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Importance of “meal first” strategy
and effective situations of
supplement use in elite athletes:
Japan high performance sport
center position stand
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Shiori Tsunezumi, Chika Kondo, Aya Kaizaki, Shoko Ode,
Hiroka Ohno, Keiko Namma-Motonaga* and Akiko Kamei*

Japan High Performance Sport Center, Japan Institute of Sport Sciences, Tokyo, Japan

The “meal first” strategy is traditionally recommended for athletes’ conditioning.
However, the importance of the “meal first” principle has not been detailly well
documented in athletes’ lives. Supplement use has recently become a common
part of athletes’ diets, but unmonitored supplement use can cause negative
consequences, such as anti-doping violations and health issues. Therefore, this
review summarizes how the “meal first” strategy and planned supplement use
are important for enhancing athletes’ health and performance. We believe that
the “meal first” strategy is beneficial in terms of the following aspects: (1)
consumption of multi-nutrients and other functional components
simultaneously; (2) positive effects on psychological well-being; (3) contribution
to athletes’ health by way of mastication; and (4) less risk for anti-doping
violations. Before supplement use, we recommend that athletes first verify their
basic factors (e.g., diet, training, and sleep), given that the benefits of
supplements are examined and demonstrated with the control of those factors.
Otherwise, athletes cannot obtain maximal benefits from the supplements. In
contrast, there are situations in which supplements in athletes’ lives can be
advantageous, such as (1) nutrient deficiency due to ongoing dietary
characteristics; (2) interruption of meals due to disease; (3) inaccessibility of
quality food during athletic travel; (4) difficulty preparing food due to societal
restrictions associated with disasters or infection outbreaks; (5) having a meal
before, during, or after exercise is difficult; and (6) achieving targeted intake of
performance-enhancing ingredients is not practical. In summary, we emphasize
that the “meal first” strategy is recommended for athletes’ conditioning,
but there are several contexts when supplement use can be more useful in
athletes’ lives.
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1. Introduction

Although there is no agreed-upon definition of a supplement when it comes to dietary

additives, we can learn from the simplistic viewpoint offered by Oxford Learner’s Dictionary,

which is that a supplement is “a thing that is added to something else to improve or complete

it” (1). From this perspective, we can regard supplements for athletes as items added to basic
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factors (i.e., diet, exercise, or sleep) for achieving enhanced

performance. The Japan High Performance Sport Center (HPSC)

has a research department known as the Japan Institute of Sport

Sciences, which designates supplements according to the

following two tenets from the International Olympic Committee

(IOC) consensus statement (2). First, dietary supplements are

products that are intentionally consumed above and beyond the

habitual diet with the aim of preventing a nutrient deficiency.

Second, performance supplements are products that are

intentionally consumed with the aim of enhancing one’s athletic

performance. Sports foods, including products that provide

nutrients and energy in more convenient forms (e.g., drinks, gels,

and bars) compared to traditional supplements or meal

replacements, are becoming more common both in and beyond

sporting events. In this review, we define dietary supplements,

performance supplements, and sports foods as supplements.

A high percentage of supplement use among elite athletes has

been reported (3). For example, 70% of Canadian athletes at the

Sydney 2000 Olympic Games (4) and more than 90% of

Japanese athletes (including candidates) at the Rio 2016 Olympic

Games used supplements (5). However, several expert consensus

statements emphasize that athletes should first confirm through

dietary assessment by a sports-trained dietitian or nutritionist

whether targeted nutrients or components are actually

consumable from regular meals before resorting to

supplementation (2, 6, 7). This is because supplements should be

an additional option to a proper diet, one of the basic factors for

promoting athletes’ overall conditioning. Furthermore,

supplement use is frequently accompanied by anti-doping

violations (8). While the cause of intentional doping is obvious,

unintentional doping is caused by invisible routes, such as

contamination from manufacturing processes (9), misleading

information on labels (10), or missing information about

prohibited substances on labels (10, 11). Thus, avoiding

unintentional doping is almost impossible, even if athletes pay

extreme attention to the use of supplements. Unintentional

doping is confirmed annually in Japan (12). To our knowledge,

there are no studies investigating whether athletes seek

professional confirmation of their dietary status and need before

using supplements. Not only does this raise the potential for elite

athletes to cause anti-doping violations and overdose of nutrients

or components, but it is also likely that athletes will not obtain

the expected supplement benefits anyway. Therefore, we

underscore the importance of strengthening the basic factors

underlying enhanced performance and caution against

supplement use for athletes without proper education. This

review aims to address the current gap in understanding safe and

effective supplement use among athletes. We provide evidence-

based guidance to reduce risks and enhance benefits, thereby

promoting informed, responsible supplement use in sports.

In this review, recognizing the emerging importance and

prevalent use of supplements among athletes and the associated

risks, we aim to provide a comprehensive, up-to-date resource to

support the improvement of athletes’ health and performance.

We summarize the following elements: (1) the reason why “meal

first” is recommended, emphasizing the importance of a balanced
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diet before resorting to supplementation; (2) the importance of

strengthening basic factors such as diet, exercise, and sleep,

which is often overlooked due to the reliance on

supplementation; (3) the effective contexts and precautions for

supplement use, shedding light on the knowledge gap in this

area; and 4) the anti-doping strategy, highlighting the importance

of being vigilant about unintentional doping from supplement

use, as the HPSC position stand.
2. Methodology

We usually support Japanese elite athletes—candidates for the

Olympic and Paralympic games and counsel them on the best

nutritional strategy with consideration of their states of practice,

training, and rehabilitation. In this capacity, we often encounter

issues related to their dietary behavior and supplement use.

Consequently, we have compiled insights from these interactions

and elected to articulate our position stand firmly grounded in

scientific literature. The search for records was carried out

through the official websites of relevant organizations (World

Health Organization (WHO), World Anti-Doping Agency

(WADA), Food and Drug Administration in the United States

(FDA), The U.S. Anti-Doping Agency (USADA), Japan Anti-

Doping Agency (JADA), and Japan Chemical Analysis Center

(JCAC)), and database (PubMed). We used keywords related to

our topic, including “doping,” “food,” “meal,” “diet,”

“supplement,” “athlete,” “food hygiene,” and their combinations.

Records were selected based on their relevance to the topic of

meal-first strategy and anti-doping in sports. The initial selection

was based on the review of titles and abstracts, followed by a

full-text review. During this process, we discussed whether the

reviewed articles were appropriate for the topic of this study with

sports doctors and pharmacists in the HPSC who take care of

the Olympic and Paralympic athletes.
3. The reason why “meal first” is
recommended

Recently, the term “food first” was stated in brilliant reviews by

Maughan’s group (13) and the UEFA expert group (7). However, in

Japan, the word “food” encompasses a broad range of items,

including supplements and products made with supplements.

Therefore, using the phrase “food first” could lead to confusion

among athletes and their support networks. Even though we

respect the “food first” theory, the HPSC thinks that the phrase

“meal first” is more appropriate in Japan to empower athletes’

conditioning based on four perspectives (Figure 1). First, meals

are useful for obtaining macronutrients and micronutrients, fiber,

polyphenols, and other active substances (14) simultaneously.

Second, meals can positively impact one’s psychological status

(e.g., feelings and mood) (15). In fact, increasing the quality of

meals (e.g., increasing the intake of fruits, vegetables, fish, whole

grains, legumes, and olive oil) has been reported to improve

depression and anxiety (16). More frequent eating with family
frontiersin.org
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FIGURE 1

Four perspectives of the HPSC in recommending the “meal first” strategy.
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and not eating alone was also reported to be associated with better

emotional well-being (17). Thus, we believe that preparing meals

and also meal occasions is effective for conditioning the

psychological status of athletes. Third, meals require more

mastication to consume and absorb than ready-to-eat

supplements. However, to our knowledge, there is no study on

the psychological effects of mastication in athletes, though it may

contribute to the improvement of athletes’ health. For older

populations, mastication has been reported to influence food

choice (18) and even cognitive functioning (19). In addition,

meals accompanied by mastication tend to contain many

important food residues, such as fiber, which is beneficial for the

gut microbiome (20). Fourth, we believe that meals are less risky

than supplements for anti-doping violations (10, 11, 21, 22)

because anti-doping violations related to regular meal

consumption have been confirmed in very limited areas only

(23) (details in the Anti-doping section).
4. The importance of strengthening
basis factors (diet, exercise, and sleep)
before supplement use

In sports, supplements can provide additional benefits when

athletes’ basic factors (diet, training, sleep, etc.) are already

balanced and strengthened (Figure 2). In other words, athletes

cannot achieve the expected benefits from supplements when the

basic factors are not controlled; moreover, the risk of anti-doping

violations increases with an increasing number of supplements.

Although this simple system seems straightforward, we often

observe situations where athletes, coaches, and trainers prioritize
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the use of supplements over basic factors. This suggests a

prevailing belief that supplements possess extraordinary abilities

to enhance an athlete’s condition.

Likewise, athletes and their professional points of contact (e.g.,

coaches, trainers, and dietitians) need to understand the

methodological characteristics of studies examining the effects of

supplements (24). These studies first control for basic factors,

then evaluate the pure effects of supplements on performance/

health-related outcomes (Figure 3). Without statistically

controlling for baseline individual differences in diet, training,

and sleep, studies would be unable to clearly evaluate the

independent effects of supplements on key outcomes of interest.

Lay consumers of the scientific literature need to understand that

the gains attributed to supplements may not represent their own

potential for gain if their basic diet, training, and sleep are not

already maximized.
5. The effective contexts and
precautions for supplement use

5.1. The effective contexts for supplement
use

We believe that there are several situations in which careful

supplement use can be more effective than adopting the “meal

first” strategy. These are summarized in Table 1, although it

should be mentioned that other situations may exist. We need to

confirm whether supplement use in these contexts is the best

method to support athletes while considering suitability,

practicality, and convenience.
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FIGURE 2

Importance of strengthening basic factors before turning to supplement use.

FIGURE 3

Characteristic of research examining the effects of supplements on outcomes.
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5.2. Precautions for supplement use

5.2.1. Interaction with medication
It should be noted that nutrients sometimes interact with

medications (54–56). Supplements can easily alter the amount of

nutrients in the system, which can place an athlete at risk for
Frontiers in Sports and Active Living 04
unintended or insalubrious medication-nutrient interactions. For

example, mineral supplements (e.g., calcium, magnesium, or

zinc) may blunt the effect of tetracycline on bacterial infections

(57). Considering a report that more than 90% of athletes take

medications within a 6-month survey period (58), it is likely that

an individual elite athlete will need to take one or more
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TABLE 1 Effective situations for supplement use.

Situations Notes
1. Some nutrients are deficient due to characteristics of the diet. Athletes can become nutrient-deficient for several reasons, such as weight loss, food allergy, intolerance (e.g.,

lactose or gluten) (25), food preference, and dietary styles (e.g., vegan or vegetarian) (26). In these situations,
supplements can be effective for preventing or countering expected deficiencies.

2. Having meals is difficult due to a disease process. Respiratory disease (mainly upper respiratory tract diseases) is reported as the most common disease in
athletes (27). The incidence rate of respiratory disease in elite athlete populations has been reported to be
higher compared to that of the general population (28). The higher incident rate in elite athletes can be
connected to a reduction in immune system functioning by high-intensity exercise (29–31) or overseas
expeditions (32–34). For a summary, see the latest review (35). Furthermore, studies have confirmed that
appetite (36) and food intake were reduced during disease (37). The HPSC group is concerned that athletes,
who tend to be more active than the general population, are more prone to severe sickness.

3. Accessibility to quality foods is difficult during athletic travel. Many elite athletes experience situations in which they travel abroad for practice and competition. If the
habitual foods and the food hygiene of the places where they stay are not organized, deficiencies of nutrients
or even illness and infections may occur due to the limited availability of food options (38). Thus, the HPSC
group believes that it is important to investigate the food environment of athletics venues and prepare
supplements that can be effective for the maintenance of athletes’ conditions before traveling abroad.

4. Preparing food can be restricted by external situations such as
disasters or outbreaks of infection.

In countries where disasters (e.g., tsunami or earthquake) frequently occur, the pathway to preparing foods is
often shut down. Similarly, due to infections such as COVID-19, certain geographic areas can be locked
down, closing off entire food pathways. For example, Japan frequently experiences disasters in a given year.
When food pathways are closed in Japan, carbohydrate-based foods are provided to refugees (39) mainly in
the form of rescue energy intake (40). This situation can negatively impact an athlete’s body composition
(41), as nutrients other than carbohydrates are needed to prevent deconditioning. Compared to conventional
foods, supplements as a stockpile may be more useful in this situation since supplements usually have less
water content and less chance of food spoilage (42).

5. Having a meal before, during, and after exercise is difficult. When meal timing is restricted due to the characteristics of the sport, supplement use may be more
beneficial than meals. For example, athletes engaged in snow sports spend most of their time on mountains
for practices and competitions. In this scenario, supplement use is useful as it facilitates easy and convenient
acquisition of necessary nutrients and components. In addition, studies have confirmed that appetite was
reduced after both aerobic (43–46) and resistance (47, 48) exercises. To promote recovery between practices
or competitions, supplements that have faster digestibility (49) are more effective for selectively obtaining
target nutrients compared to meals. Yet, at the same time, the reduction in appetite recovers to that of resting
baseline within 60-min after exercise (44, 47, 50). Thus, the “meal first” strategy, which can provide multiple
nutrients to a body simultaneously, is recommended if prompt recovery is not necessary.

6. Achieving targeted intake of components to enhance
performance is not practical.

Achieving the targeted intake of performance-enhancing components [e.g., caffeine, creatine, nitrate, β-
alanine, and sodium bicarbonate (13)] may be difficult only from meals or whole foods. For example, several
systematic reviews have reported that consuming 3 mg/kg weight of caffeine at least 60-min before exercise is
beneficial to enhance performance (51–53). If the weight of athlete is 80 kg, the targeted intake of caffeine
should be 240 mg equaling about 400 ml of coffee. However, finishing 400 ml coffee 60 min before exercise
is not an easy way to obtain the benefit of caffeine. While this depends on the weight of the individual and
one’s food preferences, using supplements could be more convenient compared to coffee in this scenario.
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medications in their lifetime. Thus, we recommend supplement use

only with the confirmation of a sports physician or sports

pharmacist who is informed about potential interactions with

medications.

5.2.2. Overdose of nutrients or components
Supplements are often good at providing a single nutrient or

component; some exist in which one capsule is required to meet

or even exceed the recommended dietary allowance. However,

the ease of having nutrients and components may cause overdose

and subsequent health issues. In fact, a previous investigation

confirmed that micronutrient intake in some athletes using

supplements exceeds the upper limit (59). In particular, side

effects of micronutrient supplements have been frequently

reported (60–62). For example, an overdose of vitamin D, which

is likely to be deficient among elite athletes (59, 63), including

Paralympic athletes (64), has been reported to cause side effects

(e.g., vomiting, stomach ache, and appetite reduction) (62). The

IOC consensus statement also states the side effects of

components such as caffeine and creatine (2). In addition,
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another previous investigation reported that 86.4% of athletes did

not know the side effects of supplements (65). We also confirm

the existence of Japanese elite athletes who did not realize the

side effects of supplements during our support. Taken together,

we emphasize that to avoid overdose and a further reduction in

athletes’ conditioning, evaluating nutritional status before using

supplements, combined with effective nutrition education on

supplement use in athletes, is essential.
6. Anti-doping

The prevalence of supplement use may raise the risk of health

issues and anti-doping violations. Based on a code by the World

Anti-Doping Agency (WADA) (66), athletes should understand

the meaning of “strict liability,” which is that it is athletes’

personal duty to ensure that no prohibited substance enters their

bodies. This means that athletes are responsible for any

prohibited substances, metabolites, or markers in their samples,

regardless of intentionality.
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Moreover, prospective cohort data have shown that supplement

use in younger generations was related to higher odds of

problematic alcohol use and drinking-related risk behaviors at a

7-year follow-up (67). Furthermore, from the perspective of

athletes’ psychological status, a previous study found that young

athletes who used supplements had more positive attitudes

toward doping and expressed stronger beliefs that doping is

effective compared to non-users (68, 69). Accordingly, we believe

supplement use in athletes, particularly adolescents, should be

carefully monitored for their long-term health.
6.1. Non-labeling of components
contamination

The labeling of supplements does not disclose all ingredients

because supplements are categorized as conventional foods, not

drugs, in Japan and other countries (70). Thus, prohibited

substances may exist in supplements (10, 11, 21, 22). Moreover,

non-purposed ingredients may contaminate supplements if several

products are manufactured at the same facility (9). The non-labeling

of components and the potential for contamination are the main

reasons we cannot ensure supplements are 100% safe from

prohibited substances. For example, a previous investigation in 2021

reported that prohibited substances that were not declared on a

label were found in 25 out of 66 products (22). The Japan Anti-

Doping Agency (JADA) confirms that supplements that are

contaminated by prohibited and/or undeclared substances through

the manufacturing process annually (12). At the same time,

conventional foods may also be contaminated with prohibited

substances. For example, the Institute of Biochemistry and Center of

Preventive Doping Research group in Germany detected

clenbuterol, a sympathomimetic and anabolic agent, in livestock

meat in China (71). The WADA noticed that clenbuterol is utilized

as a growth promoter only in China, Mexico, and Guatemala (23).

In addition, the WADA introduced countermeasures when growth

promoters (clenbuterol, ractopamine, zeranol, zilpaterol, and their

metabolites) were found in athletes’ urine samples (23).
6.2. Anti-doping certificate program and
anti-doping strategy

To avoid anti-doping violations as much as possible, the JADA

published guidelines in 2019 on a framework for declaring product

information on sports supplements (12). In an effort to reduce the

risk of anti-doping violations caused by supplement use, the JADA

guidelines not only provide a framework for declaring product

information but also provide information on the processes required

to properly administer this framework (12). The JADA also

emphasizes that these guidelines provide risk reduction indices in

supplement use and not the insurance of absolute safety (12).

Supplement choice that meets the requirements of these guidelines

can be effective in lowering the risk of contamination by prohibited

substances. The JADA guidelines suggest the following

implementations: (1) screening of production facilities, (2) periodic
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product analysis (more than once a year), (3) disclosure of the

results of 1 and 2, and (4) updating and/or deleting disclosed

information based on a set of standards (e.g., new results from

additional analysis or expiration date of products).

Some third-party organizations (e.g., BSCG, Banned

Substances Control Group; NSF, National Sanitation Foundation;

LGC, Laboratory of the Government Chemist) provide anti-

doping certificate programs that meet the JADA guidelines.

Choosing from products with certificate batches by these

organizations would be a useful anti-doping strategy for athletes

who like to use supplements. The certificate batches indicate that

the tested products passed through the program, which

determines whether the products include any WADA-prohibited

substances. However, there are three precautions regarding

certificate batches: (1) there exist third-party organizations that

do not meet the JADA guidelines, (2) the certificate batches do

not prove 100% safety of products; and (3) the anti-doping

certificate program evaluates each product but not an entire

company line of products; in the same company, for example,

one product may complete the anti-doping certificate program,

but other products may not. This can provide a false sense of

security for consumers who trust brands but do not necessarily

investigate specific products within a brand.

To the best of our knowledge, in Japan, one website introduces

products without certificate batches but that are tested by third-

party organizations meeting the JADA guidelines (72). Another

website in the USA informs of products with prohibited

substances (73). We highly recommend a preliminary

investigation into the use of products without certificate batches.

Depending on the situation, further support from sports

pharmacists, sports dietitians, or sports physicians is

recommended for the use of products without certificate batches.

However, we cannot ensure the absolute safety of supplements

from prohibited substances regardless of the implementation of

anti-doping certificate programs. Thus, athletes and support

crews should prepare for the possibility that all supplements

include prohibited substances, realizing that the responsibility for

supplement use is on the athletes themselves. For proof of

unintentional doping, we recommend storing approximately 30 g

of each supplement (30 g of a sample is typically required for

testing in the LGC) with a pouch or pill case until the next

doping test or at least recording the lot numbers of products.

The recommendation of 30 g depends on the purpose of testing;

hence, we recommend seeking preliminary confirmation by the

LGC before using supplements. Furthermore, it is also

recommended that athletes record when, how much, and for

how long they use each kind of supplement.

These strategies may be useful for reducing penalties (66).

However, even if athletes pay attention to anti-doping, take

supplements with certificate batches, and confirm that no

prohibited substances are on a label, they may be at a

disadvantage when anti-doping violations are detected, such

as periods of ineligibility and invalidated results of

competitions. To inform the choice of supplement use, we

created a flow chart (Figure 4) based on information from

previous studies (2, 13).
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FIGURE 4

Decision flow chart for supplement use. #The potential reasons for supplement use are presented in Table 1. *The JADA guidelines: (1) screening of
production facilities, (2) periodic product analysis (more than once a year), (3) disclosure of the results of 1 and 2, and (4) updating and/or deleting
disclosed information based on a set of standards (new results by additional analysis or expiration date of products). BSCG, banned substances
control group; NSF, national sanitation foundation; LGC, laboratory of the government chemist; JCAC, Japan chemical analysis center.
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7. Strengths and limitations of this
study

This review has strengths and limitations. Firstly, to respect the

perspectives of athletes and their support networks, we

implemented a narrative review. This methodology offers the

advantage of addressing practical concerns, such as those

involving multiple confounding factors in sports, which are

difficult to explore via conventional scientific methodologies.

Specifically, elite athletes often confront complex circumstances

(e.g., intense training, injury, extensive travel) more frequently

than the general population. However, we should acknowledge

that our review was not a systematic review; hence, potential bias

could exist. This possible bias should be factored into the

interpretation of our findings. Subsequently, our study

commenced with the provision of support to Japanese athletes

who come to the HPSC in Japan. Therefore, our study has the

potential to directly benefit Japanese athletes. However, this

context should be considered when generalizing our findings to

other populations, particularly those from different countries.
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8. Conclusion

Our study emphasizes the “meal first” approach for improving

athletes’ health, performance, and anti-doping safety in elite

athletes, and the importance of organizing basic factors (e.g.,

diet, training, and sleep) before considering supplement use, thus

maximizing its benefits and safety. Our work can contribute to

the education guideline for athletes and their support networks

on their nutritional strategy. However, it is also critical to

acknowledge the limited evidence advocating the “meal first”

approach within the athlete population, likely reflecting a

prevalent tendency to prioritize supplements over meals. This

highlights an urgent need for continued research and education

to rectify misconceptions and promote balanced, effective, and

safe nutritional strategies in the world of elite sports.
Author contributions

JY, KM, and AK: were responsible for the conception of this

article. JY drafted the manuscript. JY, KM, and ET created the
frontiersin.org

https://doi.org/10.3389/fspor.2023.1188224
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Yasuda et al. 10.3389/fspor.2023.1188224
images. KM, ET, MT, ST, CK, AK, SO, HO, KM, and AK: reviewed

and contributed significantly to the manuscript. All authors

contributed to the article and approved the submitted version.
Funding

This review was conducted as part of the Sports Clinic Program

of the Japan Institute of Sport Sciences.
Acknowledgments

We thank Takeshi Kukidome, Kohei Nakajima, Kazuyuki
Kamahara, Anna Tomori, Etsuko Kamihigashi, and Hiroki Iizawa
for their constructive and cheerful comments.
Frontiers in Sports and Active Living 08
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Oxford Learner’s Dictionary. Available at: https://www.
oxfordlearnersdictionaries.com/definition/english/supplement_1?q=supplement)
(cited 2023 January 6).

2. Maughan RJ, Burke LM, Dvorak J, Larson-Meyer DE, Peeling P, Phillips SM, et al.
Ioc consensus statement: dietary supplements and the high-performance athlete. Br
J Sports Med. (2018) 52:439–55. doi: 10.1136/bjsports-2018-099027

3. Garthe I, Maughan RJ. Athletes and supplements: prevalence and perspectives. Int
J Sport Nutr Exerc Metab. (2018) 28:126–38. doi: 10.1123/ijsnem.2017-0429

4. Huang SH, Johnson K, Pipe AL. The use of dietary supplements and medications
by Canadian athletes at the Atlanta and Sydney Olympic games. Clin J Sport Med.
(2006) 16:27–33. doi: 10.1097/01.jsm.0000194766.35443.9c

5. Yoshino M, Inoue N, Yoshizaki T, Ishibashi A, Kondo E, Motonaga K, et al. Use
of supplements by Japanese elite athletes for the rio De janeiro 2016 Olympic games
(in Japanese). J High Perform Sport. (2020) 6:62–73. doi: 10.32155/jissjhps.6.0_62

6. Thomas DT, Erdman KA, Burke LM. American college of sports medicine joint
position statement. Nutrition and athletic performance. Med Sci Sports Exerc. (2016)
48:543–68. doi: 10.1249/mss.0000000000000852

7. Collins J, Maughan RJ, Gleeson M, Bilsborough J, Jeukendrup A, Morton JP, et al.
Uefa expert group statement on nutrition in elite football. Current evidence to inform
practical recommendations and guide future research. Br J Sports Med. (2021) 55:416.
doi: 10.1136/bjsports-2019-101961

8. Martínez-Sanz JM, Sospedra I, Ortiz CM, Baladía E, Gil-Izquierdo A, Ortiz-
Moncada R. Intended or unintended doping? A review of the presence of doping
substances in dietary supplements used in sports. Nutrients. (2017) 9:1093. doi: 10.
3390/nu9101093

9. Maughan RJ. Contamination of dietary supplements and positive drug tests in
sport. J Sports Sci. (2005) 23:883–9. doi: 10.1080/02640410400023258

10. Geyer H, Parr MK, Mareck U, Reinhart U, Schrader Y, Schänzer W. Analysis of
non-hormonal nutritional supplements for anabolic-androgenic steroids—results of
an international study. Int J Sports Med. (2004) 25:124–9. doi: 10.1055/s-2004-819955

11. Martello S, Felli M, Chiarotti M. Survey of nutritional supplements for selected
illegal anabolic steroids and ephedrine using Lc-Ms/Ms and Gc-Ms methods,
respectively. Food Addit Contam. (2007) 24:258–65. doi: 10.1080/02652030601013729

12. Japan Anti-Doping Agency (JADA). Guidelines for a Framework for Disclosure
of Product Information on Supplements in Sports (in Japanese). Available at: https://
www.playtruejapan.org/jada/s-guideline.html) (cited 2022 December 15).

13. Close GL, Kasper AM, Walsh NP, Maughan RJ. Food first but not always food
only": recommendations for using dietary supplements in sport. Int J Sport Nutr Exerc
Metab. (2022) 32:371–86. doi: 10.1123/ijsnem.2021-0335

14. Teodoro AJ. Bioactive compounds of food: their role in the prevention and
treatment of diseases. Oxid Med Cell Longev. (2019) 2019:3765986. doi: 10.1155/2019/
3765986

15. Firth J, Gangwisch JE, Borisini A, Wootton RE, Mayer EA. Food and mood: how
do diet and nutrition affect mental wellbeing? Br Med J. (2020) 369:m2382. doi: 10.
1136/bmj.m2382

16. Taylor AM, Holscher HD. A review of dietary and microbial connections to
depression, anxiety, and stress. Nutr Neurosci. (2020) 23:237–50. doi: 10.1080/
1028415x.2018.1493808
17. Utter J, Denny S, Peiris-John R, Moselen E, Dyson B, Clark T. Family meals and
adolescent emotional well-being: findings from a national study. J Nutr Educ Behav.
(2017) 49:67–72.e1. doi: 10.1016/j.jneb.2016.09.002

18. Mioche L, Bourdiol P, Peyron MA. Influence of age on mastication: effects on
eating behaviour. Nutr Res Rev. (2004) 17:43–54. doi: 10.1079/nrr200375

19. Weijenberg RAF, Delwel S, Ho BV, van der Maarel-Wierink CD, Lobbezoo F.
Mind your teeth-the relationship between mastication and cognition. Gerodontology.
(2019) 36:2–7. doi: 10.1111/ger.12380

20. Livovsky DM, Pribic T, Azpiroz F. Food, eating, and the gastrointestinal tract.
Nutrients. (2020) 12:986. doi: 10.3390/nu12040986

21. Outram S, Stewart B. Doping through supplement use: a review of the available
empirical data. Int J Sport Nutr Exerc Metab. (2015) 25:54–9. doi: 10.1123/ijsnem.
2013-0174

22. Duiven E, van Loon LJC, Spruijt L, Koert W, de Hon OM. Undeclared doping
substances are highly prevalent in commercial sports nutrition supplements. J Sports
Sci Med. (2021) 20:328–38. doi: 10.52082/jssm.2021.328

23. World Anti-Doping Agency (WADA). Stakeholder Notice Regarding Potential
Meat Contamination Cases. Available at: https://www.wada-ama.org/sites/default/
files/resources/files/stakeholder_notice_meat_contamination_final_1_june_2021.pdf)
(cited 2022 December 15).

24. Daher J, Mallick M, El Khoury D. Prevalence of dietary supplement use among
athletes worldwide: a scoping review. Nutrients. (2022) 14:4109. doi: 10.3390/
nu14194109

25. Lis DM, Kings D, Larson-Meyer DE. Dietary practices adopted by track-and-
field athletes: gluten-free, low fodmap, vegetarian, and fasting. Int J Sport Nutr
Exerc Metab. (2019) 29:236–45. doi: 10.1123/ijsnem.2018-0309

26. Pohl A, Schünemann F, Bersiner K, Gehlert S. The impact of vegan and
vegetarian diets on physical performance and molecular signaling in skeletal
muscle. Nutrients. (2021) 13:3884. doi: 10.3390/nu13113884

27. Gałązka-Franta A, Jura-Szołtys E, Smółka W, Gawlik R. Upper respiratory tract
diseases in athletes in different sports disciplines. J Hum Kinet. (2016) 53:99–106.
doi: 10.1515/hukin-2016-0014

28. Spence L, Brown WJ, Pyne DB, Nissen MD, Sloots TP, McCormack JG, et al.
Incidence, etiology, and symptomatology of upper respiratory illness in elite
athletes. Med Sci Sports Exerc. (2007) 39:577–86. doi: 10.1249/mss.0b013e31802e851a

29. Nieman DC, Henson DA, Sampson CS, Herring JL, Suttles J, Conley M, et al.
The acute immune response to exhaustive resistance exercise. Int J Sports Med.
(1995) 16:322–8. doi: 10.1055/s-2007-973013

30. Pedersen BK, Hoffman-Goetz L. Exercise and the immune system: regulation,
integration, and adaptation. Physiol Rev. (2000) 80:1055–81. doi: 10.1152/physrev.
2000.80.3.1055

31. Shaw DM, Merien F, Braakhuis A, Dulson D. T-cells and their cytokine
production: the anti-inflammatory and immunosuppressive effects of strenuous
exercise. Cytokine. (2018) 104:136–42. doi: 10.1016/j.cyto.2017.10.001

32. Schwellnus MP, Derman WE, Jordaan E, Page T, Lambert MI, Readhead C, et al.
Elite athletes travelling to international destinations >5 time zone differences from
their home country have a 2-3-fold increased risk of illness. Br J Sports Med. (2012)
46:816–21. doi: 10.1136/bjsports-2012-091395
frontiersin.org

https://www.oxfordlearnersdictionaries.com/definition/english/supplement_1?q=supplement
https://www.oxfordlearnersdictionaries.com/definition/english/supplement_1?q=supplement
https://doi.org/10.1136/bjsports-2018-099027
https://doi.org/10.1123/ijsnem.2017-0429
https://doi.org/10.1097/01.jsm.0000194766.35443.9c
https://doi.org/10.32155/jissjhps.6.0_62
https://doi.org/10.1249/mss.0000000000000852
https://doi.org/10.1136/bjsports-2019-101961
https://doi.org/10.3390/nu9101093
https://doi.org/10.3390/nu9101093
https://doi.org/10.1080/02640410400023258
https://doi.org/10.1055/s-2004-819955
https://doi.org/10.1080/02652030601013729
https://www.playtruejapan.org/jada/s-guideline.html
https://www.playtruejapan.org/jada/s-guideline.html
https://doi.org/10.1123/ijsnem.2021-0335
https://doi.org/10.1155/2019/3765986
https://doi.org/10.1155/2019/3765986
https://doi.org/10.1136/bmj.m2382
https://doi.org/10.1136/bmj.m2382
https://doi.org/10.1080/1028415x.2018.1493808
https://doi.org/10.1080/1028415x.2018.1493808
https://doi.org/10.1016/j.jneb.2016.09.002
https://doi.org/10.1079/nrr200375
https://doi.org/10.1111/ger.12380
https://doi.org/10.3390/nu12040986
https://doi.org/10.1123/ijsnem.2013-0174
https://doi.org/10.1123/ijsnem.2013-0174
https://doi.org/10.52082/jssm.2021.328
https://www.wada-ama.org/sites/default/files/resources/files/stakeholder_notice_meat_contamination_final_1_june_2021.pdf
https://www.wada-ama.org/sites/default/files/resources/files/stakeholder_notice_meat_contamination_final_1_june_2021.pdf
https://doi.org/10.3390/nu14194109
https://doi.org/10.3390/nu14194109
https://doi.org/10.1123/ijsnem.2018-0309
https://doi.org/10.3390/nu13113884
https://doi.org/10.1515/hukin-2016-0014
https://doi.org/10.1249/mss.0b013e31802e851a
https://doi.org/10.1055/s-2007-973013
https://doi.org/10.1152/physrev.2000.80.3.1055
https://doi.org/10.1152/physrev.2000.80.3.1055
https://doi.org/10.1016/j.cyto.2017.10.001
https://doi.org/10.1136/bjsports-2012-091395
https://doi.org/10.3389/fspor.2023.1188224
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Yasuda et al. 10.3389/fspor.2023.1188224
33. Svendsen IS, Gleeson M, Haugen TA, Tønnessen E. Effect of an intense period of
competition on race performance and self-reported illness in elite cross-country skiers.
Scand J Med Sci Sports. (2015) 25:846–53. doi: 10.1111/sms.12452

34. Fowler PM, Duffield R, Lu D, Hickmans JA, Scott TJ. Effects of long-haul
transmeridian travel on subjective jet-lag and self-reported sleep and upper
respiratory symptoms in professional rugby league players. Int J Sports Physiol
Perform. (2016) 11:876–84. doi: 10.1123/ijspp.2015-0542

35. Derman W, Badenhorst M, Eken M, Gomez-Ezeiza J, Fitzpatrick J, Gleeson M,
et al. Risk factors associated with acute respiratory illnesses in athletes: a systematic
review by a subgroup of the ioc consensus on ‘acute respiratory illness in the
athlete’. Br J Sports Med. (2022) 56:639–50. doi: 10.1136/bjsports-2021-104795

36. Aviello G, Cristiano C, Luckman SM, D’Agostino G. Brain control of appetite
during sickness. Br J Pharmacol. (2021) 178:2096–110. doi: 10.1111/bph.15189

37. Richardson RA, Davidson HI. Nutritional demands in acute and chronic illness.
Proc Nutr Soc. (2003) 62:777–81. doi: 10.1079/pns2003302

38. World Health Organization (WHO). Food Safety. Available at: https://www.who.
int/health-topics/food-safety) (cited 2022 December 19).

39. Inoue T, Nakao A, Kuboyama K, Hashimoto A, Masutani M, Ueda T, et al.
Gastrointestinal symptoms and food/nutrition concerns after the great east Japan
earthquake in march 2011: survey of evacuees in a temporary shelter. Prehosp
Disaster Med. (2014) 29:303–6. doi: 10.1017/s1049023(14000533

40. Tsuboyama-Kasaoka N, Purba MB. Nutrition and earthquakes: experience and
recommendations. Asia Pac J Clin Nutr. (2014) 23:505–13. doi: 10.6133/apjcn.2014.23.
4.23

41. Yasuda J, Kondo E, Takai E, Eda N, Azuma Y, Motonaga K, et al. The effects of
the COVID-19 environments on changes in body composition in Japanese elite
fencing athlete. Sports. (2021) 9:95. doi: 10.3390/sports9070095

42. Chirife J, Buera MD. Water activity, water glass dynamics, and the control of
microbiological growth in foods. Crit Rev Food Sci Nutr. (1996) 36:465–513.
doi: 10.1080/10408399609527736

43. King NA, Burley VJ, Blundell JE. Exercise-Induced suppression of appetite:
effects on food intake and implications for energy balance. Eur J Clin Nutr. (1994)
48:715–24.

44. Broom DR, Stensel DJ, Bishop NC, Burns SF, Miyashita M. Exercise-Induced
suppression of acylated ghrelin in humans. J Appl Physiol (1985). (2007)
102:2165–71. doi: 10.1152/japplphysiol.00759.2006

45. King JA, Miyashita M, Wasse LK, Stensel DJ. Influence of prolonged treadmill
running on appetite, energy intake and circulating concentrations of acylated ghrelin.
Appetite. (2010) 54:492–8. doi: 10.1016/j.appet.2010.02.002

46. Deighton K, Barry R, Connon CE, Stensel DJ. Appetite, gut hormone and energy
intake responses to low volume sprint interval and traditional endurance exercise. Eur
J Appl Physiol. (2013) 113:1147–56. doi: 10.1007/s00421-012-2535-1

47. Broom DR, Batterham RL, King JA, Stensel DJ. Influence of resistance and
aerobic exercise on hunger, circulating levels of acylated ghrelin, and peptide yy in
healthy males. Am J Physiol Regul Integr Comp Physiol. (2009) 296:R29–35. doi: 10.
1152/ajpregu.90706.2008

48. Laan DJ, Leidy HJ, Lim E, Campbell WW. Effects and reproducibility of aerobic
and resistance exercise on appetite and energy intake in young, physically active
adults. Appl Physiol Nutr Metab. (2010) 35:842–7. doi: 10.1139/h10-072

49. Yoshii N, Sato K, Ogasawara R, Nishimura Y, Shinohara Y, Fujita S. Effect of
mixed meal and leucine intake on plasma amino acid concentrations in young men.
Nutrients. (2018) 10:1543. doi: 10.3390/nu10101543

50. Martins C, Morgan LM, Bloom SR, Robertson MD. Effects of exercise on gut
peptides, energy intake and appetite. J Endocrinol. (2007) 193:251–8. doi: 10.1677/
joe-06-0030

51. Grgic J, Trexler ET, Lazinica B, Pedisic Z. Effects of caffeine intake on muscle
strength and power: a systematic review and meta-analysis. J Int Soc Sports Nutr.
(2018) 15:11. doi: 10.1186/s12970-018-0216-0

52. Southward K, Rutherfurd-Markwick KJ, Ali A. The effect of acute caffeine
ingestion on endurance performance: a systematic review and meta-analysis. Sports
Med. (2018) 48:1913–28. doi: 10.1007/s40279-018-0939-8

53. Mielgo-Ayuso J, Calleja-Gonzalez J, Del Coso J, Urdampilleta A, León-Guereño
P, Fernández-Lázaro D. Caffeine supplementation and physical performance, muscle
Frontiers in Sports and Active Living 09
damage and perception of fatigue in soccer players: a systematic review. Nutrients.
(2019) 11:440. doi: 10.3390/nu11020440

54. Bushra R, Aslam N, Khan AY. Food-drug interactions. Oman Med J. (2011)
26:77–83. doi: 10.5001/omj.2011.21

55. Chan LN. Drug-nutrient interactions. JPEN J Parenter Enteral Nutr. (2013)
37:450–9. doi: 10.1177/0148607113488799

56. Harnett J, Climstein M, Walsh J, Gifford J. The use of medications and dietary
supplements by masters athletes—a review. Curr Nutr Rep. (2022) 11:253–62. doi: 10.
1007/s13668-022-00398-0

57. Aznar-Lou I, Carbonell-Duacastella C, Rodriguez A, Mera I, Rubio-Valera M.
Prevalence of medication-dietary supplement combined use and associated factors.
Nutrients. (2019) 11:2466. doi: 10.3390/nu11102466

58. Perry D, Librizzi B, Ngu L, Ricciardello M, Street A, Clifford R, et al. Medication
information and supply behaviours in elite and developing athletes. J Sci Med Sport.
(2020) 23:548–53. doi: 10.1016/j.jsams.2019.12.026

59. Wardenaar F, Brinkmans N, Ceelen I, Van Rooij B, Mensink M, Witkamp R,
et al. Micronutrient intakes in 553 Dutch elite and sub-elite athletes: prevalence of
low and high intakes in users and non-users of nutritional supplements. Nutrients.
(2017) 9:142. doi: 10.3390/nu9020142

60. Luckock U, Harnett J, Cairns R. Vitamin and mineral supplement exposures:
cases reported to Australia’s largest poisons information centre, 2014–2015 to
2018–2019. Br J Nutr. (2021) 126:1788–93. doi: 10.1017/s0007114521000647

61. Ronis MJJ, Pedersen KB, Watt J. Adverse effects of nutraceuticals and dietary
supplements. Annu Rev Pharmacol Toxicol. (2018) 58:583–601. doi: 10.1146/
annurev-pharmtox-010617-052844

62. Galior K, Grebe S, Singh R. Development of vitamin D toxicity from
overcorrection of vitamin D deficiency: a review of case reports. Nutrients. (2018)
10:953. doi: 10.3390/nu10080953

63. Carlsohn A, Cassel M, Linné K, Mayer F. How much is too much? A case report
of nutritional supplement use of a high-performance athlete. Br J Nutr. (2011)
105:1724–8. doi: 10.1017/s0007114510005556

64. Madden RF, Shearer J, Parnell JA. Evaluation of dietary intakes and supplement
use in paralympic athletes. Nutrients. (2017) 9:1266. doi: 10.3390/nu9111266

65. Tian HH, Ong WS, Tan CL. Nutritional supplement use among university
athletes in Singapore. Singapore Med J. (2009) 50:165–72.

66. World Anti-Doping Agency (WADA). World Anti-Doping Code. Available at:
https://www.wada-ama.org/en/resources/world-anti-doping-program/world-anti-
doping-code?gclid=Cj0KCQiAz9ieBhCIARIsACB0oGIWxzqzGDpUrF
VY6h_f9nEKBn3IDPeAoOcRd38w7UGleE51kheLAFYaAtAbEALw_wcB) (cited 2023
January 30).

67. Ganson KT, Mitchison D, Murray SB, Nagata JM. Legal performance-enhancing
substances and substance use problems among young adults. Pediatrics. (2020) 146:
e20200409. doi: 10.1542/peds.2020-0409

68. Backhouse SH, Whitaker L, Petróczi A. Gateway to doping? Supplement use
in the context of preferred competitive situations, doping attitude, beliefs, and
norms. Scand J Med Sci Sports. (2013) 23:244–52. doi: 10.1111/j.1600-0838.2011.
01374.x

69. Barkoukis V, Lazuras L, Lucidi F, Tsorbatzoudis H. Nutritional supplement and
doping use in sport: possible underlying social cognitive processes. Scand J Med Sci
Sports. (2015) 25:e582–8. doi: 10.1111/sms.12377

70. Food and Drug Administration (FDA) in the United States. Questions and
Answers on Dietary Supplements. Available at: https://www.fda.gov/food/
information-consumers-using-dietary-supplements/questions-and-answers-dietary-
supplements) (cited 2022 December 15).

71. Guddat S, Fußhöller G, Geyer H, Thomas A, Braun H, Haenelt N, et al.
Clenbuterol—regional food contamination a possible source for inadvertent doping
in sports. Drug Test Anal. (2012) 4:534–8. doi: 10.1002/dta.1330

72. Japan Chemical Analysis Center (JCAC). Sports Supplement Reference (in
Japanese). Available at: https://www.sports-supplement-reference.jp/ (cited 2022
February 8).

73. The U.S. Anti-Doping Agency (USADA). Substances-High Risk List. Available
at: https://www.usada.org/athletes/substances/supplement-connect/ (cited 2022
February 8).
frontiersin.org

https://doi.org/10.1111/sms.12452
https://doi.org/10.1123/ijspp.2015-0542
https://doi.org/10.1136/bjsports-2021-104795
https://doi.org/10.1111/bph.15189
https://doi.org/10.1079/pns2003302
https://www.who.int/health-topics/food-safety
https://www.who.int/health-topics/food-safety
https://doi.org/10.1017/s1049023(14000533
https://doi.org/10.6133/apjcn.2014.23.4.23
https://doi.org/10.6133/apjcn.2014.23.4.23
https://doi.org/10.3390/sports9070095
https://doi.org/10.1080/10408399609527736
https://doi.org/10.1152/japplphysiol.00759.2006
https://doi.org/10.1016/j.appet.2010.02.002
https://doi.org/10.1007/s00421-012-2535-1
https://doi.org/10.1152/ajpregu.90706.2008
https://doi.org/10.1152/ajpregu.90706.2008
https://doi.org/10.1139/h10-072
https://doi.org/10.3390/nu10101543
https://doi.org/10.1677/joe-06-0030
https://doi.org/10.1677/joe-06-0030
https://doi.org/10.1186/s12970-018-0216-0
https://doi.org/10.1007/s40279-018-0939-8
https://doi.org/10.3390/nu11020440
https://doi.org/10.5001/omj.2011.21
https://doi.org/10.1177/0148607113488799
https://doi.org/10.1007/s13668-022-00398-0
https://doi.org/10.1007/s13668-022-00398-0
https://doi.org/10.3390/nu11102466
https://doi.org/10.1016/j.jsams.2019.12.026
https://doi.org/10.3390/nu9020142
https://doi.org/10.1017/s0007114521000647
https://doi.org/10.1146/annurev-pharmtox-010617-052844
https://doi.org/10.1146/annurev-pharmtox-010617-052844
https://doi.org/10.3390/nu10080953
https://doi.org/10.1017/s0007114510005556
https://doi.org/10.3390/nu9111266
https://www.wada-ama.org/en/resources/world-anti-doping-program/world-anti-doping-code?gclid=Cj0KCQiAz9ieBhCIARIsACB0oGIWxzqzGDpUrFVY6h_f9nEKBn3IDPeAoOcRd38w7UGleE51kheLAFYaAtAbEALw_wcB
https://www.wada-ama.org/en/resources/world-anti-doping-program/world-anti-doping-code?gclid=Cj0KCQiAz9ieBhCIARIsACB0oGIWxzqzGDpUrFVY6h_f9nEKBn3IDPeAoOcRd38w7UGleE51kheLAFYaAtAbEALw_wcB
https://www.wada-ama.org/en/resources/world-anti-doping-program/world-anti-doping-code?gclid=Cj0KCQiAz9ieBhCIARIsACB0oGIWxzqzGDpUrFVY6h_f9nEKBn3IDPeAoOcRd38w7UGleE51kheLAFYaAtAbEALw_wcB
https://doi.org/10.1542/peds.2020-0409
https://doi.org/10.1111/j.1600-0838.2011.01374.x
https://doi.org/10.1111/j.1600-0838.2011.01374.x
https://doi.org/10.1111/sms.12377
https://www.fda.gov/food/information-consumers-using-dietary-supplements/questions-and-answers-dietary-supplements
https://www.fda.gov/food/information-consumers-using-dietary-supplements/questions-and-answers-dietary-supplements
https://www.fda.gov/food/information-consumers-using-dietary-supplements/questions-and-answers-dietary-supplements
https://doi.org/10.1002/dta.1330
https://www.sports-supplement-reference.jp/
https://www.usada.org/athletes/substances/supplement-connect/
https://doi.org/10.3389/fspor.2023.1188224
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Importance of “meal first” strategy and effective situations of supplement use in elite athletes: Japan high performance sport center position stand
	Introduction
	Methodology
	The reason why “meal first” is recommended
	The importance of strengthening basis factors (diet, exercise, and sleep) before supplement use
	The effective contexts and precautions for supplement use
	The effective contexts for supplement use
	Precautions for supplement use
	Interaction with medication
	Overdose of nutrients or components


	Anti-doping
	Non-labeling of components contamination
	Anti-doping certificate program and anti-doping strategy

	Strengths and limitations of this study
	Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


