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Abstract. Both high-performance athletes and amateurs resort to taking supplements in order to improve
their performance and/or their health. Many of them do not know the effects of these and take them without
a professional supervision. The aim is to know the population who is studied by other different studies related
to supplementation and improvement of sports performance and the nutritional method used in these cases.
Systematic bibliographic research (March-May2021) was carried out in MEDLINE, with Boolean operators
(((((caffeine[MeSH Major Topic]) OR (creatine[ MeSH Major Topic])) OR (nitrate[ MeSH Major Topic]))
OR (sodium bicarbonate[MeSH Major Topic])) AND (dietary supplement[MeSH Terms])) AND (athletic
performance[MeSH Terms]). 17 articles were included. Mean participants of these studies were 16.8subjects,
which corresponds to a small sample. Only two studies were conducted to women. Several others were based
on people who are not considered high-performance. In most of the selected studies, there is no a nutritional
assessment, dietary record or follow-up of the subjects’ diet before and during the intervention, and this is a
limitation. In order to reach accurate conclusions about supplementation and optimization of sports perfor-
mance, it is necessary to know the nutritional and hydration status, supplementation habits and lifestyle of
the participants in these trials are.
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Introduction

Nowadays, for an athlete, nutrition and hydration
are the two main factors that influence their health
and sports performance. It is important that the ath-
lete can perform frequent and high-intensity training
and competitions without affecting his health. The
type of diet and foods that it includes, the number of
nutrients and energy, water and adaptation to training
and competition schedules, are factors to consider (1).
Sometimes, both amateur and high-performance

athletes resort to supplementation to improve their
athletic performance, although many of them do not
know their function or are supervised by a health
professional (1,2).

There must be a balance between the positive
aspects of using sports supplements or sports foods
and their risks, including anti-doping rule viola-
tions (3). To evaluate the use of a supplement as an
ergogenic aid, attention should be paid to factors
such as the population in which the study is car-
ried out, previous research that shows benefits on
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sports performance in athletes or people who exer-
cise regularly, type of control of the investigations,
the statistical significance of the study, as well as the
repetition of results in different studies of different
workgroups (1).

The ABCD classification system (Australian In-
stitute of Sport-AIS, 2021), organize sports supple-
ments and their ingredients into four groups, according
to scientific evidence and other practical considera-
tions to determine whether a product is safe, permitted
and effective. In group A, is formed by supplements
with solid scientific evidence for use in specific situ-
ations in sport, guided by evidence-based protocols.
Within this group, there is the subgroup “performance
supplements”. This subgroup includes supplements or
ingredients such as caffeine, beet juice, creatine, and
baking soda, among others (7).

Caffeine is an alkaloid in the xanthine family.
Its use as an ergogenic aid is due to the improve-
ment of the athlete’s physical performance. Caffeine
supplementation can optimize athletic performance
thanks to different effects on the central and periph-
eral nervous systems (1). Dietary nitrate is used to
improve the availability of nitric oxide (NO) in the
body. Supplementation with NO improves perfor-
mance in situations where its production is compro-
mised. Beet juice is a rich source of nitrate in the diet.
Supplementation with it can reduce exercise oxygen
cost, exercise capacity, and performance (4). Creatine
is a nitrogenous organic compound that belongs to
the non-essential amines group, present in the diet.
Creatine monohydrate supplementation is safe and
effective in increasing athletic performance accord-
ing to various studies, especially in sports that in-
volve repeated high-intensity, short-duration series
with short recovery intervals (1). Bicarbonate is an
endogenously produced extracellular anion, a com-
ponent of the body’s pH buffering system. Sodium
bicarbonate helps to mitigate the increase in intra-
muscular [H +]. Supplementation in high-intensity
exercise can improve performance during single re-
peated high-intensity bouts (1-10 minutes) (1,5). All
these results on the different supplements described
above come from various research but, do we know
the population under study, the total number of study
subjects, if they are really athletes or the nutritional

method used in these to draw conclusions and be ex-
trapolated?. The main goal of this systematic review is
to identify the population under study, verify whether
they are really athletes, to know the total number of
subjects under study, and as well as the nutritional
method used in these.

Material and methods

This review was performed according to the
PRISMA statement (Reporting Items for System-
atic Reviews and Meta-Analyzes). A systematic
bibliographic search was carried out from March
to May 2021 in Medlars Online International
Literature (MEDLINE) through Pubmed. Major
terms were used as “caffeine”, “creatine”, “sodium
bicarbonate” and “nitrate” using as Medical Subject
Heading Terms (MesH) “dietary supplements” and
“athletic performance”. The search strategy used was
with Boolean operators: (((((caffeine [MeSH Major
Topic]) OR (creatine [MeSH Major Topic])) OR
(nitrate [MeSH Major Topic])) OR (sodium bicarbo-
nate [MeSH Major Topic ])) AND (dietary supple-
ment [MeSH Terms])) AND (athletic performance
[MeSH Terms]). The search procedure was initially,
review of the titles, after the abstracts and finally the
entire article. The search was complemented with a
review of the reference lists reflected in the articles
found, to obtain additional information. The item
identification process is shown in Figure 1.

255 articles were selected, of which 66 were iden-
tified with the search criteria detailed in Figure 1. The
following search filters were then applied: a) Studies
carried out in animals, articles from 3 years ago and in
English. (excluded, n=189). b) Clinical trials and are
indexed (excluded, n = 26). c¢) Non-relevant articles,
use of other supplements in addition to caffeine, ni-
trate, sodium bicarbonate and creatine, subjects with
pathologies, finding no benefit with supplementation
(excluded, n=23). A total of 17 articles were included
in this systematic review (Table 1). summarizes the
main characteristics of each of the studies included
in this review (references, journal, JCR, participants,
design, training and supplementation, nutritional
method, study results/conclusion).
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Figure 1. Flow chart of the systematic review.

Results

All the selected studies, in total 17, are clinical
trials, published in English and indexed. Were pub-
lished after 2018 (inclusive) with a double-blind, rand-
omized and placebo-controlled study design and in all
of them was obtained, as a result, benefit with the sup-
plementation of each one of the studied supplements.
Regarding the journal of publication (Table 2), 4 of
them were published in the journal “Nutrients”, 3 in the
journal “Journal of the International Society of Sports
Nutrition”, 2 in “Journal of Strength and Conditioning
Research” and “International Journal of Environmen-
tal Research and Public Health”, and 1 in each of the
following: “Experimental Physiology”,”Medicine and
Science in Sport and Exercise”, “Scientific reports”,
“Journal of Sport Medicine and Physical Fitness”,
“Journal of Human Kinetics” and “British Journal of
Clinical Pharmacology”. The following journals be-
longed to quartile 1 within their category in 2019:
“Nutrients”, “Journal of the International Society of
Sports Nutrition”, “Journal of Strength and Condition-
ing Research”, “Medicine and Science in Sport and Ex-
ercise” and “Scientific reports”. Within quartile 2 were

“International Journal of Environmental Research and
Public Health” and “British Journal of Clinical Phar-
macology”. To quartile 3 belonged the journals “Exper-
imental Physiology” and “Journal of Human Kinetics”,
and lastly, “Journal of Sports Medicine and Physical
Fitness” belonged to quartile 4.

The study population was an average of 16.8
participants. Of the selected studies, 2 of them only
studied women. Within the selected studies, 9 of them
were based on high-level sports subjects, with intense
weekly training and/or participants in competitions at
the time of the study. The rest of the studies were based
on subjects with experience in exercise and/or in the
tests to be carried out in the study and recreationally
active; several studies analysed university students of
Physical Activity and Sports Sciences.

In Table 1, the information obtained from the dif-
ferent studies regarding training and supplementation
is shown, as well as the nutritional method used. Each
of them used different types of training (strength, en-
durance, etc.) depending on the objective of the study.
Regarding the nutritional method used, only one of the
studies did not contain information about it. Dietary
guidelines were given so that all participants followed
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Table 2. Summary of the journals where the selected studies were published.

Journal Selected studies Quartile to which they belonged in 2019
Nutrients 4 Q1
Journal of the International Society of Sports Nutrition 3 Q1
Journal of strength and conditioning research 2 Q1
International Journal of Environmental Research and 2 Q2
Public Health

Experimental Physiology 1 Q3
Medicine and science in sport and exercise 1 Q1
Scientific reports 1 Q1
Journal of sport medicine and physical fitness 1 Q4
Journal of Human Kinetics 1 Q3
British Journal of Clinical Pharmacology 1 Q2

a homogeneous intake pattern and/or lists of foods,
supplements and/or medications to avoid or prohib-
ited hours before the study (24, 48 or 72 hours) and
during its execution. A pre-study food/supplement
consumption frequency questionnaire and/or dietary
evaluation was conducted to learn about participants’
dietary patterns and/or intake diaries during the study
in 5 of the selected studies.

Discussion

Regarding the study population, the mean num-
ber of study participants was 16.8 subjects. This cor-
responds to a sample size that is generally quite small,
which makes it neither significant nor representative
and therefore the conclusions can hardly be extrapo-
lated (23-25). Regarding sex, most of the studies
(n =11) were conducted on men and only 2 of them on
women, so drawing conclusions for women on supple-
mentation and sports performance would not be sta-
tistically significant, taking into account that there are
numerous differences in terms of physiological char-
acteristics between men and women (26), such as in
body composition, metabolism of various micronutri-
ents (calcium and iron), size of organs and devices, age
of maturation, menstruation, pregnancy, etc. These dif-
ferences affect the response to exercise, psychological
aspects and, therefore, sports performance (27). Only
9 of the 17 studies were based on athletes considered

high performance, ensuring a demanding level of
training and participation in competitions. The rest
were based on people with experience in exercise and/
or the test to be evaluated for said study, recreational
sports practitioners or university students of Physical
Activity and Sports Sciences who are not considered
high-performance athletes. Taking into account that
a high-performance athlete has different physiologi-
cal, psychological, biochemical and anthropometric
characteristics than athletes who are not, in addition
to lifestyle, circadian rhythms (28) and particular diet,
and considering that all these characteristics change
depending on the period of the season in which the
athlete is (preparatory, specific, pre-competitive, com-
petitive or recovery), reaching conclusions about the
improvement of sports performance based on athletes
not considered high performance could simply be a
mistake due to a methodological issue in the actual
choice of the sample studied, different from the popu-
lation under study (29).

Regarding training and supplementation, a wide
variety of information has been found in this review.
Each study evaluated different determinants of sports
performance (anaerobic performance, fatigue levels,
aerobic performance, neuromuscular efﬁciency, time
to task failure, work performed above critical power,
strength endurance, cognitive performance, mental
fatigue, etc), so the training, supplementation and tests
carried out depended on the objectives of the study in
each case. Regarding the nutritional method used, the
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registration and monitoring of the participants’ diet,
some of them provided uncontrolled, neither meas-
ured nor quantified dietary guidelines, which the par-
ticipants had to follow hours before the study (24-48
hours) to ensure that everyone consumed the same or
similar macronutrient and energy content, as well as a
list of foods to avoid (foods rich in caffeine, nitrates,
alcohol, etc.) (6,17,30). In this unsuccessful attempt,
methodologically speaking, to control food intake, no
tolerance control was reported prior to supplementa-
tion in the study subjects of the substances to be sup-
plemented and that was the reason for the list of foods
to avoid. The nutritional habit of a subject generates
different levels of tolerance that could influence the
post-supplementation result as a confounding variable
(31,32). Likewise, in no case were the actual intakes of
each supplemented substance, added to the estimate
of the possible amount of these substances ingested
through food, compared with the levels of maximum
tolerable intake (UL) for that age group and gen-
der, of those substances and other nutrients affected
by the dietary intervention, the results obtained by a
supervening toxic situation or nutritional imbalances
may be influenced. These could be affecting the cor-
rect metabolic functioning and therefore, the supposed
performance measured to conclude the effectiveness
of the supplement (33), without neglecting the health
risk to which the subject under study is subjected, not
reported by the authors in any of the reviewed papers,
even though the authors have declared acceptance of
an ethics committee. Other studies only provided the
list of prohibited foods, without a statement of meth-
odological guarantee or control that the subject would
carry out this limitation or prohibition during the
study (9,20).

A few, in addition to the list of foods to avoid,
established restrictions and prohibitions on eating
so that there were no changes in the routine during
the period of the study (8,16,19,21). These restric-
tions and prohibitions were made in a theoretical way
and based on the existing bibliography without tak-
ing into account the previous intake of the subject,
not being the same the subject who must stop con-
suming food that he/she came eating normally, then
that subject who the restriction or prohibition does
not imply any change in your daily routine because

you are not a habitual consumer of what is restricted
or prohibited (33). In other studies, the participants
were only asked not to change eating habits, lifestyle,
sleep, exercise, medication or supplementation dur-
ing the time that the study lasted (10-12), without
knowing, or quantifying, prior to the intervention,
in no case these habits that the authors asked not to
change, generating a vague population description of
those habits and variables that, due to the authors’
interest in recommending it, seem to influence the
results and therefore could determine a great limita-
tion of the study and a quantitative lack of control of
possible confounding variables.

In only one study did the subjects complete a
2-day registration before each session to confirm simi-
lar or identical dietary patterns between participants
(amounts of energy and macronutrients), in addition
to the list of foods to avoid (13), without including in
the study the nutritional assessment of these records
that would be decisive to know to correctly interpret
the results of the supplementation. In another study,
participants were given a validated caffeine consump-
tion questionnaire supervised by a qualified nutrition-
ist, in addition to a dietary evaluation 24 hours before
the test on the first visit. A single 24-hour memory is
methodologically speaking inconsistent, but even so,
the nutritional assessment of that 24-hour memory
(energy and macronutrient intake) was included in
the study, which is crucial to know in order to cor-
rectly interpret the results of supplementation. Foods
to avoid with caffeine were also instructed during
the study and were monitored by phone, email, and
in-person (14).

Only one of the studies indicates that it was a nu-
trition professional who established nutritional guide-
lines to ensure that all participants followed a similar
diet in terms of energy and macronutrients. A record
of their intake was made 48 hours before the tests by
means of dietary intake diaries, in addition to provid-
ing a list of foods, medications, and supplements to
avoid (15). Even so, the nutritional assessment that
would be decisive to know in order to correctly inter-
pret the supplementation results was not included in
the study. In the detailed reading of the work, we in-
terpret that the nutritional guidelines were established
from a qualitative aspect, difficult to quantify, without
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being able to make a recommendation adapted to the
subject even having common criteria in the diet and
generating a large number of confounding variables
that could increase the limitations of the study. In
one of the studies conducted on women, a food con-
sumption frequency questionnaire was carried out to
know the participants’ daily caffeine consumption, and
the semi-quantification of a qualitative retrospective
method should be validated with another quantita-
tive method that would support the intake. quantified
daily of this substance through food (34,35). In ad-
dition to giving them guidelines on fluid intake and
diet to ensure the bioavailability of carbohydrates and
adequate hydration in the trials. Diet and fluid intake
were replicated in each of the trials. It does not report
any data on nutrient intake (36-38). Only one of the
studies did not contain any information regarding the
nutritional method, registration and monitoring of the
participants’ diet (7).

It has been observed that it is difficult to find
studies where an assessment of the nutritional status,
dietary record or follow-up of the participants’ diet is
carried out before and during the intervention. This
methodological absence of nutritional variables gener-
ates a great limitation in those studies that attempt to
observe through a nutritional intervention with sup-
plements the possible benefit obtained from them in
sports performance (33).

It is necessary to know in advance what is the nu-
tritional status and eating habits of those who are go-
ing to participate in these trials in order to reach more
accurate conclusions. Therefore, it would be advisable
to previously carry out dietary surveys (24-hour recall,
food consumption frequency questionnaire, hydration
questionnaire and dietary intake diary), anthropomet-
ric, biochemical and hematological determinations, in
addition to designing feeding and dietary guidelines
to follow with a methodological guarantee of its com-
pliance, together with the supplementation guidelines
chosen (36-39). It should be noted in most of the
selected studies that the hydration status of the par-
ticipants is not taken into account, nor the hydration
patterns before, during and after the trials. Hydration,
along with a balanced and balanced diet, are the ba-
sis for meeting the nutritional requirements of most
athletes, these two factors being the ones that most

contribute to the development of fatigue during exer-
cise. Therefore, to optimize sports performance, before
considering supplementation, it is necessary for the
athlete to be well fed, properly nourished and continu-
ously hydrated (1,40).

After the results found in the different studies dis-
cussed in this review, new questions arise: a) If the study
population is small, how can extrapolatable conclusions
be reached? b) If the nutritional status, eating habits,
hydration and lifestyle of athletes are not known, how
can one know if supplementation is necessary or not
and what is the real effect of it? ¢) If most of the stud-
ies are based on the effects of supplementation in men,
how can one know the effect of this in women, taking
into account their biological differences with men?. The
main strength of this review is that it provides current
and complete information on the methodology used in
studies on sports supplementation. However, it is not
without limitations. Some studies may have a lack of
information in this regard. Another limitation is the
heterogeneity of the studies as they studied different
types of supplements and effects on performance by
measuring different indicators of sports performance,
so the methodology was very different.

Following the results found in the studies discussed
in this review and the new questions that have arisen
from them, we propose to carry out a nutritional review
of the methodology applied in sports supplementation
studies. Supplements are marketed for athletes as well
as for the general population. They are used without
knowing with certainty the benefits they offer, since, as
we have seen in this review, it is difficult to find studies
where a nutritional assessment of the athlete, dietary
record or monitoring of the diet of the study subjects
before and during the intervention is carried out. This
means that there is a methodological absence of nu-
tritional variables, generating limitations in the stud-
ies that aim to observe the possible benefit in sports
performance through nutritional intervention with
supplements. It would be necessary to carry out nu-
tritional studies in healthy athletes (men and women)
affiliated to High Performance Centres (adequate sam-
ple size). Validated questionnaires should be conducted
to determine the nutritional status and eating habits
of the participants prior to the supplementation inter-
vention. The questionnaires should be: 24-hour recall,
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food consumption frequency questionnaire, hydration
questionnaire, dietary intake diary, socio-demographic
characteristics questionnaire (e.g. age, sex, marital sta-
tus, profession, educational level, sport modality, level
and phase of season) and lifestyle habits questionnaire
(e.g. drinking, smoking, supplement consumption). In
addition, it is considered important to carry out an-
thropometric, biochemical and haematological deter-
minations; and to design food and dietary guidelines
(controlled, measured and quantified) to be followed,
with a methodological guarantee of compliance with
these guidelines by the participants in addition to the
supplementation guidelines that are determined.

The tolerance of the substances to be supple-
mented in the study subjects should be controlled
and the intake of these substances (through food or
supplements) compared with the maximum tolerable
intake (UL) levels for each age group and gender, in
order to avoid that the results may be influenced by
a toxic situation or nutritional imbalances that may
affect the correct functioning of the metabolism and
therefore the performance to be measured to reach ac-
curate conclusions, taking into account the risk for the
health to which the subject under study can be sub-
jected. The questionnaires could be administered to the
participants through a document to be completed un-
der the supervision of a qualified dietitian-nutritionist
and signing the informed consent to participate in the
study, which must be carried out in accordance with
the Helsinki declaration (October 2020) and approved
by an ethics committee.

The data obtained from the food consumption
frequency questionnaires should be processed using
food composition tables and diet computer programs
capable of calculating nutrient intake in g or mL from
daily food intakes.

It would be of great importance to include in the
study the results of the nutritional assessment carried
out on the participants, in order to be able to correctly
interpret the results of the supplementation.

Conclusions

The sample size of the available and selected studies
was mostly small (mean 16.8 subjects), which makes it

neither significant nor representative and therefore the
conclusions of difficult studies can be extrapolated. The
studies were conducted on men (only two of them on
women), so drawing conclusions about supplementa-
tion and performance for women is complicated, taking
into account the differences in terms of physiological
characteristics between men and women. Several of the
selected studies were not based on high-performance
athletes, so they will reach conclusions about the im-
provement of sports performance based on athletes not
considered high-performance could be an error, taking
into account the different physiological, psychological,
biochemical characteristics and anthropometric among
them. It is difficult to find studies where an assessment
of the nutritional status, dietary record, or monitoring
of the diet of the study subjects is carried out before and
during the intervention. This methodological absence of
nutritional variables being a great limitation in the stud-
ies that have as objective observes through a nutritional
intervention with supplements the benefit obtained
from them in sports performance. To optimize sports
performance, it is necessary for the athlete to be well-
fed, properly nourished and continuously hydrated, so it
would be necessary to previously know what the nutri-
tional and hydration status is, as well as the eating, sup-
plementation and lifestyle habits of the participants in
these trials, in order to reach more accurate conclusions.
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