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Abstract 
Introduction: Iron is in oxygen transport which is important for athletic 
performance. Many female distance runners struggle to maintain adequate 
iron status through diet alone and rely on iron supplementation. 
Methods: Interviews were conducted with eight members of the women’s 
cross country team at a division I university to assess dietary patterns and 
behaviors related to iron status. This information, along with food records 
and serum ferritin levels, were analyzed qualitatively for trends with a focus 
on iron intake, total energy intake, and food components that enhance and 
inhibit iron absorption. 
Results: All participants took an iron supplement at the time of the study. 
All but one had experienced poor iron status currently or in the past.  Most 
participants did not meet dietary iron, Vitamin E, or estimated energy 
requirements. Half of the participants expressed an attempt to increase 
iron intake in response to higher training loads. Half attempted to increase 
intake in response to a low ferritin result or iron deficiency symptoms. 
Conclusions: Consistently low energy and iron intake among participants 
indicated the likelihood of a relationship with poor iron status and/or 
reliance on supplementation. The most common motivation for increasing 
iron intake was the prevention of symptoms.  
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Introduction 
Iron is an essential micronutrient for several functions within the body, including in oxygen transport.1 It is involved 
in the reaction that binds oxygen to hemoglobin in the blood and myoglobin in the muscle.2-3 Several factors impact 
iron status in the body. For instance, heme/animal-based iron and non-heme/plant-based iron are absorbed 
differently.1 Other components of the diet can either promote or inhibit iron absorption. Serum ferritin is generally 
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accepted as the ideal measure of iron status for several reasons: it has the highest sensitivity and specificity, and it can 
be used to detect iron deficiency earlier than other measures because it is directly proportional to body iron stores.2, 7  
 
Athletes can be susceptible to iron deficiency for several reasons: gastrointestinal blood loss, sweat loss, increased red 
blood cell turnover, thermal hemolysis, and foot strike hemolysis, which is of particular concern for distance runners.3, 

5 Another risk factor specific to endurance runners is the intensity and duration of exercise, which exacerbates these 
risk factors.8  
 
Females are at a higher risk for iron deficiency than males, due in large part to iron lost through menstruation.3, 6, 9-11 
Therefore, the purpose of this study was to examine the diets of female Division I Cross-Country runners with a 
history of poor iron status managed by iron supplementation to assess common themes that may explain this 
phenomenon, as well as examine common attitudes and behaviors that may contribute to poor iron status and/or 
reliance on supplementation.  
 
Methods 
 
Participants 
Recruitment emails were sent to all members of a division I women’s cross-country team during the Fall of 2020. After 
consent, participants were asked for their iron supplementation status including duration, current usage, and dose. 
Members of the team are usually instructed by the team physician to take an iron supplement if their ferritin level is at 

or below 30 g/L. All volunteers were taking iron supplements at the time of the study and were included. The study 
was approved by the Institutional Review Board. 
 
Protocol 
Each participant met twice with the researcher. A time and date for the first meeting were established via email. 
Participants met with the researcher in a private room on campus. The participant was given the informed consent 
form at the beginning of the first meeting. After consent, the participant’s age was self-reported and height and weight 
were obtained using a stadiometer and a digital scale, respectively. The researcher explained how to complete a three-
day food record including two weekdays and one weekend day with the aid of the “Serving Size Card.”13 Participants 
were asked to include everything that they consumed, including food, drinks, and supplements, including portion size. 
For supplements, participants were asked to record the nutrient(s) and dosage. A time and date were then established 
for the second meeting, which took place approximately one week later.  
 
At the second meeting, the participant’s three-day food record was reviewed for accuracy and correct interpretation 
by the researcher. Audio recording was then started, and the reviewer proceeded with the interview script regarding 
the participants’ attitudes and behaviors surrounding their dietary intakes, as well as any clarifying questions based on 
the participant’s responses. While listening, the researcher took detailed notes. Lastly, the women’s Cross Country 
Athletic Trainer provided the most recent ferritin level for each participant via email.  
 
Analysis 
Estimated energy requirements (EER) were calculated for each participant using the Mifflin St. Jeor equation which is 
a common equation used in other studies to estimate resting metabolic rate (RMR).14-15 This equation requires the 
participant’s weight in kilograms (kg), height in centimeters (cm), and age in years and provides RMR in units of 
kilocalories per day (kcal/day). The participant’s physical activity level (PAL) was then factored into her energy 
requirement using an activity factor of 2.0, which was multiplied by the value for RMR to estimate total energy 
expenditure (TEE).16 This activity factor accommodates for vigorous endurance training. This equation was used rather 
than prediction equations that factor in running paces because these athletes’ paces vary significantly from day to day.17 
Therefore, the Mifflin St. Jeor equation provides a more general idea of energy requirements over an extended period 
of training.17  
 
Food records were analyzed using Axxya Systems NutritionistProTM, version 6.2. Total energy intake, iron, and 
enhancers/inhibitors of iron absorption were assessed using this program. Average number of servings of coffee and 
tea were assessed since these beverages are common sources of iron absorption inhibiting polyphenols.1, 4, 6 Iron 
supplements were not included in the diet analysis, as the goal was to analyze potential gaps in the participants’ dietary 
intakes independent of iron supplementation. 
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Each participant’s total energy intake was compared to her EER. Total iron intake was assessed based on whether each 
participant met the Recommended Daily Allowance (RDA) for iron of 18 mg iron per day for women aged 19-30 
years.12 The intake of the remaining nutrients was compared across participants to assess whether themes existed in 
the consumption of certain nutrients or lack thereof. The number of participants in the study was too small for 
statistical analysis, so these data were analyzed qualitatively for trends suggesting dietary explanations that may indicate 
why these runners require iron supplementation to maintain adequate ferritin levels. 
 
The participants’ attitudes and behaviors regarding dietary habits and ferritin levels were assessed using scripted 
interview questions. The researcher took detailed notes of responses during the interview, then reviewed the recordings 
to add missing details to the notes. This technique is recommended when resources (professional transcriber, 
qualitative data analysis software) are limited.18  
 
Once detailed notes of each interview were complete, the researcher reviewed the notes for common themes/patterns 
between the participants’ responses.18 These were organized into categories that emerged from the responses and 
sorted based on the research question that each category addressed.19 The validity of the findings were established 
using methods related to qualitative data. The first was triangulation.20 This required sorting through the data to find 
themes - particularly the convergence of themes across participants and methods.20 The second was researcher 
reflexivity, which requires the researcher to self-disclose any assumptions, beliefs, or biases that may affect the 
interpretation of the findings.20  
 
Results  
Eight athletes volunteered to participate in the study. All eight met the requirements for participation, were taking an 
iron supplement and had undergone ferritin testing in August 2020, just prior to the start of cross-country season and 
this study. Tables 1-4 provide information regarding basic participant characteristics, current and history of supplement 
usage, training, energy intake, and nutrient intake. It should also be noted that participants reported having five to 
seven running days per week and performed some sort of aerobic training (bike or elliptical) on non-running days. 
 
Table 1. Participant Characteristics 

PARTICIPANT ACADEMIC 
YEAR 

AGE 
(YEARS) 

HEIGHT 
(CM) 

WEIGHT 
(KG) 

BMI 
(KG/M2) 

FERRITIN 
LEVEL (ΜG/L) 

SUBJECT A Senior 21 166.0 56.7 20.6 23.5 
SUBJECT B Freshman 19 167.0 58.1 20.8 41.5 
SUBJECT C Senior 21 157.5 57.7 23.3 25.0 
SUBJECT D Sophomore 19 163.0 55.8 21.0 50.4 
SUBJECT E Freshman 19 171.0 61.0 20.9 24.6 
SUBJECT F Senior 21 162.0 50.4 19.2 30.7 
SUBJECT G Sophomore 20 167.0 60.8 21.8 11.9 
SUBJECT H Junior 21 168.0 54.2 19.2 34.1 

 
Table 2. Supplement Usage 

PARTICIPANT FORMC DOSAGE HISTORY/DURATION OF SUPPLEMENT USAGE 

SUBJECT A Pill 65 mg (2X 
daily) 

3 years 

SUBJECT BA Pill (multivitamin) 18 mg (daily) Since before high school 
SUBJECT CB Liquid 15 mL (daily) Previously 3-4 pills per day (65 mg each) starting ~5 years prior 

to study 
SUBJECT D Pill 65 mg (2X 

daily) 
<1 year 

SUBJECT EB Pill 65 mg (2X 
daily) 

No previous supplementation 

SUBJECT F Pill 65 mg (2X 
daily) 

Starting 3 years prior (2017); switched to liquid iron for ~1 year 
(2018-2019) 

SUBJECT GB Liquid 15 mL (daily) Previously 2 pills per day (65 mg each) starting 1 year prior 
SUBJECT H Pill 65 mg (2X 

daily) 
Lower dosage in high school; 4X daily from Fall 2018-2019 

ANot ordered by a physician (all others were ordered by a physician) 
BStarted the current supplementation regimen after most recent ferritin testing (previous regimen listed in “History” 
column) 
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CBrand names of the supplements were not available 
 
Table 3. Estimated Energy Requirement Versus Actual Energy Intake 

PARTICIPANT EER 
(KCAL/DAY)A 

ACTUAL ENERGY INTAKE 
(KCAL)B 

PERCENTAGE OF EER 
CONSUMED (%) 

SUBJECT A 2,677 1,568 58.6 
SUBJECT B 2,738 1,947 71.1 
SUBJECT C 2,591 1,911 73.8 
SUBJECT D 2,642 2,727 103.2 
SUBJECT E 2,846 1,852 65.1 
SUBJECT F 2,501 1,883 75.3 
SUBJECT G 2,781 1,612 58.0 
SUBJECT H 2,652 2,574 97.1 

AEstimated Energy Requirement (EER) = RMR (10 x weight [kg] + 6.25 x height [cm] - 5 x age [years] -161) x activity 
factor of 2.0 (rounded to the nearest kcal) 
BAverage of three-day intake 
 
Table 4. Intake of Iron and Enhancers/Inhibitors of Absorption (Excluding Supplements) 

PARTICIPANT IRON 
(MG) 

VIT. 
C 

(MG) 

VIT. 
E 

(MG) 

BETA 
CAROTENE 

(VIT. A) 
(MCG RAE) 

CYSTINE 
(MG) 

METHIONINE 
(MG) 

CALCIUM 
(MG) 

COFFEE 
(200 ML 

SERVINGS) 

SUBJECT A 6.7 79.0A 16.9A 155.3 (445.3) 477.1A 714.3A 325.3 0.5 
SUBJECT B 12.3 91.8A 6.5 6926.2 

(957.7)A 

1090.2A 2240.4A 626.8 0 

SUBJECT C 16.8 90.8A 9.4 1211.1 (274.8) 620.6A 1032.9A 643.9 1 
SUBJECT D 16.0 51.7 6.6 3503.7 

(1097.1)A 

552.4A 1246.9A 1325.8A 1 

SUBJECT E 10.6 166.4A 5.1 1301.6 (349.8) 331.1A 716.8A 854.1 0 
SUBJECT F 12.1 36.8 5.9 581.5 (711.6)A 440.7A 1063.1A 1111.5A 1.5 
SUBJECT G 16.2 136.5A 13.3 8222.5 

(1312.3)A 

558.6A 1159.3A 1461.0A 0.5 

SUBJECT H 20.5A 92.0A 23.1A 2788.9 
(1619.0)A 

539.6A 1087.7A 1379.0A 0 

AMet requirements 
 
Interviews with the participants provided further insight into dietary intakes. All but Subject E was aware of common 
food sources of iron. Five participants had experienced symptoms of iron deficiency at the time of the study or in the 
past. Of these, three expressed having made changes in their diet to increase iron intake due to low ferritin levels 
and/or experiencing symptoms. One additional participant made this change in response to a low ferritin level despite 
being asymptomatic. Half of the participants expressed increasing their iron intake from dietary sources in response to 
higher training loads. Only two increased their total energy intake when training was higher. 
 
Discussion 
A key finding was the inadequate energy intake across most participants. This is significant because of the detrimental 
effects that insufficient energy intake can have on athletes’ performance and health. It is a risk factor for iron deficiency 
and other nutrient deficiencies and can impair recovery and training adaptations. 
 
Subject D – the only participant whose average daily energy intake reached her EER – had the highest ferritin level. 
This supports previous findings that low energy intake is a risk factor for poor iron status, regardless of iron intake.21 
Because this was a common theme among all participants aside from Subject D, it is likely that the athletes’ low energy 
intake is a possible cause for their low ferritin level and/or dependence on an iron supplement to maintain an optimal 
level for performance. This is demonstrated in Figure 1. 
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Figure 1. Energy intake versus serum ferritin level in female distance runners 
 
Even while taking a supplement, four athletes experienced low ferritin levels, suggesting that there may be a dietary 
component contributing to poor iron status. Regardless of the athlete’s current ferritin levels, seven participants 
required iron supplementation due to low ferritin levels at some point in their running careers, suggesting that dietary 
iron intake is lacking.  
 
Several participants indicated that they focus on the quality of the food they consume rather than the amount. Several 
specifically mentioned a focus on carbohydrates and protein. This may explain why most participants did not meet 
their energy requirements. This is important in terms of iron storage given that research has indicated that low energy 
availability is a risk factor for poor iron status even when iron intake is adequate.21  
 
There was a lack of consistency in terms of a correlation between iron intake and iron status which may also be 
explained by the participants’ low energy intake. This is further support for low energy availability being a risk factor 
for poor iron status and may also be because they would likely consume more iron if they were consuming adequate 
calories. 
 
Only two participants met the RDA for Vitamin E, so they may benefit from increasing their dietary Vitamin E intake 
to promote iron absorption. One of only two participants who did not meet the RDA for either Vitamin C or Vitamin 
E was Subject D, who had the highest ferritin level. This may be because Subject D was the only participant with an 
adequate energy intake, which may have a protective effect against poor iron status.21 The remaining athletes’ low 
energy intake may explain any failure to meet the RDAs for these nutrients.  
 
Aside from its negative effects on iron absorption, calcium is a very important nutrient for runners because of its role 
in bone health. Half of the participant’s met the RDA for calcium and should continue to do so. However, educating 
athletes on how best to consume adequate calcium while avoiding co-ingestion of calcium and iron may be beneficial 
to iron absorption. 
 
Furthermore, there did not appear to be any trend in terms of polyphenol containing beverages and ferritin level, nor 
were any of the athletes lacking in cystine or methionine consumption.  
 
Experiencing symptoms of iron deficiency and/or receiving a low ferritin result in the past was the most common 
reason for increasing dietary iron, even for those who have never experienced symptoms. Educating athletes on the 
consequences of poor iron status could be a motivating factor to ensure adequate iron intake.  
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Barriers to incorporating dietary iron that were mentioned included being too busy to plan iron rich meals, not 
preferring red meat, and not having access to iron rich foods. Therefore, providing iron rich foods at practice and/or 
teaching the athletes simple ways to incorporate dietary iron from a variety of sources could potentially be beneficial. 
 
Limitations and Future Directions 
Because of the small sample size, all trends were purely observational, so it was not possible to know whether there 
was any statistical significance or conclude any causal effects. The athletes were only representative of one school/team 
with little diversity, so it is unknown whether these findings would be consistent elsewhere. With athletes who 
participate in sports where weight and/or aesthetics are perceived to be a contributing factor to performance, under-
reporting on dietary intake records is common.22 Therefore, it is possible that some of the athletes misreported their 
intake.  
 
Future studies could include a greater number of participants from a variety of schools, regions, races, and ethnicities. 
This would make the results more generalizable to other teams/individuals. It would also allow for quantitative analysis 
to determine the statistical significance. Because the most apparent trend across participants was low energy availability, 
future studies could aim to assess the prevalence of this issue among cross-country runners and explain any barriers 
that may be causing this issue. This could be important in preventing poor iron status and other nutrient deficiencies 
and health complications associated with low energy availability. A longitudinal study may also be interesting to assess 
different points in the season and off-season. Because the data in this study were preexisting, the athletes’ menstrual 
cycles/hormonal status was not included in analysis. However, since a female athlete’s menstrual status and/or the use 
of oral contraceptives can influence iron status, this could be included in future studies.3, 6 
 
Conclusions 
Even though all but one participant was taking an iron supplement at the time of ferritin testing, half tested with low 
ferritin levels. The other half likely relied on supplementation. This was supported by the consistently low iron and 
energy intake across participants. Many athletes did not attempt to increase energy intake to accommodate a high 
training load. Therefore, the importance of overall energy intake should be emphasized. Since all participants were 
taking an iron supplement, they were meeting the RDA for iron despite most not consuming enough dietary iron, 
highlighting low energy availability as a risk factor for poor iron status. The importance of adequate energy intake 
should be included in educational efforts to improve the health and performance of these athletes.  
 
An application of these findings would be education for athletes and coaches on how to improve iron status. The 
athletes’ inability or unwillingness to meet their energy requirements seemed to be slightly alleviated when food was 
provided at practice by the coaching staff, indicating that energy intake could be improved if recovery nutrition is 
provided. Education on the importance of adequate energy intake for recovery and protection against iron deficiency 
should be a priority. This should also include information on how to easily incorporate a variety of iron rich foods 
under time restrictions and to accommodate taste preferences and accessibility. The potential consequences/symptoms 
and detrimental effects on performance could be used motivation, as many athletes expressed a desire to alleviate 
and/or avoid symptoms of iron deficiency. 
 
Media-Friendly Summary 
A study of eight female collegiate cross-country runners revealed that the most lacked dietary sources of iron and 
overall energy, putting them at risk for poor iron status and possibly explaining their reliance on iron supplementation. 
For athletes that had attempted to increase dietary iron intake, the main motivating factor was the prevention of 
deficiency symptoms. When educating these athletes, an emphasis should be placed on the importance of overall 
energy intake, which will most likely increase the intake of dietary iron and other nutrients that enhance iron absorption. 
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