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Abstract

Iron-deficiency anemia is relatively prevalent among endurance
athletes. It is therefore recommended that athletes consume a
greater amount of iron. Resistance exercise has been shown to
alleviate anemic symptoms, suggesting that the prevalence of
anemia may vary among athletes that participate in different sporting
events and that their iron requirements may differ according to their
sports. The present study investigated the relationship between
iron intake and anemia in college athletes in different sports. A total
of 97 college athletes who participated in various sports including
sprinting, throwing, jumping, middle and long distance running, judo,
gymnastics and American football were evaluated. Fifty-eight of 70
(83%) male athletes consumed more iron than the recommended
daily allowance (RDA), while 3 of 70 (4%) consumed less iron than
the estimated average requirement (EAR). In contrast, only 4 of 27
(15%) of female athletes consumed more iron than the RDA, while
19 of 27 (83%) consumed less iron than the EAR. The hemoglobin
(Hb) concentration was within the normal range in all participants;
thus none of the athletes was anemic, while the Hb concentration
was significantly higher in the throwing group than in the middle
and long distance running group among males. Although female
athletes showed a similar trend to the males, the Hb concentration
did not differ to statistically significant extent. These results suggest
that iron requirements may differ depending on the type of sport,
and that athletes may not always need to adhere to the currently
recommended practice of consuming large amounts of iron.
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Introduction

Athletes such as long distance runners, whose routine training
consumes a great deal of energy, demonstrate a relatively high
prevalence of iron-deficiency anemia [1]. It has been proposed that
iron deficiency results from several factors such as a low iron intake
[2], gastrointestinal hemorrhage [1] and hemolysis within the micro
vessels of the foot during running [3]. The hemoglobin concentration

is low in some athletes due to the expansion of the plasma volume,
which is known as pseudo anemia [4]. Thus, endurance sports are
often considered to cause iron-deficiency anemia. Consequently, it has
been recommended that athletes consume more iron than the general
population. The reference intake of iron for athletes in Japan is 20-30
mg [5], which is approximately two to three times the recommended
daily allowance (RDA; 7.0 mg/day for male, 10.5 mg/day for female)
[6]. It has been reported that mild resistance exercise improves the
iron status of young females with non-anemic iron deficiency without
iron supplementation [7]. In a rat model in which climbing exercises
were used to model resistance exercise, rats displayed enhanced
bone marrow heme biosynthesis after performing resistance exercise
training for 3 weeks, regardless of their dietary iron content [8].
This effect was stronger than that induced by aerobic exercise [9].
In addition, the activity of bone marrow §-aminolevulinic acid
dehydratase (ALAD), the key enzyme involved in Hb synthesis,
has been shown to increase after resistance exercise and to decrease
over time [10], while the basal ALAD activity in the bone marrow is
maintained at a high level after routine resistance exercise training in
comparison to that in sedentary rats [11,12].

Exercise has been demonstrated to cause decreased iron
absorption [13-15]. Ruckman et al. reported that swimming increased
fecal iron excretion and decreased apparent iron absorption and that
the iron content was increased in the skeletal muscles and decreased
in the liver and spleen by swimming exercises [14]. The authors
suggested that the decrease in the iron content in the liver and
spleen may be associated with an increase in the Hb level and that
exercise influences the distribution and reuse of iron in the body. We
observed an increase in the fecal excretion of iron in iron-deficient
rats which performed resistance exercises in comparison to sedentary
iron-deficient rats [15]; however, there was no significant difference
between the exercised and sedentary rats in their blood iron status
and tissue iron content. This observation suggests that the resistance
exercise-induced improvement in iron status does not occur due to an
increase in iron absorption. Rather, it is caused by an increase in the
recycling of iron within the body. Thus, the effects of exercise on iron
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status differ according to the type of exercise. Thus, the present study
investigated the relationship between iron intake and the prevalence
of anemia in athletes engaged in various sports.

Materials and Methods
Subjects

A total of 97 healthy college athletes (age: 20-21 years) who
belonged to exercise clubs in a university majoring in sport sciences
and who performed exercise on a daily basis were studied. The
participants engaged in various sports, including sprinting (18
males and 4 females), throwing (8 males and 6 females), jumping
(6 males and 2 females), middle and long distance running (8 males
and 5 females), judo (7 males and 7 females), gymnastics (6 males
and 3 females) and American football (17 males). Prior to the study,
informed consent was obtained from each participant after a detailed
explanation of the experimental procedures. The protocol of this
study was approved by the Experimental Human Committee of Osaka
University of Health and Sport Sciences.

Body composition analysis

Body weight (BW), body fat and lean tissue mass were measured
using an electronic scale (ITO-InBody370; ITO Co., Ltd. Tokyo, Japan)
under fasting conditions in the morning. The impedance method was
employed for the measurement of body fat and lean tissue mass. Body
height was measured using a stadiometer (U-well2; MST Inc., Kyoto,
Japan). The body mass index (BMI) was calculated by dividing the BW in
kilograms by the square of the height in meters (kg/m?). The demographic
and physiological characteristics of the subjects are shown in table 1.

Diet survey

A diet survey was conducted with a food frequency questionnaire,
Excel Eiyokun FFQg Ver.3.5 (Kenpakusha, Tokyo, Japan). The use of

Table 1: The results of body composition measurements.

dietary supplements, including the name of the items, the amounts
consumed and the frequency of their use and their nutrient values
were analyzed using a nutrient calculation software program (Excel
Eiyokun Ver. 6.0 [Kenpakusha, Tokyo, Japan]). The diet survey was
performed by registered dieticians. Menstrual abnormalities and the
use of oral contraceptives were also investigated with the questionnaire
in the females.

Blood analyses

Venous blood samples were obtained under fasting condition
in the morning to measure the subjects’ red blood cell (RBC),
hemoglobin (Hb), hematocrit (Hct), mean cell volume (MCV),
mean corpuscular hemoglobin (MCH) and mean cell hemoglobin
concentration (MCHC) values. Hb was determined by the SLS-Hb
assay. RBC, Hct, MCV, MCH and MCHC were determined by the
sheath flow DC detection method (XE2100D; Sysmex Co., Hyogo,
Japan). All analyses were conducted at a clinical laboratory (Koseikai
Medical Corporation, Osaka, Japan). Anemia was defined, according
to the criteria of the World Health Organization (WHO), as an Hb
concentration of < 13 g/dL for males and < 12 g/dL for females [16].

Statistics

A Steel-Dwass test was used to identify differences among the
groups for which a significant result was identified by a Kruskal-Wallis
test. P values of < 0.05 were considered to be statistically significant.
The results for females in the jumping group only represent the mean
values and were excluded from the statistical analysis because there
were only two participants.

Results

The RBC, Hb, Hct, MCV, MCH and MCHC values are shown in
table 2. No participants were anemic, as the Hb concentrations were >
13 g/dL in all males and > 12 g/dL in all females.

Sprinting Throwing Jumping ('i\:lsl(tj:r:i:?:nlr?ir;% Judo Gymnastics Afrg;;;:ln
Male / Female n=18/n=4 n=8/n=6 n=6/n=2 n=8/n=5 n=7/n=7 n=6/n=4 n=17
Height cm 1720+4.8 173.3+6.0 176.8+5.0 171.1+6.5 1726 £6.2 166.1 £4.2 1709 +4.7
Body weight kg 62.8 +£6.3° 79.5+6.32 61.6 +4.8° 57.1+5.7° 100.8 + 28.5% 60.2 £ 2.9% 80.2+12.22
Male BMI kg/m? 21.2+ 1.5 26.6 + 2.8% 19.7 £1.3° 19.5+0.7¢ 33.6 £8.22 21.8 + 1.0 274 +3.6%
Body fat % 11.5+£1.7° 19.9+6.22 9.0 +£1.6° 11.1£2.4° 27.5+8.92 9.3+2.3° 22.3+6.6%
Lean tissue mass kg 55.5+5.1° 63.5+5.12 56.0 + 4.2% 50.7 £ 4.8° 71.1+£12.4% 54.6 + 3.6% 61.7 £5.32
Height cm 162+4.7 162.6 + 3.6 155.2 160.8 +4.8 164.1+£7.2 155.7+4.5
Body weight kg 53.4 £ 4.3 67.7 £1.8% 49.6 49.9+6.7° 68.4 + 8.9% 50.4 + 2.6%
Female BMI kg/m? 20.3 £ 1.4%® 256 +1.32 20.6 19.2+1.8° 24.8 +£1.9% 20.8 £ 0.4
Body fat % 16.9+2.7 26.2+16 19.7 21.1+3.9 23.3+3.8 18.2+1.2
Lean tissue mass kg 44.3 + 3.6% 49.6 + 52.22 39.9 39.2+3.8° 51.4+7.3%® 41.3+2.7%
The values are presented as the mean + SD. BMI, Body mass index. Values which do not share common superscript differ significantly (P < 0.05).
Table 2: The results of the blood analyses.
Sprinting Throwing Jumping ('i\?si(tj:r:?::?:nmgg Judo Gymnastics Afr:;rgt;?ln
Male / Female n=18/n=4 n=8/n=6 n=6/n=2 n=8/n=5 n=7/n=7 n=6/n=4 n=17
RBC % 10000/pl 502.9 + 27.7° 537.6 + 19.72 506.7 + 35.9% 467.9 + 32.5° 525.7 +23.1®* | 490.3 +£26.3* | 515.5 + 29.6%
Hb mg/dl 15.7 £ 0.8 16.1+0.42 15.4 + 1.0% 14.8 +0.7° 15.6 £ 0.9% 15.0 + 1.0% 15.7 £ 0.9%
Hct. % 46.9+22 483+1.4 459+3.2 452+20 479+238 454 +21 47.8+27
Male MCcv fl 92.9+3.0 89.5+24 90.3+238 96.3+3.7 90.3+2.0 92.3+3.8 92.4+37
MCH pg 31.1+£09 29.8+0.8 30.3+0.9 31.7+14 29.7+0.7 30.1+14 30.5+1.0
MCHC g/dl 33.3+0.7 332104 33.41+07 32.7+0.6 326+0.6 329+1.1 329+09
RBC x 10000/pl 446.0 +20.6 463.5+26.8 467.0 416.6 + 17.6 450.7 +31.6 466.3 +37.4
Hb mg/dl 13.6+0.2 13.9+0.9 15.3 13.0+0.6 13.5+0.7 13.9+0.9
Female Hct. % 422+1.2 425+1.9 46.1 40.2+21 413+23 42825
MCV f 94.0+1.8 942+36 95.5 96.0 +4.2 91.6+28 92.0+1.7
MCH pg 30.5+1.0 30.7+1.0 31.8 31.1+£1.2 30.0+£0.8 29.8+0.8
MCHC g/dl 323+05 325+0.7 33.0 322+04 327406 325+06

The values are presented as the mean + SD. RBC: Red Blood Cell, Hb: Hemoglobin, Hct: Hematocrit, MCV: Mean Cell Volume, MCH: Mean Corpuscular Hemoglobin,
MCHC: Mean Cell Hemoglobin Concentration. Values which do not share common superscript differ significantly (P < 0.05)
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Among the males, the Hb concentration was highest in the
throwing group and lowest in the middle and long distance running
group; there was a significant difference between these two groups.
The RBC showed similar results. The RBC, Hb, Hct, MCV, MCH, and
MCHC values were all within the respective normal ranges.

The female subjects showed similar results to those observed in
the male subjects; however, they did not reach statistical significance.
The mean Hb level and and RBC were highest in the throwing group,
while the middle and long distance running group showed the lowest
values. The RBC, Hb, Hct, MCV, MCH and MCHC values were within
the respective normal ranges.

The results of the diet survey are shown in table 3.

The mean iron intake of the male subjects was 10.3 + 3.8 mg/day,
which is greater than the RDA (7.0 mg/day) and the estimated average
requirement (EAR, 6.0 mg/day) [6]. Four subjects in the American
football group and one subject in the middle and long distance
running group consumed iron from supplements (1.0-5.7 mg/day
and 6.8 mg/day, respectively). No subjects exceed the tolerable upper
intake level of iron. All groups consumed more than 1.0 g/kg BW/day
of protein. The energy ratio of protein, fat and carbohydrate did not
differ among the groups. The meat protein ratio (approximately 50%)
did not differ significantly among the groups.

The mean iron intake of the female subjects was 8.0 + 3.1 mg/day,
which was less than both the RDA (10.5 mg/day) and the EAR (8.5
mg/day) [6]. None of the female subjects consumed iron supplements.
No subjects exceeded the tolerable upper intake level of iron. All
groups consumed more than 1.0 g/lkg BW/day of protein with the
exception of the gymnastics group. The energy ratio of protein, fat and
carbohydrate did not differ significantly among the groups. The meat
protein ratio was approximately 50% in all of the groups.

Menstrual irregularities were noted in three of the six females in
the gymnastics group and four of the six females in the middle and
long distance running group.

The relationship between the daily iron intake and Hb
concentration in the male and female athletes are shown in figure 1
and figure 2, respectively. No correlation was observed between the
iron intake and Hb concentration in either the males or the females.

Table 3: The results of diet survey.

Among the male athletes, the Hb concentrations ranged from
13.6 g/dl (American football group) to 17.1 g/dl (American football
group), while the daily iron intake ranged from 4.6 mg (gymnastics
group) to 24.6 mg (throwing group). Among the female athletes, the
Hb concentrations ranged from 12.2 g/dl (middle and long distance
running group) to 15.8 g/dl (jumping group), and the daily iron intake
ranged from 3.6 mg (throwing group) to 16.0 mg (judo group).

The iron intake of 58 of 70 (83%) male athletes exceeded the RDA,
while 3 of 70 (4%) consumed less iron than the EAR. In contrast, only
4 of 27 (15%) of females consumed more iron than the RDA, while 19
of 27 (83%) consumed less iron than the EAR.

Discussion

Endurance exercise, especially hard routine training, has been
shown to be associated with anemia [1,17-19], while some forms of
resistance exercise appear to ameliorate anemia [7-12,15], suggesting
that the iron status of athletes varies according to the type of exercise
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Figure 1: The relationship between the daily iron intake and hemoglobin
concentration in males. o: sprinting, e: throwing, x: jumping, +: middle and
long distance running, ¢: judo, m: gymnastics, A:American football. The black
transverse line indicates the cut-off value for the hemoglobin concentration.
The black vertical line indicates the recommended dietary allowance (RDS)
for males.

Sprinting Throwing Jumping zli"s(:::lec:riﬁr:i?ngg Judo Gymnastics American football
Male / Female n=18/n=4 n=8/n=6 n=6/n=2 n=8/n=5 n=7/n=7 n=6/n=4 n=17
Energy keal 2706.9 +£404.1° | 4000.2 £ 1015.8%c | 3709.1 + 873.6°° 2848.5 + 696.1°° 5386.7 + 1039.8% 2800.2 + 854.0°° 3818.8 + 949.4®
Protein g 83.2+15.2° 120.2 + 31.7°° 126.5 + 40.9% 98.3 + 24.6°° 155.1 £32.3° 83.0 & 24,23 130.0 +47.3%
g/kg BW 1.3+03 15+04 21+0.6 1.7+05 16+5.0 14+£05 16+05
Fat g 85.8+ 19.0° 126.4 + 34.3® 123.5 + 46.0® 102.1 + 32.5% 166.1 + 40.22 85.1+28.0 121.8 +33.4°
Carbohydrate g 387.7+72.3° 568.0 + 178.12° 505.0 £ 113.22% 1 338.5+90.3* |784.1+168.12 405.5 + 125.8%¢ | 532.8 + 145.0®
Male Iron mg 8.1+1.9° 1.7 £5.9%® 122+ 4.7% 10.3+ 4.1 144 +25° 8.4+2.7%® 10.1 £ 3.0%
Vitamin C mg 112.5 £ 55.6% 207.2 £ 130.4° 148.2+71.03® 99.1+34.6% 111.6 £ 41.4® 76.3 £25.3° 109.5 + 53.7%
Protein energy % 122+14 121+1.6 135+1.8 135+13 11.6+15 11.9+£06 11.8+18
Meat protein ratio % 49.8 + 11.1% 56.0 + 13.5% 53.9 + 11.4%® 59.7+3.22 50.2 + 10.6% 49.5+3.0° 54.0 + 13.4%
Fat energy % 286+5.0 289+54 295+6.6 32.0+4.0 27.7+40 27341 292+53
Carbohydrate energy | % 59.1+£59 59.0+6.8 57.1+£82 545+4.8 60.7+4.9 60.8+4.3 58.9+6.2
Energy keal 1989.8 +424.6® 2143.2+671.6®  2587.6 17955+ 81.7° 31953 +1016.0° 1517.2+187.1%
Protein g 62.2+12.3 68.2+225 93 62.0 +13.8 104.4 +46.4 50.4+9.3
g/kg BW 12+02 1.0+£0.3 1.9 1.3+3 1.5+06 1.0£0.2
Fat g 62.1+12.6 81.1+334 92.0 60.1+8.2 117.2+515 64.8+17.3
Carbohydrate g 290.7+77.6 277.1+83.9 343.0 2413124 411.4+£134.6 178.3+18.0
Female Iron mg 6.6+1 71+24 126 71+29 10.0+£3.3 54+1.0
Vitamin C mg 103.9+38.7 102 £ 56 149.2 87.1+35.7 1422724 66.7 £27.9
Protein energy % 125+0.6 128+1.3 14.3 138+27 128+1.8 133+1.7
Meat protein ratio % 522+6.3 56.0+ 11.7 44.2 492+35 558+ 127 63.7+9.7
Fat energy % 284+48 33.7+6.1 31.2 30.1+£35 329+85 38.0+6.2
Carbohydrate energy | % 59.1+4.9 535+7.1 54.5 56.1+5.3 543+98 487+7.2

The values are presented the mean + SD. Values which do not share common superscript differ significantly (P < 0.05).
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Figure 2: The relationship between the daily iron intake and hemoglobin
concentration in females. o: sprinting, e: throwing, x: jumping, +: middle
and long distance running, ¢: judo, m: gymnastics. The black transverse line
indicates the cutoff value for the hemoglobin concentration. The black vertical
line indicates the recommended dietary allowance (RDA) for females.

that they perform. Thus, the present study investigated the relationship
between iron intake and anemia in college athletes engaged in different
sports. The results showed that the Hb and RBC levels in the subjects
who were predominantly engaged in resistance exercise, such as
throwing tended to be higher than those who predominantly engaged
in endurance exercise such as middle and long distance running. The
results also showed that quite a number of the subjects, especially
females, consumed less iron than the RDA or even the EAR, whereas
their Hb levels were not low. Likewise, some males did not meet the
RDA of iron, but this was not reflected by low Hb levels.

The iron intake might be under- or overestimated because the
intake was assessed with a food frequency questionnaire. The food
frequency questionnaire is accepted as a tool for evaluating the
nutrient intake of a subject over a period of one to two months [20,21].
Imamura et al. determined the nutritional intake of 34 male rugby
players using a food frequency questionnaire [22] and showed a mean
iron intake of 7.2-8.7 mg/day, without anemia. In addition, Taguchi
et al. determined the nutrient intake of 93 female athletes based on
a 9-day food record and photographic evidence and showed a mean
iron intake of 8.5 *+ 2.6 mg/day, without anemia [23]. As the results
on iron intake in the present study were not significantly different to
those of the studies by Imamura et al. [22] and Taguchi et al. [23], the
iron intake reported in the present study was considered to be reliable.

In this study, the Hb concentrations were normal in all participants.
However, there are some reported cases in which the serum ferritin
level was low despite a normal Hb concentration. We were not able
to evaluate the serum ferritin level in the present study, because we
used the data of annual physical check-up that did not include the
measurement of serum ferritin. Future studies that measure the
serum ferritin level as well as other parameters to evaluate iron status
such as iron-binding capacity, transferrin saturation and hepcidin
concentration are needed to investigate the relationship between the
iron intake and anemia in different sports.

The absorption of heme iron is higher than that of non-heme iron.
Protein derived from meat sources promotes iron absorption and the
consumption of meat results in a two-fold increase in the absorption
of non-heme iron [24]. Lyle et al. reported that the daily consumption
of one meat-containing meal was effective for maintaining serum
ferritin levels in a prolonged study of subjects engaging in aerobic
dance [25]. Tetens et al. reported that women of childbearing age
who consumed a meat-based diet maintain their serum ferritin level,
while this parameter decreased in those who consumed a vegetable-
based diet [26]. In the current study, all of the participants, with the
exception of the female gymnasts, consumed more than 1.0 g/kg BW/
day of protein, and the proportion of consumption of animal-derived
protein was approximately 50% in both males and females. These
results suggest that sufficient meat consumption prevents the subjects
from becoming anemic via increased iron absorption.

Resistance exercise has been reported to increase iron recycling
in the body of rats [15]. Reinke et al. indicated that rowing, in which
the most dominant physical factors for performance are power and
endurance, mitigates the reduction of iron in comparison to soccer,
which is dominated by speed and agility [27]. The routine training
for sprinting, throwing, judo and American football, sports in which
the Hb and RBC levels were higher than in middle and long distance
running, includes a greater amount of resistance exercise than middle
and long distance running. These observations suggest the possibility
that iron recycling in the body is enhanced in athletes whose training
predominantly includes resistance exercise training, which has been
shown to prevent a decline in the Hb concentration.

The present study evaluated the relationship between iron intake
and anemia in college athletes engaging in different sports. Some
participants, especially the females of the present study did not meet
the RDA or even EAR for iron; however, none of the participants
were anemic. The required intake of iron appears to vary depending
on factors such as the training method and intensity, and also the
competition level. The results of the present study suggest that among
athletes, the requirement might differ depending on the type of
exercise that they perform and that athletes might not always need to
consume large amounts of iron as is currently recommended.
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