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Summary. Objective: MaxxTOR® (MT) is a multi-ingredient supplement that contains phosphatidic acid 
(PA) as the main active ingredient as well as leucine, beta-hydroxy-beta-methylbutyrate, and vitamin D3. 
The effects of MT on blood pressure, total cholesterol (TC), and triglycerides (TG) were examined.  Meth-
ods: Eighteen healthy strength-trained males were randomly assigned to a group that consumed MT (n = 
8, 22.0 +/- 2.5 yrs; 175.8 +/- 11.5 cm; 80.3 +/- 15.1 kg) or a placebo (PLA) (n = 10, 25.6 +/- 4.2 yrs; 174.8 
+/- 9.0 cm; 88.6 +/- 16.6 kg) as part of a double-blind, placebo controlled pre/post experimental investiga-
tion. Systolic blood pressure (SBP), diastolic blood pressure (DBP), and blood samples were taken from 
the participants at week 0 and week 9 of the study to determine the effects of MT on cardiovascular risk 
factors. Blood serum was analyzed for TC and TG. Subjects were placed and monitored on a eucaloric 
diet consisting of 25% protein, 50% carbohydrates, and 25% fat by a registered dietitian. Separate two-way 
mixed factorial repeated measures ANOVA’s (time (Pre, Post) x group (MT and PLA) were used to inves-
tigate SBP, DBP, TC, and TG changes. Analysis were performed via SPSS (version 22) with significance at 
p ≤ 0.05. Results: No significant differences were noted between MT and PLA groups for SBP, DBP, TC, 
or TG. Conclusion: Results suggest that the addition of MT to a 3-day per week resistance training program 
do not significantly affect SBP, DBP, TC, or TG after eight weeks.
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Background

Multi-ingredient sport supplements are often 
marketed to improve athletic performance or body 
composition; however, the effects on targeted meta-
bolic markers are not always reported (1-2). Maxx-
TOR® (MT) is a supplement that contains 750 mg 
phosphatidic acid (PA) as the main active ingredient 
but also contains other potentially beneficial com-
pounds including 900 mg of leucine, 900 mg of beta-
hydroxy-beta-methylbutyrate (HMB), and 1000 IU of 
vitamin D3. Studies investigating the effectiveness of 
PA, Leucine, HMB, and vitamin D3 on markers of 
strength, lean body mass, fat mass, or protein synthesis 
have reported mixed results (3-15). In comparison, re-
search on the safety of leucine, HMB, and vitamin D3 
supplementation have generally been reported to be 
safe (16-19). The effects of PA or the combination of 
PA, Leucine, HMB, and vitamin D3 supplementation 
on cardiovascular risk factors, to the authors’ knowl-
edge, have not been reported. 

Although MT contains a dosage of PA that has 
been proven to be effective at increasing strength and 
lean body mass (3, 4), the dosage of leucine and HMB 
in MT is lower than has been reported as effective in 
previous studies (8, 10). The manufacturers of MT had 
limited capsule space and focused on utilizing PA as 
the active ingredient. Leucine, HMB, and vitamin D3 
were added to the PA to act as potentially synergistic 
compounds to the PA. Hence, the primary active in-
gredient of MT was intended to be PA.  

The safety of some of the ingredients present in 
MT have been previously investigated. Bauer et al. (19) 
reported that a 13-week vitamin D3 and a leucine-en-
riched whey protein nutritional supplement with 800 
IU of vitamin D3 and 3 grams of leucine given to older 
adults improved their strength and muscle mass with 
no serious adverse events including hemodynamic 
changes, blood lipid changes, gastrointestinal issues, 
changes in vital signs, liver, or renal lab parameters. 
Although the researchers concluded that the combina-
tion of vitamin D3 with a leucine enriched whey pro-
tein appears to be safe with no cause of concern, they 
did not measure TC or TG in their investigation.

Nissen et al. (16) summarized the safety data 
collected in nine studies in which humans were fed 3 

g HMB/day. The studies were from 3 to 8 weeks in 
duration and included various demographics (males, 
females, young, old, exercisers, non-exercisers). The 
authors reported a net decrease in TC (5.8%, p < 0.03), 
a decrease in LDL cholesterol (7.3%, p < 0.01) and a 
decrease in SBP pressure (4.4 mm Hg, p < 0.05). Nis-
sen et al. (16) concluded that the effects of HMB on 
surrogate markers of cardiovascular health could result 
in a decrease in the risk of heart attack and stroke. In 
this study, the dosage of HMB in the MT group was 
900 mg/day for 8 weeks and the effects of HMB in 
combination with the other ingredients found in MT 
were tested for its effect on TC, TG, DBP, and SBP. 

PA is a phospholipid that contains a glycerol 
backbone, a phosphate group, and typically one satu-
rated and one unsaturated fatty acid (20). Researchers 
have reported that the fatty acid chemical make-up of 
PA appears critical in its ability to activate the mam-
malian target of rapamycin (mTOR) (21); in turn, 
mTOR activation stimulates muscle protein synthe-
sis (22, 23). Bond stated that in addition to increas-
ing muscle protein synthesis, PA might also attenuate 
muscle protein breakdown through regulation of the 
FoxO family of transcription factors, atrogin-1, and 
muscle ring finger-1 (24). 

In terms of lipid metabolism, the physiological 
roles PA plays is two-fold. PA plays a major role in the 
biosynthesis of phospholipid membranes and triacyl-
glycerols (25). The question surrounding PA within a 
multi-ingredient supplement lies with the physiologi-
cal conversion of PA into diacylglycerols. PA serves as 
a second messenger acting as a mediator of vesicle for-
mation (25, 26), where the enzyme which catalyzes the 
hydrolysis of PA is involved in the regulation and influ-
ence of overall lipid metabolism. Since PA influences 
lipid metabolism, TC and TG may be affected with PA 
supplementation; however, to the author’s knowledge 
this has not been previously investigated. Furthermore, 
it has been suggested that research investigating the 
safety of PA supplementation is lacking and safety data 
has not been reported (24). In order to help fill the gap 
in the literature with regards to the effects of cardiovas-
cular risk factors of PA supplementation, the purpose 
of this investigation was to study the effects of a sup-
plement containing PA in combination with Leucine, 
HMB, and vitamin D3 on blood pressure, TC, and TG.
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Methods

Subjects
The participants in this study were the same as 

those previously reported (5) where the data analyzed 
was on the effects of MT on strength, body compo-
sition, muscular endurance, power, agility, and verti-
cal jump in resistance trained men.  Initially, nineteen 
healthy, strength-trained male volunteers signed an 
informed consent form approved by the Institutional 
Review Board at California State University, San Ber-
nardino and agreed to participate in this randomized, 
double-blind, placebo-controlled study. One subject 
voluntarily withdrew from the study due to time con-
straints. Eighteen participants completed the trial, 
where eight (22.0 +/- 2.5 yrs; 175.8 +/- 11.5 cm; 80.3 
+/- 15.1 kg) were randomly assigned to the MT group 
and ten (25.6 ± 4.2 yrs, 174.8 ± 9.0 cm, 88.6 ± 16.6 
kg) were randomly assigned to the PLA group. The 
protocol and subject inclusion/exclusion criteria were 
similar to the study performed by Joy et al. (4). 

All participants were required to abstain from 
consuming any muscle-building supplements (e.g., 
creatine) for at least 1 month prior to pretest measures, 
abstain from training outside of the prescribed proto-
col during the study, be non-smokers, have resistance 
training experience of at least one year, and have par-
ticipated in resistance training at least three days per 
week for the past six months to be included in this 
study. Additionally, participants had to be free of any 
injuries or medical conditions (metabolic, cardiovas-
cular, orthopedic, or neurological) that would prohibit 
them from participating in a resistance training pro-
gram. The training program implemented is described 
in the authors’ previous investigation on the effects of 
MT on strength and lean body mass (5). 

Anthropometric and Blood Pressure Assessment
The participant’s height and weight was measured 

prior to measuring blood pressure. Resting SBP and 
DBP were taken from the participants at week 0 and 
9 of the study. Blood pressure was measured by the 
same trained member of the research team that was 
blinded as to the group in which the participants were 
assigned. Each participant sat in a quiet office with 
their feet on the ground and their arms at their lap 

for 5 minutes. The researcher then had the participant 
rest their arm on a table at approximately the level of 
the heart, fitting the participant with a properly sized 
sphygmomanometer (Welch Allyn Inc, Skaneateles 
Falls, NY). Using standard blood pressure measuring 
practices, two measurements were taken for the blood 
pressure interspersed by 2 minutes. The average of the 
two SBP and DBP readings measured at week 0 and 
week 9 were used in the data analysis. Intra-rater reli-
ability for the two blood pressure measurements in the 
pre and the post testing was excellent since all blood 
pressure measurements were within 6 mmHg.

Blood Sampling and Analysis
Blood samples were obtained after a 12-hour fast 

one week prior to beginning the supplement/exer-
cise protocol and within one week of completing the 
supplement/exercise protocol. Approximately 20 ml of 
blood were drawn from the antecubital vein with the 
participants in a seated position using standard ster-
ile venipuncture procedures. Blood samples were then 
centrifuged at 3,000 rpm and the serum aliquoted to 
separate tubes that were frozen for future analyses. Se-
rum samples were then assayed in duplicate for TC and 
TG using a cholesterol fluorometric assay kit (Cayman 
Chemical Company, Ann Arbor, MI) and a triglyc-
eride colorimetric assay kit (Cayman Chemical Com-
pany, Ann Arbor, MI), respectively. All samples were 
analyzed as per manufacturer guidelines in the kinesi-
ology hemodynamics and chemistry labs at California 
State University- San Bernardino. The coefficient of 
variation of duplicate samples was less than 5%.  

Dietary/Supplement Supervision
The diet/supplementation supervision was the 

same previously reported (5). Prior to the study, par-
ticipants were required to watch a video made by a 
registered dietitian specializing in sports nutrition 
discussing their diet protocols, the diet recording/
reporting protocol, and emphasizing the importance 
of adherence to the diet plan. Two weeks prior to the 
start of training each participant was provided with a 
standardized meal plan, designed by the dietitian. This 
meal plan was to be followed throughout the study. 
Daily caloric need for each participant was estimated 
via the Harris Benedict equation and was designed to 
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be eucaloric in nature by adding 55% more calories to 
their resting metabolic rate estimation in order to com-
pensate for their moderate activity level of strength 
training three days per week. The diet consisted of 25% 
protein, 50% carbohydrates, and 25% fat. Although a 
sample meal plan was provided for each subject, the 
dietitian explained in the video that participants could 
choose any foods they desired as long as the final calo-
rie count and macronutrient breakdown was within 
the guidelines provided. After the video was watched 
by the participants, the registered dietitian and prin-
cipal investigator oversaw the diet logs of the partici-
pants throughout the study. All participants were in-
structed to use the smartphone app MyFitnessPal® to 
record their nutritional intake and to submit a weekly 
summary of their diet logs from the MyFitnessPal® 
website via an email to ensure compliance. Subjects 
not familiar with the mobile app were instructed by 
the research team on how to utilize it, but twelve of the 
eighteen subjects had used this app prior to this study. 
The use of mobile apps for dietary self-reporting has 
been previously used in research (27). 

The MT group received 5 x 150 mg capsules of 
MT per day while the PLA group received 5 x 150 
mg of rice flour; all capsules were 5 visually identical. 
A single production lot of both MT and PLA supple-
ments were manufactured in a facility compliant with 
current Good Manufacturing Practices (cGMP) for 
dietary supplements (21 CFR 111). PA purity and 
potency were analyzed by an ultra-performance liquid 
chromatograph with triple quadrupole mass spectrom-
etry (LC/MS/MS) methods (Avanti Polar Lipids, 
Inc., Alabaster, AL). Purity and potency of L-Leucine, 
HMB and vitamin D3 were analyzed by High Pressure 
Liquid Chromatography (HPLC) at Micro Quality 
Laboratories, Inc, Burbank, CA. On resistance training 
days, participants consumed 3 capsules of their respec-
tive supplement 30 minutes prior to resistance training 
and 2 capsules immediately following resistance train-
ing along with 24 g of hydrolyzed collagen protein 
powder from beef skin (Peptiplus XB agglomerated, 
Gelita AG, Eberbach, Germany) mixed with 500 ml 
water. The protein supplement was provided by the re-
searchers only to ensure control for post-exercise meals 
between groups and not to intervene with the effects 
of MT. The hydrolyzed collagen protein was purposely 

selected because it is an incomplete protein source low 
in leucine and would therefore potentially minimize 
the impact on the supplement being studied. On non-
resistance training days, participants consumed 3 of 
their respective supplement pills with breakfast and 2 
pills with dinner. In order to ensure compliance, par-
ticipants were required to return to the laboratory with 
their empty containers 3 weeks after starting the study 
in order to receive their next bottle of supplements. 
The dietitian and/or principal investigator had weekly 
interaction with the participants via email to monitor 
compliance throughout the study. Each subject turned 
in empty bottles at designated times and reported tak-
ing the supplement as directed. 

Product formulations were blinded and coded to 
both the investigators and the participants so that nei-
ther knew which formulation was consumed during 
the study as previously reported (5). Each participant 
randomly selected a 4-digit participant code that cor-
responded to a code on their respective bottles. The 
research team recorded the code on each bottle for 
each participant; however, the key for each code that 
determined whether the bottle contained MT or PLA 
was revealed to the researchers after all the data was 
collected at the end of the study. Each participant was 
provided with their supplement bottle (PLA or MT) 
for 3 weeks on the first Monday and every third Mon-
day thereafter.

Statistical Analysis
Data are presented as mean +/- SD throughout 

this manuscript.  Separate two-way mixed factorial 
Repeated Measures Analysis of Variance (time (Pre, 
Post) x group (MT and PLA) were used to investigate 
changes in SBP, DBP, TC, and TG. All analyses were 
performed using SPSS version 22 (SPSS, Inc., Chi-
cago, IL). An alpha level was set at p ≤ 0.05.  

Results

The subjects’ baseline height, weight, body mass 
index (BMI), and age are presented in Table 1. There 
were no significant differences between the MT or the 
PLA group for any baseline cardiovascular measure-
ment (Table 2).  The weekly nutrition logs turned in 
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by the participants to the principal investigator on a 
weekly basis throughout the study also showed no sig-
nificant differences in calories consumed (MT: 2709.0 
+/- 357.0 Cal vs PLA: 2681.7 +/- 277.8 Cal), carbohy-
drates consumed (MT: 320.4 +/- 47.8 g vs PLA: 325.9 
+/- 34.3 g), protein consumed (MT: 166.5 +/- 22.9 
g vs PLA: 158.0 +/- 27.8 g), and fat consumed (MT: 
84.7 +/- 26.5 g vs PLA: 82.9 +/- 14.3 g). There were 
also no significant group x time interactions for SB, 
DB, TC, or TG (Table 2).

Discussion

The current study investigates the effects of a multi-
ingredient supplement (MT) containing 750 mg of 
PA, 900 mg of L-Leucine, 900 mg of HMB, and 1000 
IU of vitamin D3 on SBP, DBP, TC, and TG after 
the completion of an eight-week training/supplement 
intervention. Previous research on these ingredients 
have focused on their effects on strength, body com-
position, and other physiological variables (3-15). 
While research on the safety of leucine, HMB, and 
vitamin D3 has been performed (16-19), it has been 
suggested that research investigating the safety of 
PA supplementation, inclusive of any cardiovascular 
risk factors, is lacking (24).  Overall, the potentially 
synergistic compounds within MT including HMB 
(16) and leucine (17) have been reported to be safe 

and effective without known changes in blood pres-
sure and blood lipids. One review on the effects of 3 g 
HMB/day reported that 3 g HMB /day could result 
in a decrease in the risk of heart attack and stroke via a 
decrease in SBP and TC (16).  Additionally, Vitamin 
D3 supplementation has been reported to be safe and 
may be effective at reducing potential arterial stiffness 
(18). To the authors’ knowledge, this is the first inves-
tigation that has examined changes in blood pressure 
and blood lipids as a result of resistance training when 
combined with a supplement containing 750 mg of 
PA, 900 mg of Leucine, 900 mg of HMB, and 1000 
IU vitamin D3.   

Sports supplement companies sometimes test 
multi-ingredient products for their effectiveness and 
safety, especially in regards to blood lipid changes (28, 
29). Since PA is involved in the biosynthesis of phos-
pholipid membranes and triacylglycerol’s (25) and the 
enzyme which catalyzes the hydrolysis of PA plays 
a role in the regulation of overall lipid metabolism 
(25, 26), it was hypothesized that PA supplementa-
tion may affect blood lipid levels. However, the results 
of the present study indicate that MT supplementa-
tion, which has PA as the primary active ingredient, 
did not significantly affect TC or TG after 8 weeks of 
supplementation and resistance training. The presence 
of sufficient lipid precursors is required for membrane 
biosynthesis, cell growth, and proliferation to produce 
known physiological changes when combined with re-
sistance training including improved body composition 
and performance (30). It has been acknowledged that 
mTOR serves as a sensor in the body to indicate the 
presence of essential nutrients needed for the synthe-
sis of muscle proteins and that cells require lipids for 
membrane biosynthesis (30). Within the present study 
design the multi-component product does not affect 
TC or TG levels. In contrast, other multi-ingredient 

Table 1. Height, Weight, BMI, and Age Baseline Characteris-
tics (Mean +/- SD)

Variable MT Group PLA Group

Height 175.8 +/- 11.5 cm 174.8 +/- 9.0 cm

Weight 80.3 +/-15.1 kg 88.6 +/- 16.6 kg

BMI 25.8 +/- 2.0 29.1 +/- 5.8

Age 22.0 +/- 2.5 yrs 25.6 +/- 4.2 yrs

Table 2. Changes in Blood Pressure, Total Cholesterol, and Triglycerides (Mean +/- SD) (p < 0.05)
Systolic Blood Pressure 

(mmHg)
Diastolic Blood Pressure 

(mmHg)
Total Cholesterol  

(mg/dL)
Triglycerides  

(mg/dL)
Pre Post Pre Post Pre Post Pre Post

MT 122.5 +/- 9.4 121.0 +/- 9.3 65.5 +/- 2.6 65.5 +/- 4.0 127.8 +/- 29.0 122.6 +/- 28.2 124.2 +/- 75.1 91.1 +/- 44.0

PLA 121.8 +/- 6.2 121.2 +/- 6.5 70.0 +/- 6.3 68.6 +/- 5.5 122.7 +/- 25.3 128.8 +/- 25.7 139.2 +/- 72.6 174.8 +/- 127.9
No significant differences were noted between the MT vs PA group at baseline for any of the variables 
No significant differences were noted between any variables Pre vs Post for the MT or PLA groups 
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products containing PA only report the effectiveness 
of the product on performance or body composition 
(3-7). 

A limitation to this investigation is that the multi-
ingredient make-up of MT makes it difficult to isolate 
the individual effects of PA, leucine, HMB, and vita-
min D3 in the proprietary blend of the supplement. 
Despite this limitation, no significant changes in SBP, 
DBP, TC, or TG were noted over the course of the 
eight-week study. Therefore, the combination of 750 
mg of PA, 900 mg of leucine, 900 mg of HMB, and 
1000 IU of vitamin D3 does not appear to affect the 
cardiovascular risk factors investigated. Furthermore, 
since MT has been reported to be effective at improv-
ing LBM and strength in resistance trained men (5), 
MT appears to have a favorable risk to benefit ratio. 
Future research is indicated to further confirm these 
findings and the effectiveness of PA.

Conclusions

The results of this investigation suggest that the 
addition of MT to a 3-day per week resistance train-
ing program do not affect SBP, DBP, TC, or TG. MT 
appears to be a safe and effective supplement for resis-
tance trained men without affecting the cardiovascular 
risk factors measured after eight weeks. 
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