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(Abstract )
Background: Athletes need a diet that suits them to maintain and improve their performance. In recent years,
dietary supplements have become more accessible and widely used by athletes, but there is concern that they may
lead to reduced energy expenditure. In this study, physical characteristics of football players, blood composition
and dietary surveys were conducted to investigate the effects of different athletic performance of athletes on iron
nutritional status.

Methods: Dietary surveys, physical activity surveys, and measurements of physical characteristics were performed
on 83 Japanese university soccer players.

Results: Body weight, muscle weight, reticulocytes, erythrocytes, hemoglobin, hematocrit and hepcidin were sig-
nificantly higher in team A than in team B. Body fat mass and body fat percentage were significantly lower in team
A than in team B. In terms of dietary content, potassium, iodine and niacin were significantly higher in team A
than in team B.

Conclusion: There were no significant differences in dietary content. Although hepcidin levels were higher in team

(4 than in team B, hemoglobin and ferritin levels were not reduced. Further studies are needed. )
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Introduction

In 2010, the International Olympic Committee (IOC) stated that
"a diet providing sufficient energy from a wide range of com-
monly available foods can meet the carbohydrate, protein, fat
and micronutrient requirements for training and competition"
[1]. Therefore, in our study "Dietary Self-Management in Uni-
versity Soccer Players: Are There Differences by Athletic Per-
formance? (Takahashi 2023), we reported that athletes with
higher athletic performance had better dietary self-management
skills [2]. Athletes with higher athletic ability consumed more
iron than athletes with general athletic ability, and ferritin levels
in blood indicators were higher in athletes with higher athletic
ability. However, there was no difference in hemoglobin con-
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centration.

Iron is a micronutrient found in very small amounts in the body,
but it plays an important role in processes such as oxygen trans-
port and energy metabolism. Iron is also an essential component
of hemoglobin, which is required for oxygen transport in red
blood cells. Therefore, if an athlete's body is deficient in iron, the
oxygen-carrying capacity of active muscles is reduced, leading
to a decrease in athletic performance. In other words, iron is also
involved in oxygen transport to the muscles during exercise and
plays an important role in energy production during exercise [3].
Iron deficiency therefore leads to reduced athletic performance
in endurance sports [4].
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In addition, iron metabolism disorders such as iron recycling
from the spleen and macrophages and iron absorption in the du-
odenum via hepcidin are also associated with iron deficiency [3].
Exercise is known to increase the inflammatory cytokine inter-
leukin-6 (IL-6), which is secreted 3 hours later and inhibits iron
absorption. In other words, it has been suggested that athletes
with high athletic ability who are highly active will secrete high
levels of hepcidin and ferritin levels should be lower.

Therefore, focusing on hepcidin, this study investigated the ef-
fects of different sports on blood conditions.

Methods

Subjects

The subjects of this study were 83 people (ages: 19-22 years)
who belong to a university soccer club. The purpose and content
of the study were fully explained to the subjects, and they vol-
untarily agreed to participate in the study. In order to evaluate
self-management ability based on athletic ability, the universi-
ty athletes were divided into two groups: a high athletic ability
group (Group A, n = 31), consisting of students whose members
include many who will become professional soccer players from
2025, and a general athletic ability group (Group B, n = 52).
This study was approved by the ethics committee of the Kyoto
Prefectural University (No. 309).

Measurement Items

Body Measurements

Height was measured with a height meter, and body weight,
body fat percentage, and skeletal muscle weight were measured
using the impedance method with an InBody 770 body compo-
sition measuring device (InBody Japan Inc.).

Blood Analysis

Blood samples were drawn from the antecubital vein after each
subject had been seated quietly for at least 15 min. The samples
were analyzed in a local commercial laboratory (Kyoto Microbi-
ology Research Institute, Kyoto, Japan). Red blood cells (RBC),
hemoglobin (Hb), hematocrit (Ht), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscu-
lar hemoglobin concentration (MCHC), ferritin, hepcidin, unsat-
urated iron binding capacity (UIBC), ferritin, aspartate amino-
transferase (AST), alanine aminotransferase (ALT), creatinine,
platelets, C-reactive protein (CRP) and white blood cells (WBC)
and haptoglobin were measured. Anemia was defined as an Hb
level of <13 g/dL. Iron depletion was defined as a ferritin level
of <20 pg/L. Hemolysis was determined by the indirect bilirubin
concentration, which is the total bilirubin minus the direct bili-
rubin concentration.

Dietary Survey

Participants were instructed to document their meals on two
non-game days within the study period (July 2024) using the
approximate quantity method and capture images with a smart-
phone. During photography, the participants were asked to in-
clude their student ID alongside the meal to aid in portion size
determination. Nutrients and other intakes were analyzed from
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the collected records and photographs using specialized nutrition
calculation software (Eiyou Plus ver. 1.0; Kenpakusha, Tokyo).

Daily intakes and energy density-adjusted values were calculat-
ed for 22 items: energy; protein; fat; carbohydrate; potassium;
calcium; magnesium; phosphorus; iron; zinc; copper; retinol ac-
tivity equivalent; vitamin D, K, Bi, Bz, Be, Bi2, and C; alpha-to-
copherol; folic acid; and salt equivalent. Additionally, data on
the frequency and quantity of protein supplement consumption
were gathered and incorporated into nutrient and other intake
analyses. However, the nutrient content of supplements other
than proteins, such as multivitamins, was not included in the
analysis.

Physical Activity Survey

The physical activity questionnaire was administered over two
days on the same day as the dietary questionnaire. Behavioural
data were collected at approximately 5-minute intervals from
awakening to bedtime using recording forms. Physical activi-
ty intensity was assessed using the Physical Activity Recording
Standards for Health Promotion 2013,14 and the revised METs
table for physical activity15. The intensity and duration of train-
ing at their club was determined by analysing videos of training
sessions.The physical activity survey was completed over two
days on the same day as the dictary survey. Behavioural data
were collected at approximately 5-minute intervals from awak-
ening to bedtime using recording forms. In this study, we there-
fore investigated the effects of differences in the athletes' sports
on blood conditions, focusing on hepcidin.

Daily energy expenditure (kcal/day) was calculated using the
formulal 'was calculated using the formula: daily energy expen-
diture = body weight x 1.05 x X(exercise intensity x time). The
participants participated in club activities six days a week, [ |with
some undertaking independent training.

Statistical Analysis

Descriptive statistics were reported as mean (SD). Differences
in means between the two groups were analysed using the t-test.
The unpaired t-test was used to compare normally distributed
data, whereas the Mann-Whitney U test was used to compare
non-normally distributed data between groups. Pearson's cor-
relation coefficient was used to assess correlation for normally
distributed data, whereas Spearman's rank sum correlation co-
efficient was used for non-normally distributed data. Statistical
analysis was performed using JMP Pro 18 (SAS Institute, Caxy,
NC, USA). P values <0.05 were considered to indicate statistical
significance.

Results

The participants’ physical characteristics are listed in Table 1.
The height, weight, and muscle mass were significantly higher
in Team A than in Team B. The body fat percentage was signifi-
cantly lower in Team A than in Team B. There were no signif-
icant differences in the height, BMI, or body fat mass between
the groups.
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Table 1. Body composition

A (n=31) B (n=52)
Age year 20.6 (1.2) 20.4 (1.1)
High cm 177.5 (5.5) 174.9 (6.4)
Weight kg 70.6 (6.0)* 66.9 (5.9)
BMI kg/m* 224 (1.2) 21.9 (1.3)
Muscle mass kg 60.4 (5.3) 56.0 (5.7)
Fat mass kg Ti21)* TN
Body fat percentage % 9.3 (2.9)* 11.3 (2.8)
Activity kcal 3919 (480)* 3625 (593)
mean (SD), *;p<0.05 vs B.
BMI; Body mass index

Table 2 shows the blood test results of the two groups. There
were no anemic subjects in either group, and reticulocytes,
RBCs, plasma iron, hemoglobin, hematocrit, and hepcidin were
significantly higher than in Team B. Values for plasma iron,
mean corpuscular volume, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration, unsaturated iron binding
capacity, ferritin, aspartate aminotransferase, alanine amino-

haptoglobin did not differ significantly between groups. Table
3 shows a comparison of the nutritional intake of both groups.
Group A had significantly higher levels of potassium, iodine,
and niacin than Group B. The energy, protein fat, carbohydrate,
calcium, magnesium, phosphorescence, iron, zinec, capper, io-
dine, vitamin A, D, E, K, B1, B2, B6, B12, folic acid, C, dietary
fiber, and salt equivalent intake of the two groups did not differ

transferase, creatinine, platelets, C-reactive protein, WBCs, and  significantly.

Table 2. Blood Indicators

A (n=31) B (n=52)
Reticulocyte fmL 17.5 (3.7)* 15.8 (4.0)
RBC X10%pL 515 (24)* 500 (29)
MCV fL 95.3 (3.1) 95.9 (2.9)
MCH pg 29.7 (1.1} 29.9 (1.0
MCHC % 31.1 (0.6) 31.1 (0.7)
Hematocrit Yo 49.0 (2.0)* 47.9 (2.4)
Plasma iron ng/dL 108 (32) 106 (39)
Hemoglobin g/dL 15.2 (0.6)* 14.9 (0.8)
UIBC ug/dL 212 (49) 219 (52)
Feririn ng/mL 164 (54) 160 (65)
Hepcidin pg/mL 20.0 (54.0)* 12.4 (9.7)
Haptoglobin mg/dL 44.7 (29.2) 49.7 (40.6)
WBC pL 5810 (1445) 5644 (1364)
Platelet count % 10%uL 24.104.3) 23.8(3.8)
CRP mg/dL 0.11 (0.15) 0.17 (0.42
Creatinine mg/dL 0.94 (0.11) 0.90 (0.0 )
AST Ul 22.2 (10.1) 22.0 (5.7)
ALT Ui 13.9 (11.2) 12.4 (5.6)
mean (5D}, *;p<0.05 vs B.
MCV: Plasma iron, mean corpuscular volume. MCH: mean corpuscular
hemoglobin. MCHC; mean corpuscular hemoglobin concentration. UIBC;
unsaturated iron binding capacity. AST; aspartate aminotransferase. ALT; alanine
aminotransferase. CRP; C-reactive protein,.
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Table 3. Dietary survey
A (n=31) B (n=52)
Energy kcal 3243 (629) 3081 (898)
Protein g 118 (25) 110 (32)
Fat g 107 (32) 102 (37)
Chaolestersl mg 599 (210) 605 (256)
Carbohydrates g 401 (93) 397 (152)
Potassium mg 3787 (869)* 3290 (11986)
Calcium mg 460 (149) 481 (238)
Magnesium mg 389 (85) 351 (127)
Phosphorescence mg 1629 (369) 1534 (448)
Iron mg 12.0 (3.4) 11.4 {4.1)
Zine mg 17.1 (4.4) 16.1 (5.5)
Copper mg 1.9 (0.5) 1.8 (0.6)
lodine ug 3761 (2524)* 2012 (2471)
Vitamin A ug 592 (244) 577 (293)
Vitamin D ug 17.0 (12.0) 11.9 (14.2)
Vitamin E mg 11.3 (4.7) 9.9 (4.2)
Vitamin K ug 485 (273) 474 (312)
Vitamin B1 mg 2.2 (0.8) 1.9 (0.7)
Vitamin B2 mg 2.1 (0.8) 1.8 (0.7)
Niacin mg 72 (19)* 56 (19)
Vitamin B6 mg 2.7 (0.7) 2.4 (0.9)
Vitamin B12 ug 9.7 (5.00 8.4 (6.2)
Folic acid ug 403 (141) 402 (194)
Vitamin C mg 160 (109) 121 (82)
Dietary fiber g 32 (8) 29 (10)
Salt equivalent g 13 (3) 12 (3)
mean (SD), *;p<0.05 vs B.
Table 4. Correlation coefficient results for Team A
F ra
Hepcidin Reticulocyte 0.3610 0.0460*
Hepcidin Feririn 04379 0.0137*
Hepcidin WBC 04587 0.0095*
Hepcidin CEP 0.1925 0.0021*
Hepcidin AST -0 4046 0.024*

*: p<0.05.
MCV; Plasma iron, mean corpuscular volume. MCH; mean corpuscular
hemoglobin. MCHC,; mean corpuscular hemoglobin concentration. UIBC;
unsaturated iron binding capacity. AST; asparfate anunofransferase. ALT;
dlanine aminotransferase. CRP; C-reactive protein, .

Screening for the Presence of Hepcidin and Related Sub- A (p <0.05, p <0.04, p <0.01, and p <0.01, respectively) (Table
stances 4) whereas in group B, serum iron and ferritin levels showed a
Regarding the correlation between hepcidin levels and body significant positive correlation (p <0.01, p <0.01, respectively)
composition, blood indices, and dietary questionnaires, Pear- (Table 5).

son's correlation results showed significant positive correlations

between reticulocytes, WBCs, creatinine, and ferritin in group
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Table 5. Correlation coefficient results for Team B

r p
Hepcidin Plasma iron 02716 0.0497*
Hepcidin UIBC -0.313 0.0239*
Hepcidin Feririn 04503 0.0008*
Hepcidin CEP 03271 0.0233*
Hepcidin Body fat percentage 0.3498 0.0110*
Hepcidin Fat mass 0.3696 0.0070*

*-p<0.05.

MCV; Plasma iron, mean corpuscular volume. MCH; mean corpuscular
hemoglobin. MCHC; mean corpuscular hemoglobin concentration. UIBC;
unsaturated iron binding capacity. AST; aspartate aminotransferase. ALT;
alanine aminotransferase. CRP; C-reactive protein..

Spearman's analysis showed positive correlations for reticulo-
cytes, WBCs, and ferritin in Team A (p <0.01, p <0.01, and p
<0.01, respectively); positive correlations for serum iron and
ferritin in Team B (p <0.05, p <0.01, respectively); and positive

correlations for serum iron and ferritin in Team B (p <0.05, p
<0.01, respectively). In the combined analysis of the two groups,
body fat mass and percentage, WBCs, CRP level, and ferritin
level were positively correlated with hepcidin levels (Table 6).

Table 6. Correlation coefficient results for soccer athlete (Team A and Team B)

r p
Hepcidin UIBC -0.3232 0.0029*
Hepcidin Feririn 0.3834 0.0003*
Hepcidin WBC 0.2663 0.0149*
Hepcidin CEP 0.2683 0.0142*
Hepcidin AST -0.2996 0.0059*
Hepcidin Body fat percentage 0.2325 0.0344%
Hepcidin Fat mass 0.2416 0.0278*

*-p<0).05.

MCV; Plasma iron, mean corpuscular volume. MCH; mean corpuscular
hemoglobin. MCHC; mean corpuscular hemoglobin concentration. UIBC;
unsaturated iron binding capacity. AST; aspartate aminofransferase. ALT;
dlanine aminotransferase. CRP; C-reactive protein,.

Discussion

This study investigated the effects of iron nutritional status on
different levels of competition in university soccer players. The
results showed that erythrocyte and hemoglobin concentrations
were significantly higher in team A than in team B. However,
hepcidin was also significantly higher in team A than in team B.

Hemoglobin concentration was significantly higher in team A
than in team B. This may be because Team A consumed more
iron than Team B, but there was no significant difference com-
pared to the dietary survey. In addition, the intake of vitamin C,
a nutrient that enhances iron absorption, tended to be higher in
team A than in team B (p < 0.07). These results suggest that iron
absorption was increased, leading to the prevention of anemia.
However, it should be noted that hemoglobin levels were within
the normal range in both teams. In general, the recommended
iron intake for athletes is 15 mg/day [5]. Both groups had ad-
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equate hemoglobin concentrations, although they did not meet
the 15 mg/day limit.

Ferritin concentrations were found in Team A and Team B. Miel-
g0 Ayuso et al reported that 30-99 ng/ml is considered function-
al iron deficiency for screening for iron deficiency and a serum
ferritin level of at least 100 ng/ml is required [6]. Both groups
exceeded 100 ng/mL and are unlikely to have iron deficiency
anemia.

On the other hand, hepcidin was significantly higher in Team
A than in Team B. It has been reported that muscle glycogen
decreases and hepcidin increases when energy intake remains
inadequate [7]. When comparing the energy intake and activity
of the athletes, the activity of both teams was higher than the
energy intake: -700 kcal for team A and -500 kcal for team B. It
is possible that the increased hepcidin in team A, which failed
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to meet its energy intake requirements, could be due to insuffi-
cient energy intake. A correlation between hepcidin and WBC
and CRP were also observed in the A team correlation; WBC and
CRP reflect an inflammatory response. It is possible that Team A
athletes have a chronic inflammatory state, especially as this was
not a post-exercise blood sample.

The main sources of energy during exercise are carbohydrate
and lipids. Carbohydrate in particular is known to be an import-
ant source of energy for athletes [8] and it has been reported
that muscle glycogen is depleted at the point where exercise
cannot be continued [9]. Williams & Rollo have highlighted the
importance of having sufficient muscle glycogen stores for soc-
cer player [10] and improved performance has been reported in
players consuming high carbohydrate diets with dietary carbo-
hydrate levels of ~8 g/kg BW [11, 12].

The latest nutritional guidelines for soccer recommend a daily
carbohydrate intake of 5-7 g/kg body weight on days of mod-
erate intensity training and 7-12 g/kg body weight on days of
high intensity training and before matches [13]. The results of
this study showed that Team A (5.7 g/kg body weight) and Team
B (6.0 g/kg body weight). It has been reported that Asians rely
more on carbohydrates for energy [14]. Based on the above, it is
possible that increased carbohydrate intake may help both Team
A and Team B to build a body that can withstand higher intensity
and longer training sessions.

0

While the possibility of chronic inflammation was suggested in
Team A, the hemoglobin concentration was significantly higher
in Team A than in Team B, although the blood indices were in
the normal range in both teams. Energy intake was also inad-
equate in both groups. It has been suggested that chronic low
energy availability (LEA) may also affect biomarkers involved
in erythrocyte turnover [15-19]. A study by Hennigar et al. in
active men reported that a 55% reduction in EA over 28 days
resulted in a decrease in hemoglobin concentration [20]. This
reduction in hemoglobin (anemia), which does not respond to
iron administration, suggests that it may be due to inhibition of
red blood cell production by LEA [20].[]

When erythropoiesis is reduced as a result of energy deprivation,
the number of erythroid progenitor cells in the bone marrow de-
creases, maintaining iron stores for vital functions. This response
has been reported to underlie the development of iron-limiting
anemias, including iron deficiency anemia and anemia due to
chronic disease and inflammation [21]. Testosterone is also a
potent stimulator of erythropoiesis [22-25]. However, the effects
and mechanisms by which testosterone affects human erythro-
poiesis during severe energy deprivation remain unclear. Injec-
tion of testosterone into energy-restricted mice increased the in-
corporation of 59 Fe into newly formed erythrocytes, an indirect
measure of erythropoiesis, compared to energy restriction alone
[26].

Testosterone replacement has been reported to suppress hep-
cidin in healthy adults, thereby increasing iron utilisation and
maintaining red blood cell production during energy deficiency
[27]. It has also been suggested that testosterone administration
may be an effective treatment for maintaining erythropoiesis
during energy deficiency and may be particularly relevant for
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certain types of anemia associated with chronic disease [28, 29].
Exercise is known to increase testosterone secretion. Although
testosterone was not measured in this study, it is possible that
the significantly higher hemoglobin concentration in team A, de-
spite higher hepcidin concentration than in team B, was related
to higher testosterone secretion due to higher activity levels.

It is known that obesity increases hepcidin levels and has been
reported to be due to inflammation. In the present study, hepci-
din levels were significantly higher in Team A than in Team B,
even though Team A had less body fat than Team B. Nirengi et
al. reported that hepcidin levels were higher in athletes with less
body fat than in those with more body fat . Body fat is usual-
ly positively correlated with hepcidin concentration. However,
there are few reports on the relationship between hepcidin and
body fat in athletes. More research is needed on the relationship
between hepcidin and body fat in athletes.

Conclusion

The present study investigated the effects of different levels of
competition on blood indices, mainly iron nutritional status, in
university soccer players. The results showed that erythrocyte
and hemoglobin concentrations were significantly higher in
team A than in team B, while hepcidin concentrations were sig-
nificantly higher in team A than in team B.

Team A showed a positive correlation between hepcidin and re-
ticulocyte, WBC and ferrin; Team B showed a positive correla-
tion between hepcidin and plasma iron and ferritin.

There are few reports on indicators of exercise capacity differ-
ences in relation to hepcidin. More research is needed on the
effects of differences in exercise capacity on hepcidin.

References

1. Maughan, R., & Shirreffs, S. (2010). IOC consensus statement
on sports nutrition. Journal of Sports Sciences, 29(1), 3-4.

2. Takahashi, R., Tto, S., Hata, K., & Fujii, T. (2024). Dietary
self-management in university soccer players: Are there differ-
ences by athletic performance? Biomedical Journal of Scientific
& Technical Research, 54(4).

3. Fried, W., Goldwasser, E., Jacobson, L. O., & Plzak, L. F.
(1957). Studies on erythropoiesis. IIl. Factors controlling
erythropoietin production. Proceedings of the Society for Ex-
perimental Biology and Medicine, 94(1), 237-241. https://doi.
org/10.3181/00379727-94-22910

4. Donati, R. M., Chapman, C. W., Warnecke, M. A., & Gallagh-
er, N. I. (1964). Iron metabolism in acute starvation. Proceedings
of the Society for Experimental Biology and Medicine, 117, 50-
53. https://doi.org/10.3181/00379727-117-29493

5. Slimani, M., & Nikolaidis, P. T. (2019). Anthropometric and
physiological characteristics of male soccer players according to
their competitive level, playing position and age group: A sys-
tematic review. Journal of Sports Medicine and Physical Fitness,
59(1), 141-163. https://doi.org/10.23736/S0022-4707.17.07950-
6

6. Abreu, R., Oliveira, C. B., Costa, J. A., Brito, J., & Teixeira,
V. H. (2023). Effects of dictary supplements on athletic perfor-
mance in elite soccer players: A systematic review. Journal of
the International Society of Sports Nutrition, 20(1), 2236060.
https://doi.org/10.1080/15502783.2023.2236060

Wor Jour of Molecu Medicine 2025



7. Mielgo-Ayuso, J., Zourdos, M. C., Calleja-Gonzalez, J., Cor-
dova, A., Fernandez-Lazaro, D., & Caballero-Garcia, A. (2018).
Eleven weeks of iron supplementation does not maintain iron
status for an entire competitive season in elite female volleyball
players: A follow-up study. Nutrients, 10(10), 1526. https://doi.
org/10.3390/nu10101526

8. Ishibashi, A., Maeda, N., Kojima, C., & Goto, K. (2022).
Iron metabolism following twice a day endurance exercise in
female long-distance runners. Nutrients, 14(9), 1907. https://doi.
org/10.3390/nu14091907

9. Backhouse, S. H., Ali, A., Biddle, S. J., & Williams, C. (2007).
Carbohydrate ingestion during prolonged high-intensity inter-
mittent exercise: Impact on affect and perceived exertion. Scan-
dinavian Journal of Medicine & Science in Sports, 17(5), 605-
610. https://doi.org/10.1111/j.1600-0838.2006.00613.x

10. Balsom, P. D., Gaitanos, G. C., S6derlund, K., & Ekblom, B.
(1999). High-intensity exercise and muscle glycogen availabili-
ty in humans. Acta Physiologica Scandinavica, 165(4), 337-345.
https://doi.org/10.1046/j.1365-201x.1999.00517 .x

11. Williams, C., & Rollo, I. (2015). Carbohydrate nutrition and
team sport performance. Sports Medicine, 45(Suppl 1), S13-S22.
https://doi.org/10.1007/s40279-015-0399-3

12. Goedecke, J. H., White, N. J., Chicktay, W., Mahomed,
H., Durandt, J., & Lambert, M. 1. (2013). The effect of carbo-
hydrate ingestion on performance during a simulated soccer
match. Nutrients, 5(12), 5193-5204. https://doi.org/10.3390/
nu5125193

13. Kingsley, M., Penas-Ruiz, C., Terry, C., & Russell, M.
(2014). Effects of carbohydrate-hydration strategies on glu-
cose metabolism, sprint performance and hydration during
a soccer match simulation in recreational players. Journal of
Science and Medicine in Sport, 17(2), 239-243. https://doi.
org/10.1016/j.jsams.2013.04.010

14. Thomas, D. T., Erdman, K. A., & Burke, L. M. (2016).
Position of the Academy of Nutrition and Dietetics, Dieti-
tians of Canada, and the American College of Sports Medi-
cine: Nutrition and athletic performance. Journal of the Acad-
emy of Nutrition and Dietetics, 116(3), 501-528. https://doi.
org/10.1016/j.jand.2015.12.006

15.Sharma, S., Wilkens, L. R., Shen, L., & Kolonel, L. N. (2013).
Dietary sources of five nutrients in ethnic groups represented
in the Multiethnic Cohort. British Journal of Nutrition, 109(8),
1479-1489. https://doi.org/10.1017/S0007114512003388

16. Hennigar, S. R., Berryman, C. E., Harris, M. N, Karl, J. P.,
Lieberman, H. R., McClung, J. P., ... & Pasiakos, S. M. (2020).
Testosterone administration during energy deficit suppress-
es hepcidin and increases iron availability for erythropoiesis.
The Journal of Clinical Endocrinology & Metabolism, 105(4),
el316-e1321. dgz316. https://doi.org/10.1210/clinem/dgz31 6
17. Pak, M., Lopez, M. A., Gabayan, V., Ganz, T., & Rive-
ra, S. (2006). Suppression of hepcidin during anemia requires
erythropoietic activity. Blood, 108(12), 3730-3735. https://doi.
org/10.1182/blood-2006-06-028787

18. Fruhman, G. J. (1966). Effects of starvation and refeed-
ing on erythropoiesis in mice. Zeitschrift fir Zellforschung

und Mikroskopische Anatomie, 75(1), 258-271. https://doi.
org/10.1007/BF00407159

19. Gurney, C. W., & Fried, W. (1965). Further studies on the
erythropoietic effect of androgens. Journal of Laboratory and
Clinical Medicine, 65, 775-782.

20. Bachman, E., Travison, T. G., Basaria, S., Davda, M. N.,
Guo, W., Li, M., Connor Westfall, J., Bae, H., Gordeuk, V., &
Bhasin, S. (2014). Testosterone induces erythrocytosis via in-
creased erythropoietin and suppressed hepcidin: Evidence for a
new erythropoietin/hemoglobin set point. Journal of Gerontol-
ogy: Series A, 69(6), 725-735. https://doi.org/10.1093/gerona/
glt154

21. Suzuki, D., & Suzuki, Y. (2024). Identifying and analyzing
low energy availability in athletes: The role of biomarkers and
red blood cell turnover. Nutrients, 16(14), 2273. https://doi.
org/10.3390/mu16142273

22. Ashby, D. R., Gale, D. P., Busbridge, M., Murphy, K. G.,
Duncan, N. D., Cairns, T. D., ... & Choi, P. (2009). Erythropoi-
etin administration in humans causes a marked and prolonged
reduction in circulating hepcidin. haematologica, 95(3), 505.
https://doi.org/10.3324/haematol.2009.013136

23. Kautz, L., & Nemeth, E. (2014). Molecular liaisons between
erythropoiesis and iron metabolism. Blood, 124(4), 479-482.
https://doi.org/10.1182/blood-2014-05-516252

24. Zhang, L., Lang, H., Ran, L., Tian, G., Shen, H., Zhu, J., ... &
Mi, M. (2022). Long-term high loading intensity of aerobic ex-
ercise improves skeletal muscle performance via the gut micro-
biota-testosterone axis. Frontiers in Microbiology, 13, 1049469.
https://doi.org/10.3389/fmicb.2022.1049469

25. Nirengi, S., Fujibayashi, M., Furuno, S., Sukino, S., Suganu-
ma, A., Kawaguchi, Y., ... & Sakane, N. (2021). The hepci-
din-25/ferritin ratio is increased in university rugby players with
lower fat mass. Nutrients, 13(9), 2993. https://doi.org/10.3390/
nul3092993

26. Auguet, T., Aragones, G., Berlanga, A., Martinez, S., Sa-
bench, F., Binetti, J., ... & Richart, C. (2017). Hepcidin in
morbidly obese women with non-alcoholic fatty liver disease.
PLoS One, 12(10), e¢0187065. https://doi.org/10.1371/journal.
pone.0187065

27. Andrews Guzman, M., & Arredondo Olguin, M. (2014).
Association between ferritin, high sensitivity C-reactive protein
(hsCRP) and relative abundance of hepcidin mRNA with the
risk of type 2 diabetes in obese subjects. Nutricion Hospitalaria,
30, 577-584.

28. Rodriguez-Mortera, R., Caccavello, R., Hermo, R., Ga-
ray-Sevilla, M. E.; & Gugliucci, A. (2021). Higher hepcidin
levels in adolescents with obesity are associated with metabolic
syndrome dyslipidemia and visceral fat. Antioxidants, 10, 751.
https://doi.org/10.3390/antiox 10050751

29. Stoffel, N. U., El-Mallah, C., Herter-Aeberli, 1., Bissani, N.,
Wehbe, N., Obeid, O., & Zimmermann, M. B. (2020). The ef-
fect of central obesity on inflammation, hepcidin, and iron me-
tabolism in young women. International Journal of Obesity, 44,
1291-1300. https://doi.org/10.1038/s41366-020-0564-6.

Copyright: ©2025 Takako Fujii, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Page No: 07 /

www.mKkscienceset.com

Wor Jour of Molecu Medicine 2025



