
Received: 12 December 2022 - Revised: 24 October 2023 - Accepted: 25 October 2023

DOI: 10.1002/hup.2885

R E S E A RCH AR T I C L E

Oral intake of carboxy alkyl ester improves attention: A
randomized double‐blind cross‐over placebo‐controlled
study

O'neil W. Guthrie1 | Li Yang1,2

1Cell & Molecular Pathology Laboratory,

Communication Sciences and Disorders,

Northern Arizona University, Flagstaff,

Arizona, USA

2Department of Biological Sciences, Northern

Arizona University, Flagstaff, Arizona, USA

Correspondence

O'neil W. Guthrie, Department of

Communication Sciences and Disorders,

Northern Arizona University, 208 E. Pine

Knoll Drive, Bldg 66, Room 302, Flagstaff, AZ

86011‐5045, USA.

Email: Oneil.Guthrie@nau.edu

Funding information

Optigenex Inc

Abstract

Objective: To test the null hypothesis that oral intake of the dietary supplement

carboxy alkyl ester (CAE) would have no effect on attention as revealed by mean

rapid visual information processing (RVIP) scores.

Methods: In a randomized double‐blind cross‐over placebo‐controlled trial, healthy

participants (age 19–66 years) of both sexes were randomly assigned to consume

700 mg of CAE or 700 mg of placebo. They received baseline attention testing via

the RVIP task. Then they consumed CAE or placebo followed by RVIP testing.

Participants were then given a washout period where they did not consume CAE or

placebo. Afterward, individuals who initially consumed CAE were given the placebo

and those who initially consumed the placebo were given CAE. Finally, all partici-

pants were tested again via RVIP.

Results: A priori statistical computation revealed that 30‐day oral intake of CAE

improved mean RVIP test scores (t = 2.4, p < .05) relative to that at baseline, which

resulted in a rejection of the null hypothesis.

Conclusions: Daily oral intake of the CAE dietary supplement may boost attention

and further research is now needed to confirm this observation.

K E YWORD S

cognitive enhancer, psychotropic, smart pill

1 | INTRODUCTION

Attention has been described as both a filter to cognition (e.g., se-

lective attention) and a resource allocator of cognitive processes (e.g.,

divided attention) (Wickens, 2021). Ultimately, it is the center of the

psychological enterprise and improving attention is believed to affect

other cognitive or psychological domains (Franke et al., 2014).

Throughout history there has been an interest in improving attention

among healthy individuals who are free from cognitive deficiencies

(Napoletano et al., 2020). For instance, individuals may seek to

improve attention to gain a selective advantage in endeavors that

span education, recreation, occupation and athletics.

Studies designed to demonstrate improvement in cognitive

functions including attention have deployed a large variety of ap-

proaches that can be categorized as pharmaceutical (e.g., prescription

medication), non‐pharmaceutical (e.g., caffeinated beverages) and

behavioral (e.g., exercise, yoga and cognitive behavioral intervention)

(Schifano et al., 2022). Such studies often suggest that attention can

be improved among healthy individuals with relatively normal

cognition (Adelhöfer et al., 2018). However, the studies generally

suffer from a multiplicity problem characterized by an inflated type‐I
error (false‐positive) rate (Albers, 2019). For instance, a given study

may implement one independent variable (e.g., one pharmaceutical or

one non‐pharmaceutical) but deploy more than one dependent
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variable such as attention, language, speech, learning, etc. This in-

creases the likelihood of rejecting the null‐hypothesis to perpetuate

an inflated type‐1 error rate. Other studies may implement one in-

dependent variable and one dependent variable but conduct sub-

group analyses which again inflates the type‐1 error rate. Multiplicity

is also perpetuated when studies deploy more than one independent

variable (e.g., two or more drugs) and/or more than one measurement

(e.g., Stroop test, Conners continuous performance test, stop signal

reaction time, etc.). Therefore, it remains unclear whether attention

can be improved among relatively healthy individuals.

In the current study we deployed a randomized double‐blind

cross‐over placebo‐controlled study design. To constrain multiplic-

ity, we used a single independent variable, a single dependent vari-

able and one measurement. The aim of the study was to test the null

hypothesis that 30‐day oral intake of carboxy alkyl ester (CAE) would

have no effect on attention as revealed by mean rapid visual infor-

mation processing (RVIP) scores. CAEs are low molecular weight

esters of quinic acid that are found in various healthy foods (e.g.,

vegetables and fruits), beverages (e.g., teas and coffee) and medicinal

plants (e.g., Uncaria tomentosa and Polypodium leucotomos) (Guthrie

et al., 2011). They have been standardized through a patented

extraction and purification protocol that produces a formulation that

enhances endogenous cellular repair mechanisms in humans and

rodents (Guthrie, 2016). CAEs are the active ingredients of a number

of plant‐based therapies and in the literature these therapies have

been given various names, such as C‐MED‐100®, AC‐11®, Vinca-

ria®, U. tomentosa, quinic acid, etc. The nature of the protocol used to

extract CAEs from medicinal plants is important because tincture

preparations can lead to a large variety of side effects and the

presence of unknown phytoconstituents may also lead to side effects

(Batiha et al., 2020). The current study used a decoction preparation

that show no signs of toxicity at concentrations that exceed 8 g/kg

(Batiha et al., 2020). It is commercially available as a dietary sup-

plement, but it is also used in the management of a wide range of

health conditions including cancer, inflammation and arthritis, al-

lergies, viral infections, and hypertension (Batiha et al., 2020).

Interestingly, most of these reported benefits have not been

confirmed with randomized controlled trials. However, in the oste-

oarthritis field evidence to support the efficacy and tolerability of

CAE has been demonstrated in multicenter randomized double‐blind

placebo‐controlled human trials (Mehta et al., 2007; Miller

et al., 2005; Piscoya et al., 2001). We speculate that the lack of

utility‐patent protection has limited commercial interest in further

research and development of CAE as a medicinal treatment.

Furthermore, no previous study has demonstrated efficacy in

improving attention among relatively healthy participants (the focus

of the current study).

In the gastrointestinal tract, esterases from Lactobacillus gasseri,

bifidobacterium and Escherichia coli drive hydrolytic cleavage of the

CAE molecule to produce quinic acid (Pero & Lund, 2011). Quinic acid

stimulates the bacterial shikimate pathway which is also known as

the common aromatic biosynthetic pathway (Pero, 2010). The shiki-

mate pathway is a major biosynthetic cascade for producing aromatic

amino acids (tryptophan, phenylalanine, and tyrosine). Aromatic

amino acids are involved in the production of monoamine neuro-

transmitters (norepinephrine, dopamine and serotonin) that regulate

the level and quality of attention (Kodama et al., 2002). Therefore,

oral consumption of CAE may improve attention by increasing

bioavailability of monoamine neurotransmitters. The current work is

the first attempt at determining whether oral consumption of CAE

may improve attention. Literature reviews and research studies have

suggested that CAE can be used to prevent or limit neurocognitive

deficits (Batiha et al., 2020; Castilhos et al., 2020; Quinn et al., 2004;

Shi et al., 2013; Snow et al., 2019). However, the studies suffer from

multiplicity and inconsistent results. What is needed is a study that

interrogates the null hypothesis and constrain multiplicity by

deploying a single independent variable, a single dependent variable,

and one measurement.

2 | MATERIALS AND METHODS

2.1 | Experimental design

This study was conducted as a randomized double‐blind cross‐over

placebo‐controlled trial. The study was conducted with the

approval and oversight of the university's institutional review board

(IRB1710775‐2) in compliance with the United States Department

Health and Human Services, Office for Human Research Protections

Federalwide Assurance (FWA #00000357). The nutritional supple-

ment CAE (trademark AC‐11® and manufactured by Optigenex Inc.),

served as the independent variable and mean attention scores on the

RVIP task served as the dependent variable. The aim of the study was

to test the null hypothesis that 30‐day oral intake of CAE would have

no effect on attention as revealed by mean RVIP scores. The

experimental design allowed for direct testing of the planned hy-

pothesis and provided an opportunity to rule‐in or rule‐out chance

effects. For instance, within the same group of subjects, we could

determine whether CAE influenced attention (aim of the present

study) and determine whether the effect was real by evaluating if the

placebo also had an effect on attention. Furthermore, the design

allowed us to rule‐in or rule‐out any learning effects from taking the

RVIP task more than once.

Figure 1 illustrates the research design. Participants were ran-

domized to one of two groups (CAE þ PLACEBO or PLA-

CEBO þ CAE). No attempt was made to equalize the number of

participants in each group, therefore random allocation resulted in 11

participants in the CAE þ PLACEBO group and seven participants in

the PLACEBO þ CAE group. The CAE þ PLACEBO group started the

study by completing the RVIP task at baseline then they consumed

CAE for 30 days (1‐month). CAE consumption included oral intake of

one 350 mg capsule twice daily (total of 700 mg/day) for 30 days.

This daily regimen is based on the manufacturers recommended us-

age. Additionally, animal research has shown that 1 month of oral

intake of CAE can provide trophic support to the nervous system,

therefore a 30 days treatment duration was selected (Guthrie, 2012).
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At the end of this month, participants took the RVIP task again to

determine whether CAE induced an improvement in scores from

baseline (primary outcome for the study). These same participants

then experienced a washout period, where they did not take CAE for

1‐month. Given that the participants consumed CAE for 30 days, a

30‐day (1‐month) washout period was assumed to be appropriate for

this study. At the end of this washout period, the same participants

took the RVIP task again. They then consumed the placebo (350 mg

capsule twice daily, total of 700 mg/day) for 1‐month and at the end

of this month they took the RVIP task for the final time.

The PLACEBO þ CAE group started the study by taking the RVIP

task at baseline then they consumed placebo for 1‐month. At the end

of this month, they took the RVIP task again to determine whether

the placebo had any positive effects relative to baseline. These same

participants then experienced a washout period, where they did not

take the placebo for 1‐month. At the end of this washout period, the

same participants took the RVIP task again. They then consumed

CAE for 1‐month and at the end of this month they took the RVIP

task for the final time. All study staff (researchers) were blinded to

the scoring of the RVIP assessments and tabulations. Unblinding

occurred after test scoring, data tabulation, and statistical compu-

tation. Similarly, each participant was blinded to whether they were

consuming CAE or the placebo. The CAE and placebo capsules were

identical in appearance. The CAE capsules contained carboxy alkyl

esters (active ingredient) and manioc maltodextrin (starch). CAE was

extracted from the inner bark of the medicinal plant U. tomentosa via

a patented decoction procedure (Guthrie et al., 2011). The placebo

capsules were composed of manioc maltodextrin. The capsule ma-

terials were composed of titanium dioxide (food coloring).

2.2 | Participants

Adult (≥18 years old) female and male volunteers were invited to

participate in the study from local media advertisements. All partic-

ipants who completed the study were relatively healthy and free

from known, (1) cognitive deficits, (2) concussions, (3) head injuries,

(4) movement related pain, (5) dyslexia, (6) neurologic deficits, (7)

psychiatric deficits, (8) psychologic symptoms, (9) motor deficits, (10)

vision loss, (11) hearing loss, (12) cardiac deficits, (13) endocrine

deficits, (14) high blood pressure, and (15) substance abuse. Partici-

pants were restricted in their consumption of dietary supplements,

vitamins, caffeine, coffee, or tea during the study. To test the hy-

pothesis a minimum sample size of 10 was desired because prior

studies on dietary supplements have shown that a 5% improvement

in cognitive function with a power of 0.80 can be expected with this

sample size (Carswell et al., 2020). The focus of the hypothesis and

the statistical analysis was on the CAE þ PLACEBO group (N = 11)

and the change in attention scores within this group before (baseline)

and 1‐month after CAE consumption (the planned comparison). The

PLACEBO þ CAE group (N = 7) was deployed to monitor the efficacy

of the research design, and therefore not the focus of the hypothesis

or statistical analysis.

Figure 2 illustrates the flow of participants through the study.

Participants were recruited for the study via digital and print an-

nouncements in Arizona USA. These announcements explicitly

described the eligibility criteria, that participants must be free from

the following: health problems, pregnancy, breastfeeding, daily coffee

and/or tea drinking, neurologic, psychiatric, and psychological disor-

ders. Furthermore, the announcements explicitly indicated that

F I GUR E 1 Research design. A randomized double‐blind cross‐over placebo‐controlled trial. CAE, carboxy alkyl ester; RVIP, rapid visual
information processing.
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participants must have access to a computer for the study and they

must exhibit the manual dexterity necessary to use the computer.

Lastly, the announcements directed prospective participants to make

an appointment for an initial intake interview. Prior to this initial

interview each participant was randomly assigned to the

CAE þ PLACEBO group or the PLACEBO þ CAE group via the

random generator function in Microsoft Excel® v2209 (An

et al., 2021). During the initial interview, the participants were

screened for cognitive deficiency by taking and passing the mini‐
mental status examination (MMSE) (Folstein et al., 1975). Each

participant was also queried to ascertain general health and neuro-

logic status. Before a given participant could participate in the study,

the participant had to achieve a passing score on the MMSE, then the

participant was interviewed. During the interview the participant was

asked if she/he was diagnosed with or believed to have any mental

health issues or cognitive or neurologic conditions. Participants who

indicated in the affirmative were excluded from entering the study.

All participants who started and completed the study presented with

relatively normal health and no known neurologic deficiencies.

Additionally, participants were probed for eligibility for the study,

and basic demographic data (sex, age, educational level, etc.) were

collected from each participant (see Table 1). A total of 18 healthy

participants of both sex (females, n = 11; males, n = 7) participated in

the study. The participants ranged in age from 19 to 66 years old.

They exhibited a range of educational achievements from high school

to doctoral degrees. These participants self‐identified as Caucasian,

and Hispanic. All participants submitted informed written consent to

participate in the study. To check compliance with the supplement

the participants were required to maintain written logs of days and

times they consumed the supplement. All participants, whether

supplement or placebo, were 100% compliant. Participants had daily

access to study staff where they had the opportunity to report any

side effects and staff could monitor compliance. Furthermore, each

participant received an exit interview which allowed for further

compliance monitoring and reporting of side‐effects. No adverse ef-

fects were encountered from participation in the current study.

2.3 | CANTAB: RVIP

In the current study attention was evaluated with an unsupervised

computer automated assessment from the Cambridge Neuropsy-

chological Test Automated Battery (CANTAB). CANTAB is published

in over 2000 peer reviewed articles and is widely used in clinical,

academic and pharmacologic research (Backx et al., 2020). The

CANTAB assessment is fully automated (from training to testing to

scoring and data tabulations) with visual on‐screen and auditory

voice‐over guidance. The assessment began with a training paradigm

to get participants familiar with the intended task. Once a given

participant is trained on the task, then the assessment commences.

F I GUR E 2 Flow of participants through the study. CAE, carboxy alkyl ester.

4 of 10 - GUTHRIE and YANG

 10991077, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hup.2885 by N

orthern A
rizona U

niversity, W
iley O

nline L
ibrary on [02/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The training and assessment are all unsupervised and artificial in-

telligence driven to remove bias induced by the interference of study

staff (researchers). The neurocognitive assessment was the RVIP

task. This assessment is designed to limit learning effects; therefore,

it can be administered to the same participants over time. For each

test session, test stimuli are presented at random from a large pool of

stimuli or alternate test stimuli were selected which limits the pos-

sibility that a given participant will complete the same stimulus

induced task more than once. This adaptive paradigm ensures little or

no practice effects from taking the same assessment multiple times.

Mixed‐effects models, Bayesian analyses and Bland‐Altman plots

have shown that the RVIP is a valid test (Backx et al., 2020). Test re‐
test reliability for the RVIP has yielded an interclass correlation co-

efficient of .67 and a Spearman correlation coefficient of .7 which

exceeds the accepted reliability standard (≥0.60) in the literature

(Karlsen et al., 2020).

The RVIP assessment evaluates sustained attention (Cabeça

et al., 2018). At a rate of 100 digits per minute, 2–9 digits are pre-

sented successively in pseudorandom order. Participants are tasked

with motor responses to target sequences, such as three consecutive

odd or three even digits (3‐5‐7, 2‐4‐6, 4‐6‐8, etc.) as quickly as

possible. Stimulus duration was 600 ms with no interstimulus in-

tervals. Target sequences may be one or multiple simultaneous se-

quences. Outcome measure was the mean latency (in ms) of

responses to targets (Cabeça et al., 2018).

2.4 | Statistical analyses

The aim of the study was to test the null‐hypothesis that 30‐day oral

intake of CAE would have no effect on attention as revealed by mean

RVIP scores. Therefore, planned comparison between baseline

attention scores and attentions scores after 30 days (1 month) of

daily CAE consumption served are the primary outcome for the

current study. Statistical t‐tests (independent samples) were

deployed to detect statistically significant differences between

baseline scores and attention scores after 1 month of CAE intake.

Such a priori comparisons provide a higher statistical power in testing

the pre‐planned hypothesis than the more generic F‐test from an

analysis of variance followed by post hoc comparisons. To rule‐in or

rule‐out learning effects from taking the RVIP task multiple times and

to further judge the efficacy of the experimental design, unplanned

comparisons were made. Unplanned comparisons were conducted as

follows: baseline scores versus scores at 2‐months after CAE con-

sumption; baseline scores versus scores at 3‐months after CAE

consumption; baseline scores versus scores after placebo consump-

tion; and CAE scores versus placebo scores. A p‐value of <.05 was

used as the significance criterion. To constrain multiplicity, we used a

single independent variable (CAE), a single dependent variable

(attention), one measurement (RVIP latency), one group

(CAE þ PLACEBO) and one time point comparison (baseline to the

first 30 days of CAE consumption) to make statistical conclusions

about the hypothesis (Blakesley et al., 2009; Frane, 2015). A pro-

fessional graphing and statistical software suite (GraphPad Software,

Inc.) was deployed for all graphing and statistical computations.

3 | RESULTS

Three participants withdrew early from the study after participating

for 2 months due to undisclosed personal reasons. Two of these

participants were from the CAE þ PLACEBO group and one was from

the PLACEBO þ CAE group. Table 1 reveals that there were differ-

ences between the CAEþ PLACEBO group and the PLACEBO þ CAE

group. The CAE þ PLACEBO group was on average 10 years

younger, composed of more females, less educated, more ethnically

diverse and had less computer experience.

Figure 3 reveals that 30‐day oral intake of CAE improved

attention above baseline levels (lower scores equal better perfor-

mance). In this figure average baseline attention scores (x̄ = 544;

s = 113) are displayed as well as the average attention scores for

participants who consumed CAE (x̄ = 479; s = 52) or the placebo

(x̄ = 534; s = 101). The group who consumed CAE showed an

improvement in attention compared to baseline while the group who

consumed the placebo showed less improvement. This suggests that

oral intake of CAE was sufficient to improve attention. Furthermore,

the group who consumed CAE exhibited better attention scores than

the group who consumed the placebo. Therefore, 30‐day CAE intake

enhanced attention above baseline and this effect was not due to a

learning effect.

TAB L E 1 Demographic characteristics of the PLACEBOþ CAE
and CAE þ PLACEBO groups.

PLACEBO þ CAE CAE þ PLACEBO

Age in years, mean (SD) 53 (18) 43 (20)

Age range in years 21–66 19–66

Sex, number

Female 4 7

Male 3 4

MMSE score, mean (SD) 34 (1) 33 (2)

Level of education/degrees, percent

Ph.D. 14 9

M.S. 43 9

B.S. 14 27

Associates 0 36

High school 29 19

Race/Ethnicity, percent

Caucasian 100 82

Hispanic 0 18

Computer experience in years,

mean (SD)

27 (11) 22 (11)

Abbreviations: B.S., Bachelor of Science; CAE, carboxy alkyl ester; M.S.,

Master of Science; MMSE, mini‐mental status examination; Ph.D.,

Doctor of Philosophy; SD, standard deviation.
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A statistical computation was conducted, and the result

confirmed the conclusion that 30‐day CAE intake improved atten-

tion. Planned comparison was between baseline and the treatment

condition. Comparing mean baseline attention scores to mean

attention scores after 30‐day oral intake of CAE resulted in statis-

tically significant improvement (t[46] = 3.356, p = .0016; two‐tailed).

Unplanned statistical comparison between baseline attention scores

and attention scores after placebo intake resulted in no statistically

significant improvement (t[35] = 0.7345, p = .4675; two‐tailed).

Additionally, an unplanned comparison between the CAE group and

the placebo group revealed statistically significant improvement in

attention scores relative to that of placebo (t[47] = 2.068, p = .0442;

two‐tailed).

Figure 4 reveals additional data that confirmed that the positive

effect of CAE on attention was not due to a learning effect. Figure 4a

shows the results for a group of participants who received placebo

the first month of the study and their attention scores (x̄ = 534;

s = 101) were similar to baseline scores (x̄ = 544; s = 113). This in-

dicates that taking the RVIP task twice did not produce a significant

learning effect. These same participants then went through a month‐
long washout period (break or rest period). After this washout period

their scores (x̄ = 531; s = 128) did not significantly change and

remained close to that at baseline. However, when CAE was intro-

duced and the same participants consumed CAE for 1‐month, there

was a significant improvement in their attention scores (x̄ = 478;

s = 152) compared to baseline scores. Figure 4b shows the results for

a group of participants who received CAE the first month of the study

and their attention scores (x̄ = 479; s = 52) were improved relative to

their scores at baseline. These same participants then went through a

month‐long washout period (break or rest period). After this washout

period their scores (x̄ = 473; s = 65) remained improved relative to

baseline. Interestingly, when placebo was introduced and the same

participants consumed the placebo for 1‐month, their scores

(x̄ = 431; s = 40) continued to be better than that at baseline.

Unplanned statistical computations were conducted on the data in

Figure 4. There was no statistically significant (t[6] = 0.9216, p= .3923;

two‐tailed) difference between baseline attention scores and atten-

tion scores following 30 days placebo treatment. Similarly, there was

no statistically significant difference (t[5] = 1.563, p = .1787; two‐

F I GUR E 3 CAE intake improves attention. This panel shows
that 30‐day oral intake of CAE resulted in a statistically significant

improvement in mean latency (lower scores equal better
performance) compared to baseline (at the beginning of the study).
Note that oral intake of the placebo resulted in no statistically

significant improvement compared to baseline. Furthermore, CAE
intake produced scores that were statistically better than that of
placebo. Bars, mean � S.E.; CAE, carboxy alkyl ester; ms,

milliseconds; NS, not statistically significant; *p < .05 or statistically
significant.

F I GUR E 4 CAE improved attention is not due to a learning effect. Panel (a) shows the participants who experienced daily (1st month) oral
intake of the placebo, then they experienced 30 days of no treatment (washout period: 2nd month) and lastly, these same participants took
CAE for 30 days (3rd month). Note that the only statistically significant improvement in attention occurred at 3 months due to CAE intake
(lower scores equal better performance). Panel (b) shows the participants who experienced daily (1st month) oral intake of CAE, then they

experienced 30 days of no treatment (washout period: 2nd month) and lastly, these same participants took the placebo for 30 days (3rd
month). Note that CAE intake improved attention after 1 month of treatment and this improvement continued out to 3 months. Bars,
mean � S.E.; CAE, carboxy alkyl ester; ms, milliseconds; NS, not statistically significant; *p < .05 or statistically significant.
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tailed) between baseline attention scores and attention scores

following the washout period. However, there was a statistically sig-

nificant difference (t[8] = 3.468, p = .0085; two‐tailed) between

baseline attention scores and attention scores following CAE intake.

Interestingly, there was a slight difference between placebo (1st

month) and CAE (3rd month), however this difference was not sta-

tistically significant (t[5] = 2.088, p = .0911; two‐tailed) which suggest

little or no learning effect after taking the RVIP multiple times.

Furthermore (Figure 4b), there was a statistically significant (t

[10] = 2.376, p = .0389; two‐tailed) difference between baseline

attention scores and attention scores after 30 days CAE intake.

Similarly, there was a statistically significant difference (t[9] = 2.388,

p= .0407; two‐tailed) between baseline attention scores and attention

scores following the washout period. Additionally, there was a statis-

tically significant difference (t[8] = 3.468, p = .0085; two‐tailed) be-

tween baseline attention scores and attention scores following

placebo intake. Interestingly, there was a difference between CAE (1st

month) and placebo (3rd month), and this difference was statistically

significant (t[8] = 3.106, p = .0145; two‐tailed) which suggests

continued improvement in attention months after cessation of CAE

intake.

4 | DISCUSSION

The aim of this study was to test the null hypothesis that 30‐day oral

intake of CAE would have no effect on attention as revealed by mean

RVIP scores. Planned comparison statistical testing revealed that 30‐
day oral intake of CAE resulted in a significant improvement in

attention relative to baseline (Figure 3), therefore, the null hypoth-

esis can be rejected. Unplanned statistical testing revealed that oral

intake of the placebo failed to produce a significant improvement in

attention scores relative to baseline (Figure 3), which suggest that

the improvement observed after CAE intake was not due to a

learning effect. Furthermore, CAE intake produced significantly

better attention scores than that of placebo intake (Figure 3). CAE

intake exhibited improvement in attention scores among the two

groups assessed in the current study. For instance, CAE intake

improved attention scores in the CAE þ PLACEBO group which

consisted of participants who were on average younger, less

educated, and more ethnically diverse (Table 1 and Figure 4b). CAE

intake also improved attention scores among the PLACEBO þ CAE

group which consisted of participants who were, on average, older

(10 years older), more educated (more doctoral and M.S. degrees)

and less ethnically diverse (100% self‐identify as Caucasian). The

combined results suggest that CAE consumption demonstrated

consistent improvement in attention scores regardless of whether it

was consumed early (1st month) or late (3rd month) during the study

(Figure 4) and a boost in attention can be observed across different

demographic groups.

Placebo intake failed to demonstrate consistent improvement in

attention scores (Figure 4). For instance, placebo intake alone could

not significantly improve attention scores. However, combining CAE

intake (1st month) with placebo intake (3rd month) resulted in a

significant improvement. Here, the consumption of CAE in the 1st

month resulted in a significant improvement in attention scores and

this improvement continued even after placebo consumption 3‐
month later. This suggests that the CAE induced improvement is

sustainable months after initial consumption. The underlying mech-

anism to account for this sustained improvement is currently unre-

solved and additional research on the neurobiology of CAE on

attention is now needed.

4.1 | Neurobiology of CAE on attention

The exact mechanism by which oral intake of CAE results in a sus-

tained boost in attention is not entirely resolved. However, oral

intake of CAE results in cleavage of the quinic acid moiety by es-

terases from enteric bacteria. The free quinic acid is then metabo-

lized to produce chorismate which serves as a major substrate in the

production of aromatic amino acids (tyrosine, tryptophan and

phenylalanine) (Pero, 2010). Tyrosine which can be indirectly syn-

thesized from phenylalanine is then converted to levodopa (L‐DOPA)

to produce dopamine and hydroxylation of dopamine produces

norepinephrine (Fitzgerald, 2020). Tryptophan is metabolized to form

5‐hydroxytryptophan which is used in the production of serotonin

(Andreou et al., 2014). Therefore, oral consumption of CAE increases

bioavailability of the monoamine neurotransmitters, dopamine,

norepinephrine and serotonin (Mondanelli et al., 2022; Mondanelli &

Volpi, 2021; Pero, 2010). This is particularly important because these

neurotransmitters regulate attention. For instance, norepinephrine is

involved in regulating the level of attention while dopamine and se-

rotonin are involved in regulating the type of attention (Kodama

et al., 2002). Therefore, it is conceivable that the improvement in

attention observed in the current study was related to an increase in

bioavailability of neurotransmitters that directly improved attention.

This may have implications for psychiatric and neurologic conditions

such as attention‐deficit/hyperactivity disorder (ADHD) and

dementia.

Research has shown that lower levels of serotonin and its pre-

cursor tryptophan are associated with ADHD (Mette et al., 2013).

Indeed, serotonin regulates attention via the default mode network

which is comprised of the posterior cingulate cortex, the anterior

cingulate cortex, medial prefrontal cortex, medial temporal lobes,

angular gyrus, and the precuneus (Weinberg‐Wolf et al., 2018).

Additionally, genetic variants within serotonin pathways are associ-

ated with ADHD (van Rooij et al., 2015) and a selective serotonergic

drug (Fluoxetine) has shown some efficacy in improving inattention

among ADHD patients by regulating the default mode network

(Carlisi et al., 2016; Quintana et al., 2007). Similarly, lower levels of

dopamine and norepinephrine are also associated with the develop-

ment of ADHD in both humans and animals (González‐Martínez

et al., 2023). Here, dopamine and norepinephrine modulate a fronto‐
striato‐cerebellar circuit that underlies prefrontal executive func-

tions that are often impaired in ADHD patients (del Campo
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et al., 2011). Furthermore, medications use to treat ADHD, such as

methylphenidate, dextroamphetamine and atomoxetine act by

increasing levels of dopamine and norepinephrine (Williams

et al., 2023). Given that oral consumption of CAE can increase sys-

temic levels of tryptophan, serotonin, dopamine, and norepinephrine,

then it is possible that CAE could serve as an alternative and/or

complement to current allopathic substances in the management of

ADHD. This conclusion could be extended to dementia. For example,

pre‐clinical experiments have shown that CAE and other phyto-

chemicals can inhibit or reduce beta‐amyloid protein containing

plaques and tau protein containing tangles that contribute to Alz-

heimer's disease (Snow et al., 2019).

Pathological perturbations of neurotransmitter systems are

believed to play a role in the development of Alzheimer's neuropa-

thology and includes, loss of monoaminergic neurons, decreased

monoamine levels, decreased γ‐Aminobutyric acid (GABA) levels,

dysfunction of glutamatergic neurons, and loss of cholinergic neurons

(Yang et al., 2023). Both animal and human studies have demon-

strated a role for monoamine neurotransmitters in the development

of Alzheimer's disease (Reddy et al., 2021). Unlike glutamate and

GABA, which are fast neurotransmitters, monoamine neurotrans-

mitters act via metabotropic receptors and thus move more slowly.

However, monoamine receptors (e.g., serotonin) couple with GABA,

glutamate and acetylcholine receptors to form heterodimers that

interact with various other neurotransmitters networks (Joshi

et al., 2020). Therefore, it is possible that oral intake of CAE may

increase bioavailability of monoamines neurotransmitters that

interact with GABA, glutamate, and acetylcholine receptors to limit

the progression of dementia. However, future human research is now

needed to demonstrate the efficacy of CAE in the clinical manage-

ment of ADHD and/or dementia.

4.2 | Study limitations

Given the experimental design and the results from the current study,

the following recommendations should be considered in future

research on the efficacy of CAE intake on attention. Future research

will need to be conducted with a larger sample size than the sample

size used in the current study. This will serve to further verify the main

outcome from the current study. Fortunately, the participants in the

current study were highly motivated which resulted in 100% compli-

ance; however, a larger study could be limited by the compliance rate.

Additionally, the current study confirmed the lack of side effects from

daily intake of CAE, which further supports the use of CAE among

larger groups of participants. It is important to emphasize that the CAE

extraction protocol is important in the development of side effects. For

instance, alcohol‐based extraction protocols will contain oxindole al-

kaloids and may results in several side effects, including diarrhea,

nausea, kidney dysfunction, endocrine and liver effects (Batiha

et al., 2020). However, hot water extracts similar to the decoction used

in the current study are known to exhibit no side effects with excellent

tolerability (Batiha et al., 2020; Mehta et al., 2007).

The present work was only focused on attention, but other

cognitive domains might also be relevant and should be pursued in

the future. Although the current study did not significantly alter,

compare, or monitor the diets of the participants, future research

may seek to specifically explore the degree to which diet is an

important variable. Additionally, future research may seek to focus

on a more selective demographic. For example, college students often

misuse caffeine and prescription drugs to improve cognition and

attention. CAE may prove to be a more natural and safe means of

improving academic performance among college students. The ability

of CAE to sustain improvements in attention months after oral intake

deserves additional research. The methods employed in the current

research provided no insights on the mechanism underlying a sus-

tained effect. Therefore, future research may benefit from serial

monitoring of systemic aromatic amino acids and/or monoamine

neurotransmitters.

5 | CONCLUSION

The present study was the first to demonstrate an association be-

tween CAE intake and improvement in attention. This improvement

or boost in attention was revealed in a research design that con-

strained statistical multiplicity, and thus elevates the importance of

the results. Research on the use of pharmaceuticals, non‐
pharmaceuticals and/or behavioral approaches to improve attention

are frequently limited by statistical multiplicity, yet no systematic

quantitative or qualitative review that appropriately address this

issue has immerged in the literature. Therefore, such systematic re-

views are a needed future direction in this line of research. Addi-

tionally, future research is needed to further support the notion that

the dietary supplement, CAE, may improve attention.
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