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Abstract: Objective: To evaluate the clinical efficacy of alisartan isoproxil tablets combined with probiotics in elderly
hypertensive patients and analyze factors influencing cardiovascular prognosis. Methods: A retrospective analysis
was conducted on 147 hypertensive patients treated at the East New Town Branch of Yinzhou People’s Hospital
Community from September 2021 to September 2023. Patients were divided into two groups based on treatment
regimen: the control group (n=75, treated with alisartan isoproxil tablets) and the observation group (n=72, treated
with alisartan isoproxil tablets combined with probiotics). The total effective rate, blood pressure, inflammatory
markers, blood lipids, and vascular endothelial function were assessed before treatment, at 3 months, and at 6
months. The incidence of major adverse cardiovascular events (MACE) was compared between the two groups 6
months after treatment. Univariate and multivariate logistic regression analyses were used to identify risk factors
for MACE. Results: The total effective rate in the observation group was significantly higher than that in the control
group (P < 0.05). Compared to the control group, the observation group showed lower levels of systolic/diastolic
blood pressure, inflammatory markers, blood lipids, endothelin-1, and vascular endothelial growth factor, with a
higher level of nitric oxide (all P < 0.05). The incidence of MACE was lower in the observation group than in the
control group (P < 0.05). Univariate and multivariate logistic regression analyses indicated that age, BMI, SBP, and
DBP were risk factors for MACE. Conclusion: Alisartan isoproxil combined with probiotics effectively improves blood
pressure, inflammatory markers, blood lipids, and vascular endothelial function in elderly hypertensive patients.
Age, BMI, SBP, and DBP are identified as risk factors for MACE and should be addressed early with preventive in-
terventions.
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Introduction

Hypertension is a chronic systemic disease
characterized by persistently elevated arterial
blood pressure (BP), involving multiple factors
such as neuroendocrine dysregulation, vascu-
lar endothelial dysfunction, and target organ
damage [1]. Epidemiological data from the
2012-2015 China Hypertension Survey show
a significant rise in hypertension prevalence
among the general population, with a notably
higher prevalence of 5% in individuals aged
65 and older, substantially exceeding that of
younger populations [2]. Hypertension is also
a major risk factor for cardiovascular disease
(CVD) [3]. Prolonged uncontrolled hypertension
may lead to left ventricular concentric hypertro-

phy and eccentric dilation, which not only con-
stitutes a critical pathological basis for heart
failure (HF) [4], but also accelerates atheroscle-
rosis progression through hemodynamic distur-
bances [5]. Studies have also shown that time
in target range and BP variability of systolic BP
(SBP) are independent risk factors for major
adverse cardiovascular events (MACE) and all-
cause mortality in hypertensive patients [6].
These findings emphasize the importance of
maintaining stable, sustained BP while minimiz-
ing BP fluctuations to prevent MACE in hyper-
tensive patients.

Current clinical strategies for hypertension
management primarily focus on pharmacologi-
cal interventions and lifestyle modifications [7].
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Angiotensin Il type 1 receptor blockers (ARBSs),
as first-line antihypertensive agents, signifi-
cantly reduce BP while offering target organ
protection during hypertension progression [8].
Alisartan isoproxil, a novel selective non-pep-
tide ARB developed in China, has demonstrat-
ed favorable antihypertensive effects in pa-
tients with mild-to-moderate essential hyper-
tension, along with cardioprotective, renopro-
tective, and endothelial protective properties
in clinical studies [9]. However, several unre-
solved challenges remain in this treatment par-
adigm [10]. A large-scale cross-sectional study
revealed that only 30-35% of hypertensive
patients receiving pharmacotherapy achieved
the predefined BP control targets (office BP <
140/90 mmHg or 24-hour ambulatory BP <
130/80 mmHg) [11]. Additionally, most hyper-
tensive patients have multiple chronic comor-
bidities, complicating polypharmacy manage-
ment and increasing the risks of adverse drug
reactions, economic burden, and treatment
non-adherence [12, 13]. Thus, exploring non-
pharmacological interventions and innovative
therapeutic strategies has become a critical
research priority. Personalized treatment regi-
mens and multimodal combination therapies
may offer new avenues for improving BP control
rates.

Recent studies have shown significant gut
microbiota dysbiosis and functional impair-
ment in hypertensive patients compared to
normotensive individuals [14]. This microbial
imbalance plays a crucial role in the patho-
genesis and progression of hypertension [15].
Bifidobacterium, a probiotic genus involved in
immune regulation, demonstrates protective
effects on gastrointestinal mucosa [16]. Com-
parative analyses reveal distinct gut microbial
profiles in hypertensive patients versus healthy
controls, with Bifidobacterium abundance serv-
ing as a potential biomarker for disease pro-
gression. Metabolomic studies suggest that
Bifidobacterium and other probiotics may mod-
ulate clinical parameters, such as triglycerides
(TG) and uric acid, by altering intermediate
metabolites [17]. Emerging evidence indicates
Bifidobacterium influences BP through both
indirect metabolic regulation and direct me-
chanisms including antioxidant activity and
immunomodulation [18]. These findings eluci-
date potential mechanistic links between
Bifidobacterium and hypertension pathophy-
siology.
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Building upon this foundation, this study aims
to analyze the therapeutic effect of alisartan
isoproxil tablets combined with probiotics in
elderly hypertensive patients. The clinical effi-
cacy, BP control, and improvement of physio-
logical and biochemical indexes, as well as car-
diovascular outcomes during different treat-
ment cycles, will be systematically evaluated to
provide a reference for the clinical treatment of
elderly hypertension.

Materials and methods
Case selection

A total of 147 hypertensive patients treated at
the East New Town Branch of Yinzhou People’s
Hospital Medical Community from September
2021 to September 2023 were retrospectively
selected. Patients were screened via electronic
health records and divided into two groups
based on treatment approach: the control
group (n=75) and the observation group (n=72).
The control group received alisartan isoproxil
tablets, while the observation group received
alisartan isoproxil tablets combined with Bifido-
bacterium triple viable capsules (see Figure 1
for the case enroliment process). The study was
approved by the Ethics Committee of Ningbo
University Affiliated People’s Hospital in com-
pliance with the Helsinki Declaration for sec-
ondary data analysis (Ethics approval nhumber:
KXXSC2025076).

Inclusion criteria

(1) Patients meeting the hypertension manage-
ment guidelines issued by the European Society
of Cardiology (ESC) in 2024 (office BP > 140
mmHg systolic and/or =2 90 mmHg diastolic)
[19]; (2) No use of allisartan isoproxil tablets
in the past six months; (3) No use of Bifido-
bacterium Triple Viable Capsules or other probi-
otic products in the past six months.

Exclusion criteria

(1) Hypertensive patients with malignant tu-
mors; (2) Patients with severe cardiopulmonary
dysfunction; (3) Patients who withdrew from the
study prematurely or failed to adhere to the
medication protocols; (4) Patients who experi-
enced fatal MACE or had incomplete clinical
data due to other reasons; (5) Patients taking
other antihypertensive medications or probiotic

Am J Transl Res 2025;17(10):7816-7827



Allisartan isoproxil tablets and probiotics in elderly hypertension

Initial Dataset: September 2021-
September 2023

Initial Patient Pool: 180
patients

Use of other antihypertensive
drugs was excluded: 165 patients
remained

Final Study Cohort:
147 patients

More than 60% missing data for
baseline or biochemical measures
were excluded: 147 patients
remained

Use of other probiotics was
excluded: 157 patients remained

Figure 1. Flow chart of study participants.

products; (6) Patients with incomplete records
(> 20% missing data).

Major adverse cardiovascular event (MACE)
definition

MACE is defined as the occurrence of one or
more of the following cardiovascular outcom-
es: unstable angina (UA), myocardial infarction
(MI), heart failure (HF), or sudden death.

Treatment methods

The control group received alisartan isoproxil
tablets (Shenzhen Salubris Pharmaceuticals,
240 mg qd), while the observation group
received alisartan isoproxil tablets combined
with Bifidobacterium triple viable capsules
(Shanghai Sine Pharmaceutical, 210 mg bid).
Both groups underwent 6 months of treatment
with assessments at months 3 and 6.

Data collection

Primary endpoints: (1) Therapeutic Efficacy
Evaluation: Significant effect: Both SBP and
diastolic BP (DBP) reduced to normal ranges, or
SBP decreased by > 20 mmHg and DBP by > 10
mmHg.

Effective: SBP decreased by 10-19 mmHg, and
DBP decreased by < 10 mmHg. Ineffective:
Does not meet the above criteria.

The total effective rate was calculated as:
(Number of significantly effective cases +
Number of effective cases)/Total number of
cases x 100%.

(2) BP: Serial BP measurements were obtained
before treatment, 3 and 6 months after treat-
ment using validated portable sphygmoma-
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nometers (Shenzhen Yuyue Medical Equip-
ment Co., Ltd., model: ABPM 6100). Triplicate
readings were averaged for analysis.

(3) MACE Incidence Analysis: The composite
MACE was recorded throughout the 6-month
intervention period. The incidence rate was cal-
culated as: (MACE cases/Total participants) x
100%.

Secondary endpoints: (1) Baseline characteris-
tics: Demographic data, including BMI, duration
of hypertension, SBP/DBP, smoking, drinking,
diabetes, and CVD, were collected.

(2) Inflammatory factors: The levels of inflam-
matory markers, including tumor necrosis
factor-a (TNF-o) and interleukin-6 (IL-6), were
measured before treatment, 3 and 6 months
after treatment via enzyme-linked immunosor-
bent assay (United Biotech Co., Ltd.). C-reactive
protein (CRP) levels were determined by im-
munonephelometry (Oukai Biotechnology Co.,
Ltd.).

(3) Blood lipids: Serum total cholesterol (TC),
triglycerides (TG), and low-density lipopro-
tein cholesterol (LDL-C) concentrations were
measured before treatment, 3 and 6 months
after treatment using an automated biochemis-
try analyzer (Beckman Coulter, Inc., model:
AU5800), following manufacturer-recommend-
ed protocols and daily quality control veri-
fication.

(4) Vascular endothelial function indicators:
Endothelial-derived mediators nitric oxide (NO),
endothelin-1 (ET-1), and vascular endothelial
growth factor (VEGF) were measured before
treatment, 3 and 6 months after treatment via
radioimmunoassay using commercially avail-
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Table 1. Comparison of baseline characteristics

Indicators Control group (n=75) Observation group (n=72) t/x? P

Gender (n, %) Man 38 (50.67) 37 (51.39) 0.008 0.930
Woman 37 (49.33) 35 (48.61)

Age (year) 66.1+7.4 68.319.5 -1.615 0.108

BMI (kg/m?) 21.56+3.45 22.47+2.91 -1.714 0.089

Course of hypertension (year) 6.43+1.10 6.34+1.12 0.488 0.626

SBP (mmHg) 173.58+9.61 172.49+10.29 0.706 0.482

DBP (mmHg) 103.26+10.21 102.47+9.28 0.489 0.626

Smoking (n, %) Yes 33 (44.00) 34 (47.22) 1.154 0.695
No 42 (56.00) 38 (52.78)

Drinking (n, %) Yes 40 (53.33) 38 (52.78) 0.005 0.946
No 35 (46.67) 34 (47.22)

Diabetes (n, %) Yes 32 (42.67) 33 (45.83) 0.149 0.699
No 43 (57.33) 39 (54.17)

CVD (n, %) Yes 36 (48.00) 31 (43.06) 0.362 0.547
No 39 (52.00) 41 (56.94)

Note: BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; CVD: Cardiovascular Disease.

able kits (Beijing Northern Institute of Biote-
chnology).

Univariate and multivariate logistic regression
analysis

In the observation group, patients were ca-
tegorized into the MACE group (27 cases) and
the non-MACE group (45 cases) based on the
occurrence of MACE 6 months after treatment.
A univariate analysis was performed to com-
pare baseline characteristics between the two
groups. Statistically significant variables were
included in the logistic regression model to
identify factors influencing MACE events in
elderly hypertensive patients treated with the
combination of alisartan isoproxil tablets and
probiotics.

Statistical analysis

Statistical analysis was conducted using IBM
SPSS Statistics 19.0 (IBM Corp., Armonk, NY,
USA). Categorical variables were presented as
percentages (%) and analyzed using the x? test.
Continuous variables conforming to a normal
distribution (evaluated by the Shapiro-Wilk test)
and homogeneity of variance (evaluated by
Levene’s test) were expressed as mean + stan-
dard deviation (Mean + SD). Independent sam-
ple t-tests were used for pairwise comparisons
between groups, and paired sample t-tests
were used for comparisons within groups.
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GraphPad Prism 10.1.2 was used to analyze
the data and create line graphs. Multivariate
logistic regression was employed to analyze
risk factors for MACE occurrence. A two-tailed
P < 0.05 was considered statistically signifi-
cant. All statistical analyses were performed in
strict accordance with the pre-specified study
protocol to ensure methodological rigor.

Results
Study population

Figure 1 shows the enrollment process of the
study. A total of 180 hypertensive patients were
included, with 15 patients excluded for taking
other antihypertensive drugs, 8 for taking other
probiotics, and 10 for missing > 60% of base-
line or biochemical indicator data. Finally, 147
patients were included in the analysis, with 75
in the control group and 72 in the observation
group.

Comparison of baseline characteristics

There were no statistically significant differenc-
es in baseline characteristics including age,
BMI, SBP, and DBP, between the groups (all P >
0.05) (Table 1).

Comparison of clinical efficacy

The results demonstrated that both groups ex-
hibited a significant improvement in total effi-
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Table 2. Comparison of clinical efficacy (n, %)

Control group (n=75)

Observation group (n=72)

Treatment

3 months 6 months 3 months 6 months
Significantly effective 15 (20.00) 34 (45.33) 47 (65.28) 65 (90.28)
Effective 16 (21.33) 11 (14.67) 5 (6.94) 4 (5.56)
Ineffective 44 (58.67) 30 (40.00) 20 (27.78) 3(4.17)
Total Effective 31 (41.33) 45 (60.00) 52 (72.22)? 69 (95.83)°
X2 5.228 14.954
P 0.022 < 0.001

Note: a indicates P < 0.05 in the observation group compared with the control group at 3 months of treatment; b indicates P <
0.05 in the observation group compared with the control group at 6 months of treatment.

Table 3. Comparison of BP levels (Mean + SD)

Indicators Control group (n=75) Observation group (n=72) t P

SBP (mmHg) Pre-treatment 173.58+9.61 172.49+10.29 0.706 0.482
3 months 154.35+9.62° 143.69+10.59° 6.392 <0.001
6 months 142.36+7.36°° 128.44+8.422° 10.684 <0.001

DBP (mmHg) Pre-treatment 103.26+10.21 102.47+9.28 0.489 0.626
3 months 94.58+7.642 87.63+8.952 5.070 <0.001
6 months 86.32+9.62° 75.48+7.632° 7.549 <0.001

Note: a indicates P < 0.05 compared with before treatment in the same group; b indicates P < 0.05 compared with 3 months

of treatment in the same group.

cacy at 6 months compared to 3 months of
treatment (P < 0.05). Notably, the observation
group showed significantly higher total efficacy
rates compared to the control group at both the
3-month and 6-month follow-up assessments
(P > 0.05) (Table 2).

Comparison of BP levels

There was no significant difference in BP levels
between the two groups at baseline (both P >
0.05). Compared to pre-treatment values, both
groups showed significant reductions in SBP
and DBP 3 and 6 months after treatment (both
P < 0.05). Notably, the observation group exhib-
ited significantly lower SBP and DBP than the
control group at both the 3-month and 6-month
follow-ups (both P < 0.05) (Table 3).

Comparison of inflammatory factor levels

As shown in Figure 2, before treatment, there
was no statistically significant difference in
infammatory factor levels between the two
groups (all P > 0.05). Compared to pre-treat-
ment levels, both the control and observation
groups showed decreased inflammatory fac-
tors 3 and 6 months after treatment (all P <
0.05). Three and 6 months after treatment, the
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levels of TNF-a, IL-6, and CRP in the observa-
tion group were significantly lower than in the
control group (all P < 0.05).

Comparison of blood lipid levels

As shown in Figure 3, before treatment, there
were no significant differences in TC, TG, and
LDL-C levels between the two groups (all P >
0.05). Compared to pre-treatment values,
blood lipid levels in both the control and obser-
vation groups were significantly reduced 3 and
6 months after treatment, with differences
being statistically significant (all P < 0.05).
Three and 6 months after treatment, the levels
of TC, TG, and LDL-C in the observation group
were significantly lower than those in the con-
trol group (all P < 0.05).

Comparison of vascular endothelial function

As shown in Figure 4, before treatment, there
were no significant differences in NO, ET-1, and
VEGF levels between the two groups (all P >
0.05). Compared to pre-treatment levels, NO
levels in both groups significantly increased,
while ET-1 and VEGF levels significantly de-
creased 3 and 6 months after treatment (all
P < 0.05). Notably, 3 and 6 months after treat-
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Figure 2. Comparison of inflammatory factor levels between the two groups. A: TNF-a (Tumor Necrosis Factor-«); B:
IL-6 (Interleukin-6); C: CRP (C-Reactive Protein). Compared with the observation group: ns, not significant; *P < 0.05.
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Figure 3. Comparison of lipid levels between the two groups. A: TC (Total Cholesterol); B: TG (Triglyceride); C: LDL-C
(Low-Density Lipoprotein Cholesterol). Compared with the observation group: ns, not significant; *P < 0.05.
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Figure 4. Comparison of the level of vascular endothelial function between the two groups. A: NO (Nitric Oxide); B:
ET-1 (Endothelin-1); C: VEGF (Vascular Endothelial Growth Factor). Compared with the observation group: ns, not
significant; *P < 0.05.
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Table 4. Comparison of the incidence of
MACE (n, %)

MACE events Control group Observation group

(n=75) (n=72)
UA 11 (14.67) 5 (6.94)
Ml 9 (12.00) 3(4.17)
HF 13 (17.33) 7(9.72)
Sudden death 23 (30.67) 12 (16.67)
ALL-MACE 56 (74.67) 27 (37.50)
X2 20.642
P (ALL-MACE) <0.001

Note: UA: Unstable Angina; MI: Myocardial Infarction; HF:
Heart Failure.

ment, NO levels in the observation group were
higher than in the control group, while ET-1
and VEGF levels were lower in the observation
group, with differences being statistically sig-
nificant (all P < 0.05).

Comparison of the incidence of MACE events

Six months after treatment, the incidence of
UA, MI, HF, and sudden death was significantly
reduced in the observation group compared
to the control group. The incidence of MACE
events in the observation group was 37.5%,
significantly lower than in the control group,
which had an incidence rate of 74.67% (P <
0.05) (Table 4).

Univariate analysis of MACE events in the ob-
servation group 6 months after treatment

Univariate analysis showed that, compared to
the MACE group, the non-MACE group had sig-
nificantly lower mean age, BMI, SBP, and DBP
levels (P < 0.05). No significant differences
were observed in other baseline characteris-
tics between the two groups (P > 0.05) (Table
5).

Logistic regression analysis of MACE events in
the observation group

The logistic regression results indicated that
age, BMI, SBP, and DBP were significant risk
factors for MACE events in elderly hypertensive
patients in the observation group (all P < 0.05)
(Table 6).

Discussion

Hypertension is the leading risk factor for death
and disability worldwide, with its pathogenesis
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involving complex interactions between genetic
and environmental factors [20]. Studies have
shown that approximately 40% of BP variation
can be attributed to genetic factors [21], while
environmental factors also play a crucial role
[22]. Recently, the importance of the intestinal
microbiota in disease treatment has gained
increasing attention, with the microbiota main-
taining a complex interaction with the gut en-
vironment [23, 24]. Intestinal flora imbalance
has been closely linked to various CVDs [25,
26]. Probiotics such as Bifidobacterium and
Lactobacillus play vital roles in maintaining gut
microbiota homeostasis, suppressing inflam-
mation, and enhancing intestinal epithelial bar-
rier function [27, 28]. Recent evidence sug-
gests that probiotic interventions not only
directly improve BP but may also influence off-
spring cardiovascular health through cross-
generational epigenetic mechanisms [29-31].
These findings highlight the potential value of
probiotics in the prevention and treatment of
hypertension, offering a new perspective based
on the “gut-heart axis”. However, there is still a
lack of systematic studies on the synergistic
effects of probiotics and traditional antihyper-
tensive drugs, such as alisartan isoproxil, par-
ticularly in elderly patients. This study aims to
explore the combined effects of this interven-
tion strategy on BP control, metabolic improve-
ment, and long-term prognosis in elderly hy-
pertensive patients, providing new insights for
integrated hypertension treatment.

Through a 6-month follow-up, it was found that
the total effective rate in the observation group
both 3 and 6 months after treatment was sig-
nificantly higher than that in the single drug
group. This suggests that combining probiotics
with conventional antihypertensive treatment
can enhance the overall efficacy of hyperten-
sive treatment through synergistic effects, con-
sistent with previous findings in drug microbiol-
ogy [32]. Multiple clinical studies have con-
firmed that specific probiotic strains positively
affect BP regulation. For instance, a random-
ized double-blind placebo-controlled trial dem-
onstrated that lactobacillus-fermented dairy
products significantly improved SBP and DBP in
patients with borderline and prehypertension
[33]. An intervention study on middle-aged
smokers showed that continuous supplemen-
tation with Lactobacillus plantarum-fermented
foods could effectively reduce SBP levels [34].
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Table 5. Univariate analysis of MACE events in the observation group 6 months after treatment

Indicators MACE group (n=27) Non-MACE group (n=45) t/x? P

Gender (n, %) Man 15 (55.56) 22 (48.89) 0.300 0.584
Woman 12 (44.44) 23 (51.11)

Age (year) 75.819.1 63.916.5 6.335 <0.001

BMI (kg/m?) 24.63+2.41 21.17+2.41 5.894 <0.001

Course of hypertension (year) 6.50+1.21 6.24+1.08 0.936 0.353

SBP (mmHg) 180.34+9.13 167.78+7.96 6.133 <0.001

DBP (mmHg) 109.15+7.76 98.46+7.85 5.617 <0.001

Smoking (n, %) Yes 15 (55.56) 19 (42.22) 1.204 0.273
No 12 (44.46) 26 (57.78)

Drinking (n, %) Yes 17 (62.96) 21 (46.67) 1.798 0.180
No 10 (37.04) 24 (53.33)

Diabetes (n, %) Yes 12 (44.44) 21 (46.67) 0.034 0.855
No 15 (55.56) 24 (53.33)

CVD (n, %) Yes 13 (48.15) 18 (40.00) 0.457 0.499
No 14 (51.85) 27 (60.00)

Note: BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; CVD: Cardiovascular Disease.

Table 6. Logistic regression analysis of MACE events in the observation group

B S.E. Wald OR (95% ClI) P
Age 0.247 0.124 3.931 1.280 (1.003-1.633) 0.047
BMI 0.885 0.364 5.896 2.422 (1.186-4.946) 0.015
SBP 0.395 0.170 5.388 1.485 (1.063-2.072) 0.020
DBP 0.178 0.087 4.205 1.194 (1.008-1.415) 0.040

Note: BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure.

Additionally, the interaction between gut micro-
biota and antihypertensive drugs may be a key
mechanism enhancing the efficacy of combina-
tion therapy. First-line antihypertensive drugs,
such as amlodipine and losartan, significantly
interact with gut microbes, affecting drug bio-
availability. These drugs also reshape the struc-
ture and function of intestinal flora, further
regulating the microbial metabolic environment
[35]. In conclusion, adjunctive therapy with pro-
biotics may offer a new strategy for hyperten-
sion management by modulating microbial-
drug interactions.

Probiotics such as Bifidobacterium have been
widely recognized for their immunomodulatory
functions. A randomized trial found that meta-
bolic syndrome patients experienced signifi-
cant reductions in inflammatory factors TNF-a
and IL-6 after Bifidobacterium supplementa-
tion, leading to a reduced cardiovascular risk
[36]. This is consistent with our study, where
TNF-a, IL-6, and CRP levels were significantly
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decreased in the observation group. These
anti-inflammatory effects are thought to result
from specific molecules secreted by Bifido-
bacterium, such as immunomodulatory pro-
teins and exopolysaccharides, which interact
with gut microbiota or host cells to drive spe-
cific immunoregulatory processes [37]. Several
studies also support the beneficial effects of
probiotics on metabolic indicators. A meta-
analysis of 13 studies showed that probiotics
significantly improved blood glucose, blood lip-
ids, and BP, particularly reducing TG [38]. In our
study, the levels of TC, TG and LDL-C in the
observation group were lower than those in the
control group, aligning with the aforementioned
conclusion. Another retrospective analysis also
reported that BP and TG levels were lower in
those who consumed probiotics [39]. Regarding
vascular endothelial function, our study showed
that the level of NO in the observation group
was higher than in the control group, while ET-1
and VEGF levels were lower. Animal models
have shown that probiotics can prevent both
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dysbiosis and vascular oxidative stress in
hypertensive rats with chronic NO blockade
[40]. Clinical studies have also found that en-
dothelial markers such as ET-1, NO, and VEGF
are closely related to changes in intestinal flora
structure in hypertensive patients [41].

In summary, our study confirms that the com-
bined treatment of probiotics and alisartan iso-
proxil exhibits synergistic effects in improving
inflammatory status, lipid metabolism, and
vascular endothelial function in hypertensive
patients. These effects may be mediated th-
rough probiotic modulation of the gut microbio-
ta-immune-vascular axis.

Our study showed that 6 months after treat-
ment, the incidence of UA, MI, HF, and sudden
death was significantly lower in hypertensive
patients treated with probiotics combined with
alisartan isoproxil tablets compared to those
treated with alisartan isoproxil tablets alone.
Current research suggests that probiotic inter-
vention may serve as a potential strategy for
preventing and treating CVD and their associ-
ated major adverse MACE, a viewpoint that is
increasingly gaining academic consensus [42].
Functional dietary interventions using probiot-
ics to maintain or restore beneficial gut micro-
biota and preserve intestinal microbial homeo-
stasis may reduce CVD risk [43]. Metageno-
mic analysis has revealed a decreased abun-
dance of Bifidobacterium in patients with UA,
and supplementation with Bifidobacterium can
remodel the imbalanced gut microbiota in
these patients, reduce trimethylamine N-oxide
(TMADO) levels, and exert cardiovascular protec-
tive effects via the gut-liver-heart axis [44]. A
single-center randomized double-blind clinical
study indicated that probiotic supplementation
might beneficially influence the cardiac remod-
eling process in myocardial infarction patients
[45]. In conclusion, probiotic adjuvant therapy
may have a synergistic protective effect on
reducing the risk of MACE and improving cardi-
ac outcomes in hypertensive patients by regu-
lating intestinal flora homeostasis, affecting
metabolites (such as TMAO), and influencing
multi-organ axis signaling.

Our findings also indicate that, among elderly
hypertensive patients who experienced MACE,
advanced age, elevated BMI, and higher SBP
and DBP were prominent characteristics. Lo-
gistic regression analysis further confirmed
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that these factors were independent risk fac-
tors for MACE in this patient population. This
observation is consistent with previous studies
showing that elderly hypertensive patients have
a significantly higher cardiovascular event risk
compared to younger individuals [46]. Cluster
analysis revealed that high-risk hypertensive
patients, as opposed to low-risk patients, gen-
erally had a greater obesity burden and a sig-
nificantly increased risk of MACE [47]. These
results highlight the importance of heightened
vigilance for MACE events in elderly hyperten-
sive patients with these risk factors.

Several limitations in this research should be
noted. The relatively small sample size and
short follow-up period may limit the compre-
hensive evaluation of long-term efficacy and
safety, especially regarding the precise assess-
ment of preventive effects against major MACE
events. Additionally, the study did not thorough-
ly investigate the strain-specific mechanisms
of action for different probiotic strains, nor did
it systematically monitor dynamic changes in
gut microbiota and inter-individual variations
in microbial composition. These factors may
restrict a deeper understanding of the mecha-
nisms of probiotic action. Future research sh-
ould involve large-scale, long-term, age-strati-
fied randomized controlled trials, integrating
multi-omics technologies such as metagenom-
ics, metabolomics, and proteomics. This app-
roach will help elucidate the biological mecha-
nisms of the aging-gut-heart axis, identify dif-
ferential responses to probiotic interventions
across various hypertension phenotypes, and
explore pharmacokinetic interactions between
probiotics and conventional antihypertensive
drugs. Ultimately, this research will provide a
stronger theoretical foundation for precision
hypertension treatment strategies based on
gut microbiota profiles, helping to optimize hy-
pertension prevention and management th-
rough modulation of the gut-heart axis.

In conclusion, alisartan combined with probiot-
ics has a significant effect on BP control in
hypertensive patients, improving inflammatory
factor levels, blood lipid profiles, and vascular
endothelial function. It also effectively reduces
the incidence of MACE. Age, BMI, SBP, and DBP
are identified as risk factors for MACE in the-
se patients. Clinical practice can benefit from
early identification of at-risk patients and timely
intervention based on these factors.

Am J Transl Res 2025;17(10):7816-7827
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