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Introduction:   
 
The human body naturally produces endogenous ketones during ketosis (1) and the same has been 
marketed as a dietary supplement that can be taken in conjunction with a low carb diet. Ketones first 
came into popularity with the existence of the ketogenic diet (2). Following a ketogenic diet causes 
the body to use all of its readily available glucose. As a response to this dearth in glucose reserves, 
the body burns stored fats/ketones (3). There are purportedly myriad benefits associated with this 
process. Using the body’s storage of fat cells is beneficial for healthy weight loss (4). Additionally, 
the high proportion of fats that are required for this diet can be utilized to promote lean muscle gain 
(5). Any fat that isn’t transformed into muscle could become a convenient fuel source. Ketones have 
also been found to have implications associated with increased mental acuity. A human study 
determined that those who adhered to this diet displayed improved alertness and cognitive function 
compared to their non-keto counterparts (6). A non-human study tested the efficiency with which 
ketones relieve anxiety by monitoring several Sprague Dawley rats adhering to a ketogenic diet and 
concluded that ketones display serious benefits when it comes to maintaining brain health and 
relieving anxiety (7).   
 
It is possible to adhere to the dietary restrictions required by the ketogenic diet; however, 
enthusiasts seek the rewards of ketosis without substantially changing their daily eating habits. This 
is the purpose of exogenous ketones (8). The human body naturally produces endogenous ketone 
variants while in ketosis, exogenous ketones are ketones that are synthesized outside of the body to 
be ingested at a later date. Beta-hydroxybutyrate (BHB) is the most abundant ketone in the body, 
representing 78% of the total ketones that reside within human blood (9). Due to its unparalleled 
stability, BHB provides the most energy compared to other ketone variants (10). It is for this reason 
that studies have focused on synthesizing this compound in a lab setting. It is apparent that 
consuming exogenous BHB provides our body with an efficient fuel source that stimulates acute 
ketosis.   
 
Excess calories are converted into triglycerides. These triglycerides are stored in fat cells until they 
are needed for energy between meals (11). The typical U.S. diet consists of a high proportion of 
Long Chain Triglycerides (LCT’s), Medium Chain Triglycerides (MCT’s) are a healthier alternative 
that can be used in combination with BHB to display multiplicative ketogenic benefits (12). The 
human body absorbs and digests MCT’s at a rapid rate. This rapid rate of digestion allows the 
MCT’s to be used right away instead of being stored as fat. LCT’s have a markedly slower rate of 
digestion. This in turn causes the LCT’s to act as a delayed energy source, leading to a higher 
proportion of stored fats. Most importantly, MCT’s are readily broken down in the liver, providing 
essential substrates that can be utilized for ketone production (13).   
 
The purpose of this study was to establish the effectiveness of two products with differing BHB/MCT 
ratios in order to determine which compound had the greatest efficacy in reducing anxiety, 
decreasing body fat, increasing lean muscle mass and increasing mental acuity.  
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Methods:  
 
Data collection was conducted under the specifications of the in-place IRB protocol #1MAY 14-48 
titled “Wavi Data Analysis Protocol Clinical EEG, Symptoms and Intervention analysis.” A normally 
distributed age range of both male and female subjects between 20 and 70 years of age who did not 
have hyperlipidemia nor diabetes and with a body mass index between 20 and 40 were selected as 
a study group. In order to ensure that the sample population was a true representation of the total 
population, a power study was conducted in order to choose the appropriate sample size. There is 
95% confidence that a sample mean of 60 subjects lies within 12.7% of the true population mean 
(14). Fifty-Seven actual subjects were recruited for the purposes of this study of which 9 were male 
and 48 were female. Subjects were required to obtain (at cost to themselves) a blood draw for 
hs-CRP, Lipids, Particle size, Insulin, A1C, CMP and CBC at most a month prior to the start of the 
study. This blood draw was completed by different local laboratories in the Tampa Bay area.   
Weight and body composition were tracked using the Tanita MC-780U Multi Frequency Segmental 
Bio impedance Body Composition Analyzer (15). This analyzer works by passing an imperceptible 
current through the subject’s hands and feet. As the current flows through the subject it is impeded 
based on the makeup of the body. Tissues with large amounts of fluids/electrolytes, such as blood, 
have high conductivity. Fat and bone cause a reduction in signal speed. For the purposes of this 
experiment the following outputs were tracked: weight, body mass index (BMI), body fat percentage, 
body fat mass, fat free mass, visceral fat rating, body water percentage, body water mass, muscle 
mass, and bone mass. Throughout the course of this 2-month study subjects were weighed a total 
of three times: Once before the experiment began, once at the halfway mark of the study (1 month) 
and once at the conclusion of the study.   
 
An FDA approved WAVi P300 evoked response device was used in conjunction with both a 
Mini-Mental State Examination (MMSE) and a Hamilton Anxiety Rating Scale (HAM-A) in order to 
track cognitive scoring for each subject throughout the course of this experiment. (16). The MMSE is 
an 11 question, 30-point test that is used extensively in clinical and research settings to test for 
cognitive impairments such as dementia and Alzheimer’s. (17) (18) Scoring a 30 represents full 
cognitive awareness while scoring a 0 represents lack thereof (19). The HAM-A is a 14 question, 
56-point test that is used to measure the severity of anxiety symptoms. If an individual scores less 
than a 17 on the test, this is indicative of low levels of anxiety. A score of 18-24 represents mild to 
moderate anxiety where a score over 25 represents moderate to severe anxiety levels.   
Mental acuity is further measured through use of a series of timed tests.  
 
The P300 test is used as a way to measure subconscious auditory reaction time. Subjects are 
asked to respond as quickly as possible to a high-pitched tone (20). Subjects were also asked to 
undergo two separate Trail Making Tests (A and B). These tests were employed because they are 
widely regarded as reliable methods for assessing both psychomotor and visual skills (21). The 
“flanker test” was also administered which is used to measure the efficiency with which the brain 
can suppress responses that are inappropriate in a particular context (22). The scores associated 
with these tests represent the amount of time required to complete each task. Generally, the faster 
the response, the more mentally acute the individual. The WAVi Desktop Report is also capable of 
recording the functional connectivity between the cortical regions in the brain, commonly known as 
coherence. Using values from all of these test criteria, researchers were able to reliably assess the 
mental health of each of their subjects, tracking any changes from start to finish.   
 
After acquiring all of the necessary baseline values, subjects were randomly divided into two 
30-person subgroups, each group receiving a month’s supply of differing concentrations of 
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BHB/MCT powder. Subjects were blinded as to what mixture they would be receiving. Group 254 
was given supplements with a 20:80 ratio of BHB’s to MCT’s. Group 255 was given supplements 
that had an 80:20 ratio of BHB’s to MCT’s. By comparing the results of both of these treatment 
options, researchers were able to determine which supplement garnered the most benefit with 
regard to both weight and mental health.   
 
After receiving their jar of supplements, subjects were instructed to take one scoop twice daily: 
Once in the morning and once in the evening. Subjects were also instructed to keep a weekly food 
diary listing their general eating habits. This was done to ensure some form of standardization with 
regard to diet. If subjects ate well beyond their means, then they would be subject to invalidation 
from the remaining portion of the study. Additionally, subjects were provided with a ketone meter 
that they were to use every other day, reporting their blood ketone levels to the study coordinator at 
least three days a week (Monday, Wednesday and Friday).   
 
After 4 weeks subjects were instructed to come back in to the office to have their weight and BMI 
tracked and were provided their second months’ supply of exogenous ketone supplements. This 
schedule continued for another 4 weeks at which point the subjects were asked to come back in to 
the office in order to complete their final series of tests including the bioimpedance scale and WAVi 
EEG analysis. The conclusion of these tests marked the end of this study.   
  
Results:   
 
Initial enrollment began with 57 recruited subjects split into two blinded groups  
however, some participants were unable to complete the entire study. At experiment end there was 
a total of 43 remaining participants. Of those 14 subjects who did not complete the study, 6 reported 
stomach issues, 3 chose to forego the remainder of the study via omission of contact, 1 chose to 
forego the remaining portion of the study due to anxiety issues, 1 was out of town throughout the 
scheduled times of the end date appointments, 1 chose to forego the remainder of the study due to 
the death of an immediate relative, 1 could not make their end date appointment as they were 
suffering from the flu and 1 could not make their appointment as a result of car problems.  
 
The entire study population is summarized in Table 1 below, but the following is a  
highlight of the significant or relevant statistics. A comparison between statistical averages for men 
and women suggests that this product will provide the same benefit regardless of gender.  The 
subjects lost an average 2.41 pounds which is very statistically significant (p= 0.0078). The subjects 
also had an average reduction of 0.42 points in their BMI rating which is very statistically significant 
(p= 0.0099). Additionally, the subjects lost an average of 1.51 pounds of body fat mass which is 
statistically significant (p= 0.024). The subjects also had an average reduction of 0.27 in their 
visceral fat rating which is very statistically significant (p= 0.0058). There was an average reduction 
of 2.64 points on the Hamilton Anxiety Exam score which is statistically significant (p= 0.025). There 
was an average reduction in the subject’s physical reaction time of 29.77milliseconds which is very 
statistically significant (p= 0.00031). Likewise, there was an average reduction in the subject’s 
triglyceride levels of 30.63 points which is very statistically significant (p= 0.0069). To see the 
statistically insignificant measurements that were captured for the overall population, consult Table 
1. Not only that, subjects were asked to report their fasting blood ketone levels to researchers 3 
times weekly. Findings show that average blood ketone levels did not change appreciably from the 
start of the study to its conclusion.   
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The individual breakdown for subject pool 254 is summarized in Table 2 below but the following is a 
highlight of the significant or relevant statistics for this individual group. These subjects lost and 
average of 1.99 pounds which is statistically significant (p= 0.038). They also had and average 
reduction of 0.33 points in their BMI rating which is statistically significant (p= 0.049). Additionally, 
there was an average reduction in their P300 score by 71.56 milliseconds which is statistically 
significant (p= 0.048). Finally, subject pool 254 had an average increase in their LP PLA2 scores of 
7 points which is very statistically significant (p= 0.0054). To see the statistically insignificant 
measurements that were captured for group 254, consult Table 2.  
 
The individual breakdown for subject pool 255 is summarized in Table 3 below but the following is a 
highlight of the significant or relevant statistics for this individual group. These subjects lost an 
average of 2.53 pounds of body fat mass which is statistically significant (p= 0.023). They also had 
an average reduction of 0.41 points in their visceral fat rating which is very statistically significant 
(p= 0.014). Additionally, there was an average reduction of 3.65 points in their HAM-A scores which 
statistically significant (p= 0.035). There was also an average reduction in their physical reaction 
time of 39.09 milliseconds which is very statistically significant (p= 0.00035). Finally, subject pool 
255 had an average reduction of 39.6 points in their triglyceride levels which is statistically 
significant (p=0.033). To see the statistically insignificant measurements that were captured for 
group 255, consult Table 3.  
 
With regard to the delta between the different groups physical benefits: Subjects in group “254” 
averaged weight loss at 1.99 pounds compared to the “255” grouping who averaged weight loss at 
2.91 pounds. Subjects in group “254” averaged a 0.33 point reduction in their BMI scores compared 
to the “255” grouping who averaged a 0.52 point reduction. Subjects in group “254” averaged a 
0.045% drop in their body fat percentage compared to the “255” grouping who averaged a 0.95% 
drop. Subjects in group “254” averaged a 0.64 pound reduction in their body fat mass compared to 
the “255” grouping who averaged a 2.53 pound reduction. Subjects in group “254” averaged a 0.15 
point reduction in their visceral fat scores compared to the “255” grouping who averaged a 0.41 
point reduction. Subjects in group “254” averaged a 19.44 point reduction in their triglyceride levels 
compared to the “255” grouping who averaged a 39.6 point drop (See Tables 2 & 3).   
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Table 1: Represents the averages/paired t-test p-values for each piece of data for the entire study 
population.   
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Table 2: Represents the averages/paired t-test p-values for each piece of data for subjects in “254” 
treatment option.   
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Table 3: Represents the averages/paired t-test p-values for each piece of data for subjects in “255” 
treatment option.   
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Discussion:   
 
The subjects were closely monitored from start to finish. A food regimen was detailed and 
recommended as to encourage consistency. Subjects were required to submit a food/exercise diary 
to investigators at least three times a week. Subjects were also told that if it was noticed that they 
were eating beyond the recommended caloric intake, they would be subject to invalidation. These 
actions were found to encourage standardization throughout the study.  
 
Mental Acuity was tested using several different modes of timed trials. It is important to understand 
the various factors that affect reaction time. Welford et al. (23) published a paper in the 1980’s 
which concluded that reaction time is fastest with an intermediate level of arousal however, reaction 
time deteriorates when the subject is either too relaxed or too tense. While efforts were made to 
construct the same testing environment during pre/post testing, some patient appointments were 
scheduled at different times throughout the day. The authors acknowledge this timing may have 
minimally affected overall arousal.  
 
Macdonald et al. (24) established a trend which states that the higher a subject’s reaction time 
variability, the slower their overall reaction time. If it was found that the difference between the 
averaged standard deviations pre and post experimentally was negligible this would suggest that 
the subjects were not practiced coming into their second round of testing. Based on the collected 
data, pre experiment standard deviation averages for physical reaction time averaged 63.86 
milliseconds compared to the post experiment average of 60.47 milliseconds. A conclusion can be 
drawn stating that the decreases in overall reaction time post experimentally were brought on in part 
by the ketone supplements that subjects were ingesting.  
 
The data suggests that those who took both types of ketone/MCT supplements experienced both 
mental and dietary benefits. With regard to the dietary benefits: Shared averages between both 
treatment options recorded an average weight loss of 2.41 pounds for 43 subjects. Of the averaged 
2.41 pounds lost 1.50 pounds was lost as fat (see table 1). A comparison of average weight/fat loss 
not only indicates there was statistically compelling weight loss as a result of the study, but a 
significant amount of this weight was lost as fat. These observations can be explained by the 
structure of the diet that subjects were adhering too. By rejecting carbs, the body burns stored fats 
as an alternative, leading to a reduction in overall fat content.  
 
Visceral Fat can be described as the fat that is stored within the abdominal  
cavity, surrounding several of the important internal organs such as the liver, pancreas  
and intestines. Carrying a high amount of visceral fat is known to be associated with  
insulin resistance, translating to glucose intolerance/type 2 diabetes (25). Based on the scale that 
was used for this study, visceral fat scores can range from 1 to 59 (25). There was an average 
reduction of 0.27 points in visceral fat scores for 43 subjects. This evidence suggests that the 
supplied ketone/MCT supplements the subjects ingested were responsible, in part, for the average 
reduction in visceral fat scores seen in table 1.  
 
Because triglycerides are the form in which most fat exists in the body, this statistic is strongly 
correlated with coronary artery disease (26). By the end of this experiment subjects recorded an 
average drop in their triglyceride levels that amounted to 30.63 points. The data also suggests that 
the dietary ketone supplements were responsible for the more than 30-point drop that is seen from 
the start of this study to its finish.  
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With regard to overall mental acuity benefits for both compounds: At the start of this study subjects 
reported HAM-A score of 8.31. By the end of this study subjects reported an average anxiety score 
of 5.67. The 2.64 point reduction between pre and post averages appear to have been stimulated by 
the dietary ketone supplement that subjects were ingesting. Physical reaction time is another 
indicator of mental acuity. At study start the subjects’ in both groups had an average physical 
reaction time of 385.93 milliseconds and averaged 256.12 milliseconds at the end. The 29.77 
millisecond reduction in physical reaction time appears to have been stimulated by the supplements 
alone.   
 
Based on the collected averages and corresponding p-values, the data suggests the supplement 
marked “255” showed the greatest benefit with regard to both physical and mental health compared 
to supplement “254”.  With regard to the delta between each of the groups mental benefits: 
Subjects in group “254” averaged a 1.809523 point reduction in their HAM-A scores compared to 
the “255” grouping who averaged a 3.65 point drop. Subjects in group “254” averaged a 20.8636 
millisecond improvement in their physical reaction time compared to the “255” grouping who 
averaged a 39.10 millisecond improvement.  
 
A full blood panel was drawn and the results were not statistically different save the following results: 
LDL-C is a type of lipoprotein that carries cholesterol in the blood. LDL-C is considered undesirable 
and is often called “bad” cholesterol as it deposits excess cholesterol into blood vessel walls, 
contributing to the hardening of arteries and heart disease. For this reason, it is desirable that this 
value be kept under 100 mg/dL. Subjects in group “254” averaged a 4.83 point gain in their LDL-C 
scores compared to the “255 grouping who averaged a 12.89 point drop. Based on the evidence, 
supplement “255” is more beneficial than supplement “254” at regulating LDL-C scores within the 
nationally recommended range. HDL-C is a type of lipoprotein that carries cholesterol in the blood. 
HDL-C is considered beneficial because it removes excess cholesterol from tissues, carrying it to 
the liver for disposal. For this reason, it is desirable for these values to be kept up over 60 mg/dL. 
Subjects in group “254” averaged a 0.07 point loss in HDL-C scores compared to the “255” grouping 
who averaged a 6.33 point improvement. The data suggests, supplement “255” is more beneficial 
than supplement “254” at regulating HDL-C scores within the nationally recommended range.   
  
Conclusion  
 
Post experiment averages for Weight, BMI, Body Fat Mass, Visceral Fat, Hamilton Anxiety, Physical 
Reaction Time and Triglycerides displayed statistically significant improvement among all of the 
subjects that participated throughout the course of this experiment. Undergoing a transformation 
from high levels of glucose to a more fuel-efficient energy source like that of BHB creates an 
environment that promotes increased metabolism. This is the reason why there is observable 
average weight loss as a result of this dietary supplement. Once acclimated to this diet, the body 
turns to and relies on fat as a fuel source. When these fats are ingested, they help facilitate the 
production of lean muscle. Any excess fat that isn’t immediately utilized for muscle promotion is 
simply repurposed as a convenient fuel source. Mental acuity is affected as such: As a person ages 
their mental health takes a gradual decline as their brain is rendered unable to metabolize glucose 
at the same rate that it once could. In fact, a 2018 study worked to compare glucose uptake in the 
frontal cortex of healthy seniors and healthy young adults. Findings show that healthy seniors on 
average had a 14% reduction in glucose uptake when compared to healthy young adults (27). Not 
only that, individuals who are stricken with alzheimer’s suffer from even lower percentages of 
glucose uptake. Ketones are also able to cross the blood-brain barrier. The data suggests that the 
differences between baseline/post experiment scoring is the result of this added fuel source, 
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providing energy to the brain (via the introduction of BHB) that it would be unable to accrue 
otherwise. Based on the results of this study authors believe that the benefits that result from taking 
this supplement in conjunction with a low carb diet are similar, if not the same, to the benefits that 
result from being in full ketosis. The only difference being: During natural ketosis the human body is 
producing ketone variants endogenously whereas supplement derived ketosis is brought on in part 
by the supplements that are provided externally.   
 
After comparing the results for both forms of supplements (254 and 255) it can be concluded that 
the supplement marked “255” is more effective at promoting physical/mental acuity when compared 
to its counterpart. By introducing a higher proportion of BHB into the body, it is more likely that this 
ketone derivative will successfully cross the blood-brain barrier, making up for the shortcoming in 
brain activity that results from reductions in overall glucose metabolism. Since MCT is a precursor 
that can be broken down in the liver to produce BHB derivatives, there is no guarantee that these 
precursor molecules will convert into BHB exclusively. It is likely this is the reason that subjects reap 
the most benefit when consuming BHB’s that have been synthesized from outside the body.   
 
It should be noted that the high concentration of ketone variants within these supplements were 
found to be unsuitable for 10% of the population who participated in this study resulting in 6 
individuals discontinuing the remainder of the study because of reported stomach pains/issues. Of 
the six who bowed out of the study, one was from group 254 and five were from group 255. While 
this is a known side effect of ketones, care should be taken to introduce these supplements slowly.    
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