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Abstract – The rise in competitive levels in Paralympic sports, has led to an increase in the 
consumption of supplements among athletes with disabilities, aiming for a competitive edge. 
Due to its caffeine content, Yerba-mate, the main ingredient of Tereré, presents ergogenic 
potential. However, to date, its effects have not been tested in athletes with physical disabilities. 
Therefore, this study aimed to investigate the acute effects of Tereré (yerba-mate infused in 
cold water) ingestion on the anaerobic performance of athletes with physical disabilities. 
Five male athletes (31.3±13.7 years) with varying physical disabilities, from different sport 
modalities, who actively participated in competitions (≥1 year), were selected. The protocol 
included three visits to the gym-school. In the first visit, a health history questionnaire was 
applied and participants received general instructions. In the final two visits, athletes were 
randomly allocated to either the TrrEX (traditional yerba mate) or TrrPL (decaffeinated yerba 
mate) condition and ingested the respective drinks 60 minutes before testing. Dietary and 
caffeine intake were assessed using specific questionnaires. Sixty minutes after supplementation, 
a three-attempt medicine ball throw test was performed, followed by an adapted 30-second 
Wingate test on an arm crank ergometer. The ingestion of TrrEX did not lead to a statistically 
significant change in peak power (p=0.96), mean power (p=0.97), minimum power (p=0.78), 
fatigue index (p=0.27), or the distance thrown by the upper limbs in the medicine ball test 
(p=0.98) compared to TrrPL. In conclusion, acute ingestion of Tereré did not demonstrate 
ergogenic effects on the anaerobic performance of athletes with physical disabilities.

Key words: Arm Ergometry Test; Jump test; Caffeine; Ilex paraguariensis; Para-Athletes.

Resumo - O aumento do nível competitivo em esportes paralímpicos tem aumentado o consumo de 
suplementos entre atletas com deficiência, visando vantagem competitiva. A erva-mate, principal 
ingrediente do tereré, apresenta potencial ergogênico, devido à cafeína em sua composição. Contudo, 
até o momento, seus efeitos não foram testados em atletas com deficiência física. Portanto, este estudo 
teve como objetivo investigar os efeitos agudos da ingestão do tereré (erva-mate infusionada em água 
gelada) no desempenho anaeróbio de atletas com deficiência física. Foram selecionados cinco atletas 
do sexo masculino (31,3 ±13,7 anos), com variadas deficiências físicas, de diferentes modalidades 
esportivas, que participavam ativamente de competições (≥1 ano). O protocolo incluiu três visitas 
à academia. Na primeira visita, foram aplicadas anamnese e orientações gerais. Nas duas últimas 
visitas, os atletas foram randomicamente alocados para a condição TrrEX (erva-mate tradicional) 
ou TrrPL (erva-mate descafeinada), e ingeriram as respectivas bebidas 60 minutos antes do teste. 
A ingestão dietética e de cafeína foi avaliada por meio de questionários específ icos. Após 60 minutos, 
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foi realizado o teste de medicine ball em três tentativas, seguido do teste de Wingate adaptado de 30 
segundos em um cicloergômetro de braço. A ingestão do TrrEX não promoveu alteração estatisticamente 
significante nas variáveis potência máxima (p= 0,96), potência média (p= 0,97), potência mínima (p= 
0,78), índice de fadiga (p= 0,27) e na distância arremessada pelos membros superiores no teste de medicine 
ball (p= 0,98) em comparação com o TrrPL. Conclui-se que a ingestão aguda de tereré não apresentou 
efeitos ergogênicos sobre o desempenho anaeróbio de atletas com deficiência física.
Palavras-chave: Teste de Ergometria de Braço; Teste de salto; Cafeína; Ilex Paraguariensis; Paratletas.

INTRODUCTION
The pursuit of competitive advantage through ergogenic aids, including 

nutritional supplements, is quite common among athletes with disabilities. In 
a study conducted by Graham-Paulson et al.1, the authors observed that 58% 
of athletes used dietary supplements, with caffeine (5%) standing out in 9th 
place. Recovery, energy supply, and increased strength/power were among the 
reasons athletes reported for using these products1.

According to Guest et al.2, in recent decades, caffeine has dominated scientific 
research on ergogenic aids and sports supplements. Caffeine exerts its effects on 
the central nervous system (CNS) through antagonism of adenosine receptors, 
reducing fatigue and increasing the excitability of motor neurons, leading to 
faster muscle contraction. Furthermore, peripheral mechanisms have also been 
proposed as a possible explanation for the ergogenic effects of caffeine, including 
increased myofibrillar calcium release and availability2.

These metabolic effects could help athletes with physical disabilities to 
perform physical efforts with more strength and speed, and consequently more 
anaerobic power. The lower number of muscles recruited for locomotion also 
implies a lower need for energy intake, which can lead to protein deficiencies 
and a reduction in the capacity for muscle repair and synthesis, affecting gains 
in strength and anaerobic performance1. Thus, the use of ergogenic foods or 
supplements containing caffeine could be useful for athletes with physical 
disabilities, particularly in sports that require high-intensity, short-duration 
efforts3.

Another common challenge to the physical performance of athletes with 
disabilities, especially spinal cord injuries, concerns hydration, due to its negative 
effects on thermoregulatory function4. In individuals with spinal cord injury 
(SCI), disruption of communication between the periphery and the hypothalamic 
thermoregulatory center results in deficits in efferent output. This dysfunction 
manifests as reduced cutaneous vasodilation, impaired sweat gland activation, 
and decreased thirst perception. Therefore, adequate hydration and thermal 
management strategies are essential for the performance and safety of these 
athletes.

Tereré is a typical drink from Paraguay and the Central-West region of Brazil, 
whose main ingredient is yerba mate. The drink is consumed with cold water 
by sucking it through a silver pipe called a “bombilla”, which has a flat disc with 
holes at its end that is immersed in the infusion, acting as a filter5. The drink 
is popular among consumers as a form of hydration, with a consumption rate 
of over 1 liter/day by thousands of people6 in addition to providing caffeine 
naturally, making it a potentially ergogenic food.

Despite its ergogenic claims, no studies have tested the effects of yerba mate, 
in the form of Tereré, on the physical performance of athletes with disabilities. 
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Therefore, the aim of the current study was to evaluate the acute effects of 
Tereré (yerba mate) ingestion on the anaerobic performance of athletes with 
physical disabilities.

METHOD

Study characteristics
This randomized, double-blind, crossover, placebo-controlled study was 

approved by the Research Ethics Committee of the Federal University of Mato 
Grosso do Sul (UFMS), (No. 6010210). The Universal Trial Number (UTN) is 
U1111-1328-0760. Data collection was carried out at the University Hospital 
(HU) and the UFMS gym-school.

Participants
The study included five male athletes with a mean age of 31.2±13.7 years 

and body weight of 73.6±20.8 kg. The athletes were recruited by convenience, 
through contact with coaches and visits to training centers in Campo Grande, 
MS. Eligibility criteria were: age ≥16 years, active participation in national 
competitions for at least one year, and a minimum frequency of three training 
sessions per week. Athletes with cardiovascular or respiratory diseases, 
hypertension, neuropathies (such as Charcot-Marie-Tooth syndrome), or any 
injury that prevented them from performing the tests were excluded. During 
the initial recruitment, 16 individuals agreed to participate in the study, however, 
when the collection date was set, six track and field athletes and two swimmers 
withdrew due to scheduling conflicts, and three others participated in the first 
visit but missed the last due to personal reasons. Thus, there was a loss of 11 
athletes, and the final sample consisted of five athletes.

Experimental procedures
Three visits to the gym-school were held, each lasting an average of 1 hour 

and 20 minutes. In visit 1 (V1), participants signed the Informed Consent 
Form (ICF), completed the medical history, their body weight was measured, 
and they received a standardized food kit. The athletes were also advised to 
avoid caffeine and strenuous exercise in the 48 hours prior to visits 2 and 3. The 
standardized breakfast kit contained approximately 0.9 g of carbohydrate/kg 
of body mass and were advised to be consumed two hours before the visits at 
the gym-school.

In visit 2 (V2), participants were randomized by a specific researcher, using the 
software www.sealedenvelope.com, which generates random codes to provide a 
50% chance of ingesting traditional yerba mate as Tereré (TrrEx) or decaffeinated 
yerba mate as placebo Tereré (TrrPL). Blood pressure, heart rate, and height 
were then measured. Each participant received TrrEx or TrrPL and rested for 
60 minutes. During the rest period, a 24-hour dietary recall and a habitual caffeine 
consumption questionnaire were applied, developed by Monte7. After resting, 
clinical parameters were repeated, and participants performed the Medicine Ball 
Throw Test (three attempts with a 2-minute interval) and the Wingate Exercise 
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Test (WAnT_30s). At the end of the session, they were asked what they thought 
about the condition consumed (caffeine, placebo, or I don’t know).

Visit 3 (V3) followed the same protocol as visit 2, with the difference being 
the drink administered (Figure 1)8.

Figure 1. Schematic drawing of the order of the experimental procedures.  
Note: TrrEX=Traditional yerba mate; TrrPL=Decaffeinated yerba mate. Created in8 BioRender.

Drink administration
The TrrEX contained 50g of yerba mate, served in an aluminum cup. Portions 

of 60 to 100mL of chilled filtered water (approx. 11°C) were infused for each 
round of suction, using a pump, in order to reach the quantity of 6mL of 
water/kg of the athlete’s body mass. The same amount of ice water was provided 
in the TrrPL condition, but using 50g of a washed (decaffeinated) yerba mate, 
with visual and organoleptic properties similar to the traditional yerba mate. 
Participants were instructed to consume the beverages within 10 minutes and, 
after receiving them, not to comment on the taste or perceived physiological 
effects with other participants.

Anthropometric measurements
The body mass of the athletes with spinal cord injuries was measured using 

a Líder scale (LD1050). The weight of the wheelchair was subtracted from the 
total weight to obtain the athlete’s body weight. Height was estimated using 
the recumbent height method, with the athlete positioned on a stretcher in the 
supine position. Measurements were taken using a set square and a tape measure 
to mark the distance between the top of the head and the sole of the foot9.

Wingate upper limb test
An EB4100 arm cycle ergometer (Cefise) was adapted to an adjustable 

table so that wheelchair athletes could perform the test in their own chair. The 
Wingate upper limb test (WAnT_30s) was applied according to the protocol 
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of Jacobs, Mahoney, Johnson 10. The warm-up consisted of 3 minutes of no 
load at low rpm, followed by 2 minutes of no load at 100 RPM. A load of 3.5% 
of body weight was then applied, and participants were encouraged to crank 
at maximum speed for 30 seconds. After the test, the load was removed for a 
3-minute cool-down. The anaerobic power measurement was determined using 
Ergometric 6.0 software (Cefise), which calculated Maximum Power (PMax), 
Mean Power (PMe), Minimum Power (PMin), and the Fatigue Index (FI)3,10,11.

Medicine ball test

The medicine ball throwing test was conducted according to the protocol 
of Costa et al12 to assess upper-body power (Figure 2). Participants, seated 
in wheelchair, threw a 3-kg medicine ball with both hands, starting from a 
stationary position and raising the ball above their shoulders. The distance 
thrown was measured in meters, from the point of release to the ball’s first 
contact with the ground.

Figure 2. Representations of the medicine ball and Wingate tests.

Statistical analysis

Data are expressed as mean ± standard deviation and were initially analyzed 
using the Shapiro-Wilk test to verify normality. The Student’s t-test for 
dependent samples was used to compare physical performance variables between 
conditions. A p-value <0.05 was adopted for statistical significance. R (version 
4.5.1) statistical software was used.

RESULTS
Five male athletes, with previous experience in the sport and participation in 

national competitions, in the modalities of swimming, wheelchair basketball, 
amputee football, and canoeing, participated in the study. Regarding the type 
of physical disability, myelomeningocele, cerebral palsy, lower limb amputation 
(above the knee), total spinal cord injury above T6 (T3-T6), and total injury 
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at T11-T12 make up the sample, with one athlete for each disability. Other 
general characteristics of the sample are shown in Table 1.

Table 1. General characteristics of participants.

Variables Mean
Standard 
Deviation

Minimum Maximum

Age 31.2 13.7 16 49.0
Height (cm) 173.0 8.46 165.0 185.0
Weight (kg) 73.6 20.8 50.0 96.2

SBP rest (mmHg) 126.0 12.6 106.0 153.0
DBP rest (mmHg) 78.9 9.86 61.0 93.0

HR rest (bpm) 75.1 9.95 62.0 96.0
Experience in the sport (years) 7.8 9.08 1.0 24.0

Weekly training in the sport (hours) 6.7 2.1 4.0 10.0
Daily caffeine (mg) 261.0 194.0 14.8 531.0

Daily caffeine (mg/kg) 3.32 2.46 0.29 6.81
Note. Data are presented as mean and standard deviation, minimum and maximum. SBP rest = Resting systolic blood 
pressure; DBP rest = Resting diastolic blood pressure; HR rest = Resting heart rate.

Table 2 presents the mean, standard deviation, and p-value of the physical 
performance tests in the TrrEX and TrrPL conditions. Tereré intake did not 
promote statistically significant changes in the variables PMax, PMe, PMin, and 
FI, or in the distance thrown in the medicine ball test, as observed in Figure 3.

Table 2. Anaerobic performance of athletes in the TrrEX and TrrPL conditions.

Variables TrrPL TrrEX P valor

Maximum Power (W) 465.9 ± 156.2 461.2 ± 144.9 0.96
Mean Power (W) 376 ± 121.6 373.3 ± 133.1 0.97

Minimum Power (W) 341 ± 117 318.8 ± 123.5 0.78
Fatigue Index (%) 26.37 ± 7.112 31.85 ± 7.498 0.27
Medicine Ball (m) 3.814 ± 1.733 3.784 ± 1.567 0.98

Note. Data are presented as mean ± standard deviation. TrrEX = traditional yerba mate. TrrPL = decaffeinated yerba mate. m = meters.

Figure 3. Individual performance in the physical tests according to the experimental conditions. Note. 
The mean values ​​of Maximum Power (A), Mean Power (B), Minimum Power (C), Fatigue Index (D), and 
Medicine Ball Distance (E) are presented in the columns. The individual values ​​of the athletes in the TrrEX 
(yerba mate) and TrrPL (decaffeinated yerba mate) conditions are presented in the rows.
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DISCUSSION
Acute consumption of Tereré in its traditional form, compared with the 

decaffeinated washed yerba mate, did not result in positive effects on the 
anaerobic performance of athletes with physical disabilities. Parameters such 
as PMax, PMe, PMin, FI, and medicine ball throwing distance did not differ 
between conditions, contrasting with the previously established hypothesis.

No comparative studies were found on the effects of yerba mate on the anaerobic 
performance of athletes with physical disabilities. However, some studies evaluated 
the effects of caffeine (one of the main bioactive compounds in yerba mate) on 
the anaerobic performance of athletes with disabilities3,13-15 which, although the 
authors used different tests, are similar in the nature of the efforts performed.

Flueck et al.3 evaluated the acute effects of 6 mg/kg of pure caffeine on the 
physical performance of 34 physically active men in the 3-minute upper limb 
test. Among them, 17 had no disability (ND), 10 were paraplegic, and 7 were 
tetraplegic. The mean power (PMe) in the first 30 and 60 seconds improved 
significantly with caffeine consumption in paraplegic individuals, but not in 
tetraplegic individuals or ND. The maximum power (PMax) improved (+21 W) in 
paraplegic individuals and ND (+46 W) with caffeine, when compared to placebo, 
but without statistical significance. No difference was observed in tetraplegic 
individuals3. The authors highlight the wide variability of effects, with some 
being very strong and others having no effect, especially in tetraplegic individuals. 
Despite this, they recommended caffeine for paraplegic athletes during intense 
efforts lasting 30 to 60 seconds. One of the reasons for the more significant effect 
on paraplegic participants was that these athletes were not elite competitors. 
Individuals with lower training status tend to experience larger ergogenic benefits 
from caffeine than high-performance athletes who are already closer to their 
performance limits and generally show smaller relative improvements.

In the current study, the athletes were mainly amateurs, although with good 
experience in the sport (7.8 ± 9.1 years), yet, despite this, they did not show 
positive effects of Tereré on power variables, leading us to raise other hypotheses.

In the randomized, double-blind, crossover study conducted by Graham-
Paulson et al.15, twelve experienced wheelchair rugby athletes (6.7 ± 6.0 years), 
with varying disabilities, ingested anhydrous caffeine capsules (CAF - 4mg/kg) 
or placebo (PLA - 4mg/kg dextrose) prior to performing repeated 20-meter 
sprints at maximum speed (RSP). The mean RSP times were significantly shorter 
in the CAF condition compared to the PLA in both RSP1 and RSP215. The 
same effect was not repeated in the current study, with no statistically significant 
difference between TrrEX and TrrPL in PMax, PMin, and FI.

As in the study by Flueck  et  al.3, in the study by Parada-Rivera  et  al.14, 
the positive effects of caffeine were observed during the efforts and/or initial 
moments of the tests. In the same sense, four wheelchair rugby athletes 
(3 men) were subjected to physical tests, seeking to evaluate the acute effects 
of caffeine on muscular performance and repeated sprint capacity. Maximum 
power - determined by the maximum rim propulsion test (MRP) and sprint 
time - determined in the 10-meter test - were not different between the Caffeine 
(CAF 4 mg/kg) and Placebo groups, although slightly better performance in 
the MRP was observed in the CAF group (251.7±220.4 W) compared to the 
placebo (244.30±219.3 W). The authors concluded that ingesting 4 mg/kg of 
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caffeine 45 minutes before warming up can slightly improve the performance 
of para-athletes14.

It should be noted that the three studies cited above have in common the 
high concentration of caffeine used prior to exercise, ≥ 4mg/kg, while in the 
current study, the dose of caffeine consumed by athletes through yerba mate 
varied between 1 and 1.92 mg/kg (1.41 ±0.45 mg/kg), which is well below that 
recommended in the literature to produce ergogenic effects (3 - 6 mg/kg)2.

Furthermore, given the limited number of participants, the results of the 
current study, as well as those of previous studies, should be interpreted with 
caution. Perhaps a larger number of athletes could have demonstrated more 
significant improvements in performance tests.

Another common aspect of the cited studies is the time between caffeine 
administration and the execution of the tests, which was 60 minutes, as in our 
study. In athletes with spinal cord injuries, the ideal time for caffeine ingestion 
before physical exertion appears to be slightly longer compared to that of 
healthy individuals, due to the autonomic disturbance of the gastrointestinal 
system and limitations in the digestive process imposed by the deficiency, with 
a recommended interval of between 60 and 80 minutes before exertion3,16,17. 
The time to reach peak plasma caffeine concentration was approximately 80 
minutes for the ingestion of 3 mg/kg of caffeine in athletes with spinal cord 
injury17, and therefore greater than the 60 minutes adopted in the current study.

The main limitations of the study include the size and heterogeneity of 
the sample, composed of varied disabilities, with different physiological and 
biomechanical demands, making it difficult to interpret the results. In addition, 
only five athletes participated in the study, reducing the statistical power of 
the tests. However, low participant numbers are common in studies involving 
athletes with disabilities3,13,14,18. Furthermore, the lack of caffeine measurement 
in plasma after ingestion of the beverages is another limiting factor in the 
analysis of the results, as we do not know for sure whether the substance was 
adequately absorbed by the athletes. Despite these limitations, the current study 
provides unprecedented data on a yerba mate popular in South America. To 
our knowledge, this study is the first to investigate the effect of yerba mate on 
the physical performance of athletes with disabilities.

Additional studies are needed to deepen our understanding of the effects of 
Tereré and other caffeine-containing beverages on the anaerobic performance 
of para-athletes. Furthermore, it is important to carry out investigations that 
address the pharmacokinetics of ergogenic substances, considering the different 
types of deficiency, as well as the inclusion of more representative samples, 
including a greater number of participants, especially women.

CONCLUSION
The results of the current study allow us to conclude that the acute ingestion 

of Tereré did not present ergogenic effects on the anaerobic performance of 
athletes with physical disabilities.
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