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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 II type 1 receptor blockers (ARBs), 
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.

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 enrollment 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 number: 
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 ≥ 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 
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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 × 100%. 

(2) BP: Serial BP measurements were obtained 
before treatment, 3 and 6 months after treat-
ment using validated portable sphygmoma-

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) × 
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-α (TNF-α) 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-

Figure 1. Flow chart of study participants.
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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 χ2 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. 

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-

Table 1. Comparison of baseline characteristics
Indicators Control group (n=75) Observation group (n=72) t/χ2 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 68.3±9.5 -1.615 0.108
BMI (kg/m2) 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.
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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 
inflammatory 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 

levels of TNF-α, 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-

Table 2. Comparison of clinical efficacy (n, %)

Treatment
Control group (n=75) Observation group (n=72)

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)a 69 (95.83)b

χ2 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±9.62a 143.69±10.59a 6.392 < 0.001
6 months 142.36±7.36a,b 128.44±8.42a,b 10.684 < 0.001

DBP (mmHg) Pre-treatment 103.26±10.21 102.47±9.28 0.489 0.626
3 months 94.58±7.64a 87.63±8.95a 5.070 < 0.001
6 months 86.32±9.62a,b 75.48±7.63a,b 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.
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Figure 2. Comparison of inflammatory factor levels between the two groups. A: TNF-α (Tumor Necrosis Factor-α); B: 
IL-6 (Interleukin-6); C: CRP (C-Reactive Protein). Compared with the observation group: ns, not significant; *P < 0.05.

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.

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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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 

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]. 

Table 4. Comparison of the incidence of 
MACE (n, %)

MACE events Control group 
(n=75)

Observation group 
(n=72)

UA 11 (14.67) 5 (6.94)
MI 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)
χ2 20.642
P (ALL-MACE) < 0.001
Note: UA: Unstable Angina; MI: Myocardial Infarction; HF: 
Heart Failure.
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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-α 
and IL-6 after Bifidobacterium supplementa-
tion, leading to a reduced cardiovascular risk 
[36]. This is consistent with our study, where 
TNF-α, IL-6, and CRP levels were significantly 

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 

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/χ2 P
Gender (n, %) Man 15 (55.56) 22 (48.89) 0.300 0.584

Woman 12 (44.44) 23 (51.11)
Age (year) 75.8±9.1 63.9±6.5 6.335 < 0.001
BMI (kg/m2) 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
Β S.E. Wald OR (95% CI) 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.
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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 
(TMAO) 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 

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.



Allisartan isoproxil tablets and probiotics in elderly hypertension

7825	 Am J Transl Res 2025;17(10):7816-7827

Disclosure of conflict of interest

None.

Address correspondence to: Qinfang Xue, Yinzhou 
Fuming Sub-district Community Health Service 
Center, Ningbo 315000, Zhejiang, China. E-mail: 
qfang2000@163.com

References

[1]	 Touyz RM and Schiffrin EL. A compendium on 
hypertension: new advances and future im-
pact. Circ Res 2021; 128: 803-807.

[2]	 Wang JG, Zhang W, Li Y and Liu L. Hypertension 
in China: epidemiology and treatment initia-
tives. Nat Rev Cardiol 2023; 20: 531-545.

[3]	 Suzuki Y, Kaneko H, Okada A, Fujiu K, Takeda 
N, Morita H, Nishiyama A, Yano Y, Node K, 
Yasunaga H and Komuro I. Risk of cancer his-
tory in cardiovascular disease among individu-
als with hypertension. Hypertens Res 2024; 
47: 1871-1880.

[4]	 Redfield MM and Borlaug BA. Heart failure 
with preserved ejection fraction: a review. 
JAMA 2023; 329: 827-838.

[5]	 Poznyak AV, Sadykhov NK, Kartuesov AG, 
Borisov EE, Melnichenko AA, Grechko AV and 
Orekhov AN. Hypertension as a risk factor for 
atherosclerosis: cardiovascular risk assess-
ment. Front Cardiovasc Med 2022; 9: 959285.

[6]	 Feng Z, Li Y, Wang C, Tian L, Yao S, Wang M, 
Zhao M, Lan L, Wu S and Xue H. Combined ef-
fect of time in target range and variability of 
systolic blood pressure on cardiovascular out-
comes and mortality in patients with hyperten-
sion: a prospective cohort study. J Clin Hyper-
tens (Greenwich) 2024; 26: 714-723.

[7]	 Pena DL, Aurelian J, Grigore M, Hodorogea AS, 
Weiss E, Bădilă E, Ilieșiu AM and Balahura AM. 
Emerging therapeutic frontiers in hypertension 
management. Front Cardiovasc Med 2025; 
12: 1550181.

[8]	 Schupp M, Janke J, Clasen R, Unger T and 
Kintscher U. Angiotensin type 1 receptor block-
ers induce peroxisome proliferator-activated 
receptor-gamma activity. Circulation 2004; 
109: 2054-2057.

[9]	 Zhang JQ, Yang GH, Zhou X, Liu JX, Shi R, Dong 
Y, Chen SB and Li YM. Effects of allisartan iso-
proxil on blood pressure and target organ inju-
ry in patients with mild to moderate essential 
hypertension. Medicine (Baltimore) 2019; 98: 
e14907.

[10]	 Dybiec J, Krzemińska J, Radzioch E, Szlagor M, 
Wronka M, Młynarska E, Rysz J and Franczyk B. 
Advances in the pathogenesis and treatment 
of resistant hypertension. Int J Mol Sci 2023; 
24: 12911.

[11]	 Hardy ST, Jaeger BC, Foti K, Ghazi L, Wozniak G 
and Muntner P. Trends in blood pressure con-
trol among US adults with hypertension, 2013-
2014 to 2021-2023. Am J Hypertens 2025; 
38: 120-128.

[12]	 Cohen JB and Bress AP. Entering a new era of 
antihypertensive therapy. Am J Kidney Dis 
2024; 83: 411-414.

[13]	 Whelton PK, Carey RM, Aronow WS, Casey  
DE Jr, Collins KJ, Dennison Himmelfarb C, 
DePalma SM, Gidding S, Jamerson KA, Jones 
DW, MacLaughlin EJ, Muntner P, Ovbiagele B, 
Smith SC Jr, Spencer CC, Stafford RS, Taler SJ, 
Thomas RJ, Williams KA Sr, Williamson JD and 
Wright JT Jr. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guideline 
for the prevention, detection, evaluation, and 
management of high blood pressure in adults: 
a report of the American college of cardiology/
american heart association task force on clini-
cal practice guidelines. Circulation 2018; 138: 
e484-e594.

[14]	 Yang T, Santisteban MM, Rodriguez V, Li E, Ah-
mari N, Carvajal JM, Zadeh M, Gong M, Qi Y, 
Zubcevic J, Sahay B, Pepine CJ, Raizada MK 
and Mohamadzadeh M. Gut dysbiosis is link- 
ed to hypertension. Hypertension 2015; 65: 
1331-1340.

[15]	 Li J, Zhao F, Wang Y, Chen J, Tao J, Tian G, Wu 
S, Liu W, Cui Q, Geng B, Zhang W, Weldon R, 
Auguste K, Yang L, Liu X, Chen L, Yang X, Zhu B 
and Cai J. Gut microbiota dysbiosis contributes 
to the development of hypertension. Microbi-
ome 2017; 5: 14.

[16]	 Yang Z, Wang Q, Liu Y, Wang L, Ge Z, Li Z, Feng 
S and Wu C. Gut microbiota and hypertension: 
association, mechanisms and treatment. Clin 
Exp Hypertens 2023; 45: 2195135.

[17]	 Yu Y, Zhu J, Fu R, Guo L, Chen T, Xu Z, Zhang J, 
Chen W, Chen L and Yang X. Unique intestinal 
microflora and metabolic profile in different 
stages of hypertension reveal potential bio-
markers for early diagnosis and prognosis. J 
Med Microbiol 2024; 73: 001839.

[18]	 Tang J, Wei Y, Pi C, Zheng W, Zuo Y, Shi P, Chen 
J, Xiong L, Chen T, Liu H, Zhao Q, Yin S, Ren W, 
Cao P, Zeng N and Zhao L. The therapeutic 
value of bifidobacteria in cardiovascular dis-
ease. NPJ Biofilms Microbiomes 2023; 9: 82.

[19]	 McEvoy JW, McCarthy CP, Bruno RM, Brouwers 
S, Canavan MD, Ceconi C, Christodorescu RM, 
Daskalopoulou SS, Ferro CJ, Gerdts E, Hanssen 
H, Harris J, Lauder L, McManus RJ, Molloy GJ, 
Rahimi K, Regitz-Zagrosek V, Rossi GP, Sandset 
EC, Scheenaerts B, Staessen JA, Uchmanowicz 
I, Volterrani M and Touyz RM; ESC Scientific 
Document Group. 2024 ESC guidelines for the 
management of elevated blood pressure and 
hypertension. Eur Heart J 2024; 45: 3912-
4018.

mailto:qfang2000@163.com


Allisartan isoproxil tablets and probiotics in elderly hypertension

7826	 Am J Transl Res 2025;17(10):7816-7827

[20]	 Cui X, Zhang T, Xie T, Guo FX, Zhang YY, Deng 
YJ, Wang Q, Guo YX, Dong MH and Luo XT. 
Research progress on the correlation between 
hypertension and gut microbiota. J Multidiscip 
Healthc 2024; 17: 2371-2387.

[21]	 Rossi GP, Ceolotto G, Caroccia B and Lenzini L. 
Genetic screening in arterial hypertension. Nat 
Rev Endocrinol 2017; 13: 289-298.

[22]	 Guo J, Jia P, Gu Z, Tang W, Wang A, Sun Y and 
Li Z. Altered gut microbiota and metabolite  
profiles provide clues in understanding resis-
tant hypertension. J Hypertens 2024; 42: 
1212-1225.

[23]	 Lee J, Menon N and Lim CT. Dissecting gut-mi-
crobial community interactions using a gut mi-
crobiome-on-a-chip. Adv Sci (Weinh) 2024; 11: 
e2302113.

[24]	 Tang WHW, Bäckhed F, Landmesser U and 
Hazen SL. Intestinal microbiota in cardiovascu-
lar health and disease: JACC state-of-the-art 
review. J Am Coll Cardiol 2019; 73: 2089-
2105.

[25]	 Joe B, McCarthy CG, Edwards JM, Cheng X, 
Chakraborty S, Yang T, Golonka RM, Mell B, 
Yeo JY, Bearss NR, Furtado J, Saha P, Yeoh BS, 
Vijay-Kumar M and Wenceslau CF. Microbiota 
introduced to germ-free rats restores vascular 
contractility and blood pressure. Hypertension 
2020; 76: 1847-1855.

[26]	 Tindall AM, McLimans CJ, Petersen KS, Kris-
Etherton PM and Lamendella R. Walnuts and 
vegetable oils containing oleic acid differen-
tially affect the gut microbiota and associa-
tions with cardiovascular risk factors: follow-up 
of a randomized, controlled, feeding trial in 
adults at risk for cardiovascular disease. J Nutr 
2020; 150: 806-817.

[27]	 Liu Q, Yu Z, Tian F, Zhao J, Zhang H, Zhai Q and 
Chen W. Surface components and metabolites 
of probiotics for regulation of intestinal epithe-
lial barrier. Microb Cell Fact 2020; 19: 23.

[28]	 Zhou L, Ding C, Wu J, Chen X, Ng DM, Wang H, 
Zhang Y and Shi N. Probiotics and synbiotics 
show clinical efficacy in treating gestational 
diabetes mellitus: a meta-analysis. Prim Care 
Diabetes 2021; 15: 937-947.

[29]	 Hsu CN, Hou CY, Chan JYH, Lee CT and Tain YL. 
Hypertension programmed by perinatal high-
fat diet: effect of maternal gut microbiota-tar-
geted therapy. Nutrients 2019; 11: 2908.

[30]	 de Almeida Silva M, Mowry FE, Peaden SC, 
Andrade TU and Biancardi VC. Kefir amelio-
rates hypertension via gut-brain mechanisms 
in spontaneously hypertensive rats. J Nutr 
Biochem 2020; 77: 108318.

[31]	 Chi C, Li C, Wu D, Buys N, Wang W, Fan H and 
Sun J. Effects of probiotics on patients with hy-
pertension: a systematic review and meta-
analysis. Curr Hypertens Rep 2020; 22: 34.

[32]	 Thushara RM, Gangadaran S, Solati Z and 
Moghadasian MH. Cardiovascular benefits of 
probiotics: a review of experimental and clini-
cal studies. Food Funct 2016; 7: 632-642.

[33]	 Usinger L, Jensen LT, Flambard B, Linneberg A 
and Ibsen H. The antihypertensive effect of fer-
mented milk in individuals with prehyperten-
sion or borderline hypertension. J Hum Hyper-
tens 2010; 24: 678-683.

[34]	 Naruszewicz M, Johansson ML, Zapolska-
Downar D and Bukowska H. Effect of Lactoba-
cillus plantarum 299v on cardiovascular dis-
ease risk factors in smokers. Am J Clin Nutr 
2002; 76: 1249-1255.

[35]	 Chen HQ, Gong JY, Xing K, Liu MZ, Ren H and 
Luo JQ. Pharmacomicrobiomics: exploiting the 
drug-microbiota interactions in antihyperten-
sive treatment. Front Med (Lausanne) 2021; 8: 
742394.

[36]	 Bernini LJ, Simão AN, Alfieri DF, Lozovoy MA, 
Mari NL, de Souza CH, Dichi I and Costa GN. 
Beneficial effects of Bifidobacterium lactis on 
lipid profile and cytokines in patients with met-
abolic syndrome: a randomized trial. Effects of 
probiotics on metabolic syndrome. Nutrition 
2016; 32: 716-719.

[37]	 Alessandri G, Ossiprandi MC, MacSharry J, van 
Sinderen D and Ventura M. Bifidobacterial dia-
logue with its human host and consequent 
modulation of the immune system. Front 
Immunol 2019; 10: 2348.

[38]	 Liang T, Wu L, Xi Y, Li Y, Xie X, Fan C, Yang L, 
Yang S, Chen X, Zhang J and Wu Q. Probiotics 
supplementation improves hyperglycemia, hy-
percholesterolemia, and hypertension in type 
2 diabetes mellitus: an update of meta-analy-
sis. Crit Rev Food Sci Nutr 2021; 61: 1670-
1688.

[39]	 Lau E, Neves JS, Ferreira-Magalhães M, Carv-
alho D and Freitas P. Probiotic ingestion, obe-
sity, and metabolic-related disorders: results 
from NHANES, 1999-2014. Nutrients 2019; 
11: 1482.

[40]	 Robles-Vera I, Toral M, de la Visitación N, 
Sánchez M, Romero M, Olivares M, Jiménez R 
and Duarte J. The probiotic lactobacillus fer-
mentum prevents dysbiosis and vascular oxi-
dative stress in rats with hypertension induced 
by chronic nitric oxide blockade. Mol Nutr Food 
Res 2018; 62: e1800298.

[41]	 Lin Y, Wu SH, Wang XH, Zhang W, Li BG and Liu 
WS. Associations of imbalance of intestinal 
flora with severity of disease, inflammatory fac-
tors, adiponectin, and vascular endothelial 
function of hypertension patients. Kaohsiung J 
Med Sci 2022; 38: 165-173.

[42]	 López-Yerena A, de Santisteban Villaplana V, 
Badimon L, Vilahur G and Padro T. Probiotics: a 
potential strategy for preventing and managing 



Allisartan isoproxil tablets and probiotics in elderly hypertension

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

cardiovascular disease. Nutrients 2024; 17: 
52.

[43]	 Vasquez EC, Pereira TMC, Peotta VA, Baldo MP 
and Campos-Toimil M. Probiotics as beneficial 
dietary supplements to prevent and treat car-
diovascular diseases: uncovering their impact 
on oxidative stress. Oxid Med Cell Longev 
2019; 2019: 3086270.

[44]	 Zhou Z, Sun L, Zhou W, Gao W, Yuan X, Zhou H, 
Ren Y, Li B, Wu Y and She J. Probiotic 
Bifidobacterium reduces serum TMAO in un-
stable angina patients via the gut to liver to 
heart axis. Liver Res 2025; 9: 57-65.

[45]	 Moludi J, Saiedi S, Ebrahimi B, Alizadeh M, 
Khajebishak Y and Ghadimi SS. Probiotics sup-
plementation on cardiac remodeling following 
myocardial infarction: a single-center double-
blind clinical study. J Cardiovasc Transl Res 
2021; 14: 299-307.

[46]	 Karayiannis CC. Hypertension in the older per-
son: is age just a number? Intern Med J 2022; 
52: 1877-1883.

[47]	 Rauseo E, Salih A, Cooper J, Abdulkareem M, 
Chadalavada S, Naderi H, Munroe P, Aung N, 
Slabaugh G and Petersen S. Clustering analy-
sis based on clinically available data for im-
proving risk stratification and outcome predic-
tion of hypertension. Eur Heart J 2024; 45: 
ehae666.2542.


