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Summary
A considerable problem of insufficient vitamin intake exists among athletes. The objective of this study is to re-
veal the total thiamin concentration in whole blood of university student athletes and general students of the same
age group, and to investigate the possibility of a lack of thiamin due to a difference in the amount of exercise. The
results showed that the distribution of thiamin concentration for both male and female general students was within
the standard value, and that there was an almost normal distribution. In contrast, for the distribution of thiamin
concentration in athletes, there was a lower frequency marking higher values compared with that in general stu-
dents. In addition, as the average thiamin concentration in both male and female student athletes was significantly

lower than that in general students, we hypothesized the possibility of a latent thiamin deficiency among student

athletes.

To clarify this issue, other blood examination items should be further reviewed.
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Introduction

In recent years, the interest in avitaminosis has been
low, owing to the current belief that the national nutrition-
al status has improved and that vitamin deficiency is now
a problem of the past. However, studies have shown that
nutritional imbalances and latent avitaminosis do exist"”.

In a previous study with university students, we inves-
tigated the total thiamin concentration in whole blood, and
reported that the thiamin concentration of the participants
was mostly within the standard value. Furthermore, al-
though the results indicated the possibility of a latent defi-
ciency”, no marked deficiency conditions were observed
among the participants®®.

However, in the young population, a lack of thiamin ex-
ists because of special factors such as diet habit and tran-
sition to independent living®. Therefore, the possibility of
an avitaminosis condition, which is dependent on certain
circumstances, cannot be denied. Above all, a notable is-
sue concerning vitamin intake exists among exercising
persons.

In a previous report, increased energy consumption was

found to enhance the metabolism of thiamin, which leads

to an increase in the body’s thiamin requirement®. Also,
in a study on rats, a decrease in thiamin content in the
body due to increased energy consumption was ob-
served”. Currently, the standard thiamin requirement is

set per 1000 kcal of energy® 9.

Exercising persons are of-
ten required to take thiamin in accordance with the rec-
ommended increased amount of energy intake”; however,
there are few actual data demonstrating this need. Also,
there is no report showing that athletes who perform
highly intensive exercise develop thiamin deficiency.

In this study, we focused on university students who
are members of clubs composed of top athletes. We can
assume that these athletes engage in strict training activi-
ties daily. We compared their total thiamin concentration
in whole blood with that of general students from the
same age group. Through this, we examined the influ-
ence of exercise and the possibility of nutritional deficien-

cy conditions.
Materials and Methods

Participants

We asked for the cooperation of student athletes (here-
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after, “athletes”) belonging to sports clubs in three univer-
sities (known here as A, C, and M universities). A total of
172 participants (68 men and 104 women) aged 18-22
years agreed to take part in our research after 2009. Con-
cerning the club affiliations, 68 male students, 24 female
students, and 80 female students were members of the
Rugby Club, Ekiden Relay Race Club, and other sports
clubs, respectively. As these participants are considered
top athletes, they are expected to engage in strict training
on a daily basis. Moreover, the participating universities
are prominently known as athletic universities that pro-
duce international standard competitors such as Olympic
athletes.

Another group, which we have labeled general stu-
dents, was also studied; these participants were from N
University and aged between 18 and 20 years. The num-
ber of participants was 472 (54 men, 418 women), all of

whom agreed to take part in our research after 2008.

Biochemical examination of blood

Blood was collected from the median cubital vein in the
morning after fasting. To test for the total thiamin con-
centration in whole blood (hereafter known as thiamin
concentration), we outsourced the blood analysis to BML
Inc. The postcolum fluorometric detection high-perfor-
mance liquid chromatography method by Kimura et al.

was used (standard value, 21.3-81.9 ng/mL) for the analy-
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Statistics

We used the software IBM SPSS Statistics 21 for statis-
tical analysis. To examine the difference in average val-
ues, we used the nonparametric Mann-Whitney U test and

assigned p < 0.05 as the significant difference.

Agreement

We explained the research content in written form, and
the participants signed certificates of informed consent.
This investigation was approved by the Nagoya Universi-
ty of Arts and Sciences Ethics Committees and meets the

standards of the Declaration of Helsinki.

Results

Fig. 1 shows the distribution of thiamin concentration in
both athletes and general male students. Fig. 2 shows the
same data for the female participants.

The results in Fig. 1 show that the range of thiamin
concentration in 68 male athletes was from a minimum
deviation of 24 ng/mL to a maximum deviation of 50 ng/
mL, and that the concentration value fell in the range of
31-40 ng/mL in approximately 71% (48 students) of all
male athlete participants. In contrast, the range of thia-
min concentration in the 54 male general students was
from a minimum deviation of 22 ng/mL to a maximum
deviation of 84 ng/mL; approximately 39% (21 students)
of the general student participants showed a concentra-
tion in the range of 41-50 ng/mL. In addition, the average

+ standard deviation for male athletes was 34.5 * 5.3 ng/
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Fig. 1 Comparison of the distribution of total thiamin concentration in whole blood between student athletes and general students

(males).

The average values of thiamin concentration were significantly lower in athletes than in general students.

(p < 0.001 The nonparametric Mann-Whitney U test.)
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Fig. 2 Comparison of the distribution of total thiamin concentration in whole blood between student athletes and general students

(females).

The average values of thiamin concentration were significantly lower in athletes than in general students.

(p < 0.001 The nonparametric Mann-Whitney U test.)

mL, whereas that for male general students was 469 +
12.2 ng/mL.

Meanwhile, Fig. 2 shows the data for 104 female ath-
letes. The range of thiamin concentration was from a
minimum deviation of 19 ng/mL to a maximum of 50 ng/
mL, and approximately 61% (63 students) of all female ath-
lete participants showed a concentration value in the
range of 21-30 ng/mL. In contrast, the range of thiamin
concentration in 418 female general students was from a
minimum of 11 ng/mL to a maximum of 77 ng/mL, with
approximately 37% (155 students) of them showing a con-
centration value in the range of 31-40 ng/mL. In addition,
the average * standard deviation for female athletes was
28.7 £ 5.6 ng/mL, whereas that for female general stu-
dents was 406 = 104 ng/mL.

For both male and female general student participants,
the distribution of thiamin concentration was mostly with-
in the standard value, and the distribution was almost
normal. For the distribution of thiamin concentration in
female athletes, there was a lower frequency marking
higher values compared with those in female general stu-
dents.

From the above results, there was a similar trend for
both male and females, and compared with general stu-
dents, the average values of thiamin concentration were

significantly lower in athletes (p < 0.001).

Discussion

Thiamin mainly functions as a co-enzyme of carbohy-
drate metabolic enzymes, and thiamin deficiency causes
subjective symptoms such as feelings of malaise in the
whole body, fatigue, palpitations, and shortness of breath.
Thiamin is an important nutrient for maintaining normal

M1 Tt has been reported that with ex-

bodily functions
ercise, the energetic metabolism increases, which, in turn,
increases the required quantity of thiamin. If the thiamin
level is inadequate for the consumption of glucose, the me-
tabolism from pyruvic acid to acetyl-CoA is hindered™'?.
The increased production of lactic acid from pyruvic acid
leads to an accumulation of lactic acid, which causes fa-
tigue'™. Currently, the standard thiamin requirement is
set per 1000 kcal of energy. In exercising persons, it is of-
ten recommended to increase the amount of energy intake
by consuming well-balanced meals® ™.

In this investigation, we compared the distribution and
average values of thiamin concentration between athletes
and general students. The results showed that for both
male and female athletes, the distribution of thiamin con-
centration showed a lower frequency marked high values
than that in general students. In addition, for both male
and females, because the average value of thiamin concen-
tration was significantly low, the possibility of a latent thi-
amin deficiency in student athletes was considered.

In a previous study, it was reported that thiamin defi-
ciency rarely occurs as a result of exercise if the standard

quantity of daily thiamin intake is satisfied"”. We can



Table 1 Dietary reference intakes for athletes and general students

Athletes (example of A University)”

. . 2)
Dietary reference intakes for Japanese

Energy (kcal) 4500 2650
Protein (g) 170% 60

Fat (%energy) 25 20=<,<30
Carbohydrate (%energy) 60 50 <, <70
Calcium (mg) 1000-1500 800
Iron (mg) 15-20 70
Vitamin A (ug) 900-1500 850
Vitamin B:1 (mg) 27-36 14
Vitamin B: (mg) 22-27 16
Vitamin C (mg) 200 100
Dietary fibers (g) 36-45 19

1) Determined from the Nutrition and Meal Guide for Athletes, 2006.

2) Recommended amount for Physical activity level
Intakes for Japanese, 2010.

I and 18-29-year-old males from the Dietary Reference

3) Computed from a Rugby player's protein/fat/carbohydrate ratio (15:25:60).

therefore hypothesize that the athletes could not maintain
sufficient thiamin intake through their diet. However,
among the athlete participants of this study, a tendency to
provide proper attention to nutritional intake was ob-
served. Especially in A University, there is a club called
Nutrition Support Team for Athletes that offers sufficient
meals to members to ensure a fair nutrition supply”. For
instance, Table 1 shows that the energy intake for the
athletes was 4500 kcal/day and protein intake was 170 g,
which is two to three times higher than that recommend-
ed for males from the same age group. Especially, thiamin
intake was provided at 2.7-3.6 mg, a level far higher than
the recommended value (14 mg) to match the energy con-

220 Nevertheless, in

sumption in food intake standards
this study, some influence of thiamin concentration was
observed, and we can consider that increased energetic
metabolism might have other special effects besides in-
creasing the thiamin requirement. For instance, the de-
creased vitamin absorption due to exercise and the in-
creased excretion of vitamin in the urine and sweat can
be considered as factors; however, there are extremely
few data to demonstrate these assumptions at present™.
Therefore, in the future, a review of causation should be
undertaken through a longitudinal examination of the ap-
propriate amount of nutritional intake, from meals or sup-
plements, for both athletes and general students.

Also, as there is a report stating that there was no ex-
tensive lack of thiamin in participants who performed ex-

23-25)
, We

ercise at a level with low maximum oxygen intake
can assume that the athletes we targeted in this study
have a high exercise strength and a high maximum oxy-
gen intake.

As this study is a cross-sectional investigation, it was

difficult to examine the causality between exercise and

the blood examination values. Therefore, for all of the pa-
rameters we considered, further longitudinal investiga-
tions should be performed. The sex, type of sports, prac-
tice duration, and body characteristics varied among the
athletes in this study. Therefore, a detailed research
needs to be carried out in consideration of the above-men-
tioned characteristics. Also, we cannot deny the possibili-
ty that the students we targeted in this study were re-
ceiving a specific nutrition supply from vitamin
preparations and other sources. In recent years in Japan,
the frequency of using vitamin premix formulations, which
are likely to be combined with processed foods, has in-
creased and there is a wide variety of thiamin-rich pro-
cessed foods, beverages, and pharmaceuticals available® .
It is also necessary to examine the effects of those formu-
lations.

University students are at an age when they transition
from being reliant on their families to living an indepen-
dent life.

diet), which is closely related to health, changes during
27-29)

It is anticipated that their lifestyle (especially
this time Therefore, this population needs appropri-
ate nutritional intake; however, athletes who exercise
heavily every day generally have a low interest on nutri-
tion and diet, and they especially tend to miss the impor-
tance of trace elements such as vitamins and minerals.
On the other hand, it is difficult to generally set the re-
quirement for the intake of energy and each nutritional
item among athletes because of the variety of sports
events, activity duration, as well as the athlete’s sex and
body type. Therefore, the type of exercise should be con-
sidered and, at the same time, the appropriate amount of
nutritional intake should be set, to be able to offer a rec-

ommendation for this population.
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