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Effects of Pre-Workout Supplements on Strength, Endurance, and Mood

Purpose: The purpose of this pilot study was to assess the acute effects of consuming pre-workout supplements
on indices of muscular strength, endurance and mood states.

Methods: In a double- blind, placebo-controlled, randomized crossover design, fourteen moderate to highly-
trained recreational athletes (7 female, 7 male) participated in this investigation. Subjects came to the lab
twice between testing sessions. They consumed either pre supplement (mixed with 8 to 12 ounces of water)
or placebo 30-minutes prior to testing. The pre-workout supplement combination (Athelite Nutrition Inc.)
contained 15.62 grams per serving, 25 kcals, that consisted of a proprietary blend including caffeine (as green
coffee bean extract), L-theanine, black pepper extract, micronized creatine monohydrate, CarnoSyn® beta-
alanine, Huperzine A, N-Acetyl L-carnitine, Nitrosigine®), or placebo. The placebo was a similar tasting drink
with an equal amount of caffeine. Their body composition was assessed via the DEXA (Hologic Model Horizon
W). Participants’ mood was also assessed via a profile mood states questionnaire (POMS) 30 minutes after
product or placebo was consumed. After taking the profile mood states questionnaire, subjects had their
exercise performance assessed via the 1-repition maximum bench press followed by bench press repetitions to
failure at 60% of 1-repetition maximum with 30 seconds rest between sets (3 total sets).

Results: There were significant differences (p

Conclusion: The results demonstrated that the acute consumption of pre-workout supplements can enhance
muscular endurance. Caffeine alone cannot explain effect on muscular endurance since the placebo also
contained caffeine. However, the supplements had no effect on strength or mood states.
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ABSTRACT 
Purpose: The purpose of this pilot study was to assess the acute effects of consuming pre-workout supplements on indices of muscular 
strength, endurance and mood states. Methods: In a double- blind, placebo-controlled, randomized crossover design, fourteen moderate to 
highly-trained recreational athletes (7 female, 7 male) participated in this investigation.  Subjects came to the lab twice between testing 
sessions. They consumed either pre-supplement (mixed with 8 to 12 ounces of water) or placebo 30 minutes prior to testing. The pre-workout 
supplement combination (Athelite Nutrition Inc.) contained 15.62 grams per serving, 25 kcals, that consisted of a proprietary blend including 
caffeine (as green coffee bean extract), L-theanine, black pepper extract, micronized creatine monohydrate, CarnoSyn® beta-alanine, 
Huperzine A, N-Acetyl L-carnitine, Nitrosigine®), or placebo. The placebo was a similar tasting drink with an equal amount of caffeine. Their 
body composition was assessed via the DEXA (Hologic Model Horizon W). Participants’ mood was also assessed via a profile mood states 
questionnaire (POMS) 30 minutes after product or placebo was consumed. After taking the profile mood states questionnaire, subjects had 
their exercise performance assessed via the 1-repition maximum bench press followed by bench press repetitions to failure at 60% of 1-
repetition maximum with 30 seconds rest between sets (3 total sets). Results: There were significant differences (p<0.05) between the 
supplement and placebo for the number of repetitions to failure as well as total weight lifted. However, there were no differences for any of 
the other parameters measured. Conclusion: The results demonstrated that the acute consumption of pre-workout supplements can 
enhance muscular endurance. Caffeine alone cannot explain effect on muscular endurance because the placebo also contained caffeine. 
However, the supplements had no effect on strength or mood states. 
 
Keywords: endurance; caffeine, pre-workout; supplement 
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INTRODUCTION 
Pre-workout supplements have gained in popularity with recreational and professional athletes for the purpose of improving 
exercise performance in the last few years.1-3 The popularity for these supplements has increased the demand for companies to 
develop new, effective, proprietary blends that do not rely on caffeine to be the main ergogenic aid. The consumption of multiple 
ingredient products has shown to increase workout performance.3,4  
 
The most popular proprietary ingredients in pre-workout supplements contain caffeine as the main ingredient.5 Its effectiveness as 
an ergogenic aid in improving performance, power, endurance, focus, and concentration has been well established.4-8 Other 
popular proprietary ingredients in pre-workout supplements include creatine, beta alanine, carnosine, L-theanine, L-carnitine, and 
leucine. Creatine is a widely studied ergogenic aid shown to replenish ATP stores quickly aiding in recovery, speed, increasing 
strength, and helps improving body composition.9 Beta alanine, a precursor to carnosine, has shown to increase performance 
during high intensity training, increase performance overall,  and increase lean body mass.10, 11 In addition, beta alanine has shown 
to aide recovery time, allowing for repeated bouts of high performance output. 12,13Carnosine functions as an acid buffer in the 
body, improving time to fatigue.11   L-theanine, an amino acid, primarily found in the tea plant, camellia senisis, is known to promote 
relaxation while increasing alertness and focus, and has recently been added to pre-workout supplements because the combination 
of it with caffeine has shown to increase performance, especially in tasks that require speed and accuracy.14,15 The amino acid L-
carnitine in the form of N-acetyl L-carnitine has been demonstrated to increase alertness and aiding with recovery when combined 
with other ingredients.16  The essential amino acid leucine, has been demonstrated to stimulate protein synthesis in muscle post 
exercise, and may decrease muscle protein breakdown during and following exercise.17, 18  
 
Additional but lesser known or used ingredients include black pepper, huperzine-A, and Nitrosigine®. Black pepper has been 
added due to some evidence showing that it enhances absorption of supplements.19,20 Huperzine-A is a lesser-known and not yet 
widely utilized ingredient. Huperzine-A, a compound extracted from plants, such as toothed clubmoss, is mostly researched acting 
as an acetylcholinesterase inhibitor, which increases the levels of the neurotransmitter acetylcholine.21 Acetylcholine helps to 
increase muscle contractions, and also raising cognitive function and alertness.22 Nitrosigine® is a patented mixture of the amino 
acid arginine, inositol, and potassium silicate.23 The arginine-silicate mixture has been shown to increase blood flow, increase 
performance, delay fatigue, and aid in recovery.23,24 To measure athletes’ mood states, as well as athletic performance, the Profile 
Mood States (POMS) questionnaire is widely used with the athletic population.25 The short version POMS 2 consists of 35 
descriptive words to assess feelings, such as fatigue-inertia, tension-anxiety, and vigor-activity. Each item is scored from 0 “not at 
all” up to 4 “extremely”.26  
 
There is limited data comparing a multiple-ingredient pre-workout supplement with a placebo containing caffeine, and their effects 
on performance. It is hypothesize that acute ingestion of the multi-ingredient pre-workout supplement will significantly increase 
muscular strength and endurance, as well as mood states, compared to the caffeine-containing placebo. A randomized, double-
blind, placebo-controlled crossover design was utilized in this investigation. 
 
METHODS 
Participants 
Fourteen healthy, moderate to highly-trained recreational athletes (7 males/ 7 females) (age mean ± SD =33.1±5.7 years; height= 
171.1±9.1cm; body mass=78.8±21.9kg) participated in this investigation (Table 1). All participants regularly consumed caffeine-
containing products and exercised regularly. All procedures were approved by Nova Southeastern University’s Institutional Review 
Board for the protection of human subjects. Subjects signed a written consent form prior to any supplementation or testing. 

Table 1. Physical Characteristics 

Characteristic Mean+SD 

Age yr 33.15.7 

Height cm 171.19.1 

Weight kg 78.821.9 

BMC kg 2.80.5 

Fat Mass kg 18.78.3 

Lean Mass kg 57.417.2 

% Body Fat 23.97.0 

There were no significant differences between groups. 
 
Protocol 
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Resistance-trained subjects were recruited from the local community (i.e., convenience sample of trained participants). In a double-
blind, placebo-controlled, crossover trial, participants were asked to come to the lab twice with at least seven days between testing 
sessions. Participants arrived at the lab 3 hours after fasting with no prior exercise that day. All subjects consumed the supplements 
or placebo (mixed with 8 to 12 ounces of water) 30 minutes prior to testing. Neither the participant nor the research assistant knew 
which product they were receiving. Body composition was assessed by DEXA (Hologic Model Horizon W). All testing was 
performed in accordance with the manufacturer’s instructions. Subjects were asked to take off any jewelry, metal, and shoes prior 
to body composition testing. All testing was done with each subject at the same time of day (plus or minus 1 hour). Each scan 
lasted approximately 7 minutes. Thirty minutes after consuming the supplements or placebo, subjects were asked to fill out the 
profile of mood states questionnaire (POMS) on a computer located in the lab. The research assistant recorded the 
results. Performance testing included the 1-RM for the bench press and bench press repetitions to failure at 60% of 1-repition 
maximum (RM) with 30-second rests between sets (3 total sets). Subjects performed a movement-specific warm up on the bench 
press (i.e., ~3 sets of the bench press at 50 to 75% of one’s estimated 1-RM). All performance testing was conducted by a strength 
and conditioning specialist (CSCS) who followed the NSCA’s guide to tests and assessments.27 Participants were familiar with the 
performance test prior to study.  
 
Product 
The pre-workout supplement (Athelite Nutrition Inc.) contained 15.62 grams per serving, 25 kcals, that consisted of a proprietary 
blend including caffeine (as green coffee bean extract), L-theanine, black pepper extract, micronized creatine monohydrate, 
CarnoSyn® beta-alanine, Huperzine A, N-Acetyl L-carnitine, and Nitrosigine®: 

 

The placebo was similar tasting drink (Crystal Light) with the same amount of caffeine (250mg). 
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Statistics 

All data are expressed as the meanSD. A paired t-test was used to assess the difference between the treatment and placebo 
conditions (p value less than 0.05 as significant). 
 
RESULTS 
There were significant differences (p<0.05) between the supplement and placebo for the number of repetitions to failure as well 
as total weight lifted (Table 2). However, there were no differences for any of the other parameters measured (Table 3).  

 
Table 2. Exercise Performance 

Activity Placebo Treatment 

1-RM kg 94.052.2 92.552.3 

Repetitions to Failure 19.04.7 22.74.0(a) 

Total Weight Lifted+ 1124.2739.3 1290.4818.3(b) 

Data are expressed as the meanSD. Legend: kg – kilograms. Treatment significantly 
different than placebo, (b)p=0.0190. (a)p=0.0131. Total weight lifted was calculated by the 
number of repetitions times the weight lifted. 

 
Table 3. Profile of Mood States 

Mood State Placebo Treatment 

Anger 3.35.1 1.62.8 

Confusion 3.42.3 3.52.3 

Depression 1.42.7 1.32.9 

Fatigue 3.44.7 2.12.1 

Tension 6.34.5 7.46.0 

Vigor 17.66.9 16.97.4 

Data are expressed as the meanSD. There were no significant differences between  
groups. 

 
DISCUSSION 
Acute ingestion of the pre-workout supplement demonstrated enhanced muscular endurance; however, it had no effect on strength 
and mood states. This examination was the first to date comparing a pre-workout supplement to a placebo with both containing 
the same amount of caffeine. The 250 mg of caffeine alone cannot explain the enhanced muscular endurance, because it was 
given to both groups. Previous research on multi-ingredient pre-workout supplements containing caffeine also showed a significant 
increase in muscular endurance.28 Spradley et al had twelve recreational trained males participating in a three week randomized, 
double-blind, placebo-controlled cross-over design study, to determine the effects of a pre-workout supplements on upper and 
lower body muscular endurance, aerobic, and anaerobic capacity, and choice reaction time.28 The pre-workout supplement 
ingredients included caffeine, beta alanine, branched chain amino acids, creatine, citruline, vitamin B-6, and B-12. The results 
showed significant improvements for the supplement group versus the placebo group in lower body muscular endurance, improved 
agility choice reaction performance, and an increase in perceived energy.  
 
Jagim et al tested the acute ingestion of a multi-ingredient pre-workout supplement on strength performance, lower body power, 
and anaerobic capacity.29 The results of this double-blind, randomized, placebo controlled, crossover study showed a significant 
increase in upper body muscular endurance, fatigue, and alertness as well as increasing mean power output during anaerobic 
capacity sprint test.29 Caffeine is known to stimulate the central as well as the peripheral nervous system, improving time to 
exhaustion, alertness, and focus during endurance exercise.30,31 The effects of caffeine on endurance, even in small dosages may 
be related its glycogen sparing effect, while increasing free fatty acid utilization, as well as increasing the secretion of β-
endorphins.32,33 The ISSN position stand on caffeine does, however, suggest that caffeine in anhydrous form versus a cup of 
caffeinated coffee exhibits greater benefits on endurance.31 
 
Graham et al, investigating the effects of a placebo, decaffeinated coffee, caffeinated coffee (4.45mg caffeine/kg), decaffeinated 
coffee plus caffeine (4.45mg caffeine/kg), and a caffeinated capsule (4.45mg caffeine/kg) showed a significant increase in 
endurance only with the caffeinated capsule versus all other variables tested.34 The current investigation may have had to include 
a third testing date to include a placebo without caffeine to compare it with the product and the placebo containing caffeine. The 
significant increase in endurance with the product could be the results of the additional ingredients. 
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The research results of caffeine and its effects on mood states have shown an increase in alertness, energy, clear mindedness, 
and anxiety.35 During the Peeling et al randomized, blind, crossover design investigation, subjects were assigned to either caffeine 
or placebo group, separated by one week of testing, and attend a 75-minute lecture on exercise rehabilitation sixty minutes after 
consumption of either caffeine or placebo.35 Following the lecture, subjects had to complete a mood perception questionnaire to 
assess perceived mood states, arousal, and focus during the lecture. The results showed a significant increase in energy, alertness, 
energetic, and anxiety when subjects had consumed caffeine. They were also better able to concentrate, and showed an increase 
in arousal with caffeine.35  
 
The Penetar et al study on the effects of caffeine on cognitive performance, mood, and alertness in sleep deprived humans using 
POMS and VAS (visual analog scales) also showed that caffeine was effective in increasing vigor, and decreasing feelings of 
fatigue and confusion.36 The possible explanation of not seeing any significant changes in mood states in the current investigation 
may be because both treatment and placebo supplements contained the same amount of caffeine. This examination would have 
to be conducted with an additional testing day adding a caffeine free placebo to assess significant mood state changes.  
 
Creatine monohydrate, the most researched supplement to date, is known to improve body composition and significantly enhance 
exercise performance, especially anaerobic power, as a result of its ability to replenish ATP stores, allowing for a quick recovery 
after high intensity training.9 Long -term use (30 days and longer of 6g/day) of creatine has also shown to reduce the extent of 
muscle damage and increase muscle force, whereas acute ingestion did not show any improvements.37 Creatine is used in many 
multi-ingredient pre-workout supplements to enhance performance, but creatine does require a loading period, which may explain 
why this investigation did not see significant changes in strength.28 
 
Beta- alanine by itself is not regarded as an ergogenic aid. It is, however, used in many multi-ingredient supplements because it is 
known as the rate limiting amino acid for muscle carnosine, which has shown to improve high intensity performance.12, 39 Carnosine 
helps to buffer the acidity produced during high intensity training, thereby delaying muscular fatigue, and aid in recovery.39 Beta- 
alanine supplementation does necessitate a period of chronic loading dosing (2g or less of a total 4-6g daily for 2- 4 weeks) to 
increase muscle carnosine and experience maximal benefits.40 Hoffman et al researched the effects of beta -alanine plus creatine, 
and creatine alone on strength, body composition, and endocrine changes during a 10-week resistance training program in 
collegiate football players, and found significant changes in strength, as well as body composition changes in the creatine plus 
beta alanine group .41 Because the current study investigated a one-time acute effect of the pre-workout supplement, it did not give 
subjects a supplement loading period required for beta-alanine to affect performance changes, especially in strength. 
 
L-theanine is a non-dietary amino acid primarily found in the tea plant, camellia sinensis. It acts as a neurotransmitter in the brain, 
similar to glutamate and GABA, and it was found to cross the blood-brain barrier after 30 minutes of ingestion.42  It is known to 
promote a feeling of relaxation while feeling alert at the same time.14 Owen et al, assessing 50mg caffeine combined with and 
without 100m L-theanine and its effect on mood states, has shown to significantly improve performance on speed and accuracy in 
attention-switching tasks after 60 to 90 minutes post ingestion, versus caffeine and a placebo.15 The combination of 40mg caffeine 
and 97mg L-theanine was also shown to increase subjective alertness and reduce self-reported tiredness in a study investigating 
cognitive performance, alertness, blood pressure, and heart rate.14  
 
The present study did not find any significant changes in mood states after 30 minutes of ingesting the pre-workout supplement. It 
is possible that the time period from drinking the supplement to taking the POMS test was not enough to fully experience the effects 
of L-theanine and caffeine. Most studies on L-theanine and caffeine have subjects perform 40, 60, or 90 minutes after ingestion.43  

 
The present study is also one of the first pre-workout supplement investigation on L-theaninie and caffeine combination.16 The 
ingredient L-carnitine is an amino acid synthesized in the liver from amino acids lysine and methionine, and its main function is to 
convert fat into energy. Most studies on acetyl L-carnitine have been performed on patients with onset of dementia and on 
Alzheimer patients to show its benefits on memory and brain function.44,45,46 It has been hypothesized that carnitine can improve 
performance through enhanced muscle fatty acid oxidation, delaying muscular fatigue, improve glucose homeostasis.46 
Schields et al investigated a stimulant-free multi-ingredient pre-workout supplement containing acetyl-L-carnitine, tyrosine, alpha-
GPC, gingko biloba, L-theanine, blueberry extract, and their effects on alertness, focus, calmness, motivation, cognition, reaction, 
motor reaction, memory, and vertical jump power.16 The randomized, double-blind crossover design study compared the product 
to caffeine and placebo. The stimulant free product did increase alertness, motivation, cognition, memory, vertical jump and 
calmness, while the caffeine also saw an increase in all, except calmness.  More research needs to be done on the effects of N-
acetyl L-carnitine on performance and cognition in healthy, active individuals.  
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Huperzine-A is extracted from the Chinese herb in the Huperziceae family. It is known as inhibiting the breakdown of acetylcholine, 
thereby increasing the acetylcholine neurotransmitter involved in muscle contraction, and has been primarily studied in Alzheimer 
patients for its effect on memory and learning.22,47 There are no current investigations on Huperzine-A as an ingredient in pre-
workout supplement on its effects on performance and focus.  
 
Nitrosigine® is a patented compound of inositol-stabilized arginine silicate that has shown to enhance performance by increasing 
focus and energy levels, as well as promoting blood flow to the muscles. Nitrosigine® has been demonstrated to increase arginine 
blood levels up to six hours post ingestion, as well as nitric oxide levels.23  Rood-Ojalvo et al studied the effects of Nitrosigine® in 
16 healthy adult male subjects in a double-blind, placebo-controlled crossover study design using POMS scores to assess vigor-
activity, fatigue-inertia, blood flow measurements, leg circumference measurements, and biomarkers of muscle recovery (creatine-
kinase and lactate dehydrogenase).23 The men had to take the supplement for 4 days (1500mg/day) and had to perform an intense 
leg exercise protocol on day one and day four, repeating the protocol after a week without any supplement or placebo. The results 
demonstrated a significant increase in energy measurements using the POMS vigor-activity after 72 hours and a significant 
decrease in fatigue-inertia from pre ingestion compared to the placebo. Blood flow measures significantly increased after day 3, 
and creatine kinase levels decreased 72 hours post exercise compared to the placebo group.  
 
In another randomized, prospective, double-blind study to evaluate cognitive effects of 1500mg of Nitrosigine®, subjects consumed 
the product or placebo for 14 days and for a shorter period of 3 days. After 14 days and 3 days of dosing, subjects demonstrated 
enhanced processing speed in a Trail Making Test, as well as a reduction in completion times, with positive effects already seen 
after 10 minutes post ingestion.49  
 
The current study did not find any significant changes in measures of vigor-activity and fatigue-inertia after 30 minutes of ingesting 
the product. A possible explanation may be that the dosage in the supplement is too low to enhance blood flow and energy levels. 
While ingestion in this multi-ingredient pre-workout supplement have shown results in previous studies on strength and mood 
states, our research could only find significant effects on muscular endurance after acute ingestion. 
 
LIMITATIONS 
Some limitations of this investigation can be attributed to the fact that proprietary blend supplements do not list the dose of each 
ingredient, which makes it impossible to identify which ingredient/s, other than caffeine, contributed to the improved endurance 
capacity. Beta alanine and creatine, both active ingredients in this product, require loading periods of several weeks (1 to 4 weeks) 
to enhance strength and power. Another limitation of this investigation relates to the subjects’ characteristics. Males and females 
with moderate to high levels of training experience participated, which may have affected the statistical data, especially on strength. 
 
CONCLUSION 
The results of this study demonstrated that the acute consumption of a pre-workout supplement can enhance muscular endurance; 
however, it has no effect on strength or mood states. Further studies need to be done on the ingredients that affect mood states, 
concentration, and energy levels. The 30-minute post ingestion mood state testing may not have been enough time to fully affect 
significant changes.  
 
CONFLICT OF INTEREST 
Athelite Nutrition Inc. provided the pre-workout supplement. The study was funded by Athletite Nutrition Inc. 
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