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ABSTRACT　
 
OBJECTIVE　  To  explore  the  relationship  between Lactobacillus  and prognosis  of  acute  myocardial  infarction (AMI)  patients
treated by percutaneous coronary intervention (PCI) and its correlation with clinical parameters.
 
METHODS　  Consecutive patients with AMI in the coronary care unit of Tianjin Chest Hospital in China who received emer-
gency PCI between July 2017 and December 2018 were enrolled. Subjects’ fecal 16S rDNA gene sequencing data were analyzed
and  subjects  were  categorized  into  low,  medium  and  high  level  groups  according  to  stool  Lactobacillus  measurements.  The
primary  endpoints  were  major  adverse  cardiac  events.  Cox  regression  analysis  was  used  to  analyze  the  relationship  between
Lactobacillus and prognosis. Spearman correlation analysis and trend tests were used to assess the relationship between Lactoba-
cillus and the clinical indicators.
 
RESULTS　 The data of 254 patients were included in the analysis. Mean age was 65.90 ± 11.56 years, and 152 patients (59.84%)
were male. Follow-up time was 652 (548.25−753.00) days. Multivariate Cox regression analysis showed a significantly lower risk
of major adverse cardiac events in patients with Lactobacillus > 7.1 copies/g [adjusted hazard ratio (HR) = 0.216, 95% CI: 0.094−
0.493, P < 0.001] compared to patients with Lactobacillus ≤ 3.6 copies/g. Statistically significant differences were shown in ST-seg-
ment elevation myocardial infarction (STEMI) (HR = 0.217, 95% CI: 0.085−0.551, P = 0.001). Lactobacillus was a protective factor
for male  smokers  aged over  60 years  whose brain natriuretic  peptide was over  1,000 pg/mL.  Spearman correlation analysis  showed
that Lactobacillus correlated negatively with white blood cells, neutrophils, high-sensitivity C-reactive protein, TroponinT, creat-
ine  kinase,  creatine  kinase-MB  and  brain  natriuretic  peptide  (downward  trend),  and  correlated  positively  with  left  ventricular
ejection fraction (upward trend).
 
CONCLUSIONS　 This study is the first to reveal the correlation between Lactobacillus and inflammation and myocardial dam-
age after STEMI. STEMI patients, especially male smokers aged over 60 years with severe impairment of cardiac function, have
better outcomes with high levels of Lactobacillus, suggesting new therapeutic strategies for improving the prognosis and quality
of life of AMI patients.

  

W ith the aging of society and changes in
life style, the incidence of acute myoc-
ardial infarction (AMI) is increasing

year by year, which has become the main cause of
death worldwide and poses a serious threat to hu-
man health.[1] Recently, however, the success rate of
AMI rescue has significantly improved, and the rate
of death and disability has decreased. The mortal-

ity of patients receiving percutaneous coronary in-
tervention (PCI) and optimized drug therapy re-
main as high as 7% to 18% within one year.[2,3] New
treatments to improve the prognosis and the quality
of life of AMI patients are essential.

Recently, increased attention is being given to the
relationship between gut microbiota and cardiovas-
cular diseases.[4–6] Our previous study found that the
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abundance of Lactobacillaceae in the stool of acute
coronary syndrome (ACS) patients was signific-
antly decreased.[7] Also, animal experiments have
confirmed that Lactobacillus has the effects of anti-
inflammation, regulating blood lipids and improving
cardiac injury after myocardial infarction (MI).[8–10]

Therefore, we speculated that the level of Lactoba-
cillus may be associated with the prognosis of pa-
tients with AMI.

The purpose of this study was to quantitatively
analyze the association between Lactobacillus and
outcomes of AMI patients treated by emergency
PCI, as well as the relationship between Lactobaci-
llus and inflammation, myocardial injury and other
biomarkers, and to evaluate the effect of Lactobaci-
llus on long-term prognosis to provide new ideas
for early and long-term clinical intervention. 

METHODS
 

Study Population

In this prospective cohort study, we collected the
data of AMI patients who received emergency PCI
treatment in the coronary care unit of Tianjin Chest
Hospital in China from July 2017 to December 2018.
All patients, aged between 20 years and 85 years,
were residents of Tianjin. The diagnosis and treat-
ment of AMI were performed according to the gui-
deline recently published.[11] Patients with previous
organic lesions of digestive system, cancer, previ-
ous MI, and previous coronary artery bypass graft-
ing were excluded. Individuals were also excluded
if they had infectious and inflammatory disorders,
had received antibiotics or probiotics, were taking pr-
oton pump inhibitors or hormone-replacement ther-
apy within the last two months. Finally, 254 pati-
ents were included (Figure 1). A total of 192 pati-
ents had ST-segment elevation MI (STEMI) and 62 pati-
ents had non-ST-segment elevation MI (NSTEMI).
The fecal samples of all patients were collected and
sent out to extract bacterial DNA. All AMI patients
had taken aspirin prior to primary PCI. This study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study protocol was
approved by the Ethics Committee of Tianjin Chest
Hospital (No.2018KY-010-01) and signed informed
consent was provided by all included patients. 

Data Collection and Group Definitions

Subjects’ baseline data, such as demographic cha-
racteristics, medical history, family history, physi-
cal activity, smoking status, alcohol consumption,
test results, echocardiography and interventional
treatment records, were collected through the clini-
cal electronic medical record system. Blood samples
and fresh stool samples were collected immediately
after emergency PCI surgery or the next morning.
The whole blood samples were centrifuged at 4 °C,
3,000 r/min for 10 min and the supernatant (serum
or plasma) was cryopreserved at −80 °C for later tes-
ting. Fresh stool samples (> 300 mg) were placed into
a sterile, externally-circulated cryotube that was se-
aled and stored at −156 °C. 

Detection of Lactobacillus by SYBR Green II Real-
time Fluorescence Quantitative PCR

After bacterial DNA was extracted from stool
samples, Lactobacillus was tested for PCR reaction.
The amount of Lactobacillus in feces was detected
by SYBR Green II real-time fluorescence quantita-
tive PCR. The reaction primers were designed acc-
ording to previous studies and synthesized by Thermo
Fisher Science Co.Ltd.[12–15] The primer sequences
were as follows: Lac-F: 5’-AGCAGTAGGGAATCTT-
CCA-3’ and Lac-R: 5’-CACCGCTACAC ATGGAG-
3’. The reaction reagent is from TB Green™ Prem-
ier Ex Taq™ II (Tli RNaseH Plus). The reaction sys-
tem was Real Master Mix: 10 μL, upstream and dow-
nstream primers 0.8 μL, ROX II 0.4 μL, template DNA
2 μL, DEPC water 6 μL, and the reaction volume
was 20 μL. Reaction conditions were: pre-denatura-
tion at 95 °C for 5 min, denaturation at 95 °C for 15 s,
annealing at 58 °C for 34 s, elongation at 72 °C for
60 s, and cycled 40 times. In each experiment, stan-
dard calibration and a negative control of sterilized
water were set up at the same time. After the reac-
tion, the specificity of PCR products was analyzed
according to the fusion curve. According to the fluo-
rescence data, the Ct value was analyzed automatic-
ally by the 7 500 System SDS Interface Software and
the standard curve was generated. 

Evaluation of Clinical Outcomes

Prospective follow-up was carried out by clinic
visits or telephone interviews at 6 months, 12 months,
24 months and 30 months from the date of selection.
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The staff regularly followed up the AMI patients
and urged them to visit the myocardial infarction
clinic on time according to the study plan. Outpa-
tient physicians give professional technical guid-
ance to the changes of the disease, perform neces-
sary laboratory and imaging examinations, and
provide the best treatment measures. The occurrence
of a first major adverse cardiovascular event (MACE)
was judged independently by senior cardiologists,
and was regarded as the follow-up endpoint. MACE
included cardiac death, stroke, recurrent MI, target
lesion revascularization, and hospital admission for
heart failure (HF). 

Interim Quality Control

The work was carried out by a professional follow-
up team (including senior cardiologists, nurses and
data managers) in accordance with the standard-
ized guidelines and manuals for AMI. Follow-up
personnel unified training, assessment to take up
the post. Each patient received health education and
issued a follow-up manual when he was discharge
from the hospital. The clinical data were entered into
the AMI patients management center by an electro-
nic data capture system, and the supervisors check
the original data regularly to ensure the authenticity

 

Figure 1    Study protocol.
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and integrity of the data. Endpoint events were indep-
endently judged by senior cardiologists according
to the “endpoint criteria” defined by the study pro-
tocol. 

Statistical Analysis

According to the Lactobacillus content in our pre-
vious study[7] and the incidence of MACE, which
was 7% to 18% after PCI,[2,3] and assuming a 20% of
drop-out rate, a total of 26 participants are required
to provide 90% power, with a two-sided type I error
of 0.05. Considering the need to explore the risk of
MACE in different subgroups of patients, we included
more subjects to ensure a sufficient number of end-
point events.

X-tile analysis, developed for biomarker cut-point
selection in survival scenario by Camp RL, et al.,[16]

was performed to categorize Lactobacillus into low-
level, medium-level and high-level. X-tile analysis
takes both Lactobacillus level and composite MACE
of patients into consideration when choosing cut-off
point, so it can ensure survival homogeneity within
groups and heterogeneity between groups as much
as possible.[16] Description statistics for continuous
variables are mean ± SD or medians (interquartile
range) as appropriate according to its distribution,
counts (percentages) are given for categorical vari-
ables. For group comparison, Wilcoxon rank tests
and Wald-type Chi-squared tests were used depe-
ndent on their distribution to examine the differe-
nce between groups. Spearman correlation analysis
and trend test were used to evaluate the correlation
between Lactobacillus and clinical indicators. The
relationship between Lactobacillus level and pro-
gnosis of AMI patients was analyzed by univariate
and multivariable Cox regression analysis. The vari-
ables with P-value less than 0.1 in univariate ana-
lysis and considered clinically meaningful were incl-
uded in the multivariate regression analysis. Kaplan-
Meier curve was graphed for MACE-free survival time
of patients by Lactobacillus levels. P-value < 0.05 in-
dicated that the difference was statistically signific-
ant. Basic statistical analyses were conducted with
SPSS software 25.0 (SPSS Inc., IBM, Armonk, NY,
USA) and R software 3.6.2 (http://www.r-project.
org/). X-tile analysis was performed using X-tile
software 3.4.7 (Copyright Yale University, Cambr-
idge, MA, USA). 

RESULTS
 

PCR Results

A 1 × 109−1 × 101 copies figure of the relationship
between the cycle number of the template and the
fluorescence intensity can be obtained from the real-
time fluorescence quantitative PCR reaction carried
out after the standard sample was diluted 10 times
(Figure 2A). Figure 2A reveals that with the increase
of the cycle numbers of the templates with different
copies, the fluorescence intensity increases gradu-
ally, and the curve tends to be parallel after a period
of exponential expansion, that is, the “platform pe-
riod”. The standard curve of Lactobacillus was ob-
tained by taking the logarithm of the standard
sample with different copy number as the abscissa
and the initial cycle number (Ct value) that reached
the fluorescence threshold in the process of quantit-
ative PCR reaction as the ordinate, which provided
a reference standard for the quantification of the sam-
ples to be tested (Figure 2B). The analysis of the mel-
ting curve after each PCR reaction showed that the
melting curve was a single peak, which indicated
that the amplification product was single. That was
the target DNA fragment, which avoided the occur-
rence of false positive results in the process of
quantitative PCR detection (Figure 2C). 

Cut-off Point Selection of Lactobacillus

All patients were divided into low level (≤ 3.6
copies/g), medium level (3.6−7.1 copies/g) and
high level (> 7.1 copies/g) of Lactobacillus using X-
tile analysis (supplemental material, Table 1S and
Figures 1S–3S). 

Characteristics of Study Population

A total of 254 AMI patients who received PCI
treatment were enrolled. Baseline characteristics of
patients were stratified according to Lactobacillus
level, as shown in Table 1. Mean age was 65.90 ±
11.56 years, about 59.84% of patients were males,
and 51.18% of patients were smokers. No statistic-
ally significant differences were found in gender,
age, medical history and postoperative medication
among the three groups (P > 0.05). The levels of
white blood cells (WBC), neutrophils (NEUT), high-
sensitivity C-reactive protein (hs-CRP), TroponinT
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Figure 2    PCR results of Lactobacillus. (A): The amplification curve of Lactobacillus; (B): the standard curve of Lactobacillus; and (C):
the fusion curve of Lactobacillus.

 

Table 1    Baseline characteristics of patients by Lactobacillus concentration.

Characteristics Total
n = 254

Low
(≤ 3.6 copies/g)

n = 55

Medium
(3.6−7.1 copies/g)

n = 69

High
(> 7.1 copies/g)

n = 130
P-value

Age, yrs 65.90 ± 11.56 64.11 ± 11.83 67.20 ± 12.31 65.97 ± 11.02 0.338

Male 152 (59.84%) 39 (70.92%) 38 (55.07%) 75 (57.69%) 0.157

Body mass index, kg/m2 25.52 (24.09−26.61)* 25.66 (24.15−26.53)* 25.35 (24.10−26.55)* 25.49 (23.93−26.71)* 0.937

Smoker 130 (51.18%) 31 (56.36%) 34 (49.28%) 65 (50.00%) 0.682

Hypertension 169 (66.54%) 38 (69.09%) 44 (63.77%) 87 (66.92%) 0.816

Diabetes mellitus 75 (29.53%) 15 (27.27%) 22 (31.88%) 38 (29.23%) 0.850

Left ventricular ejection fraction, % 51.00 (44.00−58.00)* 48.00 (42.00−56.00)* 50.00 (43.50−57.00)* 55.00 (45.00−59.00)* 0.007

Disease types 0.003

　ST-segment elevation myocardial infarction 192 (75.59%) 49 (89.09%) 56 (81.16%) 87 (66.92%)

　Non-ST-segment elevation myocardial infarction 62 (24.41%) 6 (10.91%) 13 (18.84%) 43 (33.08%)

Laboratory examination

　White blood cells, × 109/L 9.06 (6.97−11.55)* 10.80 (8.23−14.08)* 9.06 (7.13−11.00)* 8.33 (6.38−10.32)* 0.001

　Neutrophils, × 109/L 6.67 (4.51−9.04)* 8.48 (5.98−11.25)* 6.79 (4.54−8.62)* 6.03 (4.12−8.13)* < 0.001

　Platelets, × 109/L 207.00 (177.00−252.50)* 216.00 (182.00−259.00)* 200.00 (164.50−240.00)* 210.50 (178.00−255.25)* 0.202

　Mean platelet volume, fl 10.50 (9.98−11.20)* 10.50 (10.00−11.20)* 10.60 (9.95−11.25)* 10.40 (9.90−11.10)* 0.819

　Platelet distribution width, fl 12.10 (10.98−13.50)* 12.00 (11.10−13.70)* 12.30 (11.10−13.60)* 12.10 (10.70−13.40)* 0.613

　Platelet hematocrit, % 0.22 (0.19−0.26)* 0.23 (0.19−0.27)* 0.21 (0.18−0.26)* 0.23 (0.19−0.26)* 0.264

　Creatine kinase, U/L 522.5 (107.50−1772.00)* 1004.00 (216.00−2630.00)* 779.00 (130.00−2303.00)* 362.50 (77.25−1256.75)* 0.002

　Creatine kinase-MB, U/L 55.5 (18.00−168.75)* 101.00 (36.00−249.00)* 80.00 (19.50−214.00)* 43.00 (15.00−130.50)* < 0.001

　High-sensitivity C-reactive protein, mg/L 4.40 (1.61−13.86)* 5.57 (1.68−33.78)* 5.44 (2.41−17.77)* 3.59 (1.12−9.66)* 0.019

　Lipoprotein(a), nmol/L 35.60 (12.63−80.90)* 22.90 (9.70−80.90)* 35.70 (14.70−101.20)* 37.60 (13.90−76.68)* 0.359

　Total cholesterol, mmol/L 4.42 (3.76−5.14)* 4.59 (3.52−5.21)* 4.20 (3.35−4.88)* 4.45 (3.94−5.23)* 0.030

　Triglycerides, mmol/L 1.42 (1.09−2.00)* 1.54 (1.14−2.15)* 1.25 (0.99−1.73)* 1.48 (1.11−2.04)* 0.157

　Apolipoprotein A, g/L 1.18 (1.02−1.34)* 1.15 (1.05−1.32)* 1.18 (0.10−1.30)* 1.19 (1.02−1.38)* 0.370

　Apolipoprotein B, g/L 1.04 (0.84−1.25)* 1.06 (0.80−1.29)* 0.95 (0.79−1.15)* 1.09 (0.90−1.37)* 0.023

　High-density lipoprotein, mmol/L 1.06 (0.85−1.29)* 1.04 (0.87−1.23)* 1.04 (0.84−1.24)* 1.09 (0.85−1.34)* 0.655

　Low-density lipoprotein, mmol/L 2.96 (2.22−3.67)* 2.98 (2.14−3.77)* 2.78 (2.05−3.41)* 3.08 (2.46−3.67)* 0.093
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(TNT), creatine kinase (CK), creatine kinase-MB
(CK-MB), brain natriuretic peptide (BNP), apolipo-
protein B (apoB), total cholesterol (TC) and left ven-
tricular ejection fraction (LVEF) were significantly
different among the three groups (P < 0.05), while
no statistically significant differences in platelets,
low-density lipoprotein (LDL), triglycerides (TG), D-
dimer levels, door-to-balloon time and target vessel
distribution were found among the three groups.
Compared with the low-level Lactobacillus group,
the levels of WBC, NEUT, hs-CRP, TNT, CK, CK-MB
and BNP were significantly lower in the high-level
Lactobacillus group, while the LVEF values were
higher.

The details grouped by disease types shown in
supplemental material, Table 2S. Compared with
NSTEMI patients, the levels of WBC, NEUT, CK, CK-
MB, hs-CRP, TNT and BNP were significantly hig-
her in STEMI patients, while the levels of apolipop-
rotein A, high-density lipoprotein (HDL), Lactobac-
illus and LVEF values were lower (P < 0.05). There
were no significant differences in gender, age, smo-
king history, medical history and postoperative
medication among the two groups (P > 0.05). 

Analysis of the Correlation Between Lactobaci-
llus and Biomarkers

Spearman correlation analysis showed that Lacto-
bacillus correlated negatively with WBC, NEUT, hs-
CRP, CK, CK-MB, TNT and BNP, but correlated
positively with LVEF (Figure 3A). The results of
trend tests showed that with increasing Lactobaci-
llus levels, the levels of WBC, NEUT, hs-CRP, CK,
CK-MB, TNT and BNP decreased, while LVEF in-
creased gradually (Ptrend < 0.05) (Figure 3B). In
STEMI patients, the results of trend tests showed
that with increasing Lactobacillus levels, the levels
of WBC, NEUT, hs-CRP, CK, CK-MB, TNT and
BNP decreased (Ptrend < 0.05). No similar associ-
ation was found in NSTEMI patients. The correla-
tion between Lactobacillus levels and TC, TG, HDL,
LDL, apolipoprotein A and apoB were not found in
both STEMI patients and NSTEMI patients, as shown
in Table 2. 

Follow-up and Outcomes

The follow-up time was 652 (548.25−753.00) days,
and nine patients were lost to follow-up. The base-

Continued

Characteristics Total
n = 254

Low
(≤ 3.6 copies/g)

n = 55

Medium
(3.6−7.1 copies/g)

n = 69

High
(> 7.1 copies/g)

n = 130
P-value

　D-dimer, ug/mL 0.41 (0.28−0.69)* 0.47 (0.23−0.89)* 0.54 (0.32−0.84)* 0.40 (0.28−0.60)* 0.281

　TroponinT, ng/mL 1.46 (0.07−5.63)* 2.61 (0.78−7.98)* 1.74 (0.09−7.54)* 1.02 (0.02−4.09)* 0.003

　Brain natriuretic peptide, pg/mL 830.25 (243.55−2360.75)* 1129.50 (669.68−3212.25)* 820.3 (338.13−3334.75)* 498.2 (167.25−1692.50)* 0.012

Interventional therapy

　Door-to-balloon time, min 75.50 (55.00−129.25)* 65.00 (49.00−103.00)* 79.00 (60.50−129.50)* 79.00 (58.75−132.75)* 0.110

　SYNTAX score 33.75 (23.38−37.00)* 36.5 (25.00−40.00)* 35.00 (29.75−38.00)* 32.00 (15.88−34.50)* < 0.001

　Target vessel 0.739

　　Left main artery 8 (3.15%) 1 (1.82%) 2 (2.90%) 5 (3.85%)

　　Left anterior descending artery 106 (41.73%) 28 (50.91%) 26 (37.68%) 52 (40.00%)

　　Left circumflex artery 37 (14.57%) 7 (12.73%) 9 (13.04%) 21 (16.15%)

　　Right coronary artery 103 (40.55%) 19 (34.54%) 32 (46.38%) 52 (40.00%)

Postoperative medication

　Aspirin 254 (100%) 55 (100%) 69 (100%) 130 (100%) 1.000

　P2Y12 inhibitor 252 (99.21%) 54 (98.18%) 69 (100%) 129 (99.23%) 0.523

　Angiotensin-converting enzyme inhibitors/
　Angiotensin II receptor blockers 218 (85.83%) 49 (89.00%) 61 (88.41%) 108 (83.08%) 0.434

　Statins 254 (100%) 55 (100%) 69 (100%) 130 (100%) 1.000

　Beta-blocker 232 (91.33%) 50 (90.91%) 64 (92.75%) 118 (90.77%) 0.887

Data are presented as means ± SD or n (%). *Presented as median (interquartile range).
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line characteristics of patients grouped by the occu-
rrence of MACE shown in Table 3. Patients exper-
iencing MACE were older (65.03 ± 11.34 vs. 69.82 ±
12.41, P = 0.021), and also had higher hs-CRP levels
[4.05 (1.52−10.65) vs. 8.81 (2.34−39.06), P = 0.008]
and BNP levels [708.90 (198.20−1938.75) vs. 1461.00
(555.90−4662.00), P = 0.001], and lower Lactobaci-
llus levels than those without MACE [4.55 (3.16−6.80)
vs. 7.77 (4.63−10.59), P < 0.001]. No statistically sig-
nificant differences were found in gender, medical
history and postoperative medication among the
two groups (P > 0.05).

A total of 45 patients (18.36%) experienced at
least one MACE, including 14 patients (5.71%) ex-
perienced cardiac death, 14 patients (5.71%) were
hospitalized for HF, 6 patients (2.45%) experienced
non-fatal recurrent MI, 5 patients (2.04%) experi-
enced target lesion revascularization and 6 patients
(2.45%) experienced stroke. 

Relationship of Lactobacillus Levels and Out-
comes

The results of multivariate Cox regression analy-

 

Figure  3      The  correlation  between Lactobacillus  and biomarkers. (A):  Correlation  analysis  between  Lactobacillus  and biomarkers
(the red and blue blocks represent positive and negative correlations, respectively); and (B): trend test of the relationship between Lac-
tobacillus and biomarkers.
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sis indicated that compared with the low Lactobac-
illus level group (≤ 3.6 copies/g), the risk of MACE
was significantly lower in patients with high levels
(> 7.1 copies/g) of Lactobacillus [adjusted hazard
ratio (HR) = 0.216, 95% CI: 0.094–0.493, P < 0.001]. Sub-
group analysis classified by MI types showed that
this difference was statistically significant in pati-
ents with STEMI (HR = 0.217, 95% CI: 0.085−0.551,
P = 0.001), as shown in Table 4. Lactobacillus signi-
ficantly reduces the risk of MACE in STEMI pati-
ents receiving PCI treatment, and improves the long-
term prognosis of patients (Figure 4). The results of
subgroup analysis indicated that high level of Lac-
tobacillus was a protective factor for male patients
who smoked, who were older than 60 years and whose
BNP was over 1,000 pg/mL (the best cut-point of
BNP was obtained by X-tile analysis), as shown in
Figure 5. 

DISCUSSION

We gained an understanding of the structure and
diversity of gut microbes in ACS patients through
the preliminary high-throughput sequencing, and
found that the abundance of Lactobacillaceae in fe-
ces of ACS patients was significantly reduced. Based
on this understanding, we investigated the effects
of Lactobacillus on the clinical parameters and pro-
gnosis of AMI patients. Results of the present study
showed that the probiotic Lactobacillus signific-
antly reduced the risk of MACE and improved the
outcomes of patients with AMI. Subjects with higher
Lactobacillus levels had a lower risk of MACE (HR =
0.216, 95% CI: 0.094−0.493, P < 0.001), noted espe-
cially in STEMI patients (HR = 0.217, 95% CI: 0.085−
0.551, P < 0.001).

At present, most studies have focused on the high-

 

Table 2    The relationship between Lactobacillus and biomarkers.

Characteristics

ST-segment elevation myocardial infarction

Ptrend-value

Non-ST-segment elevation myocardial infarction

Ptrend-valueLow
(≤ 3.6 copies/g)

n = 49

Medium
(3.6−7.1 copies/g)

n = 56

High
(> 7.1 copies/g)

n = 87

Low
(≤ 3.6 copies/g)

n = 6

Medium
(3.6−7.1 copies/g)

n = 13

High
(> 7.1 copies/g)

n = 43

Left ventricular ejection fraction, % 46.00
(41.25−52.75)

47.50
(42.25−56.75)

50.00
(44.00−55.00) 0.229 58.00

(54.00−60.00)
55.00

(46.50−59.50)
60.00

(57.00−63.00) 0.148

White blood cells, × 109/L 11.39
(8.68−14.18)

9.45
(7.94−11.62)

9.42
(7.70−11.61) 0.002 6.38

(3.98−7.40)
7.39

(6.34−9.36)
6.41

(5.28−7.49) 0.656

Neutrophils, × 109/L 9.48
(6.81−11.45)

7.04
(5.38−8.68)

6.84
(5.39−9.09) 0.001 3.59

(2.35−4.51)
4.37

(3.74−6.56)
4.13

(3.28−5.10) 0.269

High-sensitivity C-reactive protein, mg/L 6.34
(2.54−39.73)

6.09
(2.76−22.64)

5.12
(2.50−12.39) < 0.001 1.01

(0.47−3.60)
2.97

(0.85−6.36)
1.51

(0.57−3.35) 0.704

Lipoprotein(a), nmol/L 21.00
(7.55−82.40)

39.70
(16.60−115.43)

37.90
(13.85−57.15) 0.935 28.30

(14.20−104.90)
20.60

(8.45−43.00)
33.30

(13.95−99.65) 0.603

Total cholesterol, mmol/L 4.72
(3.78−5.26)

4.24
(3.52−4.89)

4.56
(3.97−5.32) 0.552 3.42

(2.68−4.80)
3.47

(3.08−4.93)
4.34

(3.77−5.11) 0.052

Triglycerides, mmol/L 1.54
(1.14−2.17)

1.22
(0.99−1.94)

1.50
(1.09−2.15) 0.718 1.65

(1.10−1.96)
1.33

(1.04−1.64)
1.40

(1.15−1.91) 0.337

Apolipoprotein A, g/L 1.13
(1.04−1.33)

1.18
(1.00−1.30)

1.11
(0.98−1.29) 0.867 1.17

(1.14−1.26)
1.18

(0.97−1.35)
1.34

(1.11−1.49) 0.074

Apolipoprotein B, g/L 1.10
(0.83−1.29)

0.97
(0.80−1.14)

1.10
(0.93−1.29) 0.462 0.81

(0.67−1.09)
0.82

(0.71−1.26)
1.01

(0.85−1.21) 0.128

High-density lipoprotein, mmol/L 1.05
(0.85−1.23)

1.03
(0.84−1.22)

1.00
(0.83−1.26) 0.944 1.00

(0.91−1.14)
1.08

(0.80−1.31)
1.18

(0.93−1.77) 0.515

Low-density lipoprotein, mmol/L 3.30
(2.76−3.78)

2.89
(2.08−3.37)

3.15
(2.49−3.85) 0.314 2.00

(1.57−3.35)
2.24

(1.79−3.80)
2.24

(2.26−3.27) 0.247

Creatine kinase, U/L 1176.00
(562.00−2951.75)

1133.00
(328.00−2664.00)

712.00
(274.50−1772.00) 0.012 56.00

(40.75−102.75)
77.00

(54.00−113.00)
70.50

(55.00−108.25) 0.588

Creatine kinase-MB, U/L 130.00
(61.50−287.00)

116.00
(38.00−233.00)

73.00
(40.00−177.75) 0.013 14.00

(11.50−16.00)
17.00

(14.50−20.50)
13.00

(11.00−16.00) 0.656

TroponinT, ng/mL 3.07
(1.33−8.76)

2.68
(0.88−9.56)

2.48
(0.79−5.60) 0.021 0.01

(0.01−0.12)
0.02

(0.01−0.04)
0.01

(0.01−0.02) 0.976

Brain natriuretic peptide, pg/mL 1241.00
(750.50−3400.25)

927.80
(446.20−3768.50)

912.70
(314.40−2063.00) 0.016 281.01

(45.84−869.48)
472.90

(318.25−2272.00)
137.80

(43.38−488.80) 0.158

Data are presented as median (interquartile range).
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Table 3    Baseline characteristics for MACE analysis.

Characteristics Total (n = 245) Non-MACE (n = 200) MACE (n = 45) P-value
Age, yrs 65.91 ± 11.66 65.03 ± 11.34 69.82 ± 12.41 0.021

Male 146 (59.60%) 120 (60.00%) 26 (57.78%) 0.784

Body mass index, kg/m2 25.47 (23.99−26.55)* 25.56 (24.23−26.57)* 24.80 (22.94−26.47)* 0.076

Smoker 124 (50.60%) 104 (52.00%) 20 (44.44%) 0.360

Hypertension 162 (66.10%) 135 (67.50%) 27 (60.00%) 0.337

Diabetes mellitus 72 (29.40%) 59 (29.50%) 13 (28.90%) 0.935

Left ventricular ejection fraction, % 51.00 (44.00−58.00)* 51.00 (44.00−58.00)* 49.00 (40.00−56.50)* 0.168
Disease types 0.893

　ST-segment elevation myocardial infarction 187 (76.30%) 153 (76.50%) 34 (75.60%)

　Non-ST-segment elevation myocardial infarction 58 (23.70%) 47 (23.50%) 11 (24.40%)

Laboratory examination

　White blood cells, × 109/L 9.05 (6.96−11.59)* 9.06 (6.98−11.54)* 8.25 (6.73−11.84)* 0.996

　Neutrophils, × 109/L 6.65 (4.51−9.24)* 6.67 (4.55−8.95)* 6.35 (4.30−9.65)* 0.811
　Platelets, × 109/L 206.00 (177.00−252.00)* 209.00 (179.00−255.00)* 196.00 (157.00−236.00)* 0.065

　Mean platelet volume, fl 10.50 (10.00−11.20)* 10.50 (9.90−11.10)* 10.80 (10.10−11.40)* 0.217

　Platelet distribution width, fl 12.20 (11.00−13.50)* 12.05 (10.90−13.40)* 12.90 (11.40−14.30)* 0.076

　Platelet hematocrit, % 0.22 (0.19−0.26)* 0.22 (0.19−0.27)* 0.22 (0.17−0.25)* 0.176

　Creatine kinase, U/L 528.00 (108.50−1784.00)* 515.00 (115.25−1735.00)* 549.00 (88.50−2039.00)* 0.865

　Creatine kinase-MB, U/L 55.00 (18.00−174.00)* 54.50 (18.00−170.25)* 64.00 (18.50−182.00)* 0.843

　High-sensitivity C-reactive protein, mg/L 4.53 (1.63−14.93)* 4.05 (1.52−10.65)* 8.81 (2.34−39.06)* 0.008

　Lipoprotein(a), nmol/L 35.70 (12.70−83.40)* 35.65 (12.73−85.30)* 35.70 (12.65−80.90)* 0.812

　Total cholesterol, mmol/L 4.42 (3.77−5.14)* 4.42 (3.82−5.14)* 4.19 (3.31−5.02)* 0.163

　Triglycerides, mmol/L 1.42 (1.08−2.01)* 1.44 (1.09−2.05)* 1.30 (0.99−1.81)* 0.186

　Apolipoprotein A, g/L 1.18 (1.03−1.35)* 1.19 (1.04−1.35)* 1.18 (1.02−1.34)* 0.326

　Apolipoprotein B, g/L 1.03 (0.84−1.25)* 1.07 (0.85−1.26)* 0.99 (0.76−1.21)* 0.136

　High-density lipoprotein, mmol/L 1.07 (0.85−1.29)* 1.04 (0.85−1.30)* 1.09 (0.89−1.24)* 0.709

　Low-density lipoprotein, mmol/L 2.94 (2.22−3.67)* 2.98 (2.24−3.68)* 2.81 (2.06−3.64)* 0.283

　TroponinT, ng/mL 1.48 (0.08−5.67)* 1.34 (0.08−5.60)* 2.19 (0.15−7.93)* 0.390

　Brain natriuretic peptide, pg/mL 833.70 (232.50−2477.00)* 708.90 (198.20−1938.75)* 1461.00 (555.90−4662.00)* 0.001
Interventional therapy

　Door-to-balloon time, min 76.00 (56.50−128.50)* 74.50 (55.00−121.00)* 81.00 (59.50−190.50)* 0.346

　SYNTAX score 33.50 (23.50−37.00)* 33.00 (24.00−36.50)* 34.00 (20.50−40.00)* 0.160
　Target vessel 0.893

　　Left main artery 7 (2.85%) 6 (3.00%) 1 (2.22%)

　　Left anterior descending artery 104 (42.45%) 83 (41.50%) 21 (46.67%)

　　Left circumflex artery 36 (14.70%) 29 (14.50%) 7 (15.56%)

　　Right coronary artery 98 (40.00%) 82 (41.00%) 16 (35.55%)

Postoperative medication

　Aspirin 245 (100%) 200 (100%) 45 (100%) 1.000

　P2Y12 inhibitor 243 (99.20%) 199 (99.50%) 44 (97.80%) 0.334

　Angiotensin-converting enzyme inhibitors/
　Angiotensin II receptor blockers 209 (85.30%) 173 (86.50%) 36 (80.00%) 0.266

　Statins 245 (100%) 200 (100%) 45 (100%) 1.000

　Beta-blocker 223 (91.00%) 182 (91.00%) 41 (91.10%) 0.981

Lactobacillus 7.09 (3.97−10.01)* 7.77 (4.63−10.59)* 4.55 (3.16−6.80)* < 0.001

Data are presented as means ± SD or n (%). *Presented as median (interquartile range). MACE: major adverse cardiovascular event.
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risk factors leading to MI, such as hypertension,
diabetes mellitus, smoking, and so on, while ignor-
ing the damage that may affect AMI-related out-
comes, such as inflammation, myocardial injury, etc.
Inflammation plays an integral role in the occur-
rence and development of AMI. After AMI, gut bar-
rier breakdown occurs due to the weakened heart
pumping function and insufficient intestinal perfu-
sion, bacteria and endotoxin translocation into the
systemic circulation, and immune-inflammatory
system activation. The inflammatory response in-
duced after MI can repair the heart while also caus-
ing cardiac remodeling and cardiac insufficiency,

increasing the risk of cardiovascular events after MI.
Previous study has shown that inflammatory mark-
ers can predict the prognosis of MI.[17]

WBC have the function of phagocytosis, and can
secrete a variety of factors and participate in inflam-
mation and immune response. Studies have shown
that hospital mortality and short-term mortality of
AMI increase with increases in the WBC count base-
line. WBC count and neutral increase can be used as
predictors of AMI mortality.[18] Wang Y, et al.[19]

showed that the one-year MACE risk ratio of AMI
patients with WBC > 12 × 109/L was 2.65. hs-CRP is
one of the most powerful predictors of cardiovascu-

 

Table  4      Univariate  and multivariate  Cox regression of  the  association between Lactobacillus  and major  adverse  cardiovascular
event.

Lactobacillus level Events
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Total

　Low 17 (30.91%) Reference Reference

　Medium 18 (26.09%) 0.729 (0.375−1.419) 0.353 0.675 (0.331−1.377) 0.280

　High 10 (7.69%) 0.202 (0.092−0.441) < 0.001 0.216 (0.094−0.493) < 0.001

ST-segment elevation myocardial infarction

　Low 15 (30.61%) Reference Reference

　Medium 12 (21.43%) 0.583 (0.272−1.252) 0.166 0.536 (0.237−1.214) 0.135

　High 7 (8.05%) 0.210 (0.085−0.515) 0.001 0.217 (0.085−0.551) 0.001

Non-ST-segment elevation myocardial infarction

　Low 2 (33.33%) Reference Reference

　Medium 6 (46.15%) 1.467 (0.296−7.279) 0.639 2.180 (0.212−22.371) 0.512

　High 3 (6.98%) 0.183 (0.030−1.100) 0.063 0.222 (0.020−2.443) 0.219

Multivariate Cox proportional hazard model adjusted for age, left ventricular ejection fraction, high-sensitivity C-reactive protein,
TroponinT, low-density lipoprotein, and brain natriuretic peptide. HR: hazard ratio.

 

Figure 4    Kaplan-Meier survival curve of the associations between the risk of MACE and Lactobacillus levels. (A): Kaplan-Meier
survival curve of total patients; (B): Kaplan-Meier survival curve of STEMI patients; and (C): Kaplan-Meier survival curve of NSTEMI
patients.  MACE: major adverse cardiovascular  event;  NSTEMI:  non-ST-segment elevation myocardial  infarction;  STEMI:  ST-segment
elevation myocardial infarction.
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lar disease. In the process of AMI, a large amount of
interleukin 6 is released from the infarcted area to
stimulate the production of CRP. A global multicen-
ter study confirmed that hs-CRP of patients with
ACS were independently associated with MACE,
cardiac death and all-cause death.[20] Reducing the
inflammatory response after MI can improve the
prognosis. Gut bacteria are approximately popu-
lated by 1,014 microbes, and opportunistic patho-
gens at 109.[21] Lactobacillus is a type of probiotic with
anti-inflammatory effects. Previous animal experi-
ments have demonstrated that Lactobacillus has
anti-inflammatory properties.[9] Lactobacillus can
regulate trimethylamine N-oxide level and CD4+ T
cell induced-type I inflammation.[22] The present
study found that the risk of MACE was signific-
antly lower in STEMI patients with high levels of
Lactobacillus, but no similar protective association

was observed in NSTEMI patients. It may be rela-
ted to the pathogenesis of STEMI and NSTEMI. The
rupture mechanism of vulnerable plaques is more
common in STEMI patients, which is often associa-
ted with local and systemic inflammation and the
formation of red thrombus resulting in significant
narrowing or even complete occlusion of the lumen.
In recent years, with the application of endolumi-
nal imaging, it has been found that NSTEMI patients
have more plaque erosion mechanisms, and this
type of inflammatory cell infiltration is less, form-
ing platelet-rich white thrombosis.[23,24] Our study
found that the inflammatory response in STEMI pa-
tients was more pronounced than that in NSTEMI
patients, hs-CRP levels [5.77 (2.61−21.82) vs. 1.54
(0.61−4.11), P < 0.001], WBC [9.78 (7.80−12.13) vs.
6.75 (5.54−7.57), P < 0.001], NEUT [7.36 (5.78−9.73)
vs. 4.18 (3.32−5.13), P < 0.001], and the WBC count,

 

Figure 5    Subgroup analysis in different ST-segment elevation myocardial infarction patients. Subgroups, across different genders,
ages,  smoking or not and BNP levels,  display adjusted HR (95% CI)  from multivariate Cox regression model.  BNP: brain natriuretic
peptide; HR: hazard ratio.
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absolute value of NEUT and hs-CRP decreased
gradually as Lactobacillus levels increased. Lactoba-
cillus may affect patients’ prognosis by improving
the inflammatory response after STEMI. Of course,
our study was a single-center clinical study, and
more large-sample, multi-center clinical and basic
studies may be needed in the future to further clar-
ify the protective effect of Lactobacillus on AMI and
its mechanism. So as to provide a new target for the
prevention and treatment of AMI.

Myocardial enzyme and troponin, as important
biomarkers of myocardial injury, play an important
role in the monitoring and prognosis of patients with
AMI. The experimental results of Wang N, et al.[25]

showed that the serum CK and infarct area de-
creased significantly in the ischemia reperfusion rat
model treated with Lactobacillus. Lactobacilli play a
cardioprotective effect through the antioxidant pat-
hway mediated by nuclear factor erythroid 2-re-
lated factor 2.[26] Results of the present study also
showed that CK, CK-MB and TNT in the high Lac-
tobacillus level group were still significantly lower
than those in the low Lactobacillus level group. Fur-
thermore, with the increasing of Lactobacillus, TNT,
CK and CK-MB showed a downward trend. Lacto-
bacillus may reduce the mortality and disability rate
and improve the prognosis of patients by alleviat-
ing myocardial injury.

BNP is synthesized and secreted by ventricular
cells, which reflects the degree of ventricular pres-
sure and cardiac function damage. As such, BNP is
an important biomarker of myocardial ischemia,
and it has significant clinical value in the diagnosis
of cardiovascular disease and the evaluation of car-
diac function. LVEF reflects patients’ cardiac pump
function and provides a useful prognostic index of
AMI. The present study found that the level of La-
ctobacillus correlated positively with LVEF and neg-
atively with BNP. With increasing Lactobacillus
levels, the value of LVEF gradually increased, while
BNP showed a downward trend. Lactobacillus may
reduce the risk of adverse events such as HF by im-
proving cardiac pump function in patients with AMI.

Previous animal experiments showed that Lacto-
bacillus regulated lipid metabolism disorder by in-
hibiting the expression of fatty acid synthase and
acetyl-CoA carboxylase in the liver of obese mice,

reducing the contents of TC, TG, LDL, and increas-
ing the content of HDL in the serum of obese mice.[27]

A randomized controlled study showed that treat-
ment with Lactobacillus plantarum Q180 for 12
weeks significantly decreased LDL and apoB-100
levels.[28] Jones ML, et al.[29] also showed that Lacto-
bacillus reuteri NCIMB 30 242 significantly reduced
LDL, TC, apoB-100 and non-HDL. However, our
study did not find the correlation between the level
of Lactobacillus and lipids (Figure 3). Consider dif-
ferences in lipid levels between STEMI patients and
NSTEMI patients. We further explored the relation-
ship between Lactobacillus levels and lipids in pa-
tients grouped by disease type. The results showed
that the correlation between Lactobacillus levels
and TC, TG, HDL, LDL, apolipoprotein A and apoB
were not found in both STEMI patients and NSTEMI
patients (Table 2). The lipid metabolism mechan-
ism is complex, and Lactobacillus may be involved,
but the present study did not find a linear correla-
tion between Lactobacillus and lipid metabolism,
which may be associated with the study population.
Previous animal or human trials were based on
healthy individuals. However, the present experi-
ment was the first study to explore the relationship
between Lactobacillus and blood lipid levels in AMI
patients. Whether Lactobacillus can improve the
prognosis of AMI patients by affecting lipid meta-
bolism and its possible mechanism may require us-
ing larger samples and multicenter clinical and ba-
sic trials to verify results of the present study. 

LIMITATIONS

There are several limitations that must be noted.
Firstly, the study was based on the results of long-
term follow-up of a single center, and all subjects were
AMI patients from coronary care unit. This means
that the conclusion may be limited in extrapolation
of results to other populations, and results still need
to be verified by a larger-scale multicenter, prosp-
ective cohort study. Secondly, no dietary restrictions
were imposed on the subjects in this study, and di-
etary structure and lifestyle may have a certain im-
pact on the results. But studies have demonstrated
that in healthy subjects, intersubject variability is
greater than temporal variability in individuals.[30]
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The study of Aho VTE, et al.[31] shown that the dif-
ferences in gut microbiota of Parkinson’s disease
patients and controls persist at follow-up sampling
two years later. Of course, it is anticipated to determine
whether not only the real-time gut microbiota level
but the time-dependent gut microbiota level is asso-
ciated with prognosis in AMI patients. If so, the
change of gut microbiota level will provide more det-
ailed evidence of causation with progress and out-
comes of AMI. Last but not least, by analyzing the
correlation between clinical indexes and the level of
Lactobacillus, we found that Lactobacillus was closely
associated with the inflammatory response and myo-
cardial injury after MI. It may be possible to regu-
late the inflammation and myocardial injury via prob-
iotics supplementation, which may improve the
prognosis of AMI patients. Nevertheless, more cel-
lular and molecular biology and animal experiments
are needed to further elucidate the exact mechanism. 

CONCLUSIONS

The present study reveals for the first time the
correlation between Lactobacillus, inflammation
and myocardial damage after MI. STEMI patients
with high levels of Lactobacillus have better out-
comes, especially male smokers over 60 years with
severe impairment of cardiac function. Results of
this study suggest new therapeutic strategies for
improving the prognosis and quality of life of AMI
patients. 
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