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Abstract

Cardiovascular disease (CVD) is the leading cause of death in the US and worldwide. By 2030 it 

is anticipated that CVD will claim the lives of more than 24 million people. Throughout the last 

decade, researchers have investigated the role of the gut microbiota in the development of CVD. 

Evidence exists for a positive correlation between Bifidobacterium and vascular function, glucose 

tolerance, and reduced systemic inflammation. Another probiotic species, Bacillus subtilis, has 

also been found to reduce cholesterol levels in human and animal models. In light of these data, 

we examined various measures of cardiovascular health after consumption of Bifidobacterium 
animalis subsp. lactis strain BL04, with and without a cocktail of Escherichia coli-targeting 

bacteriophages (marketed as PreforPro), Bacillus subtilis strain DE111 or a maltodextrin-based 

placebo in a healthy human population. In a randomised, double-blind, placebo-controlled 4-

week intervention conducted in individuals 18 to 65 years of age with a body mass index of 

20 to 34.9, we saw no significant changes in measured CVD parameters among individuals 

consuming B. lactis with or without bacteriophages. However, B. subtilis supplementation resulted 

in a significant reduction in total cholesterol relative to baseline measures (−8 mg/dl; P=0.04, 

confidence interval (CI): −13.40, −0.19), as well as non-high-density lipoprotein-cholesterol (−11 

mg/dl; P=0.01, CI: −12.43, −2.07). In addition we observed trending improvements in endothelial 

function (P=0.05, CI: −0.003, 0.370) and in low-density lipoprotein-cholesterol (P=0.06, CI: 

−12.29, 0.2864). Strikingly, these effects were seen in a largely healthy population. These data 

suggest that B. subtilis supplementation may be beneficial for improving risk factors associated 

with CVD. Further studies in populations of older adults or those with dyslipidaemia and 

endothelial dysfunction is warranted.
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1. Introduction

Emerging evidence supports a role for dysbiosis, or imbalance, of the gut microbiota in 

the development of cardiovascular disease (CVD) (Battson et al., 2018b; Cani et al., 2008; 

Koren et al., 2011; Kumar et al., 2012; Xie et al., 2011; Ziganshina et al., 2016). As a 

result, therapies to restore balance to the gut microbiota are being explored as a novel target 

for CVD prevention and/or treatment. Current therapeutic modalities for altering the gut 

microbiota include prebiotics, probiotics, faecal microbiota transplantations, and antibiotics 

(Battson et al., 2018b). Among these, probiotics, which are live beneficial microbes, and 

prebiotics, or compounds that induce the growth of beneficial microorganisms in the gut, 

are readily available to consumers and make up a large and growing segment of the dietary 

supplement market (Gibson et al., 2017; Hill et al., 2014).

Several probiotic and prebiotic supplements have shown promise for attenuating various 

cardiovascular risk factors, including indices of endothelial dysfunction and dyslipidaemia. 

Lactobacillus plantarum strain Lp299V supplementation improved brachial flow-mediated 

dilation in men with stable coronary artery disease (Malik et al., 2018) and a high dose, 

multi-species probiotic taken by postmenopausal women for 12 weeks was associated with 

improvements in several measures of vascular function, including pulse wave velocity 

and pulse wave analysis (Szulińska et al., 2018). We have previously shown decreased 

populations of Bifidobacterium are correlated with obesity-associated vascular dysfunction 

in animal models (Battson et al., 2018a). In addition, Bifidobacterium lactis supplementation 

has been shown to improve endothelial function in human populations. In a healthy Japanese 

cohort, yogurt containing B. lactis was consumed for 12 weeks in combination with 

arginine and resulted in a significant improvement in reactive hyperaemia index (RHI) 

scores, a validated measure of endothelial function in humans (Johnson et al., 2019), 

and systolic and diastolic blood pressure (Matsumoto et al., 2019). A separate study 

found that 45-day supplementation of fermented milk containing B. lactis in individuals 

with metabolic syndrome significantly reduced total and low-density lipoprotein-cholesterol 

(LDL-c) (Bernini et al., 2016).

There is the possibility that the combination supplemental intake of a bacteriophage cocktail 

could enhance probiotic supplementation. We previously showed that 4 week consumption 

of the commercial phage cocktail, PreforPro (Deerland Enzymes, Kennesaw, GA, USA), 

increased Bifidobacterium populations and reduced specific pro-inflammatory bacteria, such 

as Clostridium perfringens and Escherichia coli (Febvre et al., 2019). These phages are 

marketed as prebiotics, although they do not meet the current definition of prebiotic (Gibson 

et al., 2017) and differ from traditional fibre-based prebiotics in that they infect specific 

bacteria (E. coli, in this case), potentially allowing beneficial bacteria to thrive due to 

reduced resource competition and increased fuel sources from released contents of lysed 

bacteria. Because bacteriophages exhibit a high degree of host specificity, they do not cause 

global perturbations to the gut microbiota, such as those seen with antibiotic usage (Febvre 

et al., 2019).

Another probiotic, Bacillus subtilis, has also shown promise in attenuating glucose 

intolerance and dyslipidaemia. These bacteria form temperature and acid-resistant spores, 
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which provide B. subtilis with a longer shelf life and increased ability to survive the 

digestive tract relative to other probiotics. Bacillus subtilis is naturally found in several soy-

based fermented foods from Asia and Africa, such as natto (Japan), cheonggukjang (Korea), 

and soy-daddawa (Nigeria). In addition, when metabolically active, B. subtilis produces 

a variety of exopolysaccharides (EPS), which have gained attention for their potential 

therapeutic benefits. In a previous study, diabetic rats were supplemented with B. subtilis 
EPS for 4 weeks, resulting in reduced blood glucose concentrations, total cholesterol, LDL-

c, very low-density lipoprotein-cholesterol (VLDL-c) and triglycerides and elevated high 

density lipoprotein cholesterol (HDL-c) (Ghoneim et al., 2016). Another study demonstrated 

that B. subtilis SPB1 biosurfactant supplementation in diabetic rats produced anti-lipidemic 

and anti-diabetic properties (Zouari et al., 2015). Thus, B. subtilis is an ideal candidate to 

explore for potential cardiovascular benefits in humans.

In light of mounting evidence that the microbiota can influence development and 

progression of CVD, the current study sought to explore whether probiotic/prebiotic 

consumption would improve various measures of cardiovascular health in a human 

population. We conducted a randomised, double-blind, four-arm, placebo-controlled clinical 

trial in healthy adults that tested whether four-week consumption of (1) maltodextrin 

placebo; (2) B. animalis subsp. lactis; herein B. lactis) alone, or (3) in combination with 

a cocktail of E. coli-targeting bacteriophages; and (4) B. subtilis, altered risk factors of 

CVD. The primary outcome measures included blood pressure and pulse wave analysis 

measured via SphygmoCor, endothelial function (determined by EndoPat), and plasma lipid 

levels. We hypothesised that probiotic consumption would improve one or more measures of 

cardiovascular function in our participant population, and that simultaneous supplementation 

with E. coli-targeting bacteriophages might further enhance these beneficial cardiovascular 

effects.

2. Materials and methods

Participant characteristics

94 healthy male and female adults aged 18–65 years with a body mass index (BMI) of 

20–34.9 kg/m2 were recruited into the study (Figure 1). Participants were recruited from the 

Fort Collins (CO, USA) area by email, social media platforms, fliers, and word of mouth. 

Participants were prescreened for eligibility through a phone interview. Those who met the 

inclusion criteria were scheduled for an onsite screening visit to confirm inclusion/exclusion 

criteria, which are summarised in Table 1. Qualified participants were asked to maintain 

their regular exercise and dietary habits throughout the study, abstain from supplemental 

prebiotics or probiotics, and to limit alcohol consumption to one to two drinks per day or no 

more than seven drinks per week. Of the total enrolled participants (n=94), 88 completed the 

study. Baseline characteristics for participants included in this study are presented in Table 

2.

Study design

The study was conducted as a randomised, double-blind, placebo-controlled, four-arm 

clinical trial. Once written informed consent was secured, eligibility was confirmed 
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through assessment of health history, and anthropometric measures of height and weight to 

determine BMI. After eligibility was confirmed, participants were randomly assigned to one 

of four coded treatments: (1) maltodextrin placebo (n=21); (2) 1×109 cfu Bifidobacterium 
lactis strain BL04 (n=23); 3) 1×106 pfu PreforPro bacteriophages + 1×109 cfu B. lactis 
(n=22; Deerland Enzymes); or (4) 1×109 cfu Bacillus subtilis strain DE111 (n=22; Deerland 

Enzymes). Over the course of the four-week intervention, participants were asked to 

consume one 15 mg capsule per day of their assigned treatment. The study was conducted at 

the Colorado State University, Food and Nutrition Clinical Research Laboratory (FNCRL). 

The study protocol was approved by the Colorado State University Institutional Review 

Board for Human Subjects (Protocol #19-9145H).

For experimental clinical sessions, participants were asked to fast for 12 h prior to arrival in 

the clinic (including no caffeine, soda, tea, etc.), to abstain from exercise within 12 h prior 

to their visit, and to delay consumption of any medication or dietary supplements for 24 

h prior until conclusion of the study visit. Participants were asked to visit the FNCRL 

at visit one (Day 0) to undergo sample collection (blood) and assessment procedures 

(weight/height, blood pressure, pulse wave analysis, endothelial function, and medical 

health history questionnaire). At the end of the four-week treatment period, these same 

assessments were conducted and blood samples were collected. To aid in determining 

treatment compliance, participants were also asked to return any unused treatment capsules. 

Participants were asked to maintain their typical dietary habits over the course of the study 

to reduce confounding impacts related to dietary changes. Dietary compliance was measured 

via computer software, automated self-administered 24-h dietary assessment tool (ASA24) 

(National Institutes of Health, National Cancer Institute, USA) using two 24-h dietary 

recalls (one week day and one weekend day) collected prior to each clinic visit.

Blood pressure and vascular function

Participants were asked to lay in a supine position and rest for 10 min. Blood pressure and 

pulse wave analysis were then assessed (SphygmoCor XCEL; AtCor Medical, Naperville, 

IL, USA). Each measurement was made three times, and data analysed represent the 

mean of the three measurements. As previously described (Litwin et al., 2019), brachial 

pulse pressure was calculated as the difference between mean systolic blood pressure 

and diastolic blood pressure. Central aortic blood pressure and related hemodynamic 

parameters (e.g. aortic mean arterial pressure, aortic pulse pressure) were derived from 

brachial pressure waveforms using a validated transfer function and automatically recorded. 

Aortic augmentation index (AIx), and AIx@75 (normalised to 75 beats per min), which 

are reflective of arterial stiffness and vascular tone (Kelly et al., 2001) were automatically 

calculated as the ratio between augmented aortic pressure (i.e. difference between the first 

and second derived aortic systolic peaks) and aortic pulse pressure. Endothelial function 

was measured via peripheral arterial tonometry (EndoPAT 2000; Itamar Medical Ltd, 

Hefa, Israel). In order to maintain consistency and quality in data collection the following 

procedure was performed in accordance with requirements specified by the manufacturer as 

previously described (Litwin et al., 2019). Participants are classified as having endothelial 

dysfunction if the RHI-score ≤1.67.
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Plasma lipids

Blood samples (100 ml) were collected from the antecubital vein in a lithium heparin tube 

and immediately analysed for total cholesterol (TC), HDL-c, triglycerides (TRIGs), non-

high-density lipoprotein cholesterol (non-HDL-c), total cholesterol/HDL ratio (TC/HDL), 

LDL-c and VLDL-c using a Lipid Panel Reagent Disc on the Piccolo Xpress Chemistry 

Blood Analyzer (Abaxis, Union City, CA, USA).

Statistical analysis

R software, version 3.6.1 (2019-07-05), was used for the following statistical analyses. 

Data were evaluated for assumption of normality and missing values were excluded from 

the analysis. To determine if there were differences among baseline (Pre) participant 

characteristics, we compared the treatment groups using one-way ANOVA. Baseline to 

post-treatment comparisons within groups was assessed using two-tailed, paired Student’s 

t-tests. In addition, we used GraphPad Prism, version 8.3.0 (La Jolla, CA, USA), to 

conduct a one-way ANOVA with Dunnett’s Multiple Comparison post-hoc test to determine 

baseline normalised differences between the placebo and treatment groups after the 4-week 

intervention. A P-value of ≤0.05 was considered statistically significant and parameters with 

a P=0.05–0.08 were considered statistical trends. A Cohen’s d effect size was calculated 

as a quantitative measure of determining the magnitude of difference between two means 

(treatment and placebo). The Cohen’s d scores were calculated using d = [(ΔTreatment – 

ΔPlacebo)/pooled standard deviation] and the standard definitions of small (0.2), moderate 

(0.5), and large (0.8), and very large (1.2) were applied (Cohen, 2013; Sawilowsky, 2009).

3. Results

Compliance and anthropometric measures

Total study compliance with the treatment regimen was ~95% with individual compliance 

ranging from 73–100%. All individual data was included in the analysis, regardless of 

compliance, under the intention-to-treat principle (Yelland et al., 2015). Compliance to 

specific treatments were as follows: Placebo: average compliance = 97% (range = 77–

100%); B. lactis BL04: average compliance = 95% (range = 80–100%); B. lactis BL04 

+ PreforPro: average compliance = 95% (range = 73–100%); B. subtilis DE111: average 

compliance = 96% (range = 83–100%).

Overall, there was low compliance for completing the self-reported 24-h food recalls, 

with only ~53% of participants providing both baseline and 4-week dietary intake 

information. Compliance within each of the treatment groups was as follows: Placebo: 

average compliance = 48%, B. lactis BL04: average compliance = 58%, B. lactis BL04 

+ PreforPro: average compliance = 57%, B. subtilis DE111: average compliance = 59%. 

Based on available data, there was notable variability between individuals, but there were 

no significant changes in dietary intake of total calories, macronutrients, fibre, cholesterol, 

or saturated fat from baseline to study completion within any of the treatment groups (Table 

3). There was a significant difference in grams of saturated fats (SAT) consumed at baseline 

among treatments, however, pairwise comparisons between treatment groups and Placebo 

showed only a trending difference (P=0.055) between the Placebo and B. lactis BL04 
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+ PreforPro, with no other pairwise differences. Furthermore, there were no differences 

between any treatment and the Placebo with regard to change in intake over the course of 

the study. Finally, neither diet nor treatment influenced body weight over the course of the 

study; the average BMI was ~24 kg/m2 (Table 2) for all groups both pre- and post-treatment 

and average weights fluctuated by <1 kg in each treatment group.

Blood pressure and vascular function

A meta-analysis of human clinical trials recently demonstrated that probiotics have a modest 

modulatory effect on systolic and diastolic blood pressure; therefore, we included this as an 

outcome in our study (Khalesi et al., 2014). We found no significant baseline differences in 

systolic or diastolic blood pressure between groups (Table 4). Furthermore, although there 

was a small number of individuals within each group that could be classified as having 

elevated blood pressure (120–129/<80) or hypertensive (stage 1 or 2) (≥130/≥80), the group 

averages fell within a clinically healthy range. There were no significant changes within 

groups from baseline to post-treatment (Table 4). Likewise, the average change in blood 

pressure from baseline to post-treatment was not significantly different when comparing 

treatments to the Placebo.

Table 5 shows the additional cardiovascular outcomes measured including mean arterial 

pressure, aortic pulse pressure, heart rate, aortic pressure, and both non-normalised (AIx) 

and heart-rate normalised augmentation index (AIx@75). The baseline group values were 

not significantly different and there were no significant group differences from pre- to 

post-intervention (Table 5).

Using RHI scores generated by the EndoPAT technology as a measure of endothelial 

function, we found no significant baseline differences across treatment groups (Table 6). 

Likewise, the response from baseline (pre to post comparison) in Placebo, B. lactis and 

PreforPro + B. lactis treatment groups was not statistically significant. However, within the 

B. subtilis DE111 treatment group, there was a trending improvement in RHI from baseline 

to post-intervention (Figure 2A; P=0.05; CI: −0.003, 0.370). However, using a Cohen’s d 
score, it was determined that the magnitude of this effect relative to the placebo was small 

(Cohen’s d=0.19).

Plasma lipids

Similar to the above section we conducted a one-way ANOVA to compare group baseline 

values, which revealed no significant differences in baseline variability across groups (Table 

7). Significant improvements in TC (P=0.04; CI: −13.40, −0.19), and non-HDL-c (P=0.01; 

CI: −12.43, −2.07) were observed in participants supplemented B. subtilis (Figure 2B,C). 

In addition, there was a trending reduction in LDL-c from baseline to follow-up (Figure 

2D; P=0.06; CI: −12.29, 2.87). However, there were no significant differences from baseline 

to post-treatment in any of the blood lipid parameters for the Placebo or either group 

consuming B. lactis containing probiotic. Although there were no statistically significant 

differences in the baseline adjusted change when comparing the treatments to the placebo, 

B. subtilis treatment had a very large (values >1.2) effect on TC (Cohen’s d=3.35), n-HDL-c 

(Cohen’s d=2.35), and LDL-c (Cohen’s d=4.051).
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4. Discussion and conclusions

The purpose of this pilot intervention study was to determine whether various cardiovascular 

parameters in a human population could be altered by pro/prebiotic supplementation. A 

number of studies have explored B. subtilis supplementation for its tolerability in humans 

as well as and its cardiovascular effects in animal models (Ghoneim et al., 2016; Hanifi 

et al., 2015; Seo et al., 2010). In the present study, we observed the effects of B. subtilis 
DE111 on endothelial function and plasma lipids over the course of a 4-week intervention. 

To our knowledge, this is the first randomised controlled trial to investigate the effects of B. 
subtilis supplementation on these parameters in a human population. In addition, we further 

explored the impact of an E. coli-targeting bacteriophage cocktail (Febvre et al., 2019) and 

B. lactis on cardiovascular parameters (Bernini et al., 2016; Matsumoto et al., 2019).

We observed modest improvements in endothelial function and significant changes in 

several plasma lipids in healthy adults supplemented with B. subtilis DE111. Previously, 

Hitosugi et al. showed improvements in visual analog scale scores for shoulder stiffness, 

low back pain, and coldness in the extremities as proxy measures of blood flow after female 

participants consumed a fermented soy supplement containing proteases from B. subtilis 
(Hitosugi et al., 2015). While these results may be indicative of improved endothelial 

function, the investigators did not test consumption of the bacterial spores or directly 

measure endothelial function. Considering the relatively short duration of the current 

intervention (4 weeks), and the healthy status of the study participants, further exploration 

of the potential cardiovascular benefits of B. subtilis is warranted in clinical populations. 

The current study provides a good basis for determining an appropriate sample size for 

adequately powering future clinical interventions.

Bacillus subtilis supplementation also resulted in a cholesterol lowering effect on TC, 

LDL, and non-HDL cholesterol, although HDL-c was unaffected. These data are consistent 

with observations from previously conducted studies in animal models (Ghoneim et al., 
2016; Seo et al., 2010; Zouari et al., 2015). Ghoneim et al. reported improvements in 

total cholesterol, LDL-c, VLDL-c, HDL-c, and triglycerides in Streptozotocin-induced 

diabetic rats after administration of the exopolysaccharide from a wild collected strain 

of B. subtilis (Ghoneim et al., 2016). Likewise, cholesterol lowering effects were noted 

in ApoE knockout mice fed an atherogenic diet supplemented with soymilk fermented 

by B. subtilis (Seo et al., 2010). Although the changes we observed in these parameters 

were only statistically significant within a treatment group (pre- to post-intervention), the 

effect size (measured as Cohen’s d) relative to the placebo were very large, suggesting 

these changes may be clinically relevant. Reducing cholesterol concentrations has profound 

effects on lowering risk for developing coronary heart disease (CHD); lowering cholesterol 

levels by as little as 1% can reduce CHD risk by 2–3% (Kumar et al., 2012). While 

there are no clear mechanisms to explain the cholesterol lowering effects of B. subtilis, 

it is conceivable that it may be due to the effect short chain fatty acids (SCFA) have on 

cholesterol metabolism. As previously mentioned, insoluble fibre is fermented in the small 

intestine by a variety of bacterial species, producing SCFA. While B. subtilis is known 

to stimulate the production of lactic acid by enhancing the growth of Lactobacillus spp., 

lactic acid can also be converted to SCFA through cross feeding (Schauf et al., 2019). 
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SCFA have been demonstrated to inhibit the synthesis of hepatic cholesterol (VLDL-c), 

leading further to a reduction in LDL-c and non-HDL-c. SCFA may also inhibit VLDL-c 

synthesis through the inhibition of pyruvate dehydrogenase via the formation of acetyl 

CoA, affecting hepatic ketogenesis through the delivery of ketone precursors, or altering the 

oxidation-reduction state (Fechner et al., 2014). In addition, it is known that the introduction 

of new bacterial species can enhance the growth of other species, such as SCFA producing 

bacteria. Remarkably, it has also been reported that humans with atherosclerosis display 

reduced levels of butyrate-producing genera Butyrivibrio and Roseburia (Karlsson et al., 
2012). B. subtilis supplementation may have an indirect effect on enhancing the generation 

of SCFA leading to this cholesterol lowering effect. It would be worthwhile to examine this 

parameter in future studies.

We did not observe any significant effects on endothelial function or plasma lipids in 

individuals supplemented with B. lactis, with or without bacteriophages, findings that 

are not concordant with observations from several other published human trials (Bernini 

et al., 2016; Matsumoto et al., 2019). For example, body weight, TC and LDL-c were 

significantly reduced in participants supplemented with B. lactis fermented milk for 45 

days (Bernini et al., 2016). Matsumoto et al. saw improvements in RHI in normal weight, 

healthy individuals after 12 weeks consumption of a B. lactis + arginine containing yogurt 

(Matsumoto et al., 2019). However, several key differences exist between these studies and 

the current study that may explain these discrepancies. First, both studies provided the 

supplementation for a longer period of time, suggesting that our study duration may have 

been insufficient to observe any beneficial effects on cardiovascular parameters. In addition, 

both studies used fermented milk products as a delivery vehicle for the probiotic. Milk 

contains calcium, vitamin D (supplemented), conjugated linoleic acid, bioactive peptides 

and numerous other components that may independently influence lipid metabolism and 

cardiovascular health (Mozaffarian and Wu, 2018; Rice, 2014). Furthermore, Bernini et 
al. reported improvements in a population with metabolic syndrome, rather than a healthy 

population, suggesting that individuals with dyslipidaemia at baseline may have a greater 

response to Bifidobacterium. Finally, the Matsumoto study also supplemented with arginine, 

a precursor of the vasodilatory molecule nitric oxide, which may have contributed to the 

vascular improvements reported in their study.

There are several noteworthy strengths and limitations of the current study. The randomised, 

double-blind, placebo-controlled study design is the gold standard for a clinical trial of this 

nature. While compliance was generally good based on returned unused capsules, there were 

no additional objective measures used to determine if participants were compliant with the 

daily treatment protocol. In addition, although we requested that participants complete two 

24-hour dietary recalls at baseline and trial completion, several participants did not report 

at all and some only provided baseline diet data or a single day’s food recall and there was 

no assessment of physical activity. Despite these shortcomings, consistency in baseline and 

post-treatment body weight, along with the limited reliable diet data obtained, indicate that 

participants largely maintained typical consumption and physical activity patterns.

In summary, CVD is a world-wide epidemic and as the global population ages, it is 

likely the prevalence of CVD will continue to increase (Johnson et al., 2019). Hence it 
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is imperative to uncover cost effective, therapeutic approaches for the prevention of CVD. 

Bacillus subtilis DE111 supplementation over the course of 4 weeks resulted in a modest 

increase in mean RHI score, a measure of endothelial function, as well as significant 

improvements in TC and non-HDL-c levels. These improvements show promise to future 

research and the health benefits of B. subtilis on CVD risk. While we did not observe 

an effect of B. lactis supplementation with or without bacteriophages, further research is 

necessary to examine its effects in a clinical population. In total, the results from this study 

warrant further research in probiotics and bacteriophage supplementation in humans as a 

novel approach reducing the risk for CVD.
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Figure 1. 
Consort flow diagram of participants through study.
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Figure 2. 
Mean values for reactive hyperaemia index (RHI), total cholesterol (TC), non-high-density 

lipoprotein-cholesterol (non-HDL-c) and low-density lipoprotein-cholesterol (LDL-c) at 

baseline and after 4-weeks of Bacillus subtilis DE111 treatment. Error bars represent the 

standard error of the mean, * P<0.05; ** P<0.001, # P=0.05–0.08.
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Table 1.

Study inclusion and exclusion criteria.
1

Inclusion criteria Exclusion criteria

Men and women Pregnant and breastfeeding women

Aged 18–65 years Taking medication that would influence the endpoints of the study (statins, metformin, 
NSAIDS, MAO inhibitors, blood pressure medications) and taking probiotics and/or 
botanical supplements that target the gastrointestinal tract or gut microbiota

Normal, overweight, or class 1 obese (BMI 20–34.9 
kg/m2)

Current diagnosis of cancer, liver or kidney disease, gastrointestinal diseases, and 
metabolic disorders

Antibiotic use within the 2 months prior to enrolment

Enrolled in other research studies that might impact compliance or confound results of 
the current study

1
BMI = body mass index; NSAIDS = non-steroidal anti-inflammatory drugs; MAO = monoamine oxidase.
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