

high prevalence of iron deficiency found in the female 

cyclists studied. 

Another possibility is increased iron losses through 

excessive sweating. Iron status in the group of female 

cyclists was measured in November, at the end of the cycling 

season. The subjects had spent the summer training and 

competing in temperatures above 100 degrees fahrenheit. 

This may have increased sweat production which may have 

resulted in increased losses of iron. Other possible 

explanations are gastrointestinal bleeding or increased 

hemolysis. Further investigation is needed to determine the 

discussed possibilities. Alternatively, the high prevalence 

of iron deficiency may have been due to inadequate intakes 

of total iron or absorbable iron. 

The mechanism for explaining iron costs associated 

with exercise proposed by Blum et al (1986) (figure 1) may 

be disputed according to the findings of this investigation. 

Blum et al do not take into consideration a lack of total 
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iron or absorbable iron in their proposed mechanism, 

however, results of this investigation show that almost 75% 

of subjects did not consume adequate amounts of absorbable 

iron. This may indicate that individuals are absorbing 

enough iron to prevent the development of anemia, but not 

enough to prevent iron deficiency. It is likely that iron 

intake and the type of iron consumed contributed to the high 

prevalence of iron deficiency found in the population of 

female cyclists studied and therefore, must be taken into 

consideration when examining iron deficiency in the female 

athlete. 

RELATIONSHIP OF DIETARY IRON INTAKE TO IRON STATUS 

Zero order correlations were computed to determine the 

relationships between the dietary iron intake variables 

(total iron, food iron, heme iron, non heme iron, absorbable 

iron, ascorbic acid, coffee iron, tea iron, cereal iron and 

bread iron) and the iron status variables (SF, iron stores, 

PSAT, EP, TIBC and SI). Significant correlations were not 

found between any of the dietary iron intake variables and 

iron status variables. In addition, after independently 

controlling for vegetarianism, ascorbic acid intake, and use 

of a multivitamin supplement, dietary intake variables were 
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not related to iron status variables. Table 22 shows zero 

order correlation coefficients between iron status variables 

and dietary iron intake variables. 



Table 22 Zero order correlation coefficients (r) and significance (p) between senn selected biochemical iron status 
variables and selected dietary iron variables in 11=13 coapetitive female cyclists 

I ROW STATUS VARIABLE 

SF Iron Stores PSAT SI TIBC EP 
DIETARY VARIABLE 

r P r p r P r P r P r p 
Total Iron -.298 .332 -.410.164 .427 .145 -.163 .575 .052 .866 .327 .201 
Food iron -.231 .447 .506 .856 .286 .343 

CO m
 .072 -.366.218 -.323.282 

Heme Iron -.209 ,492 .118 .970 .112 .715 .104 .743 -.259.392 .012 .741 
Non-heme Iron -.308 .306 -.418.155 .047 .878 -.126 .681 -.238.432 -.055.858 
Absorbable Iron -.033 .914. 232 .446 .294 .329 -.134 .661 -.396.180 -.151.622 
coffee iron .090 .977 .121 .697 .006 .984 .588 .035 .009 .997 -.065.831 
Tea iron .108 .726 .281 .351 .326 .277 -.129 .673 .108 .726 -.019.949 
Cereal iron -.236 .436 .052 .865 .053 .863 .504 .079 .236 .436 .063 .838 
Bread iron .291 .335 .083 .774 .326 .277 -.120 .696 .299 .335 .318 .290 
ascorbic acid .085 .783 .266 .379 .028 .927 -.119 .697 .347 .245 -.053.909 

VD 
U1 



96 

These findings are similar to the findings of Soustre 

et al (1986) who found no significant correlations between 

SF and total iron intake. Soustre et al (1986) also found 

that after controlling for all other foods and beverages, 

there was a significant negative partial correlation between 

SF and coffee consumption. The results of this investigation 

are different than the results of Duester et al (1986) who 

found a significant positive correlation between total iron 

intake and SF. 

In the population of n=13 female cyclists studied, 

significant inverse correlations were found between regular 

consumption of a multivitamin supplement and total iron 

intake (r=-.80, p=0.001) and between regular consumption of 

a vitamin supplement and total absorbable iron (r= -.57, 

p=0.04). A significant inverse correlation was also found 

between occasional vitamin supplement consumption and total 

iron intake (r=-.94, p=0.001), but not between occasional 

vitamin supplement usage and total absorbable iron. 

Significant correlations were not found between 

vitamin supplement usage and any of the biochemical 

indicators of iron status. This result is similar to the 
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results of Looker et al (1988) who found that there was not 

an association between regular supplement usage and mean 

values of iron status indicators in the NHANESII population. 

Significant correlations were also found between 

vegetarianism and iron stores (r=.679, p=.011), 

vegetarianism and SI, (r=.614, p=.026), and vegetarianism 

and PSAT (r=.680, p=.011). Vegetarianism was not related to 

any other biochemical iron status indicator. In addition, 

vegetarianism was not related to total iron, food iron, 

total absorbable iron, or ascorbic acid intake. 

The finding that no significant correlations were 

found between iron intake and iron status could be due to 

the small population size. 

COMPARISON OF DIETARY IRON INTAKE, EXERCISE TRAINING AND 

MENSTRUAL CHARACTERISTICS IN IRON DEFICIENT 

AND NON IRON DEFICIENT FEMALE CYCLISTS 

Female cyclists were divided into two groups based on 

iron status. Subjects were placed in the iron deficient 

group if iron stores were less than 300 mg (n=7), and in the 

iron replete group if iron stores were greater than or equal 

to 300 mg (n=6). Independent t test were then done to 
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determine if the iron deficient group differed from the iron 

replete group in dietary intake (total iron, total 

absorbable iron, ascorbic acid), exercise training (mileage 

per week) and menstrual characteristics (age at menarche). 

Comparison of dietary iron intake 

Significant differences were not found between the 

mean intakes of total iron, food iron, total absorbable 

iron, or ascorbic acid in the iron deficient group versus 

the iron replete group. Although significant between group 

differences were not found, total iron and absorbable iron 

intake were higher in the iron replete group when compared 

to the iron deficient group, and ascorbic acid intake was 

382 mg/day higher in the higher replete group. Table 23 

shows mean values of selected dietary intake variables for 

the iron deficient group and the iron replete group. 

The results of this investigation are similar to the 

results of Risser et al (1988) who did not find significant 

differences in the intakes of total iron, food iron or 

ascorbic acid between their iron deficient group of female 

athletes (SF < 12 ng/ml) and non iron deficient group of 

female athletes. 
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Table 23 Comparison of selected iron intake variables 
between iron deficient female cyclists and iron replete 
female cyclists. 

Iron variable Iron deficient* Iron replete*4 
Mean ± S.D Mean ± S.D. t p 

Total iron (mg) 17.63 + 5.65 20.31 + 8.57 .67 .514 
Food iron 13.95 + 4.43 13.71 + 3.23 -.11 .912 
Absorbable iron 1.09 + .443 1.93 + 1.70 .28 .228 
ascorbic acid 143.1 + 83.1 525.6 + 835.71 .21 .251 

iron stores < 300 mg 

Iron stores > 300 mg 

Comparison of training and menstrual characteristics 

A significant between group difference was found for 

miles cycling per week (t= 2.95, p= 0.01). The mean miles 

per week was 158 ± 12.9 miles for the iron replete group and 

204 ± 35.9 miles per week for the iron deficient group. 

A significant between group difference was not found 

for age at menstruation (t= -.67 p=.517). The mean age at 

menstruation of the iron replete group and iron deficient 

groups were 11 ± .8 years and 12 ±.3 years respectively. 

The finding that there was a significant difference 

between miles per week cycling is consistent with the 
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findings of other investigations which suggest that training 

alters iron status (Diehl et al 1986, Kilbom 1971, Blum et 

al 1986). 

COMPARISON OF DIETARY INTAKE AND IRON STATUS IN VEGETARIAN 

AND NON VEGETARIAN FEMALE CYCLISTS 

Female cyclists were divided into vegetarian and non 

vegetarian groups according to their dietary practices. The 

vegetarian group consisted of 8 subjects, while the non 

vegetarian group consisted of 5 subjects. Independent 

t tests were used to determine if the vegetarian group 

differed from the non vegetarian group in dietary intake 

(total iron, total absorbable iron, ascorbic acid), or iron 

status (SF, iron stores, EP, SI, PSAT and TIBC). 

Comparison of dietary intake 

Significant between group differences were not found 

for the dietary intake variables of total iron (t=-.134, 

p=.206), food iron (t=-.21, p=.839), total absorbable iron 

(t=-l.76, p=.105) or ascorbic acid (t=-1.55, p=.150). 

Mean total iron intake was 16.8 ± 5.6 mg/day in the 

vegetarian group of female cyclists and 22.1 ± 8.3 in the 
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non vegetarian group of female cyclists. Mean food iron 

intake was 13.6 ± 4.2 and 14.1 ± 3.4 for vegetarian and non 

vegetarian groups respectively. Mean total absorbable iron 

intake was 1.04 ± .430 in the vegetarian group and 2.2 mg ± 

1.7 in the non vegetarian group. Ascorbic acid intake 

within the sample of female cyclists was 134.0 ± 81.1 for 

the vegetarian group and 616.6 ± 900.5 for the non 

vegetarian group. 

The mean values of food iron intake are similar to the 

results of Synder et al (1989) who found a vegetarian group 

mean of 14.5 mg/day and a non vegetarian group mean of 12.8 

mg/day. Mean total iron intake was higher than the results 

of Synder et al, 1989 who found total iron intakes of 

14.7 ± 2.0 and 14.0 ± 2.2 in their vegetarian and non 

vegetarian groups respectively. Mean absorbable iron intake 

by subjects in the present investigation are comparable to 

the mean absorbable iron intake of .66 ± 0.08 found by 

Synder et al for their modified vegetarian group and 0.91 ± 

0.1 for their non vegetarian group. Contradictory to the 

results of this present study, Synder et al, 1989 found a 

significant difference in total absorbable iron intake 

between their vegetarian and non vegetarian groups. 
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Comparison of iron status 

Significant between group differences were not found 

for SF (t=-2.00 p=0.071), EP (t=1.00 p=.339) or TIBC 

(t=l. 46, p=.591). However, significant differences were 

found between mean values of iron stores, (t= -3.07, 

p=0.01), PSAT (t=—3.08, p=0.01), and SI (t= -2.58, p=0.02) 

indicating that mean iron stores, PSAT and SI were lower in 

the vegetarian group. Three of the eight vegetarians 

(37.5%) had Stage I iron deficiency, while 12.5% (1 

vegetarian) presented with stage II iron deficiency. There 

were not any non vegetarian subjects with stage I or stage 

II iron deficiency. One of the eight vegetarians had iron 

stores greater than 300 mg, while all non vegetarians had 

iron stores greater than 300 mg. 

Table 24 shows the mean values of iron status 

indicators for the vegetarian and non vegetarian groups. 

Although mean serum ferritin was 50 ng/ml lower in the 

vegetarian group, there was not a significant difference 

between the two groups. Although not significantly 

different, EP and TIBC were higher in the vegetarian group 

versus the non vegetarian group. 

The results of the present study are different than 

those of Synder et al who found that SF and TIBC differed 
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significantly between their vegetarian and non vegetarian 

groups while SI and PSAT were not significantly different. 

The mean SF and TIBC values within their population were 

7.4 ± 1.4 (SF) and 19.8 ± 4.2 (TIBC) for their vegetarian 

and non vegetarian groups respectively. The values for SF 

and TIBC found by Synder et al (1989) were lower than the 

mean values found in N=13 female cyclists. In addition, mean 

values of SI were higher in both the vegetarian and non 

vegetarian female cyclists compared to the vegetarian and 

non vegetarian runners studied by Synder et al (1989) who 

found mean SI values of 81.9 ± 8.2 for modified vegetarians 

and 89.8 ± 12.4 for non vegetarians. Mean values of PSAT 

for the non vegetarian female cyclists were lower than the 

mean value of SI (28.0 ± 4.4). found by Synder et al (1989). 

However, the mean values of PSAT of the vegetarian group of 

female cyclists were higher than the mean value of 22.4 ± 

2.9 found by Synder et al (1989). The percent of vegetarians 

with stage I iron deficiency was similar to the findings of 

Synder et al (1989), who found that 55% of their modified 

vegetarian group had stage I iron deficiency. The percent of 

vegetarian subjects with stage II iron deficiency was lower 

than the 33% of modified vegetarian found by Synder et al 

(1989). Mean SF in the vegetarian group was lower than the 
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mean value 30 ± 22 found by Helman et al (1987) in a study 

of sedentary female vegetarians and non vegetarians. The 

mean value of SF for the non vegetarian group of sedentary 

females was not reported so a comparison can not be made. 

Table 24 Iron status of vegetarian and non vegetarian 
female cyclists living in Tucson, Arizona. 

Iron Variable3 Veaetarian (n=8) Non Veaetarian (n=5) 

SF (ng/1) 18.3 ± 18.28 68.4 ± 68.7 

EP (ug/dl RBC) 55.9 ± 50.4 32.9 ± 4.9 

PS AT (%) 23.8 ± 10.6 42.9 ± 12.2 * 

SI (ug/dl) 94.5 ± 42.0 172.4 ± 68.0 * 

TIBC (ug/dl) 421.5 ± 91.8 394 ± 75.9 

Iron stores (mg) 106.6 ± 258.2 585.6 ± 297.9 * 

SF= serum ferritin, EP=erythrocyte protoporphyrin, 
PSAT=percent transferrin saturation, 
TIBC=total iron binding capacity 

* p=0.01 

The results of comparisons between vegetarian and non 

vegetarian female cyclists indicate that the vegetarian 

cyclist is at greater risk of iron deficiency than her non 

vegetarian counterpart. Since the sample size of this 
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investigation was small, and since significant between group 

differences were not found between iron intake variables, it 

is difficult to assess the association between vegetarianism 

and iron status. 
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CHAPTER 5 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

SUMMARY 

The purpose of this study was to determine iron 

status and dietary iron intake, and to examine their 

interrelationship in a group of competitive female cyclists. 

Iron status was determined using the biochemical 

indicators of SF, TIBC, EP, SI, PSAT, transferrin and iron 

stores (calculated) and the hematological indicators of Hgb 

and Hct. Dietary intake was assessed through seven day diet 

records and daily intake was determined using Nutritionist 

III and a computer program which calculated absorbable iron. 

A questionnaire was developed to assess medical and 

menstrual histories and exercise and diet characteristics. 

The findings of this investigation were similar to the 

results of previous research which have found a wide 

variation in the degrees of iron deficiency in female 

athletes but a low incidence of iron deficiency anemia. As 

for dietary iron intake, mean total iron and absorbable iron 

intakes were higher than the mean intake of both female 

athletes and non athletes. Mean total iron intake was above 
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the RDA but mean total absorbable iron was below the RDA. 

Almost one half of the female cyclist studied consumed less 

than the RDA for iron and nearly seventy five percent did 

not consume adequate amounts of absorbable iron. 

Although mean total iron intake was higher than the 

intake of females studied in NHANESII, the percent of female 

cyclists with iron deficiency was higher than the NHANESII 

population indicating that female cyclists in this study may 

be at higher risk for iron deficiency even at higher intakes 

of total iron. 

The hypothesis set forth by several investigators that 

exercise training increased the risk of iron deficiency was 

further supported by the finding that there was a 

significant difference in miles cycling per week between the 

iron deficient group of female cyclists and the iron replete 

group of female cyclists. 

Iron status was not found to be related to iron intake 

in the female cyclists studied. However, vegetarianism was 

related to iron stores, SI and PSAT indicating that 

vegetarian female cyclists in this study may be predisposed 

to iron deficiency. However, significant correlations were 

not found between vegetarianism and total iron intake or 

total absorbable iron intake. 
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The results of this investigation suggests that 

inadequate iron intake (total or absorbable) contributed to 

the high prevalence of iron deficiency among the female 

cyclists who participated in this study, and that 

vegetarianism predisposed the female cyclists in this study 

to iron deficiency. It is concluded that the prevalence of 

iron deficiency in the population of female cyclists studied 

is higher than the prevalence of iron deficiency in females 

ages 18-44 studied in NHANESII, even though dietary iron 

intake was higher in the group of cyclists compared to 

NHANESII females. 

Test of Hypothesis 

Hypothesis one: Mean dietary iron intake in the group of 13 

female cyclists studied would not differ significantly from 

the iron intake of females ages 18 to 44 studied in NHANES 

II. This hypothesis is rejected. Mean dietary iron intake 

was higher in the group of N=13 female cyclists compared to 

females ages 18-44 years old studied in NHANES II. 

Hypothesis two: Mean biochemical values of iron status 

(iron stores, SF,SI Hgb, Hct and PSAT) would be lower, and 
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EP would be higher in the group of n=13 cyclists than the 

mean values found in women ages 18-44 years studied in 

NHANESII, and the percent of individuals with iron stores 

less than zero mg or less than -100 mg would be higher than 

the percentages found in NHANESII. The hypothesis is 

accepted for EP and PSAT. The hypothesis is rejected for 

iron stores and hgb in n=13 female cyclists. 

The hypothesis that the percent of female cyclists 

with iron stores less than 0 mg would be significantly 

higher than the percent of women from NHANES II is rejected 

for n=13 female cyclists. The hypothesis that the percent 

of individuals with iron stores less than -100 mg would be 

significantly higher is accepted for n=13 female cyclists. 

Hypothesis three: Dietary intake variables would be related 

to iron status variables, but total absorbable iron and iron 

stores would be most highly related, and after individually 

controlling for vegetarianism, ascorbic acid intake, and 

vitamin supplement usage, dietary intake variables would not 

be related to iron status variables. The hypothesis is 

rejected for all dietary intake variables except regular 

consumption of a multivitamin which was related to both 

total iron intake and total absorbable iron intake. After 
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controlling for vitamin supplement usage, total iron intake 

and total absorbable iron intake were not related. 

Hypothesis four: After division of 13 female cyclists into 

two groups based on iron status (iron deficient and iron 

replete) and vegetarianism, there would be mean differences 

in total and absorbable iron intake, ascorbic acid intake, 

exercise training characteristics, and menstrual 

characteristics (age at menarche). The hypothesis is 

rejected for the between group comparison based on iron 

status for all dietary variables and for age at 

menstruation, but is accepted for mileage per week. 

The hypothesis is rejected for the between group 

comparison based on the practice of vegetarianism for all 

dietary variables and for the iron status variables SF,EP, 

and TIBC. The hypothesis is accepted for irons stores, PSAT 

and SI. 
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Recommendations for Further Research 

1. Increase the sample size to improve hypothesis 

testing and so that discriminant analysis could be utilized. 

2. Examine iron status at the beginning and end of 

the cycling season and assess training indices in order to 

determine possible effects of training on iron status. 

3. Add a control group for comparison of iron status 

and dietary iron intake. 
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A university policy requires that all signed subject consent forms be kept in a 
permanent file in an area designated for that purpose by the Department Head or 
comparable authority. This will assure their accessibility in the event that 
university officials require the information and the principal investigator i6 
unavailable for some reason. 

/ 

Sincerely yours, 

lwv*4 

Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Committee 

MN/ms 

ec> Departmental/College Review Committee 



The University of Arizona 
Human Subjects Committee 
1690 N. Warren (Bldg. 526B) 115 
Tucson, Arizona 85724 
(602)626-6721 or 626-7575 

6 March 1989 

Kathryn Anne Munoz 
Nutrition and Food Science 
Family and Consumer Resources, Room 309 
University of Arizona 
MAIN CAMPUS 

KB: A88.157 IFCN PATTERNS OF COMPETITIVE FEMALE CYCLISTS 

Dear Ms. Munoz: 

We received Mary Ann Right's 27 February 1989 letter stating that She is no 
longer co-principal investigator on your above cited project. It is our under
standing that Dr. Edward T. Sheehan has taken her place. Approval for this 
change is granted effective 6 March 1989. 

Die Human Subjects Committee has noted the possible enrollment of some research 
subjects at sites other than at the University of Arizona and/or under iirmediate 
supervision of non University of Arizona personnel. Please be reminded that you 
as the Principal Investigator are committed by reason of the Committee's approval 
of this protocol to insure that all basic elements of protection from research 
risks are extended to all subjects wherever located at community sites and 
attended therein by non-University of Arizona personnel. Bie Institutional 
Review Board is in compliance with the requirements of Part 56 Subchapter D, 
Part 312 of the 21 Code of Federal Regulations published January 27, 1981. 

Approval is granted with the understanding that no further changes or additions 
will be made either to jthe procedures followed or to the consent form(s) used 
(copies of which we have on file) without the knowledge and approval of the 
Hunan Subjects Committee and your College or Departmental Review Conmittee. Any 
research related physical or psychological harm to any subject must also be 
reported to each committee. 

A university policy requires that all signed subject consent forms be kept in a 
permanent file in an area designated for that purpose by the Department Head or 
oonparable authority. Oiis will assure their accessibility in the event that 
university officials require the information and the principal investigator is 
unavailable for some reason. 

Sinoerely yours, 

Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Conmittee 

m/ms 

cc: Departmental/College Review Conmittee 
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INFORMED CONSENT 



Subject's Consent Form 
Iron Patterns o£ Competitive Female Cyclists 

You are being screened for participation in the above titled research 
project. The purpose of this project is to study at dietary intake and 
blood measures to see if female cyclists are prone to nutrient deficiencii#;7 
You have been asked to participate because yipu are a competitive female 
cyclist and have been competing in the 1988 cycling season. Your 
participation is voluntary and you nay withdraw from the study at any time 
if you wish. Of the 50 individuals screened to participate in the study only 
15 will be selected. • • 

The study is divided into four parts. The first part requires 
completing a questionnaire about your medical, reproductive, diet, and 
exercise history. Based on your answers to the questions you may be 
selected for further participation in the study. You will be notified as to 
whether or not you are selected. If you are selected and agree to 
participate, you will be asked to give about 1 ounce of blood and less than 
1 ounce of urine. This is the second part of the study. The blood will be 
taken from a vein in your arm. The blood and urine collections will be done 
at El Dorado Hospital during a morning visit, which you will schedule. You 
will be asked not to eat or drink anything for 12 to 14 hours before you 
give the blood and urine samples. In addition, you will need to avoid 
urinating during the morning of the urine collection. There is no risk to 
you except for possible slight bruising where the blood is taken from your 
arm. The third part of the study involves recording your dietary intake for . 
7 days. You will be given instructions and materials to complete your 
dietary record. In the last part of the study you will be required to 
report to El Dorado Hospital for a nutrition physical exam which involves 
looking at your skin, mouth, hair, and nails for physical signs which may be 
related to inadequate nutrient intake. The exam requires that you wear a 
hospital gown and will take about two hours. If any pertinent physical 
signs of inadequate nutrition are found during the exam they will be 
photographed with your permission by the hospital photographer. You will 
not be identified by name, and thus anonymity will be secured. 

The following is a list of the benefits you will receive if you are one 
of the 15 individuals .finally selected to participate in this study. 

1. You will receive a computerized printout of your dietary intake 
along with suggestions for improving your diet, if necessary. 

2. You will be given copies and an explanation of the results of the 
blood and urine tests. 

3. You will be given a written report of any physical signs of 
inadequate nutrition which may have been found during the 
nutrition physical exam. 

0\JE&—* 
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A.  You will receive several nutrition pamphlets about the athletes 
diet. 

5. A check In the amount o£ $25.00 from the University of Arizona as 
a token of appreciation for your completed participation.1' 

You do not have to pay to participate in this study. The total time 
required will be about 6 hours. Be assured that your name vlll not be used 
if the study results are published. All the information we obtain vlll be 
held confidential. 

" X have read this consent form. The nature, demands, and benefits of the 
project have been explained to me. I understand that Z may ask questions 
and that I am free to vithdrav from the project at any time without 
incurring ill will or affecting my medical care. I understand that I do 
not valve any of my legal rights by signing this form. Z also understand 
that this consent form will be filed in an area designated by the Human 
Subjects committee with access restricted to the principal investigator, 
Dr. I or authorized representatives of the ________ 

Department. A copy of this consent form vlll be given to me". 

subjects signature date 



APPENDIX C 

QUESTIONNAIRE 



IRON PATTERNS 
OF COMPETITIVE 

FEMALE CYCLISTS 
(PART ONE: QUESTIONNAIRE) 

Adaptrt with permission from tiary Ann Kight Founding 
Chairperson ond Publication Editor of 

Family Food Use in Five Western States: 
Nutritional Status of Women in Families 
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T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N ,  A R I Z O N A  8 5 7 2 1  

COLLEGE OF AGRICULTURE DEPAtTMENT OF NUTHtTION AND FOOD SCIENCE 
mSHASTZIUILDINC 

This is part one of the study in which you have agreed to 
participate. It involves answering questions about your nedical, 
reproductive, menstrual, physical training and diet histories. 
Please coaplete all the questions to the best of your knowledge. 
If you have any questions, please contact Kathy at 327-3070. 

Thank you very auch, 

Kathy Munoz 
Graduate Student 
Nutritional Sciences Prograa 

Mary Ann Xight, Ph.D., R.D. 
Professor of Nutrition 
and Food Science 



Subject's code number 

Date 
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MEDICAL HISTORY 

Q-l What is your age in years? 

years 

Q-2 Do you have any o£ the following? (please circle number if 
applicable) 

1 RHEUMATOID ARTHRITIS 

2 CHRONIC INFECTION 

3 ANEMIA 

4 LEUKEMIA 

5 DIARRHEA 

6 HEPATITIS 

7 ACUTE INFECTION 

8 LIVER PROBLEMS 

9 VOMITING 

10 PROLONGED BLOOD LOSS 

Q-3 Have you had any major operations in the past? 

1 No 

2 Yes, once 

3 Yes, twice 

4 Yes, nore than twice 

If yes, has it been in the last 6 months? 

1 YES 

2 NO 
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Subject's Code # 

Q-6 Have you received a blood transfusion in the last six 

months? 

1. yes 

2. NO 

Q-7 Are you a blood or plasma donor? 

1. YES 

2. HO 

If yes, how many tines per month do you donate blood or plasna? 

1. ONCE PER MONTH 

2. TWICE PER MONTH 

3. THREE TIMES PER MONTH 

4. MORE THAN THREE TIMES PER MONTH 

5. TWICE PER YEAR 

6. OTHER (Please indicate) 

Q-8 Are you currently being treated for any aedical condition? 

1. YES 

2. NO 

If yes, are you taking any medication for this condition? 

1. YES 

2. NO 

Please list any medication you are taking (if any) 

REPRODUCTIVE AND MEHSTRPAI, HISTORY 

Q-9 Have you ever been pregnant? 

1. YES 

2. NO 

If yes, How many pregnancies have you had? 

PREGNANCIES 

Q-10 Are you pregnant now? 

1. YES 

2. NO 

Q-ll At what age did you begin menstruating? 

YEARS OLD 
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Subject's Cod* t 

Q-12 On th* average, how aany day* laps* between your periods? 

1. LESS THAN 21 DAYS 

2. 28-35 DAYS 

3. 36-50 DAYS 

4. 6 MONTHS 

5. SPORADIC 

6. OTHER (Pleas* describe) 

PHYSTCAT. TRATWTNC 

q-13 On tha average, how aany ailes per week do you cycle? 

MILES PER WEEK 

Q-14 How aany years have you been coapetitively cycling? 

1. LESS THAN ONE YEAR 

2. BETWEEN ONE AND TWO YEARS 

3. BETWEEN THREE AND FIVE YEARS 

4. BETWEEN SIX AND SEVEN YEARS 

5. BETWEEN EIGHT AND TEN YEARS 

5. MORE THAN TEN YEARS 

Q-15 Are you coapeting in any of the following sports? 

X. SWIMMING 

2. MARATHON RACES 

3. 10 K OR 5 K RACES 

4. TRIATHALON 

5. OTHER (Please list) 

6. NOT COMPETING IN OTHER SPORTS 

PTBTABV INTAKE 

Q-16 Do you take iron tablets? 

1. YES, REGULARLY 

2. YES, OCCASIONALLY 

3. NO 

If yes, how aany tablets do you take per day? 

NUMBER OF TABLETS PER DAY MG PER TABLET 

BRAND 



Subject's Coda # ______ 

Q-17 Do you take Bultivitaainn? 125 

1. YES, REGULARLY 

2. YES, OCCASIONALLY 

3. NO 

If yes, how amy tablets do you take par day? 

NUMBER OF TABLETS PER DAY 

BRAND 

Q-18 Do you take Vitamin C tablets? 

1. YES, REGULARLY 

2. YES, OCCASIONALLY 

3. NO 

If yes, how sany tablets do you take per day? 

NUMBER OF TABLETS PER DAY MS PER TABLET 

BRAND 

Q-19 Do you take any type of food supplements, e.g., protein powders, 
carbohydrate supplements, Ensure, Nutrinent? 

1. YES, REGULARLY 

2. YES, OCCASIONALLY 

3. NO 

If yes, complete the following chart. 

FOOD SUPPLEMENTS BRAND AMOUNT USED FREQUENCY OF USE 

Is there any information we have overlooked? Please feel free to make 
any additional consents in the space provided below. 

THANK YOU 



Subject's code # 
Date 

MEDICAL HISTORY 

Q-l Are you taking birth control pills? 
1 YES 
2 MO 

IF YES, TYPE 

Q-2 Do you take antacids? 
1 YES 
2 NO 

IF YES, NUMBER PER DAY MG PER TABLET. 
NUMBER PER WEEK 

BRAND 

Q-3 DO you take aspirin or pain relievers? 
1 YES 
2 NO 

IF YES, NUMBER PER DAY MS PER TABLET. 
NUMBER PER WEEK 
BRAND 

Q-4 What is the average number of hours you sleep? 
HOURS A NIGHT 

q-5 Do you regularly take naps? 
1 YES, REGULARLY 
2 YES, IRREGULARLY 
3 NO 

IF YES, HOW LONG? 
1 ONE HALF HOUR 
2 ONE HOUR 
3 ONE AND ONE HALF HOURS 
5 TWO OR MORE HOURS 
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Subject's code # 

Q-6 How often do you expereince the following? Indicate by 

circling the appropriate answer. 

1 FATIGUE 

2 WEAKNESS 

3 ' NAUSEA 

4 FLATULENCE 

5 CHANGES IN APPETITE 

6 CRAVINGS 
(FOR NON-FOOD ITEMS) 

7 COLD FEET 

8 NUMB HANDS 

9 COLD HANDS 

10 NUMB FEET 

11 UNUSUALLY PAINFUL 
PERIODS 

i I 
Please circle the frequency for each itea 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

NEVER RARELY SOMETIMES FREQUENTLY EVERYDAY 

Reproductive and Menstrual Hletorv 

Q-7 Which of the following best describes the menstrual flow during your 
period since you began competitively cycling? 

1 HEAVY 

2 MEDIUM 

3 LIGHT 

Q-8 How many days does your period usually last? 

1 GREATER THAN 7 DAYS 

2 5-7 DAYS 

3 3-5 DAYS 

4 LESS THAN 3 DAYS 
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Subject's code # 
Date 

Q-9 Have you noticed any changes in your aenstrual cycle since you began 
competitively cycling? 

1 YES 
2 NO 

If yes, how would you describe the changes? (circle all which apply) 

1 HEAVIER PERIODS 5 FEWER PERIODS 
2 LIGHTER PERIODS 6 MORE PERIODS 
3 PERIODS WHICH ARE LONGER IN DORATION 
4 PERIODS WHICH ARE SHORTER IN DURATION 

Physical Training 

Q-10 How many days a week do you cycle? 

1 less than 3 DAYS PER WEEK 
2 3 DAYS PER WEEK 
3 4 DAYS PER WEEK 
4 5 DAYS PER WEEK 
5 6 DAYS PER WEEK 
6 7 DAYS PER WEEK 

Q-ll on the average, how nany hours per day do you cycle? 

1 LESS THAN ONE HOUR PER DAY 
2 BETWEEN ONE AND TWO HOURS PER DAY 
3 BETWEEN THREE AND FOUR HOURS PER DAY 
4 GREATER THAN FOUR HOURS PER DAY 

DIETARY INTAKE 

Q-12 Which of the following best describes your diet? 

1 STRICT VEGETARIAN (VEGAN). 
EXCLUDE ALL ANIMAL PRODUCTS FROM YOUR 
DIET. 

2 SEMI-VEGETARIAN (LACTO-OVO). 
EXCLUDE ANIMAL MEAT ONLY AND INCLUDE 
ANIMAL PRODUCTS e.g. MILK AND EGGS. 

3 TYPICAL AMERICAN 

4 EXCLUDE REFINED FOODS 

5 FAST FOOD/JUNK FOOD 
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Subject's code # 
Date 

Q-13 Do you exclude any of the following food groups from your diet? 

1 BREAD OR GRAINS 
2 MEAT 
3 MILK 
4 VEGETABLES 
5 FRUIT 
6 FAT (E.G. MARGARINE, OIL) 
7 I DON'T EXCLUDE ANY OF THE ABOVE FOOD GROUPS 

Q-14 Do you drink coffee? 

1 YES 
2 NO 

IF YES, HOW MANY CUPS A DAY CUPS 

Q-15 Do you drink tea? 

1 YES 
2 NO 

IF YES, HOW MANY GLASSES PER DAY GLASSES 

Is there any information ve have overlooked? Please feel free to sake any 
additional comments on the space provided below. 

TBAHX YOU! 



APPENDIX D 

INSTRUCTIONS FOR URINE COLLECTION 
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COLLEGE OF AGRICULTURE DEPARTMENT OF NUTRITION AND FOOD SCIENCE 

109 SHANTZ BUILDING 
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INSTRUCTIONS FOR ' 

BLOOD COLLECTION: PLEASE REPORT TO THE STUDENT HEALTH CENTER ( 

AT 7:45 AM. YOU MUST PAST FOR 12-14 HOURS PRIOR TO GIVING THE 
BLOOD SAMPLE. DO NOT EAT ANYTHING AFTER 7:00 PM THE EVENING 
BEFORE THE BLOOD SAMPLE IS COLLECTED. YOU MAY DRINK WATER. 

URINE COLLECTION: YOU MUST OBTAIN A FIRST MORNING URINE SPECIMEN 
PRIOR TO REPORTING TO THE STUDENT HEALTH CENTER. 

DO NOT COLLECT SPECIMEN IF YOU ARE MENSTRUATING, BEGINNING TO 
MENSTRUATE, OR IF YOU HAVE JUST COMPLETED YOUR MENSTRUAL CYCLE. 

1. COLLECT THE SPECIMEN IN THE RECEPTACLE PROVIDED. 
A. CLEANSE THE GENITAL AREA. 
B. BEGIN TO URINATE, PASSING A SMALL AMOUNT OF URINE 

BEFORE COLLECTING IN THE RECEPTACLE. (DO NOT COLLECT 
THE INITIAL STREAM OF URINE). 

C. CONTINUE TO COLLECT THE URINE SAMPLE UNTIL RECEPTACLE 
IS ABOUT HALF tfULL. (DO NOT FILL TO THE TOP) 

C. REPLACE LID ON RECEPTACLE AND TIGHTLY SEAL. 

AT THE UNIVERSITY OF ARIZONA) ON NOVEMBER . 

2. BRING SPECIMEN WITH YOU WHEN YOU REPORT TO THE STUDENT HEALTH 
CENTER FOR BLOOD COLLECTION. THE BLOOD AND URINE COLLECTIONS 

- MUST BE DONE ON THE SAME DAY. 
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DIET RECORD 

Subject's code S»HPLB 

Date 2_A _2_\ 88 

Day o£ record 1 

FOOD ITEM AMOUNT EMEU TIKE 

breakfast 
egg 
vhole wheat toast 
promise margarine 
2\ milk 
naval orange 
coffee 

1 
1 slice 
1 tbsp 
6 oz 
1 
1 coffee cup 

7:00 am 

' 

| 

snack 
banana 
water 
wheat thins 

,1 snail 
'8 oz 
10 

10:00 am 

tea 12 oz 11:30 am 

Lunch 
.garlic bagel 
(Bagel Bakery) 
diet coke 
hershey baa; 

1 

16 oz 
1 

1:00 
1 

j 

snack 
TCBY frozen yogurt 
(wild berry) 
water 

1 

Dinner 
grilled chicken 
broccoli 
potato 
sour cream 
tea 

5 oz 
1 cup 
1 aedium 
2 tbsp 
12 oz 

6:00 pa 

water 6 oz 9:00pm j 
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Distribution of iron stores in competitive female cyclists. 
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Distribution of serum ferritin in n=15 female cyclsits 
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Distribution of iron intake in competitive female cyclists. 

CHI total iron intake 
•• food iron intake 
1X1 percent RDA 
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