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MODIFICATION OF GUT BACTERIAL BILE SALT HYDROLASE ACTIVITY 
AND CARDIOVASCULAR RISK: A RANDOMIZED STUDY

Abstract. Introduction: secretion of bacterial bile salt hydrolase (BSH) is one of the main mechanisms 
by which gut microbiota play role in cholesterol metabolism. There are limiting and controversial data 
regarding the clear effect of gut BSH activity correction on modification of serum cholesterol and cardio-
vascular risk (CVR). Aim of investigation was to evaluate the relationship between modification of the 
gut bacterial BSH relative activity (RA) by probiotic L. plantarum and serum cholesterol with CVR levels. 
Methods: the study was conducted as open, comparative, randomized, parallel and included 26 almost 
healthy participants (healthy control group) and 77 patients with dyslipidemia and without anamnesis 
of major cardiovascular events, that were divided in two groups: main treatment group (n=41) received 
combination therapy (capsules with Lactobacillus plantarum in the amount of 2*109 CFU one time a 
day and tablets simvastatin 20 mg one time a day) and control treatment group (n=36) received mono-
therapy (simvastatin 20 mg one time a day) during 12 weeks. Before and after 12 weeks of treatment the 
assessment of total RA of gut BSH, lipid profile and CVR level according to 5 risk scores were performed. 
Results: at baseline the RA of BSH was higher in healthy adults comparing to participants with dyslip-
idemia (p<0,001); after 12 weeks of treatment there wasn`t difference between healthy control and only 
main treatment groups (р=0,45). It was found that with increasing of RA of gut bacterial BSH, the risk 
of failure of treatment efficacy endpoints achievement (≥20% reduction of values) decreased regard-
ing: total cholesterol (TC) (p=0,0306), OR=0,00133 (95% CI; 3,28*10-6-0,538); low-density lipoproteins 
(LDL) (p<0,001), OR=5,65*10-14(95% CI; 6,38*10-20-5*10-8); CVR level according to Framingham 
score (р=0,0035), OR=4,09*10-5(95% CI; 4,66*10-8-0,0359); CVR level according to 2013 ACC/AHA 
algorithm (р=0,0135), OR=3,8*10-4(95% CI; 7,34*10-7-0,197); CVR level according to PROCAM score 
(p=0,00125), OR=8,38*10-6 (95%; CI; 6,93*10-9-0,0101). Conclusions: additional supplementation 
with BSH-producing bacteria L. plantarum was more effective in increasing of BSH activity compared to 
simvastatin monotherapy. Increasing of BSH RA by L. plantarum was associated with higher chances to 
achieve treatment efficacy goals regarding reduction of TC, LDL and CVR levels according to Framing-
ham, 2013 ACC/AHA algorithm and PROCAM scores.
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Introduction. Cardiovascular diseases (CVD) 
play the main role in global morbidity and mor-
tality in the world (Mensah, Roth, & Fuster, 
2019; WHO CVD Risk Chart Working Group 
[WCRCWG], 2019). Evolution and progression 
of CVD depends on different risk factors, like ele-
vated blood pressure, diabetes mellitus, smoking, 
dyslipidemia etc. Hypercholesterolemia due to in-
creasing of total cholesterol (TC) and low-density 
lipoproteins (LDL) is the significant cardiovascu-
lar risk (CVR) factor (Ference et al., 2017; Mach 
et al., 2020), reduction of which allow to decrease 
the risk of fatal and non-fatal CVD events (Bai-
gent et al., 2010; Cholesterol Treatment Trialists’ 
(CTT) Collaboration [CTTC], Silverman et al., 
2016).

Regulation of lipids levels in the blood has 
different aspects, main are the de novo synthesis 
and absorption in intestines from food (Luo, Yang 
& Song, 2020). Cholesterol takes part in a lot of 
metabolic processes, including the producing of 
bile acids (BA), that requires quite big amount of 
cholesterol (Charach et al., 2017; Chiang, 2009; 
Luo et al., 2020). After entering the gut, BA salts 
undergo the deconjugation by bile salt hydrolase 
(BSH) synthesized by gut microbiome (Lau et al., 
2017; Reis, Conceição, Rosa, Siqueira & Peluzio, 
2017; Urdaneta & Casadesús, 2017) to secondary 
BA that are less soluble and evacuated from ente-
ro-hepatic circulation. This serves as a signal to 
liver to enhance the de novo producing of new 
BA from free serum cholesterol (Geng & Lin, 
2016; Lau et al., 2017; Reis et al., 2017; Urdaneta 
& Casadesús, 2017). Hence, BSH may have lipid 
lowering effect. 

With the lipid lowering aim, some investiga-
tions proposed to use the isolated form of BSH 
enzyme (Bi, Fang, Lu, Du &Chen, 2013; Sridevi, 
Vishwe & Prabhune, 2009) with promising results, 
but such approach is technically and economically 
inconvenient and has not been widely developed. 
But a lot of investigations on animal models (Kim 
et al., 2017; Yao, Tian, Song & Wang, 2020) and 
human trials (Costabile et al., 2017; Sharma, Kur-
pad & Puri, 2016; Wang et al., 2018; Wu, Zhang, 
Ren & Ruan, 2017) have revealed the hypocho-
lesterolemic effect of different BSH-producing 
probiotic bacteria, for example different strains 
of Lactobacilli (Costabile et al., 2017; Huang, Ho, 

Chen, Hsu & Lin, 2019; Wang, Huang, Xia, Xiong 
& Ai, 2019; Wu et al., 2017; Yao et al., 2020). Our 
previous trial also shown that probiotic Lacto-
bacillus plantarum may have effect in reducing 
levels of TC and LDL (Шипулін, Чернявський, 
Неверовський & Парунян, 2018).  

The aim of present trial was to find the possible 
relationship between the modification of total rel-
ative activity (RA) of gut bacterial BSH by probi-
otic Lactobacillus plantarum and lipid profile val-
ues with CVR assessed using validated risk scores 
in patients with dyslipidemia. 

The objectives of the study were:
1. To evaluate and compare the total RA of 

gut bacterial BSH in the compared groups 
during study time points. 

2. To evaluate the RA of BSH of probiotic L. 
plantarum.

3. To assess the statistical relationship be-
tween the modification of total RA of gut 
bacterial BSH and lipid profile values of 
the compared groups during study time 
points.

To assess the statistical relationship between 
the modification of total RA of gut bacterial BSH 
and CVR levels calculated using validated risk 
scores in the compared groups during study time 
points. 

Materials and methods. The clinical inves-
tigation was conducted in accordance with the 
Ukrainian laws, the requirements of Good Clini-
cal Practice, ethical principles of the Declaration 
of Helsinki. Written informed consent for partic-
ipation in the investigation was obtained from all 
participants before the trial began. The protocol 
was approved by the Bioethical Committee of the 
Bogomolets National Medical University, Kyiv, 
Ukraine. 

Participants. The study population included 
participants of both sexes: 26 almost healthy par-
ticipants aged 22-44 years without dyslipidemia 
(healthy control group) and 77 patients aged 40-
74 years with dyslipidemia and without anamnesis 
of major cardiovascular events. For the latter in-
clusion criteria were: men and women aged 30-74 
years; LDL level ≥ 3.0 mmol/l; a level of TC > 5.0 
mmol/l; patients who have not previously received 
statins or received them more than 6 months be-
fore screening; for reproductive women – a nega-
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tive result of the pregnancy test; informed written 
consent. Exclusion criteria were: increased sensi-
tivity to the investigational drugs; administration 
of any lipid-lowering drugs for 4 weeks before 
screening; pregnancy and lactation; previous his-
tory of major cardiovascular events (myocardial 
infarction, stroke); chronic liver disease with ele-
vation of liver enzymes more than 3 upper limits of 
normal; any acute diseases within 2 months before 
the start of the investigation; myopathy; endocrine 
diseases; arterial hypotension; alcohol abuse; con-
comitant administration of active CYP3A4 inhib-
itors; participation in other clinical trials.

Study design. The study was conducted as 
open, comparative, randomized, parallel and in-
cluded two stages. During first stage it was selected 
26 almost healthy adults (healthy control group) 
and 77 patients with dyslipidemia with subse-
quent comparison of their baseline characteris-
tics. Then, during second stage (treatment stage), 
patients with dyslipidemia were randomly divided 
in two groups: main treatment group (n=41) re-
ceiving combination therapy (capsules containing 
live active strain of Lactobacillus plantarum in the 
amount of 2*109 CFU in one capsule one time a 
day and tablets containing simvastatin in a dose 
of 20 mg one time a day) and control treatment 
group (n=36) receiving monotherapy (tablets con-
taining simvastatin in a dose of 20 mg one time a 
day). Duration of second stage was 12 weeks. The 
monitoring of patients was on outpatient basis by 
visiting research center according to study visit 
schedules with possible deviations of 1-2 days.

Recommendations on lifestyle modification 
and diet were given to all participants according 
to current international guidelines (Mach et al., 
2020). The following drugs were strongly prohib-
ited during the study period: prebiotics, probi-
otics, antibiotics, laxatives, other hypolipidemic 
agents. The appropriate hypotensive treatment 
was prescribed to patients with arterial hyperten-
sion (Williams et al., 2018). 

Investigational drugs. Capsules containing 
live active strain of Lactobacillus plantarum in the 
amount of 2*109 CFU in one capsule were manu-
factured at the LLC «Pharmaceutical plant «Bio-
pharma», Kyiv, Ukraine. Simvastatin tablets – Zo-
cor 20 mg dose manufactured by Merck Sharp & 
Dohme Idea Inc. 

Study visit schedules. The trial consisted of 2 
stages. The first stage included screening, selec-
tion and measurement of participants baseline 
characteristics. Anamnesis, written informed 
consent were obtained during the first visit. 
During the second stage (randomization and 12 
weeks of treatment) the participants with dyslip-
idemia were randomly allocated in two groups 
(main treatment group and control treatment 
group) with prescribing of investigational drugs 
on 12 weeks. Objective examination, anthropo-
metric measurements, blood pressure measure-
ments were performed at each visit; ECG - during 
the first and last visits.

Assessment of total RA of gut bacterial BSH. 
For evaluation of total RA of gut bacterial BSH the 
specimens of participants feces were collected im-
mediately after defecation. The ultraperformance 
liquid chromatography – mass spectrometry 
(UPLC-MC) was used for the assessment of to-
tal enzyme activity of gut BSH of fecal samples as 
was described before (Huijghebaert & Hofmann, 
1986; Joyce et al., 2014). Relative activity of gut 
BSH was expressed in units of choloylglycine hy-
drolase/mL (from Clostridium perfringens, EC 
3.5.1.24, Sigma-Aldrich). 

Assessment of BSH total RA of probiotic 
Lactobacillus plantarum. The ultraperformance 
liquid chromatography – mass spectrometry 
(UPLC-MC) was used for the assessment of total 
enzyme activity of BSH of samples of probiotic 
bacteria Lactobacillus plantarum (Huijghebaert & 
Hofmann, 1986; Joyce et al., 2014). Relative activi-
ty of BSH was expressed in units of choloylglycine 
hydrolase/mL (from Clostridium perfringens, EC 
3.5.1.24, Sigma-Aldrich).

Biochemical blood analyzes. Blood for eval-
uation of TC, LDL, high-density lipoproteins 
(HDL), TG (triglycerides), liver tests and creatine 
phosphokinase (CPK) was collected during the 1 
and 4 study visits. Standard enzymatical methods 
were used to assess the level of TC, LDL, HDL, 
TG.

Cardiovascular risk assessment. During the 1 
and 4 study visits the levels of CVR were calcu-
lated in main and control treatment groups us-
ing five validated risk scores: Globorisk (Hajifa-
thalian et al., 2015), Framingham 10-years CVD 
risk estimation (D’Agostino et al., 2008), 10-year 
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risk of heart disease or stroke using the ASCVD 
algorithm published in 2013 ACC/AHA (Goff et 
al., 2014), Cardiovascular Risk PROCAM Score 
(Assmann, Cullen & Schulte, 2002), WHO car-
diovascular disease risk chart (WCRCWG, 2019).

Taking to attention the age limit for assess-
ment of CVR, in healthy control group, for par-
ticipants <40 years we have assumed their CVR 
as 1% according to Globorisk score, 2013 ACC/
AHA algorithm and WHO cardiovascular disease 
risk chart; <35 years – as 20 points according to 
PROCAM score; <30 years – as 1% according to 
Framingham score.

Efficacy endpoints. Treatment was considered 
effective in case of achieving the reducing of TC 
and LDL by 20% or more from baseline, reduc-
ing of CVR levels calculated using 5 validated risk 
scores by 20% or more from baseline.

Statistical analysis. The obtained data were 
analyzed using IBM SPSS Statistics v23 for Win-
dows. Shapiro-Wilk test was used to check the 
normality of continuous variables. The data were 
presented as arithmetic mean with standard devi-
ation (Mean±SD) in case of normal distribution 
or as median with first and third quartiles (Medi-
an (Q1-Q3)) in case of non-normal distribution. 
The differences between the means of two groups 
were checked by the unpaired t-test (in case of 
normal distribution) or Wilcoxon two sample 
test (in case of non-normal distribution). The 
differences between the means of 3 groups were 
checked using ANOVA or Kruskal–Wallis test 
in case of non-normal distribution; in post-hoc 
analysis the Bonferroni correction or Dunn test 
were used. The difference between qualitive vari-
ables was checked by chi-square test. The clinical 
effects were assessed by odds ratios. For determin-
ing the statistical relationships between variables, 
the logistic regression analysis was used. The dif-
ference between the study groups was considered 
statistically significant with p <0.05.

Results. Baseline characteristics of the com-
pared groups. It was revealed the significant dif-
ference between healthy control and treatment 
control with main treatment groups regarding the 
age, BMI, levels of systolic blood pressure (SBP), 
TC, LDL, CVR levels according to all scores 
(p<0,01 in all). But there were no differences 
between control treatment and main treatment 

groups regarding these characteristics (p>0,05 in 
all). There were no differences between the com-
pared groups regarding other values (Tab.1.).

Anthropometric and other values of the con-
trol treatment and main treatment groups after 
12 weeks of study. After 12 weeks of treatment 
with investigational drugs there were no signifi-
cant differences between control treatment and 
main treatment groups in terms of the levels of 
BMI, SBP and hypotensive treatment rates. But 
it was revealed the significant reduction of TC, 
LDL, TG and level of CVR according to PRO-
CAM score in main treatment group comparing 
with control treatment group (Tab.2).

Tab.2. Anthropometric and other values of the 
control treatment and main treatment groups af-
ter 12 weeks of study

RA of bacterial BSH of L. plantarum. It was 
shown that one capsule of investigational probi-
otic containing 2*109 CFU L. plantarum has a 
RA of BSH=1,0006±0,037 U/mL comparing with 
0,033±0,009 U/mL of L. plantarum with eliminat-
ed BSH-genes, p<0,05.  

RA of gut bacterial BSH of the compared 
groups during study time points. At baseline it 
was revealed significant difference in RA of gut 
bacterial BSH between healthy control group and 
control treatment with main treatment groups 
(p<0,001 and p<0,001, respectively) without 
difference between control treatment and main 
treatment groups (р>0,05) (Tab.3, Fig.1).

After 12 weeks of investigation there was no 
difference in RA of gut bacterial BSH between 
healthy control group and main treatment group 
(p=0,45). But there were differences in RA of gut 
bacterial BSH between healthy control group and 
control treatment group (p<0,001) and between 
main treatment group and control treatment 
group (p<0,001) (Tab.3, Fig.2). 

Achievement of treatment efficacy end-
points. The rates of achieving of treatment effi-
cacy goals (20% and more reduction of TC, LDL, 
CVR levels according to all validated risk scores, 
except Globorisk score) were higher in main 
treatment group comparing with control treat-
ment group (Tab.3). 

Association between the RA of gut bacteri-
al BSH and risk of failure of treatment efficacy 
endpoints achievement. To analyze the associa-
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tion of risk of failure of treatment efficacy end-
points achievement (20% and more reduction 
of TC, LDL, CVR levels according validated risk 
scores) with RA of gut bacterial BSH, we used the 
method of constructing and analyzing a one-fac-
tor logistic regression model regarding each end-
point. It was found that with increasing of RA of 

Characteristic Healthy control 
(n=26) **

Treatment control 
(n=36) **

Main treatment 
(n=41) **

Difference 
(p) ***

Age 32,5±6,1 60,8±8,6 57±9,5 p<0,001

Sex
Men 13 (50%) 8 (22,2%) 13 (31,7%) p=0,070
Women 13 (50%) 28 (77,8%) 28 (68,3)

BMI* 23,3±2,4 27±3,3 28±4 p<0,001

DM*
yes - 16 (44,4%) 20 (48,8%) p=0,881
no - 20 (55,6%) 21 (51,2%)

Smoking
yes 8 (30,8%) 10 (27,8%) 13 (31,7%) p=0,929
no 18(69,2%) 26 (72,2%) 28 (68,3%)

SBP (mmHg) * 120 (110-120) 135 (120-150) 130 (120-140) p<0,001

Treatment of 
hypertension

yes - 10 (27,8%) 15 (36,6%) P=0,564
no - 26 (72,2%) 26 (63,4%)

TC (mmol/l) * 4,64 (4,19-4,83) 5,93 (5,63-6,53) 5,76 (5,45-6,52) p<0,001
LDL (mmol/l) * 2,61 (2,17-2,84) 3,97 (3,67-4,48) 4,03 (3,82-4,52) p<0,001
HDL (mmol/l) * 1,54±0,44  1,4±0,3 1,38±0,45 p=0,249
TG (mmol/l) * 1,15 (0,8-1,7) 1,48 (0,9-2,88) 1,27 (0,71-1,76) p=0,127
Globorisk (%) 1 (1-1) 41,5 (15-54,5) 29 (15-60) p<0,001
Framingham (%) 1,25 (1-2,8) 20,2 (9,2-33,2) 17 (9,7-33,5) p<0,001
2013 ACC/AHA algorithm (%) 1 (1-1) 12,9 (3,7-22) 8,2 (3,4-21) p<0,001
PROCAM (points) 20 (20-20) 50,5 (41-57,5) 50 (39-58) p<0,001
WHO risk chart (%) 1 (1-1) 22,5 (10,5-31,5) 17 (8-31) p<0,001

*BMI – body mass index; DM – diabetes mellitus; SBP – systolic blood pressure; TC – total cholesterol; LDL – low-density 
lipoproteins; HDL – high-density lipoproteins; TG – triglycerides; CVR – cardiovascular risk

**In case of normal and non-normal distribution, the data were presented as Mean±SD and Median (Q1-Q3) respectively
*** ANOVA or Kruskal–Wallis test was used for normal and non-normal distribution

Tab. 1. Baseline characteristics of the healthy control, treatment control and main treatment groups.

*relative activity of gut bacterial bile salt hydrolase expressed in units of choloylglycine hydrolase/mL from 
Clostridium perfringens, EC 3.5.1.24, Sigma-Aldrich.

Fig.1. The RA of BSH of the compared groups at 
baseline 

Fig.2. The RA of BSH of the compared groups 
after 12 weeks of investigation.

gut bacterial BSH, the risk of failure of treatment 
efficacy endpoints achievement regarding:

1. 20% and more reduction of TC – de-
creased (p=0,0306), OR=0,00133 (95% CI;  
3,28*10-6- 0,538). Fig. 4, A. shows the ROC 
curve of this model, AUC =0,66 (95%CI; 
0,533-0,786);
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Characteristic Treatment control 
(n=36) **

Main treatment  
(n=41) ** Difference (p) ***

BMI* 27±3,3 28±4 p=0,223
SBP (mmHg) * 131±10 128±11 p=0,242

Treatment of hypertension
yes 16 (44,4%) 21 (51,2 %) p=0,712
no 20 (55,6%) 20 (48,8)

Lipid profile
TC (mmol/l) * 5,29 (4,51-5,77) 4,84 (4,03-4,94) p<0,001
LDL (mmol/l) * 3,35 (2,89-3,61) 2,97 (2,6-3,3) p=0,002
HDL (mmol/l) *  1,39±0,38 1,33±0,44 p=0,486
TG (mmol/l) * 1,58 (0,99-2,2) 1,1 (0,7-1,43) p=0,007
CVR* levels
Globorisk (%) 35 (12-51) 19 (13-48) p=0,244
Framingham (%) 15,9 (7,7-28,35) 11,4 (7,3-21,9) p=0,249
2013 ACC/AHA algorithm (%) 11,05 (3,9-19) 6 (2,9-16,8) p=0,195
PROCAM (points) 45,5 (38-50,5) 37 (31-41) p=0,004
WHO risk chart (%) 19,39±11,91 15,83±11,96 p=0,188

*BMI – body mass index; DM – diabetes mellitus; SBP – systolic blood pressure; TC – total cholesterol; LDL – low-density 
lipoproteins; HDL – high-density lipoproteins; TG – triglycerides.

**In case of normal and non-normal distribution, the data were presented as Mean±SD and Median (Q1-Q3) respectively
*** t-test or Wilcoxon two sample test was used for normal and non-normal distribution

Tab. 2. Anthropometric and other values of the control treatment and main treatment groups after 
12 weeks of study.

RA of gut bacterial 
BSH, (units/mL) *

Healthy control 
(n=26) **

Treatment control 
(n=36) **

Main treatment 
(n=41) ** Difference (p) ***

Baseline 0,21 (0,13-0,32) 0,09 (0,05-0,13) 0,1 (0,06-0,14) Р<0,001
After 12 weeks 0,22±0,12 0,1±0,06 0,2±0,07 Р<0,001

* relative activity of gut bacterial bile salt hydrolase expressed in units of choloylglycine hydrolase/mL from Clostridium 
perfringens, EC 3.5.1.24, Sigma-Aldrich.

**In case of normal and non-normal distribution, the data were presented as Mean±SD and Median (Q1-Q3) respectively
*** ANOVA or Kruskal–Wallis test was used for normal and non-normal distribution

Tab. 3. The RA gut bacterial BSH of the compared groups during study time points

20% and more reduction of value Treatment control, n (%) Main treatment, n (%) OR* (95% CI), p
TC* 10 (27,8%) 26 (63,4%) 2,28 (95%CI; 1,28-4,06), p=0,004.
LDL* 15 (41,7%) 35 (85,4%) 2,05 (95%CI; 1,36-3,08), p<0,001
Globorisk 10 (27,8%) 17 (41,5%) p=0,311
Framingham 12 (33,3%) 29 (70,7%) 2,12 (95%CI; 1,28-3,51), p=0,003
2013 ACC/AHA algorithm 9 (25%) 21 (51,2%) 2,05 (95%CI; 1,08-3,88), p=0,035
PROCAM 9 (25%) 27 (65,9%) 2,63 (95%CI; 1,44-4,83), p<0,001
WHO risk chart 9 (25%) 23 (56,1%) 2,24 (95%CI; 1,2-4,2), p=0,012.

* TC – total cholesterol; LDL – low-density lipoproteins; CVR – cardiovascular risk; OR – odds ratio.

Tab. 3.  Rates of treatment efficacy goals achievement (20% and more reduction of TC*, LDL* and 
CVR* levels from baseline).
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2. 20% and more reduction of LDL – de-
creased (p<0,001), OR=5,65*10-14(95% CI; 
6,38*10-20-5*10-8). Fig. 4, B. shows the ROC 
curve of this model, AUC=0,908 (95% CI; 
0,837-0,979).

3. 20% and more reduction of CVR lev-
el according to Framingham score – de-
creased (р=0,0035), OR=4,09*10-5 (95% 

Fig. 4. Th e ROC-curves of the one-factor logistic regression models of association of relative 
activity of gut bacterial bile salt hydrolase with the risk of failure of 20% and more reduction of total 

cholesterol (A) and low-density lipoproteins (B).

A B

Fig.5. Th e ROC-curves of the one-factor 
logistic regression models of association 

of relative activity of gut bacterial bile 
salt hydrolase with the risk of failure 
of 20% and more reduction of levels 

of cardiovascular risk according to 
Framingham score (A), 2013 ACC/AHA 
algorithm (B) and PROCAM score (C).

A B

C

CI; 4,66*10-8- 0,0359). Fig. 5, A. shows the 
ROC curve of this model, AUC =0,736 
(95% CI; 0,618-0,855).

4. 20% and more reduction of CVR level ac-
cording to 2013 ACC/AHA algorithm – 
decreased (р=0,0135), OR=3,8*10-4 (95% 
CI; 7,34*10-7- 0,197). Fig. 5, B. shows the 
ROC curve of this model, AUC =0,662 
(95% CI; 0,538-0,787).
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5. 20% and more reduction of CVR level ac-
cording to PROCAM score – decreased 
(p=0,00125), OR=8,38*10-6 (95%; CI; 
6,93*10-9- 0,0101). Fig. 5, C. shows the 
ROC curve of this model, AUC =0,662 
(95% CI; 0,538-0,787).

There were no association between the RA of 
gut bacterial BSH and risk of failure of treatment 
efficacy endpoints achievement regarding the 
20% and more reduction of CVR level according 
to Globorisk score and WHO risk chart. 

Discussion. There is a small amount of liter-
ature data regarding the clear relationships be-
tween gut BSH enzyme activity with its correc-
tion and the cholesterol metabolism. Recent in 
vivo study (Joyce et al., 2014) revealed that en-
hancing of BSH activity in the mice gut was as-
sociated with decreasing of blood cholesterol. It 
was suggested by authors that gut microbiota may 
have a hypocholesterolemic effect by secretion of 
bile salt hydrolase (Joyce et al., 2014). 

Despite the attempts of using the isolated BSH 
enzymes with hypocholesterolemic aim (Bi et al., 
2013; Sridevi et al., 2009), most efforts of interna-
tional investigators are directed on using the pro-
biotic bacteria. A lot of animal (Kim et al., 2017; 
Yao et al., 2020) and human (Costabile et al., 2017; 
Sharma et al., 2016; Wang et al., 2018; Wu et al., 
2017) investigations revealed the lipid-lowering 
properties of BSH-producing strains, especially 
different strains of Lactobacilli. Our previous trial 
also shown that additional supplementation with 
probiotic L. plantarum to low doses of simvasta-
tin was more effective in reducing levels of TC 
and LDL compared with simvastatin monother-
apy (Шипулін та ін., 2018).

International studies shown that Lactobacillus 
plantarum had a quite substantial BSH-activi-
ty (Huang et al., 2019; Kumar, Grover & Batish, 
2012; Ren, Sun, Wu, Yao & Guo, 2011; Tsai et al., 
2014). In our present trial we also revealed, using 
quantitively assessment method (Huijghebaert & 
Hofmann, 1986; Joyce et al., 2014), a quite high 
BSH activity of investigational capsules contain-
ing 2*109 CFU in one capsule, that confirm and 
expand the literature data (Huang et al., 2019; Ku-
mar et al., 2012; Ren et al., 2011; Tsai et al., 2014). 
After 12 weeks of our investigation it was shown 
that additional supplementation with probiotic 

L. plantarum led to statistically significant increas-
ing of RA of gut bacterial BSH in patients with 
dyslipidemia that was similar to healthy adults 
without dyslipidemia. While the participant from 
the control treatment group that received only 
simvastatin after 12 weeks had a statistically lower 
RA of gut bacterial BSH compared to participants 
additionally received probiotic L. plantarum and 
healthy adults. We revealed that there was an as-
sociation between the RA of gut bacterial BSH 
and risk of failure of treatment efficacy endpoints 
achievement regarding the reduction of TC and 
LDL. We considered efficacy endpoint in case of 
achievement of 20% and more reduction of TC 
and LDL. On the basis of logistic regression mod-
els, we shown the statistically significant decreas-
ing of risk of failure of achieving these treatment 
goals with increasing of the RA of BSH. It means 
that higher levels of RA of BSH were associated 
with higher chance to reach the treatment goals 
regarding the reduction of hepercholesterolemia. 

In routine clinical practice several CVR as-
sessment scores are used before prescribing hy-
pocholesterolemic therapy, that allow to control 
and manage its effectiveness. (Assmann et al., 
2002; D’Agostino et al., 2008; Goff et al., 2014; Ha-
jifathalian et al., 2015; WCRCWG, 2019). All of 
them take to attention the levels of different types 
of cholesterol. In this trial we tried to find and de-
termine the possible link between modification of 
BSH enzyme activity and CVR levels according 
to five validated risk scores. It was revealed the 
association with the risk of failure of treatment 
efficacy endpoints achievement regarding the 
reduction of CVR levels. We considered efficacy 
endpoint in case of achievement of 20% and more 
reduction of CVR level according to each score. 
Using logistic regression models, we shown that 
with increasing of the RA of gut bacterial BSH it 
was the statistically significant decreasing of risk 
of failure of achieving treatment aims according 
to 3 CVR scores: Framingham score (D’Agostino 
et al., 2008), 2013 ACC/AHA algorithm (Goff et 
al., 2014) and PROCAM score (Assmann et al., 
2002). It indicates that higher levels of RA of BSH 
were associated with higher chance to reach the 
treatment goals regarding the reduction of CVR 
levels according to 3 above mentioned CVR 
scores.
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Conclusions. In summary, additional sup-
plementation with BSH-producing probiotic 
bacteria L. plantarum to low doses of simvasta-
tin was statistically more effective in increasing 
of gut bacterial BSH enzyme relative activity in 
patients with dyslipidemia compared to simvas-
tatin monotherapy. It was revealed that increas-
ing of total relative activity of gut bacterial bile 
salt hydrolase by L. plantarum supplementation 
was associated with statistically higher chances 
to achieve treatment efficacy goals regarding re-
duction of serum total cholesterol, low-density 
lipoproteins and cardiovascular risk levels ac-
cording to validated risk assessment tools: Fram-
ingham, 2013 ACC/AHA algorithm and PRO-
CAM scores.
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