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Abstract: Using a placebo-controlled, double-blinded, within-participants, randomized, cross-over
design, we examined the neurocognitive effects of a: (a) caffeine-containing, adaptogenic herbal-rich
natural energy shot (e+ shot), (b) a matched caffeine-containing shot (caffeine), and, (c) a placebo.
Participants (n = 30) were low consumers of caffeine without elevated feelings of energy. Before
and three times after beverage consumption, a 27-min battery was used to assess motivation to
perform cognitive tasks, mood, attention ((serial subtractions of 3 (SS3) and 7 (SS7), the continuous
performance task (CPT), and the rapid visual input processing tasks)), heart rate (HR), blood pressure
(BP), and motor coordination (nine-hole peg test) with a 10-min break between each post-consumption
battery. The procedure was repeated for each beverage for each participant at least 48 h apart and
within 30 min the same time of day using a random group assignment with blinding of researchers
and subjects. To evaluate for changes in outcomes, a Treatment × Time analysis of covariance
controlling for hours of prior night’s sleep was used. Analysis of all outcomes and all treatment
comparisons indicated that compared to placebo, both e+ shot (∆ = 2.60; η2 = 0.098) and caffeine
(∆ = 5.30, η2 = 0.098) increased systolic BP 30 min post consumption (still within normal healthy
ranges). The caffeine beverage also led to an improvement in most cognitive measures and moods
30-min post-consumption with improvements tapering at 69 and 108 min, while e+ shot noted more
steady improvements with no significant differences between beverages on most cognitive and mood
measures at 69 and 108 min. However, compared to caffeine, e+shots noted a significant decrease in
reaction time at 108 min, while caffeine noted a small change in the opposite direction. No side-effects
were reported by any intervention. These results suggest that the specific blend of adaptogens in e+

shot may modulate the neurocognitive effects of caffeine on mood, and cognition.
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1. Background

Caffeine is the most commonly consumed psychoactive substance in the world [1] and a recent
evaluation of 2011–2012 National Health and Nutrition Examination Surveys (NHANES) data estimated
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its intake for the average American adult at 173 milligrams (mg) per day (equivalent to one strong
espresso coffee) [2]. The intake of dietary caffeine is primarily derived through consumption of
beverages including coffee, tea, and cola products. There has been considerable research into its
metabolic, physiologic, and neurophysiologic effects [3–5]. For example, acute caffeine consumption
promotes psychostimulatory benefits including enhanced cognitive task performance and sustained
attention [6], and improvements in working memory [7], visual reaction [8], logical reasoning [9],
and manual dexterity [10]. However, numerous side effects have also been reported, including decreased
calmness and increased anxiety [11], elevated blood pressure [11], withdrawal effects of headaches,
drowsiness, and fatigue [12], sleep interference [13] and an increased risk for osteoporosis [14]. It has
been suggested that the factors motivating regular caffeine consumption appear to be “withdrawal
relief” [15].

In concordance with its demonstrated and perceived benefits, there has been a significant increase
in the popularity of caffeine-containing energy beverages [15]. In most commercially-available energy
drinks the primary bioactive is (synthetic) caffeine, followed by other ingredients, such as taurine,
B vitamins (riboflavin, pyridoxine, and nicotinamide), and various herbal derivatives or synthetic
ingredients present in lesser amounts [16]. A myriad of energy beverages are marketed with varying
caffeine content (50–505 mg per can or bottle) and concentrations (0.09–6.02 mg per mL) [17]. Research
into the metabolic and physiological responses to energy drink consumption has reported several
positive beneficial effects akin to those observed with caffeine alone. Some of these benefits include:
increased information processing, vigilance, memory, and verbal reasoning [11,17,18], improved
mood characterized by increased alertness, vigor, and decreased fatigue [11,19], and decreased heart
rate [20]. Conversely there are numerous acute side effects including increased anxiety [11,21], elevated
blood pressure [11,22], and acute cardiac events [23]. It is unclear how variables such as ingredient
composition and/or interactions, level of usage, genetics (i.e., polymorphisms in cytochrome P450 1A2
(CYP1A2), and demographic status of the individual (i.e., teenagers and young adults, gender) factor
into these adverse responses. Consequently, some food manufacturers are seeking novel formulations
to provide the consumer with the perceived benefits of caffeine-containing energy beverages while
minimizing potential side effects.

In this context, novel and unique functional ingredients have been introduced into
caffeine-containing energy products. One class of ingredients recently formulated into energy shots
are adaptogens. Adaptogenic plants, although extensively studied by Russian researchers in the 1940s
and onward [24,25], have only relatively recently begun attracting greater scientific exploration. Most
studied among these plants are Rhodiola rosea, Withania somnifera (ashwagandha), Schisandra chinensis,
and Eleutherococcus senticosus. As a class of compounds, adaptogens have been shown to modify cellular
stress responses, exert anti-fatigue activity, and improve mental work capacity [26,27]. Although
the precise mechanisms by which adaptogens may influence these cellular responses are poorly
characterized their effects are most likely non-specific in nature via modification of a wide array of
cellular signaling pathways [28].

The primary purpose of the current study was to compare the acute effects a naturally-sourced
caffeine and adaptogenic-rich energy shot, (e+ shot), to both placebo and a caffeinated, dose-matched
active comparator on a variety of mental performance and cognitive parameters in young adults.

2. Methodology

2.1. Design and Study Products

This placebo-controlled, double-blinded, within-participants, randomized cross-over study
examined the effects of three 60 mL interventions: a placebo, an active comparator (caffeine), and e+™
energy shot (e+ shot, Isagenix International, LLC, Gilbert, AZ, USA), a naturally-sourced caffeine and
adaptogen-containing energy shot. To ensure effective blinding, none of the scientists conducting the
study or analyzing the data were aware of the treatment assignments. Only one of the co-authors
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(EG) who coded the treatments as “A”, “B”, or “C” was aware of treatment allocation. Subsequently,
the primary author (AB) randomly assigned the delivery and order of beverage treatments to the
subjects. Participants received the treatment in an unmarked white container with a black top.
All treatments were delivered in identical containers. The source of caffeine in e+ shot is green
tea (Camellia sinensis) and yerba mate (Ilex paraguariensis) and because e+ shot contains all-natural
ingredients there are some variations in content of caffeine; in this study the batch of e+ shot contained
approximately 85 mg caffeine. The proprietary blend of adaptogenic herbs present in e+ shot is listed
in Table 1, with Table 2 providing a comparison of the bioactive components of the three beverages.
The placebo and active comparator were prepared in the same base components as e+ shot (purified
water, apple juice concentrate, glycerin, pomegranate juice concentrate, natural flavors, malic acid,
potassium sorbate, and sodium citrate) to which either 0 mg (placebo) or approximately 98 mg synthetic
caffeine (active comparator) were added. Quantitation of caffeine in the study products was verified
according to Eurofins Scientific Inc. (Des Moines, IA, USA). There were no changes in methods after
trial commencement.

Table 1. Adaptogenic herbs contained in e+ shot (mg).

Ingredient Quantity(mg)

Eleuthero (Eleutherococcus senticosus) 79
Hawthorn (Crataegus oxycantha) 59
Mountain ash (Sorbus aucuparia) 59
Cramp bark (Viburnum opolus) 59

Leuzea (Rhaponticum carthamoides) 40
Rhodiola (Rhodiola rosea) 20

Japanese aralia (Aralia mandchurica) 20
Licorice (Glycyrrhiza yuralensis) 20

Schizandra (Schisandra chinensis) 20
Chaga mushroom (Inonotus obliquus) 20

Table 2. Comparison of Study Product Bioactives.

Treatment Caffeine (Mg) Adaptogenic Herbal Blend (Mg)

Placebo 0 0
Active Comparator (Caffeine) 98 (synthetic) 0

e+ shot 85.4 (green tea-Camellia sinensis and yerba
mate-Ilex paraguariensis leaf extract) 2127

2.2. Screening

Potential participants were recruited from (i) large university classes (>30 students), (ii) announcements
on bulletin boards, and electronic listservs, (iii) flyers at local small businesses, and, (iv) through word
of mouth, from 16 September 2015 to 9 August 2016. Participants were invited to complete screening
questionnaires (medical history, diet, mood) administered online using SurveyMonkey Inc. (San Mateo,
CA, USA, www.surveymonkey.com).

Participant exclusion criteria included: (i) were under the age of 18 or over the age of 45,
(ii) a self-reported body mass index (BMI) > 30, (iii) above average feelings of energy (scores > 12)
during the week prior to the screening using the vigor scale of the 30-item Profile of Mood States-Short
Form (POMS-SF) questionnaire [29]. The rationale for this cut-off was that a “ceiling effect” may occur
with this particular measure. Since the POMS-SF vigor scale only measures vigor scores up to 20,
including subjects who already display above average feelings of energy would likely minimize any
potential energizing influences of either caffeine or e+ shot. (iv) high caffeine consumers (>21 servings
of 170.5–341 mL caffeine beverages per week) [30], (v) high consumption of polyphenols (>100 total
combined servings of cocoa, caffeine, fruits or vegetables high in flavanols) [31], (vi) reported a chronic
health condition requiring prescription or over-the counter medication (excluding contraception)

www.surveymonkey.com
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on a continual basis, (vii) were pregnant or reported a chance of being pregnant, (viii) had a heart
condition, high blood pressure, gastrointestinal (GI) tract disorder, bipolar disorder, or allergy to
caffeine (x) were current smokers, and (xi) consumed nutritional supplements (i.e., herbs, vitamins,
or creatine; not including supplementation of protein without caffeine).

2.3. Participants

Approval for the study was granted by the Clarkson University Institutional Review Board
(approval # 16-34.1). The authors confirm that all ongoing and related trials for this intervention are
registered on clinicaltrials.gov (#16-05). Volunteers not excluded by the screening were invited to
the testing facility. All participants read and signed the approved consent form. Participants were
informed that they would be taking part in a study investigating the effects of caffeine beverages on
mental function, blood pressure, heart rate, and fine motor control.

Thirty (17 women and 13 men) participants completed the study. An a priori statistical power
analysis was completed and showed that 24 participants would provide statistical power of 0.81 to
detect a 2 Group × 4 Time interaction effect size of 0.65 given an α of 0.05 and assuming a correlation
across the repeated measures on time of 0.70 [32]. To reduce potential for Type II errors, 30 participants
completed the study in case there were outliers and data had to be excluded. No data were excluded
from this study. Characteristics from the final sample (n = 30) are reported in Table 3.

Table 3. Participant characteristics.

Sex (Males/Females) 13/17

Age (years) 21.8 ± 4.4
Height (cm) 169.6 ± 12.4
Weight (kg) 67.6 ± 11.0

Body Mass Index (kg/m2) 23.5 ± 2.5
Race

White 21
Asian 4
Black 4

More than one race 1
Amount of sleep on a typical night in the past month (h) 7.6 ± 0.8

Consumption of high-flavanol foods or beverages during the past month
Caffeine drinks (servings) 4.2 ± 3.8

Cocoa (servings) 0.7 ± 1.3
Fruits (servings) 12.3 ± 12.4

Vegetables (servings) 25.1 ± 14.5

The average reported nightly sleep, during the month prior to the study, was 7.6 ± 0.8 h.
The number of hours of reported sleep the night before each of the three testing sessions did not
significantly differ between conditions (p = 0.731); placebo (6.5 ± 1.3 h); caffeine (6.4 ± 1.1 h) and e+

shot (6.3 ± 1.2 h).
Participants appeared to be low consumers of caffeine (4.2± 3.8 servings per week) and polyphenols

(126.74 ± 12.16 servings per month). All participants reported refraining from caffeine in the 24 h prior
to testing.

2.4. Salivary Caffeine Collection

Salivary samples were obtained by passive drool using the SalivaBio collection system (Salimetrics,
State College, PA, USA) and stored at −80 ◦C. Samples were collected at the start of each testing day
and post-test session, to estimate the association between caffeine and changes in mood, blood pressure,
heart rate, cognitive task, and fine motor performance. After all samples were collected, analysis was
conducted at the Biochemistry and Proteomics Laboratory (Clarkson University, Potsdam, NY, USA).
A secondary goal of salivary sampling was to determine to confirm the anticipated changes in caffeine
status upon consumption.
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2.5. Salivary Caffeine Analysis

Salivary caffeine concentrations were quantified using an established method and adapted from
Nakano et al. [33] and Ptolemy et al. [34]. In brief, salivary samples (up to 600 µL) were thawed at
room temperature and filtered through an Amicon concentrator (Millipore, Billerica, MA, USA) with a
3 kDa molecular weight cut-off filter followed by centrifugation at 10,000 rpm for 20 min. The retentate,
containing proteins, and the flow-through containing caffeine were collected for analysis. Approximately
10 µL flow-through fraction was analyzed on a C-18 column using an Agilent Technologies 1260
Infinity HPLC system. Caffeine was quantitated using a 7-min run and a mobile phase consisting of
75% H2O/25% (v/v) acetonitrile with 0.05% (w/v) ammonium acetate and 0.2% (v/v) acetic acid at a
flow rate of 0.75 mL/min. The caffeine peak was detected at 275 nm using synthetic caffeine standards
prepared in both H2O and saliva with calibration determined using standards prepared from the same
saliva sample. The caffeine peak had a retention time of 5.9 min.

2.6. Mental Performance Tests and Physiological Measures

The mental energy tests consisted of self-reported motivation and mood measures, and computerized
cognitive tasks of sustained attention. These measures were chosen because they are consistent with a
model of mental energy developed for nutrition researchers [35]. In addition, two serial subtraction tasks
(Serial Threes and Serial Sevens) were included to facilitate comparisons with prior research on caffeine
utilizing these protocols [36,37]. Consistent with prior caffeine research [37], we measured blood
pressure and heart rate after the cognitive tasks and mood measures. Fine motor task performance
was measured using the nine-hole peg test.

All cognitive testing was performed in a seated position in a thermoneutral (72 ± 0.8 ◦F), private
lab setting, with sound attenuation and controlled lighting. Visual stimuli were presented that required
a finger response. Participants used the keyboard to respond to information presented on 17′′ screen
on an Alienware laptop (17 R2 Model #P43F, Roundrock, Texas, USA). Prior to each cognitive task,
the participants were given on-screen instructions and asked to press the “enter” key if they understood
the directions or to get help from a researcher if they were uncertain. The tests were performed on the
Membrain platform (PsychTechSolutions, Potsdam, NY, USA) using Java-coded software. The results
from the tasks automatically downloaded into an Excel file and two research assistants independently
manually re-arranged the data, for data analysis, and any discrepancies were resolved.

(1) Serial Three and Serial Seven subtraction tasks: Participants were asked to silently subtract backwards
in three’s or seven’s from a random starting number between 800 and 999 that was presented on
the computer screen. Participants were instructed to type their answer as quickly and as accurately
as possible. The number was cleared after entry of the response and participants continued
to subtract three or seven from their answer. The task was scored for the number of correct
and incorrect responses and the total attempts. In the case of incorrect responses, subsequent
responses were scored as correct if they were correct in relation to the new number. Participants
were given an opportunity to complete as many attempts as possible in two minutes [36–38].

(2) Continuous Performance Task (CPT): Participants monitored a continuous series of letters (A–Z;
Tahoma Regular font, size 20 pt) presented on the screen for 1000 ms. Participants were told to
respond to the detection of the letter “X” only when it was preceded by the letter “A” by striking
the left key on the key pad. The task was scored for percentage of target strings correctly detected,
errors of omission (missed targets), average reaction time for correct detections, and the number
of false alarms. The task lasted for two minutes and 48 targets were randomly presented [21,37].

(3) Rapid Visual Input Processing (RVIP) task: Participants were required to monitor a continuous
series of digits (1–9; Tahoma Regular font, size 20 pt). Each individual digit was presented for
1000 ms and the participant was given a primary, secondary, and tertiary task. The participant’s
primary and secondary tasks were to detect the presentation of three successive odd and even
digits that were all different (e.g., 9-3-7, 2-6-8), and the tertiary task involved the identification
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of a specific number (i.e., 6). The participants pressed the right key for primary and secondary
responses and the left key for tertiary responses. The task was scored for the number of primary,
secondary, and tertiary targets correctly detected, the average reaction time for correct detection
of each target, the number of false alarms for each task, and errors of omission (missed targets).
There were 16 primary target, 16 secondary targets and 96 tertiary targets. The task lasted 16 min
and a total of 960 stimuli were presented during that time [36,38,39].

(4) Motivation to perform cognitive tasks: Participants rated the intensity of their current motivation to
perform mental tasks using a scale supported by validity evidence [21,38]. The 0–10 categorical
scale ranges from “No motivation” (left end, scored as 0) to “Highest motivation imaginable”
(right end, scored as a 10).

(5) Profile of Mood Survey-Short Form (POMS-SF): The 30-item POMS-SF was used to assess current
mood states using a five-point scale ranging from “Not at all” (scored as 0) to “Extremely” (scored
as 4). The tension/anxiety, depression, anger, fatigue and vigor are scored as a sum of five variables
(i.e., tension = tense + shaky + uneasy + nervous + anxious) and can range from 0 to 20. Confusion
has a variable subtracted from it (i.e., confusion = confused + muddled + bewildered + forgetful
− efficient) and can range from −4 to 16 [40]. Among healthy participants, the Cronbach’s alpha,
a measure of internal consistency, has been reported as 0.90 for the POMS-SF [41]. The Cronbach’s
alpha for this current study was between 0.364 and 0.922 (vigor = 0.922, fatigue = 0.863,
depression = 0.598, tension = 0.364, anger = 0.519, and confusion = 0.419).

(6) Mental and Physical State and Trait Energy and Fatigue Scales: Participants rated their current
feelings of mental and physical energy, and fatigue, using a three-part scale supported by validity
evidence [21,38,42,43]. The states scale is a 12-item measure of the intensity of current mental
energy, mental fatigue, physical energy, and physical fatigue moods. For each state, responses to
three items were summed to provide a measure of mental and physical energy or fatigue [44].
The scales require the use of a 0–100-point visual analog scale (VAS) however, due to limitations
in data collection techniques, the scale was modified to a 0–10 Likert scale anchored by “absence
of feelings” (left end, scored as 0) and the “strongest intensity of feelings” (right end, scored as 10).
This modification is the same as Boolani et al. previously cited [21,43]. Among healthy adults
the Cronbach’s Alpha was reported to be between 0.89 and 0.91 [44]. The Cronbach’s alpha for
this current study was between 0.707 and 0.874 (state physical energy = 0.785, state physical
fatigue = 0.837, state mental energy = 0.707, and state mental fatigue = 0.874).

(7) Blood Pressure: Blood pressure was measured using a digital blood pressure monitor (Omron 3
Series; model: BP710N, Omron Health Care Inc, Forest, IL, USA) on the participant’s right
upper-arm [45,46].

(8) Heart Rate: Heart rate was measured using a pulse oximeter (Veridian Deluxe; model 11-50D,
Veridian Healthcare, Gurnee, IL, USA) on the participant’s right index finger.

(9) Nine-hole peg test: The validated nine-hole peg test of finger dexterity was used to measure fine
motor control [47,48]. The 12 cm × 12 cm wooden pegboard contained nine holes and was placed
on the desktop in front of the seated participant. There were nine 0.64 cm wide cylindrical pegs,
were placed on the desktop outside of the container on the right side of the board and on the left
side of the board for when the participant’s right hand and left hand were tested, respectively.
Participants were instructed to place one peg at a time into the pegboard holes until they were
filled, and then remove each peg one at a time onto the desktop as fast as they could, first with
their dominant hand and next with their non-dominant hand. Each test was performed twice.

2.7. Procedure

The study consisted of a familiarization day (~1 h) followed by three testing days (~3 h).
The familiarization day start time was between 6–8 a.m. and was chosen and agreed upon by each
participant. Participants were instructed to refrain from caffeine and alcohol consumption starting the
night before the three testing days and advised to get their typical amount of sleep.
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Familiarization Day: To reduce experimental error that may occur due to learning effect,
participants were asked to come to the lab for a practice session where they completed a single
trial run of all the daily assessments. This data was not included in any analyses. For participants’
characteristics, height was measured using a stadiometer and weight was measured using a digital
scale (Tanita TBF-410, Tanita Corporation, Tokyo, Japan).

Testing days 1–3: Using randomizer.org participants were randomly assigned to the order in
which the beverage would be administered before the familiarization day. Participants were tested
between 6–8 a.m. and each testing day started within ±30 min of their familiarization day to account
for potential diurnal variations [49]. Since sleep loss has substantial effects on mood and cognition [49],
participants who reported two hours more or less than their usual sleep duration (reported during
the screening) were not tested that day and rescheduled, as were those who reported drug use or the
consumption of caffeine containing beverages or foods the night before testing. Each testing day was
scheduled a minimum of 48 h after the previous one. Upon reporting to lab, participants completed
an initial screening to ensure that they followed the pre-testing instructions. Participants completed
a series of surveys that asked them about their previous night’s sleep, food, beverage, and drug
consumption over the prior 24 h.

After participants were screened for eligibility on the day of testing, they were asked to accumulate
saliva at the bottom of their mouth and use a plastic drinking straw to drool 2 mL of saliva into a 10 mL
test tube. Baseline measures of sustained attention (the mental energy test battery), motivation, mood,
blood pressure (BP), heart rate (HR), and fine motor task performance were obtained next (Figure 1).
After the completion of baseline testing, participants were administered the beverage and instructed to
consume it within two minutes. Following the administration of the beverage, participants were given
a 28-min break but were not allowed to participate in strenuous physical or mental activity or consume
additional snacks or beverages. Three additional 27-min mental energy battery tests were completed
and punctuated by 10-min rest breaks as shown in Figure 2. Finally, participants provided a post-test
saliva sample using the drool down method. The timing of the mental energy test battery, mood and
physiologic measures is presented in Figure 3.
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2.8. Data Treatment and Statistics

2.8.1. Preliminary Analyses

Questionnaire data from SurveyMonkey and cognitive data were downloaded into Microsoft
Excel. All data were exported into IBM SPSS (Version 25.0) for analysis. All statistical analyses
were performed prior to breaking the blind. Scatterplot, descriptive statistics, skewness, kurtosis,
and normality (Wilks–Shapiro tests p < 0.05) were assessed. Values deemed erroneous, most likely due
to coding errors for some of the cognitive tasks were removed. The post-treatment minus pre-treatment
changes in salivary caffeine among the three treatments were examined using t-tests to determine
whether treatments influenced salivary caffeine concentrations in expected ways (i.e., salivary caffeine
increasing after caffeine consumption). To test for desired mood outcomes after the performance of
the cognitive task intervention, we analyzed mood data immediately prior to and after the first set
of cognitive tasks on all three days. Statistically significant differences were noted between anger,
energy, fatigue, and mental energy (p < 0.05) thus validating that the 22-min cognitive task batter was
sufficient for causing changes in mood states. No participants had pre-testing salivary caffeine levels
> 0.05 µg/mL suggesting that all participants followed instructions to abstain from caffeine prior to
testing day. Additionally, we measured cortisol levels pre and 136 min post-consumption. We used an
a priori test-retest reliability of 0.90. Since our cortisol analyses did not meet our a priori test-retest
reliability measure we did not include them in our primary analysis.

2.8.2. Primary Analyses

Significant interactions between beverages were tested using Repeated Measures Analysis of
Covariance (ANCOVA) while controlling for prior night’s sleep [21,38,50]. Only one significant outlier
was detected, the inclusion of which was shown to have no effect on significance. Variables that exhibit
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a poor fit were not removed or transformed. The justification for this comes from the nature of the
repeated measures format where transformations to one measure must be evenly applied to all other
measures of that variable which would almost exacerbate analytical issues and make interpretation
more difficult. Ordinal variables such as the POMS-SF scores were approximated as continuous but
some ordinal variables and some ration variables had very few occurring values in the data making any
ANOVA-type testing unreliable. These variables often displayed large violations of homoscedasticity or
were poorly approximated as continuous and results from these variables have been marked. Despite
this they have not been discarded because of the lack of a nonparametric alternative to Repeated
Measures ANCOVA in addition to previously mentioned reasons. A two-treatment by four time point
ANCOVA were performed on all combinations of all collected variables. Violations of sphericity were
accounted for using the Hyunh–Feldt correction to degrees of freedom. Additionally, two-treatment by
two time point ANCOVAs were also performed on all combinations of all collected variables, testing
both between the pre-treatment and first post-treatment time points and between the pre-treatment
and last post-treatment time points. Tukey’s analysis of marginal means was used to determine
which measures were different for variables that exhibited significant. The final research question
sought to determine whether e+ shot differed from placebo and a caffeinated dose-matched active
comparator on mood, blood pressure, cognitive and fine motor task performance. Since our a priori
power analysis and eventual subject size was powered for a two-group by four time point comparison
and not powered for a three-group by four time point comparison, we used multiple repeated measures
ANCOVAs. Following the suggestions of several authors [51–54], this study presents both unadjusted
and Bonferroni adjusted p-values for hypothesis tests. Unadjusted significance tests are included
considering this study’s goal to compare e+ shot to just placebo and caffeine and to usew the caffeine
and placebo comparison only as a control to confirm that subjects had the desired effects to caffeine.
Concerns that adjustments for multiple comparisons can lead to erroneously heightened Type II
error rates [51–54] also lead us to report both unadjusted and adjusted significance. To present a
more conservative estimate that highlights the possibility of false positives associated with repeated
comparisons, a Bonferroni correction was applied, and unadjusted p-values multiplied by 3 (adjusted
for the 3 different comparisons) were used to determine Beverage × Time interaction effects in the 2 × 4
ANCOVA. These results are reported in the manuscript and in either case, readers should be mindful
of effect sizes of the results alongside the results of either hypothesis tests. An α of 0.05 was used.

3. Results

After screening 1035 surveys, 30 participants completed the study (see Figure 4). Recruitment
and data collection lasted from 25 September 2015 to 10 December 2016 until 30 participants had
completed all three days of treatment. There were no harms or unintended consequences for any of
the interventions.

3.1. Salivary Analysis

As expected salivary caffeine levels increased significantly upon consumption of either caffeine
(mean change = 5.21 µmol L−1; t = −9.652, df = 26, p < 0.001) or e+ shot (mean change = 4.46 µmol L−1;
t = −8.557, df = 27, p < 0.001), while no significant difference was noted between conditions (p > 0.05).
Means and standard deviations for all outcomes are presented in Table 4.
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Table 4. Mean (SD) for all measures.

Beverage e+ shot Placebo Active Comparator

Measure Pre Post 1 Post 2 Post 3 Pre Post 1 Post 2 Post 3 Pre Post 1 Post 2 Post 3

Self-reported measures

Task motivation 6.03 (2.31) 6.33 (1.94) 5.97 (2.07) 6.42 (2.42) 5.93 (2.26) 6.17 (2.15) 5.90 (2.43) 5.97 (2.20) 5.87 (2.30) 6.67 (2.06) 6.13 (2.21) 6.11 (2.57)
POMS Vigor 8.80 (4.60) 9.67 (4.03) 9.76 (4.27) 10.15 (4.54) 9.07 (4.63) 9.03 (4.17) 9.33 (4.33) 9.38 (4.59) 8.93 (4.60) 10.13 (3.91) 9.87 (4.38) 9.89 (5.22)

POMS Fatigue 8.00 (2.89) 7.07 (2.48) 7.66 (3.27) 7.77 (3.15) 8.03 (2.94) 8.13 (2.98) 8.23 (2.62) 7.72 (2.55) 8.17 (2.81) 7.67 (2.94) 7.57 (2.81) 8.07 (3.22)
POMS Depression 5.50 (1.41) 5.50 (1.20) 5.45 (1.27) 5.31 (1.01) 5.37 (1.07) 5.43 (1.04) 5.30 (0.84) 5.28 (0.65) 5.30 (0.65) 5.23 (0.63) 5.20 (0.61) 5.25 (0.59)

POMS Tension 5.63 (1.16) 5.73 (1.34) 5.66 (1.52) 5.62 (1.10) 5.43 (0.73) 5.40 (0.77) 5.40 (0.72) 5.52 (0.91) 5.60 (1.30) 5.77 (1.28) 5.87 (1.25) 5.64 (1.03)
POMS Confusion 2.73 (1.57) 2.33 (1.45) 2.59 (1.57) 2.58 (1.60) 2.50 (1.25) 2.57 (1.17) 2.50 (1.04) 2.34 (1.05) 2.70 (1.54) 2.17 (1.21) 2.43 (1.43) 2.29 (1.56)

POMS Anger 5.47 (1.38) 5.33 (0.71) 5.41 (1.35) 5.27 (0.53) 5.27 (0.79) 5.30 (0.65) 5.60 (1.04) 5.31 (0.85) 5.90 (1.27) 5.53 (1.31) 5.47 (0.94) 5.57 (1.20)
Total Mood Disturbance 18.53 (9.39) 16.30 (8.42) 17.00 (9.15) 16.38 (8.83) 17.53 (8.75) 17.80 (7.67) 17.70 (7.60) 16.79 (8.16) 18.73 (8.39) 16.23 (7.52) 16.67 (8.08) 16.93 (9.28)

State Physical Energy 9.50 (6.55) 7.93 (6.11) 8.62 (6.38) 8.27 (5.84) 9.13 (5.87) 8.43 (5.55) 8.63 (5.37) 8.31 (5.55) 8.67 (6.14) 8.67 (6.23) 8.83 (6.05) 8.84 (6.58
State Physical Fatigue 14.63 (6.45) 15.97 (6.83) 15.31 (6.56) 15.31 (6.63) 13.87 (6.34) 14.23 (6.35) 14.57 (6.36) 14.69 (6.89) 16.40 (6.89) 16.40 (7.38) 16.38 (7.27) 16.92 (7.24)
State Mental Energy 10.27 (6.26) 8.70 (6.51) 9.17 (6.66) 9.73 (6.75) 9.93 (6.01) 9.23 (6.30) 9.90 (6.38) 8.83 (5.42) 10.13 (7.39) 9.43 (7.23) 9.52 (7.16) 10.16 (7.71)
State Mental Fatigue 13.40 (6.75) 14.60 (7.12) 14.07 (7.10) 14.46 (7.12) 13.27 (6.59) 13.30 (6.20) 13.67 (6.77) 13.90 (7.39) 15.13 (6.58) 15.60 (7.31) 15.34 (7.49) 16.44 (8.30)

Physiologic measures

Systolic Blood Pressure 111.00 (16.18) 113.60 (13.74) 114.57 (16.45) 114.67 (14.21) 111.80 (12.22) 109.53 (12.62) 111.30 (15.50) 112.30 (13.37) 109.63 (12.99) 114.93 (16.41) 113.40 (15.07) 112.80 (15.04)
Diastolic Blood Pressure 71.50 (9.44) 72.30 (7.91) 74.80 (17.78) 72.03 (10.32) 71.00 (8.51) 71.30 (8.12) 73.60 (12.14) 72.57 (8.02) 68.97 (9.04) 74.07 (7.70) 74.37 (8.20) 73.17 (8.45)

Heart Rate 70.13 (13.84) 65.23 (11.31) 67.90 (14.51) 64.47 (13.64) 72.50 (13.86) 70.10 (13.98) 68.00 (13.86) 66.83 (14.18) 69.80 (13.99) 67.37 (12.35) 67.10 (13.33) 63.83 (12.36)
Non-dominant Hand (Avg.) 19.27 (2.65) 18.88(2.83) 18.58 (2.55) 18.17 (2.93) 19.42 (2.94) 18.80 (2.45) 18.70 (2.76) 18.54 (2.94) 19.31 (3.40) 18.73 (3.23) 18.78 (3.38) 18.44 (3.37)

Dominant Hand (Avg.) 18.60 (2.45) 17.93 (2.09) 17.68 (2.07) 17.50 (2.20) 18.87 (2.64) 18.21 (2.50) 18.22 (2.86) 17.86 (2.75) 18.65 (2.93) 17.95 (2.79) 18.02 (2.95) 17.56 (2.84)

Objective cognitive task measures

Serial Subtract 3 # Correct 46.27 (14.70) 48.70 (16.08) 51.37 (15.54) 54.59 (16.90) 44.80 (16.24) 51.17 (15.57) 52.63 (16.26) 53.38 (16.15) 44.23 (17.08) 52.97 (16.16) 51.82 (16.91) 52.17 (17.85)
Serial Subtraction 3 % Correct 95.69 (4.23) 95.76 (3.96) 95.57 (3.38) 93.96 (8.89) 96.35 (3.98) 96.98 (3.07) 96.21 (3.18) 95.09 (4.48) 94.43 (6.85) 96.22 (3.88) 92.78 (7.83) 93.79 (6.63)
Serial Subtract 3 # Attempted 48.20 (14.59) 50.63 (15.90) 53.50 (15.36) 57.21 (15.98) 46.23 (16.18) 52.77 (15.84) 54.47 (16.11) 56.10 (16.01) 46.27 (16.45) 54.86 (15.92) 54.34 (16.32) 55.33 (16.60)

Serial Subtract 7 # Correct 26.17 (10.30) 29.03 (10.81) 31.27 (11.59) 33.48 (11.96) 24.73 (10.70) 27.83 (10.70) 28.83 (11.81) 30.43 (11.43) 27.00 (11.23) 30.20 (10.95) 30.41 (11.84) 31.60 (13.15)
Serial Subtraction 7 % Correct 92.78 (7.99) 93.59 (8.08) 93.80 (6.60) 93.17 (6.07) 92.53 (8.80) 94.36 (4.98) 92.92 (8.42) 91.21 (8.74) 92.72 (11.29) 91.65 (8.13) 91.44 (7.21) 90.60 (9.18)
Serial Subtract 7 # Attempted 27.90 (10.13) 30.80 (11.25) 33.07 (11.38) 35.69 (12.02) 26.53 (10.19) 29.38 (10.71) 31.57 (12.09) 33.90 (12.11) 28.77 (11.04) 32.60 (10.99) 33.47 (11.60) 34.27 (13.02)

CPT Percent Correct 80.46 (29.50) 78.18 (27.49) 82.95 (27.88) 86.40 (16.47) 83.92 (25.53) 77.79 (25.49) 79.07 (23.83) 79.09 (24.73) 84.93 (17.69) 83.32 (21.01) 85.26 (22.34) 85.56 (14.23)
CPT % Incorrect 0.49 (0.79) 0.59 (0.80) 0.51 (1.13) 0.41 (0.58) 0.44 (0.51) 0.48 (0.48) 0.37 (0.82) 0.48 (0.74) 0.44 (0.58) 0.45 (0.71) 0.56 (0.78) 0.37 (0.63)
CPT % Omitted 19.54 (29.50) 21.81 (27.49) 17.05 (27.88) 13.60 (16.47) 16.08 (25.53) 22.21 (24.49) 20.21 (23.72) 20.91 (24.73) 14.97 (17.36) 16.68 (21.01) 14.73 (22.34) 14.44 (14.23)

CPT Reaction Time (ms) 1475.20 (76.56) 1527.81 (158.49) 1506.42 (91.91) 1525.09 (82.97) 1441.63 (304.19) 1515.54 (95.82) 1516.12 (111.05) 1498.28 (72.03) 1499.64 (102.770) 1495.55 (85.770) 1527.74 (122.18) 1474.22 (75.06)
RVIP Primary % Correct 60.78 (26.18) 67.16 (23.99) 70.27 (24.57) 64.65 (20.36) 59.45 (24.98) 61.79 (25.86) 65.18 (20.86) 62.52 (26.73) 57.18 (27.66) 64.70 (25.18) 67.13 (24.75) 71.38 (19.06)

RVIP Primary % Incorrect 9.40 (9.64) 6.58 (8.34) 6.47 (8.96) 7.27 (5.79) 8.70 (9.57) 9.55 (8.72) 7.33 (8.27) 6.75 (8.72) 8.65 (10.28) 6.50 (7.30) 9.88 (10.50) 7.54 (7.88)
RVIP Primary % Omitted 29.82 (20.67) 39.62 (25.39) 22.82 (20.58) 27.90 (19.70) 31.85 (22.01) 28.65 (24.00) 27.43 (19.29) 30.73 (26.00) 34.13 (24.30) 28.85 (25.07) 20.51 (16.77) 20.69 (17.00)

RVIP Primary Reaction Time (ms) 782.84 (99.82) 774.57 (71.210) 752.33 (85.85) 736.22 (49.30) 777.76 (93.09) 761.51 (74.29) 791.83 (55.05) 770.84 (71.41) 786.74 (121.13) 773.95 (75.76) 733.10 (76.58) 727.96 (79.60)
RVIP Secondary % Correct 55.24 (23.10) 59.98 (25.75) 57.05 (30.08) 61.56 (23.46) 58.75 (21.45) 54.75 (19.69) 54.32 (24.46) 61.11 (24.75) 55.28 (24.23) 58.93 (27.25) 58.56 (28.20) 63.98 (24.26)

RVIP Secondary % Incorrect 2.64 (5.37) 0.00 (0.00) 0.83 (2.56) 1.04 (2.85) 1.36 (3.19) 0.42 (1.86) 0.46 (1.96) 0.52 (2.08) 1.09 (3.81) 0.00 (0.00) 0.36 (1.71) 0.38 (1.78)
RVIP Secondary % Omitted 42.08 (22.55) 39.62 (25.39) 0.42 (29.88) 37.35 (22.83) 39.85 (20.24) 44.42 (19.59) 45.17 (24.55) 38.28 (24.45) 43.64 (24.28) 41.07 (27.25) 41.07 (28.36) 35.63 (24.38)

RVIP Secondary Reaction Time (ms) 646.66 (98.86) 601.89 (76.14) 634.83 (102.15) 633.80 (67.24) 610.31 (124.82) 627.79 (59.08) 628.47 (108.98) 649.46 (90.90) 612.76 (65.11) 604.52 (87.25) 621.75 (129.66) 598.90 (92.00)
RVIP Tertiary % Correct 88.89 (12.38) 88.21 (14.81) 87.77 (16.48) 88.73 (14.23) 83.76 (19.05) 84.05 (15.79) 85.57 (13.61) 88.09 (12.85) 86.45 (11.74) 90.61 (8.10) 85.90 (16.46) 89.59 (10.67)

RVIP Tertiary % Incorrect 3.10 (5.36) 1.81 (4.35) 1.62 (3.42) 1.94 (3.61) 4.68 (7.09) 2.57 (3.97) 3.05 (7.95) 2.92 (5.03) 2.40 (4.55) 2.98 (8.17) 3.07 (4.89) 1.52 (4.18)
RVIP Tertiary % Omitted 9.55 (11.72) 10.30 (14.14) 11.40 (16.71) 8.42 (13.00) 12.56 (16.49) 15.32 (15.85) 11.47 (11.41) 10.16 (13.55) 11.18 (10.17) 9.20 (11.32) 12.43 (15.63) 9.41 (10.60)

RVIP Tertiary Reaction Time (ms) 761.78 (60.50) 731.21 (44.10) 728.52 (46.69) 737.23 (49.38) 749.10 (56.08) 745.10 (61.01) 738.66 (56.00) 717.86 (40.95) 752.61 (61.42) 746.90 (53.46) 751.04 (55.61) 739.53 (58.21)
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3.2. Placebo vs. Active Comparator

Feelings of vigor were found to significantly increase (F(1, 57) = 4.028, η2 = 0.066, unadjusted
p = 0.050, adjusted p = 0.15) in the active comparator (caffeine) (∆ = 1.10), while the placebo had a
slight decline (∆ = −0.04) 30 min post-consumption. Caffeine also significantly decreased feelings
of confusion (F(1, 57) = 6.670, η2 = 0.105, unadjusted p = 0.012, adjusted p = 0.036) (∆ = −0.53)and
the total mood disturbance (F(1, 57) = 5.136, η2 = 0.085, unadjusted p = 0.012, p = 0.036) (∆ = −1.50)
compared to placebo (∆ = 0.07,∆ = 0.27), at 30 min post-consumption. Caffeine was associated with a
significant increase in both diastolic (F(1, 57) = 11.525, η2 = 0.168, unadjusted p = 0.001, adjusted p = 0.003,
caffeine ∆ = 5.10, placebo ∆ = 0.30) and systolic blood pressure at 30 min (F(1, 57) = 10.861, η2 = 0.160,
unadjusted p = 0.002, adjusted p = 0.006, caffeine ∆ = 5.30, placebo ∆ = −2.27) post consumption.

Analysis also yielded significant improvements in the RVIP secondary task percent correct
(F(1, 36) = 4.98, η2 = 0.122, unadjusted p = 0.032, adjusted p = 0.096) and percent omission (F(1, 36)
= 4.789, η2 = 0.117, unadjusted p = 0.035, adjusted p = 0.105) for caffeine (∆ = 3.65, ∆ = −2.57) when
compared to the placebo (∆ = −4.00, ∆ = 4.57), 30 min post consumption. Placebo consumption was
associated with a significant decline (∆ = −4.83) in CPT percent correct F(1, 51) = 4.225, η2 = 0.077,
unadjusted p = 0.045, adjusted p = 0.135) and a corresponding increase (∆ = 4.99) in CPT percent
omission (F(1, 51) = 4.236, η2 = 0.077, unadjusted p = 0.045, adjusted p = 0.135), while caffeine
consumption exhibited no change in either (∆ = 0.63, ∆ = −0.53), 90 min post consumption.
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The 2 × 4 ANCOVA yielded significant differences in CPT percent incorrect; however, those results
were rejected due to poor homoscedasticity of the residuals. A significant difference (F(3, 78) = 3.561,
η2 = 0.120, unadjusted p = 0.018, adjusted p = 0.054) was noted for the RVIP tertiary percent omission
where the caffeine promoted a large decrease 30 min post consumption followed by tapering off.
For systolic blood pressure, when participants consumed caffeine they experienced a significant
(F(3,171) = 4.216, η2 = 0.069, unadjusted p = 0.007, adjusted p = 0.021) spike 30 min post consumption
with tapering off after, compared to the placebo, which noted an initial drop in systolic blood pressure
before values increased to pre-consumption levels.

3.2.1. e+ Shot vs. Placebo

A significant difference (F(1, 56) = 6.066, η2 = 0.098, unadjusted p = 0.017, adjusted p = 0.051) in systolic
blood pressure was observed when comparing the e+ shot (∆ = 2.60) and placebo (∆ = −2.27) between
pre-consumption and 30 min post-consumption. A significantly greater increase (F(1, 56) = 5.197,
η2 = 0.085, unadjusted p = 0.026, adjusted p = 0.078) in serial subtract 3 attempts was noted for placebo
(∆ = 6.54) compared to e+ shot (∆ = 2.43) between pre-consumption and 30 min post-consumption.

3.2.2. e+ Shot vs. Active Comparator

When compared to e+ shot, the comparator elicited a greater (∆ = 3.83) increase in serial
subtract 3 attempts compared to the e+ shot (∆ = 2.43) (F = (1, 55) = 10.123, η2 = 0.156, unadjusted
p = 0.002, adjusted p = 0.006), 30 min post-consumption. Serial subtract 3 total attempts also exhibited
significance (F(3,162) = 2.867, η2 = 0.050, unadjusted p = 0.038, adjusted p = 0.114) when considering all
four time points, with e+ shot showing steady upward trends in total attempts while caffeine promoted
a significant increase 30 min post-consumption with subsequent tapering off (Figure 5). Significant
differences (F(1, 57) = 4.917, η2 = 0.081, unadjusted p = 0.031, adjusted p = 0.093) were also noted in
diastolic blood pressure when comparing e+ shot to caffeine 30 min post-consumption.Nutrients 2020, 12, x FOR PEER REVIEW 18 of 26 
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A sharp increase (∆ = 5.10) in diastolic blood pressure was observed in participants consuming
caffeine while a lower increase (∆ = 0.80) was noted in participants who consumed the e+ shot.

Comparing pre-consumption and 90 min post-consumption, participants who consumed the e+

shot saw a significant (F(1, 45) = 6.162, η2 = 0.128, unadjusted p = 0.014, adjusted p = 0.042) decrease
∆ = 49.89) in CPT reaction time compared to caffeine which noted a small change in the opposite
direction (∆ = −25.42).

3.2.3. Correlation between Changes in Caffeine and Changes in Mood and Cognition

Changes in salivary caffeine was significantly associated with changes in serial subtraction three
attempts (r = 0.382, p = 0.045). All other relationships were weak or were not significant.

4. Discussion

To our knowledge, this randomized, double-blinded, placebo and comparator-controlled study design
is among the first to systematically compare the acute effects of caffeine alone vs. a caffeine-containing,
adaptogenic-rich energy shot on a battery of mental performance and cognitive parameters.
Our findings suggest that several of the stimulatory effects of caffeine may be modulated by the
adaptogenic herbs present in the energy shot (e+ shot), whereas other observations suggested the
adaptogenic herbs may directly antagonize some of caffeine’s (neuro)physiological effects. Collectively,
these results support the long-standing characterization of adaptogenic herbs as modulators of mental
stress as described by several investigators [25,28].

4.1. Active Comparator vs. Placebo

Caffeine alone resulted in improvements in feelings of vigor approximately 30 min post
consumption when compared to the placebo, which is in line with prior research [55], but subsequent
improvements were smaller and not significant. Mean confusion scores did not significantly change
with the caffeine intervention, which is also consistent with prior studies [21,56]; however, we also noted
a significant interaction because confusion increased with the placebo, a finding also consistent with
prior work [21]. We speculate that the confusion scores increased in response to the stress of performing
108 min of sustained cognitive tasks (4 × 27 min) across a 3-h testing session. We also noted minimal
improvements in caffeine on cognitive task performance for both the CPT and RVIP, which is what
we expected based on prior research [55]; however, when we examined the interaction between both
treatments the decline in cognitive task performance with the placebo yielded statistically significant
results. This suggests that caffeine could reduce the impact of mental task performance on high event
(CPT) and low event (RVIP) tasks, consistent with other reports [6,57]. Caffeine alone also resulted in
increases in systolic and diastolic blood pressure similarly shown by others [5,58–61]; nevertheless,
this increase in blood pressure did not result in any hypertension in our healthy participants. There
were negligible declines in both systolic and diastolic blood pressure with the placebo condition.
These results confirm that our subjects had the expected response to caffeine.

4.1.1. e+ Shot vs. Placebo

The interaction between the e+ shot energy drink and placebo resulted in a significant difference
in systolic blood pressure 30 min post-consumption. This may be explained by the fact that e+ shot
promoted a slight increase in systolic blood pressure while the placebo was associated with a decline.
Similar to that noted above with caffeine, the change in systolic blood pressure in response to e+ shot
consumption was still within normotensive range. There was no significant difference after 30 min
with blood pressure as the placebo condition returned to pre-testing levels, and there were negligible
increases in blood pressure with e+ shot. An interesting finding was that 30 min post consumption
there was a significantly greater increase in serial subtraction 3 attempts in the placebo group compared
to e+ shot. However, this may be explained by the fact that the number of attempts prior to the
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consumption of placebo was much lower than on the day when participants consumed the e+ shot
energy drink. Alternatively, this finding may have simply been the result of regression to the mean.

4.1.2. e+ Shot vs. Active Comparator

The caffeine beverage noted improvements 30 min post consumption on most cognitive measures,
vigor and mental energy, with these improvements tapering out at 69 and 108 min. The e+ shot energy
drink exhibited slower improvements in cognitive measures, vigor, and mental energy with both
beverages noting similar improvements in cognitive measures, vigor, and mental energy (as noted by
increased attempts on the serial subtract 3 task) from baseline to 108 min post beverage consumption.
There was a significant difference between serial subtraction 3 attempts between the two beverages
after the first 30 min with the number of attempts tapering off with the comparator while the measures
continued to increase 68- and 108-min post consumption for e+ shot (Figure 5). The same is true for
increases in systolic and diastolic blood pressure. These results suggest that the caffeine in both e+ shot
and the comparator beverage is having its anticipated effects. In contrast, however, the adaptogens in
e+ shot may have modulated these responses observed with caffeine only. These results are in line
with prior studies that have examined the effect of adaptogens on human performance [26,28,62–64].
If the study had been conducted for a longer period of time (i.e., 2.5–3 h post consumption) and the
trend in improvements in cognitive task performance, vigor, and mental energy continued we may
have noted a similar trend in enhanced alertness and mental energy as that recently reported by
Srivastava and colleagues who also compared several treatments including a caffeinated comparator,
an herbal preparation, and the herbal preparation containing caffeine and noted similar multifactorial
interactions on measures of mental alertness and sustained attention [65].

4.2. Possible Mechanisms

Mechanistically, adaptogens (or their primary components) have been reported to modulate
stress-induced cellular pathways involving the stress hormones cortisol [66], eicosanoids [67], cerebral
energy metabolism [68], and neurotransmitters [69–71], to name a few molecular targets. Potentially,
any biological or metabolic interactions between caffeine and adaptogens could promote either
antagonistic, additive, or synergistic cellular or physiologic responses. Subsequently, these interactions
may have contributed to the differential responses observed from our results, particularly as all our
mental tasks implicitly involve neurotransmission and energy homeostasis. For example, caffeine
is known to modify neurotransmission by effecting dopamine synthesis, release of noradrenaline,
as well as by enhancing serotonin [72–74]. Similarly, some adaptogenic herbs have also been reported
to enhance status of each of these neurotransmitters in the brain [68,69,75]. In contrast, while caffeine
inhibits phosphodiesterase, resulting in enhanced cyclic AMP concentrations, adaptogens have often
been observed to reduce cyclic AMP concentrations via down-regulation of adenylate cyclase, and the
up-regulation of phosphodiesterase [68]. Moreover, under many conditions, caffeine also stimulates
glutamate and acetylcholine biosynthesis primarily via adenosine A1 antagonism [76,77], whereas
adaptogens are associated with a reduction in glutamate excitotoxicity [78].

Another mechanism by which herbs could influence caffeine-dependent effects is via genetic or
cellular regulation of caffeine metabolism. Caffeine is primarily metabolized via CYP1A2 an enzyme
with significant interindividual variability attributed to single nucleotide genetic polymorphisms
(SNP) [79]. Many herbs, including some of the adaptogens in e+ shot have been demonstrated
to influence this disposition. For example, Ho et al. [80] reported potent inhibition of CYP1A2 by
crampbark (Virburnum opolus) using a microplate-based assay of cDNA expressed CYP isoforms.
Similarly, Schisandra chinensis has also been found to variably modify CYP isoforms [81]. Finally,
Sheriffdeen et al. [82] observed other traditional herbal medicines (not those found in e+ shot) inhibited
CYP1A2-mediated metabolism of caffeine humans upon acute consumption of these herbs, most likely
through competitive and/or non-competitive enzymatic inhibition. Collectively, these studies provide
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a plausible rationale for future studies to evaluate the pharmacokinetic effects of the adaptogenic herbs
in e+ shot upon caffeine metabolism.

Clinically, we are unaware of any studies comparing the neurocognitive effects of caffeine vs.
a caffeine, adaptogenic-rich energy shot. Nevertheless, there are a few studies that may provide
some insight into the potential effects and interactions among adaptogens, caffeine, and/or other
herbal components, in regard to mental performance and cognition. For example, Aslanyan et al. [83]
conducted a double-blinded, placebo-controlled acute-dose study evaluating the mental performance
effects of a well characterized adaptogenic product (ADAPT-232) containing a standardized dose
of Rhodiola rosea, Schizandra chinensis, and Eleutherococcus senticosus. They reported that participants
consuming ADAPT-232 exhibited improved attention, speed, and accuracy during cognitive testing.
It should be noted, however, that other studies have not found a beneficial effect of adaptogens on
mental performance [84]. Recently, a similar-type comparison to the current study was reported in
which researchers compared the effect of Alpinia galanga, a traditionally consumed herb in Ayurvedic
and Chinese medicine, alongside that of both a placebo and a caffeine-matched placebo in mental
performance tasks [65]. The authors reported increased alertness in participants consuming the herb,
whereas participants consuming the combination herb/caffeine product observed a significant reduction
in mean response time. In that study, caffeine alone increased alertness followed by a decrease (“crash”)
at 3 h. In contrast, the herb improved alertness up to 5 h. The combination had a compromised result,
i.e., the combination product mitigated against the caffeine crash. These researchers hypothesized
that the herb enhanced dopaminergic activity/availability similarly to that demonstrated by caffeine.
This hypothesis is consistent with an increase in dopamine brain levels in response to adaptogen
exposure as noted above. The authors overall conclusion was generally consistent with our findings in
noting that the combination of an herb/caffeine combination ameliorated any documented or perceived
caffeine-induced crash.

4.3. Limitations

The current study had several features that may limit the generalizability of the findings. First,
recruitment was limited to average or lower than average consumption of caffeine (<200 mg/day), fruits,
vegetables, and other foods rich in polyphenol and POMS vigor scores of <13. Second, a relatively
small number of participants were tested, and the timing and composition of the meals preceding
testing were not controlled. Third, we did not obtain saliva samples between completion of beverage
consumption and the second and third mental energy test battery, so it is unclear if caffeine and
adaptogens were bioavailable prior to initiating the second mental energy test battery. We may have
been able to determine the bioavailability of those substances throughout the study if we had measured
saliva before each mental test battery. There is evidence that suggests that there was enough time
between consumption of the shot and bioavailability of caffeine [85]; however, the bioavailability
of caffeine when consumed with adaptogens has not been explored. It may be hypothesized that
adaptogens limit caffeine’s bioavailability and reduced absorption rates of caffeine as noted by the
significant spikes in mood 30 min after consumption of the caffeine only beverage, while gradual
increases in mood were noted after the consumption of e+ shot. In addition, the caffeine dose was not
administered relative to bodyweight, but was absolute (i.e., 85–100 mg caffeine), which limits direct
comparison to studies that administer caffeine relative to body weight. Additionally, with the study
design used, multiple statistical tests were conducted which increases the risk of one of the statistically
significant results occurring by chance. To reduce this chance, we have reported both unadjusted and
Bonferroni adjusted p-values. Finally, like other naturally caffeinated beverages (coffee, for example),
e+ shot is a natural product with some natural variability in bioactive content and with potential
stability heterogeneity even with strict cGMPs (Current good manufacturing practices). Per the testing
specifications of e+ shot according to Isagenix International—the caffeine content contributed by green
tea and yerba mate leaf extracts provides a range of 80–100 mg caffeine. The batch in question utilized
for this clinical study contained approximately 85 mg. Simultaneously, we designed the caffeinated
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placebo to contain a similar content of caffeine within that range which, in this case, tested out as
approximately 98 mg caffeine. While it would have been ideal to have been able to obtain the caffeine
content for e+ shot prior to manufacture of the caffeinated placebo, this route was not available at the
time of product manufacture. We do not believe, nor are we aware of any studies where this small
difference in caffeine (85 vs. 98 mg) would contribute to any of the physiological or neurocognitive
differential outcomes observed in the current study; particularly in the presence of other substantial,
additional bioactives such as that present in e+ shot. Additionally, many of our non-significant findings
may have been due to the violations of homoscedasticity of our data, which while trending towards
significance did not show statistically significant results.

5. Conclusions

After controlling for variations in prior night’s sleep duration, the adaptogenic-rich energy
beverage was noted to modulate the acute influence of caffeine on mental performance and cognitive
parameters, as well as on mood and blood pressure. While the caffeine only condition noted increases
in most aspects of cognition, mood and blood pressure 30 min after consumption, there was a tapering
off effect at 68 and 108 min. Conversely, the adaptogenic rich blend also noted improvements over the
108-min span; however, these improvements were more gradual. The mechanisms by which these
effects were modulated has yet to be elucidated and bioavailability of caffeine when consumed with
adaptogens may play a role in these gradual improvements. Future research should compare the effects
for an extended period of time (2.5–3 h post-consumption), to determine whether the trends persist.

6. Declarations

Ethics Approval and Consent to Participate

Approval for the study was granted by the Clarkson University Institutional Review Board
(approval # 16-34.1). All participants read and signed an informed consent form.

Availability of data and materials: The dataset supporting the conclusions of this article is available
in the Mendley repository. The DOI number for this dataset is 10.17632/3s8sr9zth9.1

Competing Interests: Author EG is currently an employee of Isagenix International, LLC. Authors
AB and CD received funding to conduct this study.

Author Contributions: Author A.B. was responsible for study design, data collection, data interpretation, writing
of the first and final draft. Authors D.T.F. and S.M. were responsible for performing and interpreting all statistical
analyses and approval of the final draft of the manuscript. Authors T.W. and C.C.D. performed all salivary
analyses and were responsible for writing part of the first draft and approval of final draft. Author E.G. was
responsible for writing of the first and final draft. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by a grant from Isagenix International, LLC. The funders had no role in study
design, data collection and analysis, or the decision to publish the manuscript.

Acknowledgments: The authors would like to acknowledge undergraduate research assistants Stephanie Grobe,
Joanne tiRiele, and Leon Lufkin.

Conflicts of Interest: Author EG is currently Director of Research and Science at Isagenix International, LLC,
the sponsor of the study. The remaining authors declare no conflict of interest.

Clinical Registration: Registered at clinicaltrials.gov (NCT03850275)-retrospectively registered 20 February
2019, https://clinicaltrials.gov/ct2/show/NCT03850275?term=The+Effects+of+e%2BShots+Energy+Beverage+on+
Mental+Energy&draw=2&rank=1.

References

1. Heckman, M.A.; Weil, J.; de Mejia, E.G. Caffeine (1, 3, 7-trimethylxanthine) in Foods: A Comprehensive Review
on Consumption, Functionality, Safety, and Regulatory Matters. J. Food Sci. 2010, 75, R77–R87. [CrossRef]

2. Drewnowski, A.; Rehm, C.D. Sources of Caffeine in Diets of US Children and Adults: Trends by Beverage
Type and Purchase Location. Nutrients 2016, 8, 154. [CrossRef]

https://clinicaltrials.gov/ct2/show/NCT03850275?term=The+Effects+of+e%2BShots+Energy+Beverage+on+Mental+Energy&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03850275?term=The+Effects+of+e%2BShots+Energy+Beverage+on+Mental+Energy&draw=2&rank=1
http://dx.doi.org/10.1111/j.1750-3841.2010.01561.x
http://dx.doi.org/10.3390/nu8030154


Nutrients 2020, 12, 1922 17 of 20

3. Ruxton, C.H.S. The impact of caffeine on mood, cognitive function, performance, and hydration: A review of
benefits and risks. Nutr. Bull. 2008, 33, 15–25. [CrossRef]

4. Doherty, M.; Smith, P.M. Effects of caffeine ingestion on rating of perceived exertion during and after exercise:
A meta-analysis. Scand. J. Med. Sci. Sports 2005, 15, 69–78. [CrossRef] [PubMed]

5. Nurminen, M.L.; Niittynen, L.; Korpela, R.; Vapaatalo, H. Coffee, caffeine, and blood pressure: A critical
review. Eur. J. Clin. Nutr. 1999, 53, 831–839. [CrossRef] [PubMed]

6. Foxe, J.J.; Morie, K.P.; Laud, P.; Rowson, M.J.; de Bruin, E.A.; Kelly, S.P. Assessing the effects of caffeine and
theanine on the maintenance of vigilance during a sustained attention task. Neuropharmacology 2012, 62,
2320–2327. [CrossRef] [PubMed]

7. Klaassen, E.B.; de Groot, R.H.M.; Evers, E.; Snel, J.; Veerman, E.; Ligtenberg, A.J.M.; Jolles, J.;
Veltman, D.J. The effect of caffeine on working memory load-related brain activation in middle-aged
males. Neuropharmacology 2013, 64, 160–167. [CrossRef] [PubMed]

8. Haskell, C.F.; Kennedy, D.O.; Milne, A.L.; Wesnes, K.; Scholey, A. The effects of l-theanine, caffeine and their
combination on cognition and mood. Boil. Psychol. 2008, 77, 113–122. [CrossRef]

9. Kamimori, G.H.; McLellan, T.M.; Tate, C.M.; Voss, D.M.; Niro, P.; Lieberman, H.R. Caffeine improves reaction
time, vigilance, and logical reasoning during extended periods with restricted opportunities for sleep.
Psychopharmacology 2014, 232, 2031–2042. [CrossRef]

10. Jacobson, B.H.; Thurman-Lacey, S.R. Effect of caffeine on motor performance by caffeine-naive and-familiar
subjects. Percept. Motor Skills 1992, 74, 151–157. [CrossRef]

11. Marczinski, C.A.; Stamates, A.L.; Ossege, J.; Maloney, S.F.; Bardgett, M.E.; Brown, C.J. Subjective State, Blood
Pressure, and Behavioral Control Changes Produced by an “Energy Shot”. J. Caffeine Res. 2014, 4, 57–63.
[CrossRef] [PubMed]

12. Hughes, J.R.; Higgins, S.T.; Bickel, W.K.; Hunt, W.K.; Fenwick, J.W.; Gulliver, S.B.; Mireault, G. Caffeine
Self-administration, Withdrawal, and Adverse Effects Among Coffee Drinkers. Arch. Gen. Psychiatry 1991,
48, 611–617. [CrossRef] [PubMed]

13. Smith, A.P. Effects of caffeine on human behavior. Food Chem. Toxicol. 2002, 40, 1243–1255. [CrossRef]
14. Tsuang, Y.-H.; Sun, J.-S.; Chen, L.-T.; Sun, S.C.-K.; Chen, S.-C. Direct effects of caffeine on osteoblastic cells

metabolism: The possible causal effect of caffeine on the formation of osteoporosis. J. Orthop. Surg. Res.
2006, 1, 7. [CrossRef] [PubMed]

15. Rogers, P.J.; Dernoncourt, C. Regular caffeine consumption: A balance of adverse and beneficial effects for
mood and psychomotor performance. Pharmacol. Biochem. Behav. 1998, 59, 1039–1045. [CrossRef]

16. Aranda, M.; Morlock, G.E. Simultaneous determination of riboflavin, pyridoxine, nicotinamide, caffeine,
and taurine in energy drinks by planar chromatography-multiple detection with confirmation by electrospray
ionization mass spectrometry. J. Chromatogr. A 2006, 1131, 253–260. [CrossRef] [PubMed]

17. Reissig, C.J.; Strain, E.C.; Griffiths, R.R. Caffeinated energy drinks—A growing problem. Drug Alcohol Depend.
2008, 99, 1–10. [CrossRef]

18. Smit, H.J.; Rogers, P.J. Effects of ‘energy’ drinks on mood and mental performance: Critical methodology.
Food Qual. Preference 2002, 13, 317–326. [CrossRef]

19. Wesnes, K.; Barrett, M.L.; Udani, J.K. An evaluation of the cognitive and mood effects of an energy shot over
a 6h period in volunteers. A randomized, double-blind, placebo controlled, cross-over study. Appetite 2013,
67, 105–113. [CrossRef]

20. Hajsadeghi, S.; Mohammadpour, F.; Manteghi, M.J.; Kordshakeri, K.; Tokazebani, M.; Rahmani, E.;
Hassanzadeh, M. Effects of energy drinks on blood pressure, heart rate, and electrocardiographic parameters:
An experimental study on healthy young adults. Anatol. J. Cardiol. 2015, 16, 94–99. [CrossRef]

21. Boolani, A.; Lindheimer, J.B.; Loy, B.D.; Crozier, S.; O’Connor, P.J. Acute effects of brewed cocoa consumption
on attention, motivation to perform cognitive work and feelings of anxiety, energy and fatigue: A randomized,
placebo-controlled crossover experiment. BMC Nutr. 2017, 3, 740. [CrossRef]

22. Childs, E.; de Wit, H. Subjective, behavioral, and physiological effects of acute caffeine in light, nondependent
caffeine users. Psychopharmacology 2006, 185, 514–523. [CrossRef] [PubMed]

23. Goldfarb, M.; Tellier, C.; Thanassoulis, G. Review of Published Cases of Adverse Cardiovascular Events
After Ingestion of Energy Drinks. Am. J. Cardiol. 2014, 113, 168–172. [CrossRef]

24. Lazarev, N.V. General and specific in action of pharmacological agents. Farmacol. Toxicol. 1958, 21, 81–86.

http://dx.doi.org/10.1111/j.1467-3010.2007.00665.x
http://dx.doi.org/10.1111/j.1600-0838.2005.00445.x
http://www.ncbi.nlm.nih.gov/pubmed/15773860
http://dx.doi.org/10.1038/sj.ejcn.1600899
http://www.ncbi.nlm.nih.gov/pubmed/10556993
http://dx.doi.org/10.1016/j.neuropharm.2012.01.020
http://www.ncbi.nlm.nih.gov/pubmed/22326943
http://dx.doi.org/10.1016/j.neuropharm.2012.06.026
http://www.ncbi.nlm.nih.gov/pubmed/22728314
http://dx.doi.org/10.1016/j.biopsycho.2007.09.008
http://dx.doi.org/10.1007/s00213-014-3834-5
http://dx.doi.org/10.2466/pms.1992.74.1.151
http://dx.doi.org/10.1089/jcr.2014.0005
http://www.ncbi.nlm.nih.gov/pubmed/25054080
http://dx.doi.org/10.1001/archpsyc.1991.01810310029006
http://www.ncbi.nlm.nih.gov/pubmed/2069491
http://dx.doi.org/10.1016/S0278-6915(02)00096-0
http://dx.doi.org/10.1186/1749-799X-1-7
http://www.ncbi.nlm.nih.gov/pubmed/17150127
http://dx.doi.org/10.1016/S0091-3057(97)00515-7
http://dx.doi.org/10.1016/j.chroma.2006.07.018
http://www.ncbi.nlm.nih.gov/pubmed/16875697
http://dx.doi.org/10.1016/j.drugalcdep.2008.08.001
http://dx.doi.org/10.1016/S0950-3293(02)00044-7
http://dx.doi.org/10.1016/j.appet.2013.04.005
http://dx.doi.org/10.5152/akd.2015.5930
http://dx.doi.org/10.1186/s40795-016-0117-z
http://dx.doi.org/10.1007/s00213-006-0341-3
http://www.ncbi.nlm.nih.gov/pubmed/16541243
http://dx.doi.org/10.1016/j.amjcard.2013.08.058


Nutrients 2020, 12, 1922 18 of 20

25. Brekhman, I.I.; Dardymov, I.V. New Substances of Plant Origin which Increase Nonspecific Resistance.
Annu. Rev. Pharmacol. 1969, 9, 419–430. [CrossRef]

26. Qi, H.; Li, L.; Ma, H. Cellular stress response mechanisms as therapeutic targets of ginsenosides. Med. Res. Rev.
2017, 38, 625–654. [CrossRef]

27. Panossian, A.G.; Wikman, G. Effects of Adaptogens on the Central Nervous System and the Molecular
Mechanisms Associated with Their Stress—Protective Activity. Pharmaceuticals 2010, 3, 188–224. [CrossRef]

28. Panossian, A. Understanding adaptogenic activity: Specificity of the pharmacological action of adaptogens
and other phytochemicals. Ann. N. Y. Acad. Sci. 2017, 1401, 49–64. [CrossRef]

29. McNair, D.M.; Lorr, M.; Heuchert, J.W.P.; Droppleman, L.F. Profile of Mood States-Brief Form; Multi-Health
Systems: North Tonawanda, NY, USA, 2003.

30. Motl, R.W.; O’Connor, P.J.; Tubandt, L.; Puetz, T.; Ely, M. Effect of Caffeine on Leg Muscle Pain during Cycling
Exercise among Females. Med. Sci. Sports Exerc. 2006, 38, 598–604. [CrossRef]

31. O’Connor, P.J.; Caravalho, A.L.; Freese, E.C.; Cureton, K. Grape Consumption’s Effects on Fitness, Muscle
Injury, Mood, and Perceived Health. Int. J. Sport Nutr. Exerc. Metab. 2013, 23, 57–64. [CrossRef]

32. D’Amico, E.J.; Neilands, T.B.; Zambarano, R. Power analysis for multivariate and repeated measures designs:
A flexible approach using the SPSS MANOVA procedure. Behav. Res. Methods Inst. Comput. 2001, 33, 479–484.
[CrossRef] [PubMed]

33. Nakano, K.; Assenza, S.P.; Brown, P.R. Reversed-phase liquid chromatographic investigation of UV-absorbing
low-molecular-weight compounds in saliva. J. Chromatogr. B Biomed. Sci. Appl. 1982, 233, 51–60. [CrossRef]

34. Ptolemy, A.S.; Tzioumis, E.; Thomke, A.; Rifai, S.; Kellogg, M.D. Quantification of theobromine and caffeine
in saliva, plasma, and urine via liquid chromatography–tandem mass spectrometry: A single analytical
protocol applicable to cocoa intervention studies. J. Chromatogr. B 2010, 878, 409–416. [CrossRef] [PubMed]

35. O’Connor, P.J. Mental energy: Developing a model for examining nutrition-related claims. Nutri. Rev. 2006,
64, S2–S6. [CrossRef]

36. Haskell, C.F.; Kennedy, D.O.; Wesnes, K.; Scholey, A. Cognitive and mood improvements of caffeine
in habitual consumers and habitual non-consumers of caffeine. Psychopharmacology 2005, 179, 813–825.
[CrossRef]

37. Scholey, A.; Kennedy, D.O. Cognitive and physiological effects of an? energy drink? An evaluation of the
whole drink and of glucose, caffeine and herbal flavouring fractions. Psychopharmacology 2004, 176, 320–330.
[CrossRef]

38. Maridakis, V.; Herring, M.P.; O’Connor, P.J. Sensitivity to Change in Cognitive Performance and Mood
Measures of Energy and Fatigue in Response to Differing Doses of Caffeine or Breakfast. Int. J. Neurosci.
2009, 119, 975–994. [CrossRef]

39. Scholey, A.; French, S.J.; Morris, P.J.; O Kennedy, D.; Milne, A.L.; Haskell, C.F. Consumption of cocoa
flavanols results in acute improvements in mood and cognitive performance during sustained mental effort.
J. Psychopharmacol. 2009, 24, 1505–1514. [CrossRef]

40. Curran, S.L.; Andrykowski, M.A.; Studts, J.L. Short form of the Profile of Mood States (POMS-SF):
Psychometric information. Psychol. Assess. 1995, 7, 80. [CrossRef]

41. Terry, P.; Lane, A.; Fogarty, G. Construct validity of the Profile of Mood States—Adolescents for use with
adults. Psychol. Sport Exerc. 2003, 4, 125–139. [CrossRef]

42. Boolani, A.; Manierre, M. An exploratory multivariate study examining correlates of trait mental and physical
fatigue and energy. Fatigue Biomed. Heal. Behav. 2019, 7, 29–40. [CrossRef]

43. Boolani, A.; O’Connor, P.J.; Reid, J.; Ma, S.; Mondal, S. Predictors of feelings of energy differ from predictors
of fatigue. Fatigue Biomed. Heal. Behav. 2018, 7, 12–28. [CrossRef]

44. O’Connor, P. Mental and Physical State and Trait Energy and Fatigue Scales; University of Georgia: Athens, GA,
USA, 2006.

45. Belghazi, J.; el Feghali, R.N.; Moussalem, T.; Rejdych, M.; Asmar, R.G. Validation of four automatic devices
for self-measurement of blood pressure according to the International Protocol of the European Society of
Hypertension. Vasc. Heal. Risk Manag. 2007, 3, 389–400.

46. Takahashi, H. Validation of the Omron M6W Upper Arm Blood Pressure Monitor, in Oscillometry Mode, for
Self-Measurement in a General Population, According to the European Society of Hypertension International Protocol
Revision 2010; dablEducational: Dublin, Ireland, 2012.

http://dx.doi.org/10.1146/annurev.pa.09.040169.002223
http://dx.doi.org/10.1002/med.21450
http://dx.doi.org/10.3390/ph3010188
http://dx.doi.org/10.1111/nyas.13399
http://dx.doi.org/10.1249/01.mss.0000193558.70995.03
http://dx.doi.org/10.1123/ijsnem.23.1.57
http://dx.doi.org/10.3758/BF03195405
http://www.ncbi.nlm.nih.gov/pubmed/11816450
http://dx.doi.org/10.1016/S0378-4347(00)81730-2
http://dx.doi.org/10.1016/j.jchromb.2009.12.019
http://www.ncbi.nlm.nih.gov/pubmed/20045386
http://dx.doi.org/10.1111/j.1753-4887.2006.tb00255.x
http://dx.doi.org/10.1007/s00213-004-2104-3
http://dx.doi.org/10.1007/s00213-004-1935-2
http://dx.doi.org/10.1080/00207450802333995
http://dx.doi.org/10.1177/0269881109106923
http://dx.doi.org/10.1037/1040-3590.7.1.80
http://dx.doi.org/10.1016/S1469-0292(01)00035-8
http://dx.doi.org/10.1080/21641846.2019.1573790
http://dx.doi.org/10.1080/21641846.2018.1558733


Nutrients 2020, 12, 1922 19 of 20

47. Mathiowetz, V.; Weber, K.; Kashman, N.; Volland, G. Adult Norms for the Nine Hole Peg Test of Finger
Dexterity. Occup. Ther. J. Res. 1985, 5, 24–38. [CrossRef]

48. Grice, K.O.; Vogel, K.A.; Le, V.; Mitchell, A.; Muniz, S.; Vollmer, M.A. Adult norms for a commercially
available Nine Hole Peg Test for finger dexterity. Am. J. Occup. Ther. 2003, 57, 570–573. [CrossRef]

49. Pilcher, J.J.; Huffcutt, A.I. Effects of Sleep Deprivation on Performance: A Meta-Analysis. Sleep 1996, 19,
318–326. [CrossRef]

50. Maridakis, V.; O’Connor, P.J.; Tomporowski, P.D. Sensitivity to change in cognitive performance and mood
measures of energy and fatigue in response to morning caffeine alone or in combination with carbohydrate.
Int. J. Neurosci. 2009, 119, 1239–1258. [CrossRef]

51. Althouse, A.D. Adjust for Multiple Comparisons? It is Not That Simple. Ann. Thorac. Surg. 2016, 101,
1644–1645. [CrossRef]

52. Perneger, T.V. What is wrong with Bonferroni adjustments. BMJ 1998, 316, 1236–1238. [CrossRef]
53. Rothman, K.J. No Adjustments Are Needed for Multiple Comparisons. Epidemiology 1990, 1, 43–46. [CrossRef]
54. Feise, R.J. Do multiple outcome measures require p-value adjustment? BMC Med Res. Methodol. 2002, 2, 8.

[CrossRef] [PubMed]
55. Einöther, S.J.L.; Giesbrecht, T. Caffeine as an attention enhancer: Reviewing existing assumptions.

Psychopharmacology 2012, 225, 251–274. [CrossRef] [PubMed]
56. Lieberman, H.; Wurtman, R.; Emde, G.; Roberts, C.; Coviella, I. The effects of low doses of caffeine on human

performance and mood. Psychopharmacology 1987, 92, 308–312. [CrossRef] [PubMed]
57. Hewlett, P.; Smith, A.P. Effects of repeated doses of caffeine on performance and alertness: New data and

secondary analyses. Hum. Psychopharmacol. Clin. Exp. 2007, 22, 339–350. [CrossRef] [PubMed]
58. Karatzis, E.; Papaioannou, T.G.; Aznaouridis, K.; Karatzi, K.; Stamatelopoulos, K.; Zampelas, A.;

Papamichael, C.; Lekakis, J.; Mavrikakis, M. Acute effects of caffeine on blood pressure and wave reflections
in healthy subjects: Should we consider monitoring central blood pressure? Int. J. Cardiol. 2005, 98, 425–430.
[CrossRef]

59. James, J.E. Critical Review of Dietary Caffeine and Blood Pressure: A Relationship That Should Be Taken
More Seriously. Psychosom. Med. 2004, 66, 63–71. [CrossRef]

60. Myers, M.G. Effects of caffeine on blood pressure. Arch. Inter. Med. 1988, 148, 1189–1193. [CrossRef]
61. Green, P.J.; Kirby, R.; Suls, J. The effects of caffeine on blood pressure and heart rate: A review. Ann. Behav. Med.

1996, 18, 201–216. [CrossRef]
62. Amsterdam, J.D.; Panossian, A.G. Rhodiola rosea L. as a putative botanical antidepressant. Phytomedicine 2016,

23, 770–783. [CrossRef]
63. Shikov, A.H.; Pozharitskaya, O.N.; Makarov, V.G. Aralia elata var. mandshurica (Rupr. & Maxim.) J. Wen:

An overview of pharmacological studies. Phytomedicine 2016, 23, 1409–1421. [CrossRef]
64. Petare, A.U.; Salve, B.A.; Tripathi, R.K.; Raut, A.A.; Rege, N.N. Effect of Tinospora cordifolia on physical and

cardiovascular performance induced by physical stress in healthy human volunteers. AYU 2015, 36, 265–270.
[CrossRef] [PubMed]

65. Srivastava, S.; Mennemeier, M.; Pimple, S. Effect of Alpinia galanga on Mental Alertness and Sustained
Attention with or Without Caffeine: A Randomized Placebo-Controlled Study. J. Am. Coll. Nutr. 2017, 36,
1–9. [CrossRef] [PubMed]

66. Filaretov, A.A.; Bogdanova, T.S.; Mityushov, M.I.; Podvigina, T.T.; Srailova, G.T. Effect of adaptogens on
activity of the pituitary-adrenocortical system in rats. Bull. Exp. Boil. Med. 1986, 101, 627–629. [CrossRef]

67. Panossian, A.; Seo, E.-J.; Efferth, T. Effects of anti-inflammatory and adaptogenic herbal extracts on gene
expression of eicosanoids signaling pathways in isolated brain cells. Phytomedicine 2019, 60, 152881. [CrossRef]
[PubMed]

68. Panossian, A.G.; Hamm, R.; Kadioglu, O.; Wikman, G.C.; Efferth, T. Synergy and Antagonism of Active
Constituents of ADAPT-232 on Transcriptional Level of Metabolic Regulation of Isolated Neuroglial Cells.
Front. Behav. Neurosci. 2013, 7, 16. [CrossRef] [PubMed]

69. Fujikawa, T.; Soya, H.; Hibasami, H.; Kawashima, H.; Takeda, H.; Nishibe, S.; Nakashima, K. Effect
ofAcanthopanax senticosus Harms on biogenic monoamine levels in the rat brain. Phytother. Res. 2002, 16,
474–478. [CrossRef]

http://dx.doi.org/10.1177/153944928500500102
http://dx.doi.org/10.5014/ajot.57.5.570
http://dx.doi.org/10.1093/sleep/19.4.318
http://dx.doi.org/10.1080/00207450802333987
http://dx.doi.org/10.1016/j.athoracsur.2015.11.024
http://dx.doi.org/10.1136/bmj.316.7139.1236
http://dx.doi.org/10.1097/00001648-199001000-00010
http://dx.doi.org/10.1186/1471-2288-2-8
http://www.ncbi.nlm.nih.gov/pubmed/12069695
http://dx.doi.org/10.1007/s00213-012-2917-4
http://www.ncbi.nlm.nih.gov/pubmed/23241646
http://dx.doi.org/10.1007/BF00210835
http://www.ncbi.nlm.nih.gov/pubmed/3114783
http://dx.doi.org/10.1002/hup.854
http://www.ncbi.nlm.nih.gov/pubmed/17514640
http://dx.doi.org/10.1016/j.ijcard.2003.11.013
http://dx.doi.org/10.1097/10.PSY.0000107884.78247.F9
http://dx.doi.org/10.1001/archinte.1988.00380050193027
http://dx.doi.org/10.1007/BF02883398
http://dx.doi.org/10.1016/j.phymed.2016.02.009
http://dx.doi.org/10.1016/j.phymed.2016.07.011
http://dx.doi.org/10.4103/0974-8520.182751
http://www.ncbi.nlm.nih.gov/pubmed/27313412
http://dx.doi.org/10.1080/07315724.2017.1342576
http://www.ncbi.nlm.nih.gov/pubmed/28910196
http://dx.doi.org/10.1007/BF00835882
http://dx.doi.org/10.1016/j.phymed.2019.152881
http://www.ncbi.nlm.nih.gov/pubmed/30987861
http://dx.doi.org/10.3389/fnins.2013.00016
http://www.ncbi.nlm.nih.gov/pubmed/23430930
http://dx.doi.org/10.1002/ptr.1024


Nutrients 2020, 12, 1922 20 of 20

70. Bak, D.-H.; Kim, H.D.; Kim, Y.O.; Park, C.G.; Han, S.-Y.; Kim, J.-J. Neuroprotective effects of
20(S)-protopanaxadiol against glutamate-induced mitochondrial dysfunction in PC12 cells. Int. J. Mol. Med.
2015, 37, 378–386. [CrossRef]

71. Kim, S.R.; Lee, M.K.; Koo, K.A.; Kim, S.H.; Sung, S.H.; Lee, N.G.; Markelonis, G.J.; Oh, T.H.; Yang, J.H.;
Kim, Y.C. Dibenzocyclooctadiene lignans from Schisandra chinensis protect primary cultures of rat cortical
cells from glutamate-induced toxicity. J. Neurosci. Res. 2004, 76, 397–405. [CrossRef]

72. Fredholm, B.B.; Bättig, K.; Holmén, J.; Nehlig, A.; E Zvartau, E. Actions of caffeine in the brain with special
reference to factors that contribute to its widespread use. Pharmacol. Rev. 1999, 51.

73. Graham, T.E.; Spriet, L.L. Metabolic, catecholamine, and exercise performance responses to various doses of
caffeine. J. Appl. Physiol. 1995, 78, 867–874. [CrossRef]

74. Haleem, D.J.; Yasmeen, A.; Haleem, M.; Zafar, A. 24h withdrawal following repeated administration
of caffeine attenuates brain serotonin but not tryptophan in rat brain: Implications for caffeine-induced
depression. Life Sci. 1995, 57, PL285–PL292. [CrossRef]

75. Jin, L.; Wu, F.; Li, X.; Li, H.-Q.; Du, C.; Jiang, Q.; You, J.; Li, S.; Xu, Y. Anti-depressant Effects of Aqueous
Extract from Acanthopanax senticosusin Mice. Phytotherapy Res. 2013, 27, 1829–1833. [CrossRef] [PubMed]

76. Solinas, M.; Ferre, S.; You, Z.-B.; Karcz-Kubicha, M.; Popoli, P.; Goldberg, S.R. Caffeine Induces Dopamine
and Glutamate Release in the Shell of the Nucleus Accumbens. J. Neurosci. 2002, 22, 6321–6324. [CrossRef]
[PubMed]

77. Carter, A.J.; O’Connor, W.T.; Carter, M.J.; Ungerstedt, U. Caffeine enhances acetylcholine release in the
hippocampus in vivo by a selective interaction with adenosine A1 receptors. J. Pharmacol. Exp. Ther.
1995, 273.

78. Palumbo, D.R.; Occhiuto, F.; Spadaro, F.; Circosta, C. Rhodiola rosea Extract Protects Human Cortical Neurons
against Glutamate and Hydrogen Peroxide-induced Cell Death Through Reduction in the Accumulation of
Intracellular Calcium. Phytotherapy Res. 2011, 26, 878–883. [CrossRef]

79. Thorn, C.F.; Aklillu, E.; McDonagh, E.M.; Klein, T.E.; Altman, R.B. PharmGKB summary: Caffeine pathway.
Pharmacogenetics Genom. 2012, 22, 389–395. [CrossRef]

80. Ho, S.H.Y.; Singh, M.; Holloway, A.C.; Crankshaw, D. The Effects of Commercial Preparations of Herbal
Supplements Commonly Used by Women on the Biotransformation of Fluorogenic Substrates by Human
Cytochromes P450. Phytother. Res. 2011, 25, 983–989. [CrossRef]

81. Wu, R.; Xiao, Z.; Zhang, X.; Liu, F.; Zhou, W.; Zhang, Y. The Cytochrome P450-Mediated Metabolism
Alternation of Four Effective Lignans From Schisandra chinensis in Carbon Tetrachloride-Intoxicated Rats
and Patients with Advanced Hepatocellular Carcinoma. Front. Pharmacol. 2018, 9. [CrossRef]

82. Sheriffdeen, M.M.; Alehaideb, Z.; Law, F. Caffeine/Angelica dahurica and caffeine/Salvia miltiorrhiza metabolic
inhibition in humans: In vitro and in vivo studies. Complement. Ther. Med. 2019, 46, 87–94. [CrossRef]

83. Aslanyan, G.; Amroyan, E.; Gabrielyan, E.; Nylander, M.; Wikman, G.; Panossian, A.G. Double-blind,
placebo-controlled, randomised study of single dose effects of ADAPT-232 on cognitive functions.
Phytomedicine 2010, 17, 494–499. [CrossRef]

84. Schaffler, K.; Wolf, O.T.; Burkart, M. No Benefit Adding Eleutherococcus senticosus to Stress Management
Training in Stress-Related Fatigue/Weakness, Impaired Work or Concentration, A Randomized Controlled
Study. Pharmacopsychiatry 2013, 46, 181–190. [CrossRef] [PubMed]

85. Blanchard, J.; Sawers, S.J.A. The absolute bioavailability of caffeine in man. Eur. J. Clin. Pharmacol. 1983, 24,
93–98. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3892/ijmm.2015.2440
http://dx.doi.org/10.1002/jnr.20089
http://dx.doi.org/10.1152/jappl.1995.78.3.867
http://dx.doi.org/10.1016/0024-3205(95)02160-K
http://dx.doi.org/10.1002/ptr.4938
http://www.ncbi.nlm.nih.gov/pubmed/23418105
http://dx.doi.org/10.1523/JNEUROSCI.22-15-06321.2002
http://www.ncbi.nlm.nih.gov/pubmed/12151508
http://dx.doi.org/10.1002/ptr.3662
http://dx.doi.org/10.1097/FPC.0b013e3283505d5e
http://dx.doi.org/10.1002/ptr.3371
http://dx.doi.org/10.3389/fphar.2018.00229
http://dx.doi.org/10.1016/j.ctim.2019.07.024
http://dx.doi.org/10.1016/j.phymed.2010.02.005
http://dx.doi.org/10.1055/s-0033-1347178
http://www.ncbi.nlm.nih.gov/pubmed/23740477
http://dx.doi.org/10.1007/BF00613933
http://www.ncbi.nlm.nih.gov/pubmed/6832208
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	Methodology 
	Design and Study Products 
	Screening 
	Participants 
	Salivary Caffeine Collection 
	Salivary Caffeine Analysis 
	Mental Performance Tests and Physiological Measures 
	Procedure 
	Data Treatment and Statistics 
	Preliminary Analyses 
	Primary Analyses 


	Results 
	Salivary Analysis 
	Placebo vs. Active Comparator 
	e+ Shot vs. Placebo 
	e+ Shot vs. Active Comparator 
	Correlation between Changes in Caffeine and Changes in Mood and Cognition 


	Discussion 
	Active Comparator vs. Placebo 
	e+ Shot vs. Placebo 
	e+ Shot vs. Active Comparator 

	Possible Mechanisms 
	Limitations 

	Conclusions 
	Declarations 
	References

