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Abstract

Background: The purpose of this study was to determine the impact of a commercially available purported
nootropic supplement on mood, stress, and rifle marksmanship accuracy and engagement time via an Engagement
Skills Trainer.

Methods: In this double-blind, placebo-controlled trial, 43 U.S. active duty Soldiers participating in a professional
military course were assigned to treatment (n = 20; 16 males and 4 females) or placebo (n = 23; 15 males and 8
females) based on initial marksmanship score. The study period was 31 days (testing performed on days 1 and 31,
supplementation days 2 through 30). Participants were instructed to consume 2 pills at breakfast and 1 pill at
dinner for a total of 3 pills per day (1925 mg) of either the Alpha Brain® nootropic supplement or a placebo. Height,
weight, cortisol (in a hair sample), body composition using multi-frequency tetrapolar bioelectrical impedance
(InBody 720), and marksmanship (Engagement Skills Trainer 2000). Marksmanship was assessed in the prone
position with zeroed M-4 rifles with a twenty target protocol with targets presenting and remaining for 3 s at set
intervals. Participants’ performance were assessed with hits versus misses, distance of hit from target center mass
(DCM), and target engagement speed. Statistical analysis via SPSS Statistics 21 (IBM) was conducted using a
repeated measures ANOVA with significance set at P < 0.5.

Results: There was no statistically significant difference between Treatment and Placebo for hits (TreatmentPre 18.5
± 1.5, TreatmentPost 19.4 ± 0.8, PlaceboPre18.2 ± 2.9, PlaceboPost19.4 ± 1.3), initial reaction time in seconds
(TreatmentPre 1.65 ± 0.28, TreatmentPost 1.43 ± 0.28, PlaceboPre1.59 ± 0.29, PlaceboPost1.41 ± 0.21), mean reaction
time in seconds (TreatmentPre 1.60 ± 0.20, TreatmentPost 1.41 ± 0.16, PlaceboPre1.61 ± 0.51, PlaceboPost1.46 ± 0.56),
or distance from center mass in centimeters (TreatmentPre 11.28 ± 4.28, TreatmentPost 11.92 ± 4.23, PlaceboPre10.
52 ± 5.29, PlaceboPost10.94 ± 4.64). A significant time effect (P < 0.5) was found for both groups on all variables
except distance from center mass. Reaction time values were adjusted to give percent decrease for initial reaction
and mean reaction for the Treatment group (− 12.3% ± 16, − 15.2% ± 21.6) compared to the Placebo group (− 8.3%
± 21.8, − 12.5% ± 23.5), but no significant difference was found.

Conclusion: The Alpha Brain® nootropic supplement did not have any statistically significant effects on
marksmanship performance in this study. Given the rising popularity of nootropic supplements, future research on
their potential impact on cognitively demanding soldier tasks, such as target discrimination scenarios, are
recommended.
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Background
Military personnel participate in intense training under
extreme physical, mental, and environmental conditions.
Trainees are required to perform cognitively demanding
tasks while sleep-deprived, in an energy deficit, physically
exhausted, and while operating under load. Nootropic
supplements offer the potential to optimize cognitive per-
formance and therefore ameliorate cognitive decline asso-
ciated with environmental and other stressors.
Given research using Alpha Brain® demonstrating im-

proved processing speed and memory [1], we examined
whether a nootropic supplement would improve perform-
ance of a tactically-relevant cognitive task such as marks-
manship. Several Alpha Brain® ingredients have been
reported to independently enhance physical and cognitive
performance. For example, vitamin B-6, one of the key in-
gredients in Alpha Brain®, at higher intakes have been asso-
ciated with better cognitive function as one ages [2] and
has been previously reported by Beals et al. that 46% of fe-
male and 45% of male Soldiers fall below the Military Diet-
ary Recommended Intake (MDRI) based on self-reported
dietary recall [3]. Supplementation with phosphatidylserine,
another key ingredient in Alpha Brain®, has been reported
to improve cognitive performance in healthy college age
males [4]. Phosphatidylserine also demonstrated effective-
ness in golf which, like marksmanship, requires the com-
bination of aiming and upper activity while holding an
implement [5]. Bacopa monnieri (BM), one of the ingredi-
ents in the nootropic tested, has demonstrated significant
potential to act as neuroprotective anti-oxidant in previous
research [6]. The ingredient Uncaria tomentosa was shown
to significantly ameliorate the impact of an amnesiac drug
in an animal model, and identified as a potential treatment
for dysfunction of cholinergic systems in the brain [7].
Similarly, Vipocentine, another active ingredient, has signifi-
cantly demonstrated the same anti-amnesiac effect in ani-
mal models [8]. The ingredient Pterostilbene was effective
in combatting mitochondrial dysfunction and oxidative
damage associated with cognitive decline in an aging ani-
mal models [9]. In addition to showing antioxidant proper-
ties, acute ingestion of another component of Alpha Brain,
L-alpha-glycerphosporycholine (Alpha GPC), significantly
prevented exercise-associated reaction time decrements
when compared to a placebo treatment [10]. Tyrosine treat-
ment, another key ingredient, has demonstrated the poten-
tial to ameliorate decrements in cognitive function due to
physiological stress [11]. For example, Mahoney and col-
leagues reported tyrosine treatment compared to a placebo
prevented declines in cognitive function from cold water
exposure [11]. In addition, the authors observed that
marksmanship, assessed by average distance from center
mass and tightness of shot group, was not impacted in the
tyrosine group but it was in the placebo group [11]. Based
on these previous reports, it was determined the potential

impacts of Alpha Brain® on marksmanship should be exam-
ined. The main purpose of this study was to determine if a
commercially available nootropic would improve marks-
manship performance, specifically accuracy and target ac-
quisition time. Additionally, changes in hair cortisol levels,
mood as indicated by Profile of Moods States (POMs) and
resiliency as assessed by Dispositional Resilience Scale
(DRS-15) results were measured. This study of the dietary
supplement, Alpha Brain®, in this research is not intended
for therapeutic purposes.

Methods
Forty-three active duty U.S. Army Soldiers volunteered
to participate and were assigned to a treatment (EXP; n
= 20; 16 males & 4 females) or placebo (PLC; n = 23; 15
males and 8 females) groups based on initial marksman-
ship score. Inclusion Criteria for the study were gener-
ally healthy, 25–35 years old, active duty U.S. Soldier,
and no underlying medical conditions. Potential partici-
pants were excluded from the study if they were cur-
rently consuming or had previously consumed a
nootropic supplement in the preceding month; had a
known cardiovascular, metabolic, psychological, neuro-
logical, or pulmonary disease; currently were taking or
had taken any anti-coagulate, psychoactive, or Attention
Deficit Hyperactivity Disorder medications within the
prior month, and/or have been told by a physician to ab-
stain from vigorous activities. Soldiers were provided a
pill bottle labeled either A or B and instructed to con-
sume 2 pills with breakfast and 1 pill at dinner for the
30 day study. Study eligibility was based on participant
self-report. No medical records were viewed for the pur-
poses of this research. Participants from the Investiga-
tors’ chain of command were not permitted and
potential participants’ superiors were not present during
recruitment briefs to prevent the perception of any com-
mand influence.

Engagement skills trainer (EST)
The EST is a standardized marksmanship simulator that
has been demonstrated to have a strong positive correl-
ation to actual marksmanship performance [12]. Partici-
pants’ marksmanship performance was assessed utilizing
a 20-shot standard course of fire from the prone sup-
ported position (lying flat on the ground with weapon
supported on sandbags), with targets presented at vary-
ing distances. Participants’ accuracy was assessed by hits
versus misses, and distance of hits from the target’s cen-
ter of mass, as well as target acquisition and engagement
time (time of target presentation minus shot fired). Ini-
tial reaction time was calculated from time first target
was presented minus when the volunteer fired.
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Profile of mood states 2 (POMS)
Mood changes were assessed using the POMS 2®. The
POMS 2® is a validated [13], standardized, self-rating scale
consisting of 65 questions that measures six identifiable
mood states: Tension-Anxiety, Depression-Dejection,
Anger-Hostility, Vigor-Activity, Fatigue-Inertia, and
Confusion-Bewilderment. From these six mood states a
Total Mood Disturbance score is calculated.

Dispositional resilience scale (DRS-15)
The DRS-15 is a short, 15-item hardiness scale that as-
sesses resiliency, and has demonstrated internal
consistency, validity and reliability for military academy
cadets [14].

Hair cortisol
Hair cortisol has been used in previous research as a
biomarker of stress exposure [15] and previously associ-
ated with PTSD in military personnel [16] . Cortisol
measured from the blood, urine, or saliva is reflective of
a subject’s recent environment; whereas cortisol mea-
sured from the hair is reflective of an individual’s long
term environment. To assess cortisol levels, hair samples
were obtained from participants’ scalp, and samples were
analyzed by Viaguard labs in Ontario, Canada, where
hair samples were processed using techniques previously
established by Sauve et al. [15]

Body composition
Body composition was assessed utilizing an Inbody 720
through multi-frequency tetrapolar bioelectrical imped-
ance. The Inbody 720 has been shown to be a valid and
accurate estimate of body composition [17].
All measures were performed at baseline and 30 days

following supplementation. Data were analyzed using IBM
SPSS Statistics for Windows (version 22.0; IBM Corp.,
Armonk, NY), using a repeated measures ANOVA with

significance set a priori at P < 0.5. All data are presented
±SD.

Results
Participants
Compliance was 94% for Treatment and 84% for Pla-
cebo. No adverse events were reported or observed for
any of the participants involved in the study (Table 1).
The only significant demographic variable difference

between groups was for mean female weight between
Treatment and Placebo (p = 0.00). Otherwise, there were
no significant changes in bodyweight or body compos-
ition for either group from pre- to post-test.

Marksmanship
There was no statistically significant difference between
Treatment and Placebo for hits (p = 0.69) (TreatmentPre
18.5 ± 1.5, TreatmentPost 19.4 ± 0.8, PlaceboPre 18.2 ±
2.9, PlaceboPost 19.4 ± 1.3) initial reaction time in sec-
onds (p = 0.65) (TreatmentPre 1.65 ± 0.28, Treatment-
Post 1.43 ± 0.28, PlaceboPre 1.59 ± 0.29, PlaceboPost
1.41 ± 0.21), mean reaction time in seconds (p = 0.52)
(TreatmentPre 1.60 ± 0.20, TreatmentPost 1.41 ± 0.16,
PlaceboPre 1.61 ± 0.51, PlaceboPost 1.46 ± 0.56), or dis-
tance from center mass in centimeters(p = 0.87) (Treat-
mentPre 11.28 ± 4.28, TreatmentPost 11.92 ± 4.23,
PlaceboPre 10.52 ± 5.29, PlaceboPost 10.94 ± 4.64). A
significant time effect (P = 0.00) was found for both
groups for all variables except distance from center of
mass (P = 0.45) demonstrating a potential learning effect
of repeating the task. Values for reaction time were ad-
justed to give percent decrease for initial reaction and
mean reaction for the Treatment group (− 12.3% ± 16, −
15.2% ± 21.6) compared to the Placebo group (− 8.3% ±
21.8, − 12.5% ± 23.5) and tested via an independent
T-test but no significant difference was found for initial
reaction (p = 0.52) or mean reaction time (p = 0.70)
(Figs. 1, 2 and 3).

Table 1 Participant characteristics

Placebo Group Treatment Group

Pre Post Pre Post

Males Females Males Females Males Females Males Females

Variable N = 15 N = 8 N = 15 N = 8 N = 16 N = 4 N = 16 N = 4

Age, years 30.1 ± 2.4 29.1 ± 3.2 30.1 ± 2.4 29.1 ± 3.2 30.8 ± 2.7 31.3 ± 2.9 30.8 ± 2.7 31.3 ± 2.9

Height, cma 179.4 ± 6.3 161.8 ± 6.8 179.4 ± 6.4 161.8 ± 6.8 176.1 ± 6.8 156 ± 9.4 176.1 ± 6.9 156 ± 9.4

Weight, kgb 87.9 ± 8.7 64.5 ± 11.9 87.3 ± 8.5 65.7 ± 11.9 81.9 ± 9.9 53.43 ± 9.1 82 ± 9.8 53.9 ± 9.6

BMIc (kg/m2) 27.3 ± 2.4 24.6 ± 3.5 27.1 ± 2.6 25.1 ± 3.5 26.4 ± 2.1 22.0 ± 1.3 26.4 ± 2.1 22.1 ± 1.5

FFM, kg 72 ± 6.7 45.9 ± 5.6 71.65 ± 6.7 46.3 ± 5.2 66.8 ± 9.5 39.7 ± 5.6 66.9 ± 9.8 40 ± 6.1

FM, kg 15.9 ± 4.5 18.6 ± 7.5 15.65 ± 4.9 19.4 ± 8.0 15.1 ± 5.0 13.7 ± 4.0 15.1 ± 4.9 31.8 ± 3.7

Bodyfat, % 17.98 ± 4.5 28.36 ± 6.9 17.78 ± 4.5 28.51 ± 7.6 19.36 ± 4.7 25.35 ± 4.0 19.27 ± 4.9 25.6 ± 2.9

Data are presented as mean ± standard deviation. akg = kilograms, bcm = centimeters, cBMI = body mass index
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POMS2
There was no statistically significant difference for the
POMS 2 total mood scale (p = 0.47) or in POMS sub-
scale measures (Table 2).

Hair cortisol
Hair cortisol values were similar between groups both
before and after the dietary supplement intervention
with no change in value over time (p = 0.22) (Treat-
mentPre 44.79 ± 13.23, TreatmentPost 44.5 ± 13.09, and
PlaceboPre 43.05 ± 11.61, PlaceboPost 41.53A ± 10.64).

DRS-15
There were no significant differences for Total Resiliency
(p = 0.99) scores for either group (Table 3).

Discussion
Nootropic dietary supplements are growing in popular-
ity, but efficacy remains unclear. In this study, we found
that 30 days of Alpha Brain® nootropic supplement con-
sumption did not have any statistically significant effects
on measures of marksmanship performance, mood, or
stress. Despite following a dosing pattern (3 times daily)
and daily amount (1972.5 g) consistent with investiga-
tions suggesting potential ergogenic benefit [1, 18] we
did not see improvement in the number of targets hit,

distance from center of mass, or reaction time during a
prone supported marksmanship task, in POMS or resili-
ency scores, or hair cortisol concentrations in rested,
otherwise healthy Soldiers.
Our findings are in contrast with two other research

studies examining Alpha Brain® efficacy. Solomon et al.
[1] reported a significant improvement in verbal memory
in healthy young adults after a 6 weeks supplementation
at dose consistent with the current study [1].Another
study of healthy young adults observed a benefit of the
supplement on Event-Related Potential and Electro-
encephalograph measure of cognitive function after
8 weeks of supplementation [18].
Thus, longer chronic supplementation may have been

needed to elicit change.
An area of weakness in both our study and previous

studies is a lack of biochemical evidence to support the
absorption of the active ingredients in the product. Fu-
ture research should involve blood samples verifying
Alpha Brian’s ingredient absorption rates. A more diffi-
cult or variable performance tasks should also be consid-
ered. In this study, we studied marksmanship in the
prone supported position, which greatly simplifies the
task of aligning and accurately firing the weapon. The

Fig. 1 Target Hits

Fig. 2 Distance from Center Mass

Fig. 3 Initial and Mean Reaction Time

Table 2 Profile of Mood States

Placebo Group Treatment Group

Pre Post Pre Post

Variable N = 23 N = 23 N = 20 N = 20

Depression/Rejection 42.2 ± 3.7 41.6 ± 3.1 43.6 ± 5.6 42.9 ± 5.8

Anger/Hostility 40.6 ± 2.3 40.2 ± 7.2 42.0 ± 4.7 41.8 ± 5.34

Confusion/Bewilderment 42.2 ± 8.1 40.2 ± 7.2 43.0 ± 6.2 40.3 ± 5.8

Fatigue/Inertia 42.9 ± 8.3 41.8 ± 7.8 42.9 ± 8.3 43.3 ± 8.6

Tension/Anxiety 39.9 ± 6.0 39.9 ± 6.9 42.1 ± 6.9 40.1 ± 5.6

Vigor/Activity 52.2 ± 9.1 53.4 ± 10.6 49.5 ± 9.3 49.5 ± 9.5

Total Mood Disturbance 42.9 ± 7.0 41.4 ± 6.98 45.1 ± 7.3 43.7 ± 7.1

Friendliness 51.7 ± 9.4 51.5 ± 10.4 48.6 ± 9.1 49.2 ± 8.9

Data are presented as mean ± standard deviation
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participants successfully hit 95% of the targets presented.
Therefore, a marksmanship task with more upper gain
in performance score might be necessary to detect sig-
nificant improvements, if they are present.
Future investigations examining the efficacy of Alpha

Brain® or a similar supplement should consider examining
efficacy under more stressful situations. Marksmanship
abilities in a relative stress free setting may be mostly predi-
cated on skill. Previous research has demonstrated that ex-
ternal stress, such as load carriage and cold exposure, have
demonstrated negative effects on marksmanship that can
be sometimes ameliorated by nutritional interventions [11,
19]. Such is the case with one of Alpha Brain’s active ingre-
dients, tyrosine, which was previously shown to be benefi-
cial in promoting cognitive function immediately after a
physiological stress of cold water immersion [11]. Similarly
caffeine, which has been comprehensively investigated as a
cognitive enhancer, demonstrated a greater benefit in
marksmanship performance in a military population when
they were sleep deprived such as in a sustained operation
[20–22].
The military interest in a “Metabolically Optimized

Brain” [23] supports the exploration of novel nutritional
interventions to cognitively enhance warfighter perform-
ance. However, when proposing any form of enhancement
within military personnel, ethical concerns [24, 25] should
always be weighed and considered. One of the consider-
ations mentioned by Russo concerning the ethical use of
pharmacologic fatigue countermeasures is “Have available
non-pharmacologic alternatives been fully utilized?” [26]
A nutritional nootropic might be such an alternative.
Given the rising popularity of nootropic supplements,
future research on the potential impact they have on cog-
nitively demanding soldier tasks, such as target discrimin-
ation scenarios, should be explored.

Conclusions
30 days of dosing with the Alpha Brain supplement at 3
pills per or 1972.5 mg per day dosing had no appreciable
effect on marksmanship, mood or cortisol levels in
otherwise well rested Soldiers engaged in a basic marks-
manship test.
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