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Physiological characteristics of
blood pressure responses after
combined exercise in elderly
hypertensive patients: a
systematic review and
meta-analysis
Zhiheng Li, Moran LV, Zhen Li, Wei Gao and Ming Li*

School of Physical Education and Sport Science, Fujian Normal University, Fuzhou, China

Objective: The aim of this investigation is to explore the efficacy of combined
exercise in elderly patients with hypertension. Moreover, we aim to delve into
the underlying mechanisms governing blood pressure regulation, with the
objective of promoting the adoption of this exercise regimen among elderly
hypertensive individuals.
Methods: In our study, we conducted a thorough search acrossmultiple databases,
including PubMed, Web of Science, Cochrane Library, Embase, and Scopus. This
extensive search resulted in the preliminary screening of 2,347 articles. Among
these, 9 studies were carefully selected for an in-depth analysis. For our meta-
analysis, we employed Review Manager 5.3 and Stata 15.0, enabling us to perform
detailed subgroup analyses and assess the possibility of publication bias.
Results: In comparison to the control group (n= 194), individuals enrolled in the
combined exercise group (n= 200) exhibited a notable decrease in both resting
systolic blood pressure (SBP) [weighted mean difference (WMD) =−11.17 mm Hg,
95% confidence interval (CI) (−17.13, −5.22), Z= 3.68, P < 0.05] and diastolic
blood pressure (DBP) [WMD=−5.93 mm Hg, 95% CI (−9.24, −2.61), Z= 3.51,
P < 0.05]. Nonetheless, no statistically significant alteration was observed
in pulse pressure (PP) [WMD=−9.05 mm Hg, 95% CI (−22.65, 4.55), Z= 1.3,
P=0.192]. Further subgroup analyses elucidated that combined exercise
regimens, characterized by aerobic training intensities below 85% of HRmax,
durations of up to 12 weeks, weekly frequencies of either ≥3 or <3 sessions,
total session times under 60 min, and a sequence of aerobic exercise followed
by resistance training (AE-RT), were particularly effective in enhancing SBP and
DBP among elderly patients with hypertension. Additionally, regular
engagement in combined exercise led to significant improvements in SBP and
DBP across individuals aged 60–70, those older than 70 years, and regardless
of whether participants were using antihypertensive medications or not.
Conclusion: Combined exercise serves as an efficacious adjunctive therapy for
reducing blood pressure among elderly individuals with hypertension, exerting
beneficial influences on multiple physiological mechanisms pertinent to blood
pressure regulation. Moreover, the integration of aerobic exercise with
resistance training presents a more varied training program, thereby eliciting
wider-ranging positive effects on both the physical and mental well-being of
elderly patients afflicted with hypertension.

KEYWORDS

combined exercise, aerobic exercise, resistance exercise, essential hypertension, elderly
patients
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2024.1404127&domain=pdf&date_stamp=2020-03-12
mailto:baomei005@163.com
https://doi.org/10.3389/fcvm.2024.1404127
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1404127/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1404127/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1404127/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1404127/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1404127/full
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1404127/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2024.1404127
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Li et al. 10.3389/fcvm.2024.1404127
1 Introduction

Hypertension is broadly acknowledged as a widespread chronic

condition and is a significant concern for global health. As of

January 2021, the worldwide prevalence of hypertension

surpassed 1.28 billion individuals, it is estimated that the number

of individuals with hypertension globally will rise to 1.5 billion

by 2025 (1). Beyond its substantial impact on individual health,

hypertension also contributes to a significant economic burden,

affecting both national economies and family finances.

Hypertension, defined as a clinical syndrome marked by elevated

systemic arterial pressure, is categorized into two main types:

primary and secondary. The cause of primary hypertension is

not yet clear, but many studies suggest that it could be associated

with environmental and genetic factors, accounting for about

90% of all hypertension cases (2). Concurrently, the increase in

the global elderly population poses new challenges. This

population has a broad age range and distinctly heterogeneous

health conditions. The cumulative effect of aging and diseases

presents numerous challenges to clinical diagnosis and chronic

disease management (3). Aging of the heart and vessels enhance

the risks of developing diseases such as hypertension,

arteriosclerosis, atrial fibrillation, and heart failure (4). Patients

diagnosed with grade-1 hypertension or prehypertension typically

remain asymptomatic, despite consistently elevated blood vessel

pressure. Over time, this sustained pressure exerts negative effects

on blood vessel physiology, potentially compromising brain,

heart, and kidney function (5). When patients are diagnosed

with grade 2 hypertension or above, long-term treatment with

antihypertensive drugs is required, along with close monitoring

of blood pressure. For hypertensive patients who are untreated or

inadequately treated, they are prone to developing various

diseases, and their risk of mortality increases (6). Previously,

practitioners in the medical field have used drugs to improve the

problems caused by high blood pressure.

Exercise is an effective means of controlling blood pressure and

marks the initiation of lifestyle modifications for hypertensive

patients. It achieves blood pressure reduction by improving

vascular and renal function (7, 8). From a physiological

perspective, both aerobic and resistance exercises exert crucial

roles in the mechanisms of blood pressure reduction, and they

may even have synergistic effects, constituting common exercise

prescriptions for hypertension (9). Relevant studies have shown

that aerobic exercise is the most effective exercise intervention

for decreasing blood pressure, with an average reduction of 6–

10 mm Hg, whereas resistance exercise achieves a reduction of

approximately 2–3 mm Hg (10). Aerobic exercise can lower

blood pressure and enhance vascular health by strengthening the

cardiovascular system, dilating blood vessels, reducing peripheral

vascular resistance, and improving cardiopulmonary health, thus

decreasing cardiac metabolic risk factors such as obesity,

dyslipidemia, and abnormal blood glucose levels (7). Resistance

exercise, a form of exercise where the body overcomes external

resistance to increase muscle strength, mass, and bone density,

primarily achieves blood pressure reduction through

physiological mechanisms such as muscle strengthening,
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promoting vasodilation, and enhancing cardiac function (11).

Taylor et al. (2016) (12) demonstrated that specific resistance

exercise modalities can diminish sympathetic nervous system

activity while augmenting parasympathetic tone, consequently

modulating cardiac rate and arterial pressure regulation. Research

has further indicated that resistance training confers a multitude

of health benefits. Specifically, it assists in managing blood

pressure, accelerates the metabolism of sugars, fats, and proteins,

enhances oxygen uptake, and plays a pivotal role in safeguarding

myocardial tissue. By inhibiting ventricular remodeling and

decreasing the left ventricular mass index, resistance training

effectively mitigates functional impairments to critical organs,

including the heart, brain, and kidneys (13), thereby ensuring

stable regulation of both systolic and diastolic blood pressure.

Moreover, resistance training is recognized as an effective

strategy for augmenting muscle strength, muscle mass, and bone

density (14). Consequently, the integration of aerobic and

resistance exercises, commonly termed as combined exercise,

emerges as an optimal form of physical activity for promoting

overall human health.

Currently, clinical trials investigating the impact of exercise on

hypertensive elderly populations predominantly focus on either

aerobic or resistance modalities, with a paucity of research

exploring their conjunctive use. A meta-analysis underscores the

capacity of combined exercise programs to regulate hypertension,

revealing reductions in both systolic and diastolic blood pressure

ranging from 0 to 4 mmHg (15). Our study not only synthesizes

data from diverse investigations to confirm the effectiveness of

combined aerobic and resistance exercises in older adults but

also delves into the unique characteristics of these programs and

the underlying mechanisms responsible for blood pressure

reduction. This necessitates a thorough examination of evidence

derived from multiple randomized controlled trials to rigorously

and objectively evaluate the efficacy of the combined approach in

managing hypertension among the elderly population. The

outcomes of this study provide novel and valuable insights into

the management of blood pressure and the enhancement of

quality of life for older individuals.
2 Methods

2.1 Search strategy

This investigation was meticulously conducted in strict

accordance with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines. Our adherence

to these standards guarantees the utmost quality in reporting.

Following the PICOS principle, the research question was divided

into five components to guide the literature search. Both

domestic and international literature published until August 2024

were searched in various databases. Search terms encompassed

“Resistance Training”, “Training, Resistance”, "Hypertension”,

“Aerobic training”, “High Intensity Interval Training”, “Physical

Activity”, “Activities, Physical”, “Exercises”, “Combined exercise”,

“elderly” and “Concurrent training”. Boolean operators (AND,
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OR, NOT) were utilized to construct search strategies. Thorough

searches were performed in databases including PubMed,

Cochrane Library, Embase, Web of Science, and Scopus to locate

pertinent randomized controlled trials. Two independent

researchers screened the literature using document management

software, NoteExpress, with any disagreements resolved through

consultation with a third researcher. Initially, duplicate studies

were eliminated in the screening process, followed by the

exclusion of clearly irrelevant studies based on the examination

of titles and abstracts. Subsequently, full-text articles were

evaluated to ascertain their suitability for inclusion in this study.
2.2 Research inclusion criteria

The selection criteria for studies included in this analysis were

defined as follows: (1) participants aged 60 years or older; (2)

adherence to a randomized controlled trial (RCT) format in

study design; (3) implementation of a primary intervention in

the experimental group comprising a regimen integrating aerobic

and resistance exercises; (4) The outcome measures must include

reports of at least one of the parameters: systolic blood pressure,

diastolic blood pressure, or pulse pressure.

(5) Changes in blood pressure should be reported using

auscultation, oscillometry, or ambulatory blood pressure

monitoring, with blood pressure values reported both before and

after the intervention.
2.3 Study exclusion criteria

Studies with the following characteristics were excluded: (1)

nonoriginal research; (2) lack of outcome indicators; (3)

incomplete articles that are reviews, reports, opinions or letters;

and (4) documents not in Chinese or English.
2.4 Data extraction

Two researchers extracted data from the included literature,

collected basic information of the experimental and control

groups, and summarized the study design, training intensity,

frequency, number of groups, intervention duration, baseline

information and outcome indicators of the included literature.
2.5 Literature quality assessment

Two researchers independently conducted quality assessments

of each study using the TESTEX (Tool for the Evaluation of Studies

and Reporting Quality in Exercise) checklist (16). The assessment

checklist is primarily divided into two sections: research quality

(items 1–5) and research reporting quality (items 6–11). For each

item on the TESTEX checklist, one point is awarded if the

criterion is met; notably, item 6 contains three sub-items and

item 8 contains two sub-items, with each sub-item also awarding

one point if the criterion is met. Based on the total score, the
Frontiers in Cardiovascular Medicine 03
studies are classified as low quality (0–5 points), moderate

quality (6–10 points), and high quality (11–15 points).
2.6 Data loss processing

In some studies, relevant data were lacking. Emails were sent to

the corresponding authors to request the missing data. If no

response was received from the corresponding authors, those

studies were excluded from this meta-analysis.
2.7 Statistical analysis

For this analysis, we established specific inclusion criteria for

the selected studies. Continuous data from these studies were

synthesized using meta-analytic techniques with RevMan 5.3 and

Stata 15.0 software. Mean values and standard deviations (SD)

were extracted to construct forest plots for analysis. Given that

outcome measures were continuous variables reported in uniform

units, we employed weighted mean difference (WMD) along with

95% confidence intervals (95% CI) for statistical evaluation. To

evaluate the heterogeneity among different studies, heterogeneity

tests (I2) were conducted. An I2 value greater than 50% indicates

substantial heterogeneity between each study, necessitating

further analyses such as subgroup analysis and meta-regression

to investigate the sources of heterogeneity. Sensitivity analysis

was performed to examine the robustness of the study. For the

test of combined statistics, the probability value (P) of the

statistic was derived based on the Z-value. When the P-value is

less than 0.05, it suggests that the results from combining

multiple studies are statistically significant. Egger’s test was used

to assess whether there was publication bias in this study.
3 Results

3.1 Literature screening process and results

The literature screening process followed the PRISMA

flowchart, and the retrieval process is illustrated in Figure 1. A

total of 2,347 articles were retrieved from PubMed, Web of

Science, Cochrane Library, Embase, Scopus, CNKI (China

National Knowledge Internet), and Wanfang Database. Among

these, 115 articles were duplicates. Based on the titles and

abstracts, 2,137 articles were clearly identified as not meeting the

requirements. After thoroughly reviewing the remaining 95

articles, 61 were found to be irrelevant to the theme of this

study, 10 did not provide clear outcome measures for systolic or

diastolic blood pressure, and 15 were not randomized controlled

trials. Therefore, only 9 articles met the criteria for this study.
3.2 Research overview

This study included a total of 9 studies (17–25), involving 368

participants in the experimental and control groups (Table 1, Basic
frontiersin.org
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FIGURE 1

Steps of the literature search.

TABLE 1 Basic information of subjects.

Study Year Number of
participants

Type of
hypertension

Mean
age

Baseline SBP
(mmHg)

Baseline DBP
(mmHg)

Intake of
antihypertensive

medication
Barone et al. 2009 CEG: 16

CG: 14
Stage 1 64.6 ± 5.7 140 ± 8

142 ± 8
77 ± 7
76 ± 9

NO

Sousa et al. 2013 CEG: 13
CG: 10

Stage 1 69.1 ± 5 148.5 ± 15.1
138.8 ± 15.9

75.71 ± 7.52
76.17 ± 5.86

NO

EDUARDO S. dos
Santos et al.

2014 CEG: 20
CG: 20

Stage 2 62.6 ± 2.5
63.1 ± 2.3

166.05 ± 8.06
160.70 ± 9.12

89.85 ± 4.82
95.03 ± 3.01

YES

Miura et al. 2015 CEG: 45
CG: 47

Stage 1 72.9 ± 5.7 150.0 ± 9.1
149.7 ± 9.0

83.5 ± 5.9
84.4 ± 6.9

NO

Son et al., 2016 CEG: 10
CG: 10

Stage 1 74.7 ± 2 145.73 ± 2.98
147.62 ± 3.14

95.03 ± 3.01
97 ± 4.05

NO

Ratree Ruangthai
et al. (1)

2019 CEG: 16
CG: 12

Stage 1 67 ± 5.8 142 ± 12.2
140.6 ± 18.2

81.7 ± 5.6
82.5 ± 10.1

YES

Ratree Ruangthai
et al. (2)

2019 CEG: 16
CG: 12

Stage 1 66.7 ± 5.8 140.3 ± 18.53
142.06 ± 11.47

81.18 ± 6.18
82.06 ± 10.59

YES

de Oliveira et al. 2019 CEG: 16
CG: 13

Stage 1 62.65 ± 6.4 128.93 ± 8.43
130.65 ± 2.68

75.71 ± 7.52
76.17 ± 5.87

YES

Bruno et al. 2024 CEG: 13
CG: 13

Stage 1 70.25 ± 8.25 135.7 ± 14.3
129.1 ± 12.4

78.9 ± 8.4
79.7 ± 7.1

YES

Note: CEG, combined exercise group; CG, control group; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Li et al. 10.3389/fcvm.2024.1404127
information of subjects). There were 200 participants in the

combined exercise group and 194 in the control group, all of

whom were individuals without professional sports experience or

long-term exercise habits. As shown in Table 2, the intervention

measures in all 9 studies were combined exercise. Among them,

5 studies used walking as the form of aerobic exercise, 3 studies

indicated treadmill training as the aerobic exercise mode, and 1

study used cycling as the aerobic exercise method. Resistance
Frontiers in Cardiovascular Medicine 04
exercises, as recorded in the studies, encompassed both upper

and lower body movements, although the exact exercises varied

across the individual studies. In each of the included studies,

baseline measurements of basic health-related and

anthropometric variables, cardiopulmonary function, resting

blood pressure and other variables were collected before the start

of the study, and participants underwent a familiarization

protocol of the exercises several times after all initial assessments.
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TABLE 2 Intervention program of combined exercise.

Study Total number
of participants

Intervention
duration (week)

AE/RT
time
(min)

Intensity of
training

Training
frequency

Type of training

Barone et al. 51 24 weeks 45/NR AE: 60%–90%
HRmax
RT: 50% 1-RM

3 days/week AE: walking
RT: shoulder press, leg press, bench press, leg curls,
leg extensions, and lat pull-downs.

Sousa et al. 16 32 weeks 30/NR AE: 60%–80%
HRR
RT: 65%–75% 1-
RM

3 days/week AE: running
RT: (1) bench press, leg press, lat pull-down, leg
extension, military press, leg curl, arm curl. (2)
Abdominal and erector spinae muscle groups
targeted through floor exercises.

EDUARDO
S. Dos Santos
et al.

20 16 weeks 20/NR AE: 65–75%
HRR
RT: 100%–120%
10-RM

3 days/week AE: treadmill training
RT: Barbell bench press, inclined leg press at 45
degrees, back extension, extension of the leg, bicep
curl, ankle dorsiflexion, and side shoulder raise.

Miura et al. 45 12 weeks 20/40 AE: 44% HRR
RT: NR

2 days/week AE: bicycle training
RT: Circuit training incorporating resistance bands
or free weights; seated resistance training

Son et al., 20 12 weeks 30/40 AE: 40%–70%
HRR
RT: RPE 11–16

3 days/week AE: walking
RT: Upper-body resistance band training: seated
cable rows, hammer curls, anterior deltoid raises,
concentric bicep curls, bench press variations;
lower-body resistance band training: psoas major
activation, gluteus maximus extension,
gastrocnemius elevation, seated leg presses, barbell
back squats.

Ruangthai (1) 16 12 weeks 20/20 AE: 50%–70%
HRmax
RT: 50–80% 1-
RM

3 days/week AE: walking
RT: Barbell back squats, hanging leg raises, leg
extension machine exercises, single-leg hamstring
curls, hip adduction/abduction exercises, glute
kickbacks, military press, flat bench barbell press,
barbell bicep curls, bench triceps dips, side bends,
abdominal crunches, and lumbar hyperextensions.

Ruangthai (2) 16 12 weeks 20/20 AE: 50%–70%
HRmax
RT: 50%–80%
1-RM

3 days/week AE: walking
RT: Barbell squats, elevated leg lifts, seated leg
extensions, single-leg curls, thigh abduction/
adduction exercises, posterior leg lifts, overhead
press, flat bench press, dumbbell curls, tricep bench
dips, oblique side bends, crunches, and prone back
extensions.

de Oliveira et al. 13 8 weeks 25/25 AE: 70%–85%
HRmax
RT: RPE 5–7

3 days/week AE: treadmill training
RT: Upper extremities: cable rows, military press,
bicep curls; lower extremities: leg extensions,
hamstring curls, resistance band forward walks.

Bruno et al. 26 8 weeks NR AE: RPE 3
RT: RPE 3

2 days/week AE: Walking
RT: Vertical chest push, plantar flexion, sitting
row, hip abduction, elbow flexion, torso flexion
and chair squats

Note: AE, aerobic exercise; RT, resistance training; HRmax, maximum heart rate; HRR, heart rate reserve; 1-RM, one-repetition maximum; RPE, rating of perceiver exertion; MHR, maximum

heart rate; HRR, heart rate reserve; NR, not reported.

Li et al. 10.3389/fcvm.2024.1404127
In the formal intervention stage, the adherence rate was >85%.

Subjects performed combined exercise two or three times a week,

with 48 h separating each session.
3.3 Literature quality assessment and
publication bias

As shown in Table 3, two researchers assessed the

methodological quality of the 9 studies using the TESTEX

checklist. Three studies (33.3%) were rated as “high quality,” five

studies (55.6%) as “medium quality,” and one study (11.1%) as

“low quality.” The common deduction items were as follows: (1)
Frontiers in Cardiovascular Medicine 05
As indicated by questions 2 and 3, six studies (66.7%) did not

report the method of random allocation or whether allocation

concealment was used; (2) In question 5, six studies (66.7%) did

not describe the use of blinding; (3) In question 6, five studies

(55.6%) did not describe the attendance or completion rate of

the participants; (4) In question 7, four studies (44.4%) did not

perform intention-to-treat analysis for participants who

withdrew; (5) In question 10, seven studies (77.8%) did not

report whether exercise monitoring was conducted for the

participants; (6) In question 11, eight studies (88.9%) did not

regularly assess exercise intensity to ensure a constant relative

exercise intensity. Egger’s test was used to assess whether there

was publication bias in this study, and no evidence of publication
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TABLE 3 Methodological quality assessment.

Study Study quality Study reporting Overall Judgement

1 2 3 4 5 6 7 8 9 10 11 12
Barone et al. (24) 1 0 0 1 0 0 1 2 1 0 0 1 7 Medium

Sousa et al. (19) 1 0 0 1 0 2 1 2 1 1 1 1 11 High

dos Santos et al. (20) 1 0 0 1 0 0 0 2 1 0 0 0 5 Low

Miura et al. (18) 1 0 0 1 0 0 0 2 1 0 0 1 6 Medium

Son et al. (21) 1 1 1 1 1 0 1 2 1 1 0 1 11 High

Ruangthai et al. (22) (1) 1 0 0 1 0 2 0 2 1 0 0 1 8 Medium

Ruangthai et al. (23) (2) 1 0 0 1 0 2 0 2 1 0 0 1 8 Medium

de Oliveira et al. (25) 1 1 1 1 1 0 1 2 1 0 0 1 10 Medium

Bavaresco Gambassi et al. (17) 1 1 1 1 1 1 1 2 1 0 0 1 11 High

FIGURE 2

Forest plot of the effects of combined exercise on SBP.

Li et al. 10.3389/fcvm.2024.1404127
bias was found in the studies of SBP (P = 0.253) and DBP (P =

0.357). Egger’s test cannot be conducted on PP due to the few

included studies.
3.4 Outcome measures

3.4.1 Effect of combined exercise on SBP
Figure 2 presents nine studies that reported changes in resting

SBP for 200 participants engaged in combined exercise

interventions.The pooled results from the nine studies indicate

that, compared with the control group, combined exercise had a

positive effect on the SBP of the subjects [WMD =

−11.17 mmHg, I2 = 87.4% (P < 0.05)]. Substantial heterogeneity
Frontiers in Cardiovascular Medicine 06
was observed among the studies, and a random-effects model

was applied. The pooled statistical results were statistically

significant [Z = 3.68 (P < 0.05), 95% CI (−17.13, −5.22)],
suggesting that combined exercise has a significant blood

pressure-lowering effect on the SBP of elderly patients with

hypertension. A sensitivity analysis (Supplementary Figure S1)

revealed that the exclusion of any single study had minimal

impact on the overall pooled effect size, indicating robustness of

the findings.

3.4.2 Effect of combined exercise on DBP
Figure 3 illustrates that the nine included studies provided data on

changes in resting diastolic blood pressure (DBP) among participants

engaging in combined exercise, with a total of 200 individuals
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FIGURE 3

Forest plot of the effects of combined exercise on DBP.

Li et al. 10.3389/fcvm.2024.1404127
receiving the combined exercise intervention. The combined exercise

had a positive effect on the DBP of the subjects [WMD=

−5.93 mmHg, I2 = 81.4% (P < 0.05)]. Given the substantial

heterogeneity observed among the studies, a random-effects model

was employed. The pooled statistical results were statistically

significant [Z = 3.51 (P < 0.05), 95% CI (−9.24, −2.61)], indicating
that combined exercise effectively lowers the DBP of elderly patients

with hypertension. A sensitivity analysis (Supplementary Figure S2)

confirmed the robustness of these findings.

3.4.3 Effect of combined exercise on PP
As shown in Figure 4, two included studies provided data on

changes in pulse pressure among participants engaging in

combined exercise, with a total of 33 individuals receiving the

combined exercise intervention. The pooled statistical analysis did

not yield a significant difference [Z = 1.3 (P > 0.05), 95% CI (−22.65,
4.55)], indicating that the effect of combined exercise on PP was not

significant in the subjects. A sensitivity analysis (Supplementary

Figure S3) confirmed the robustness of these findings.
3.5 Subgroup analysis

Subgroup analysis is a crucial method for exploring sources of

heterogeneity in research to identify appropriate combined exercise

programs. The results are presented in Table 4. The subgroup
Frontiers in Cardiovascular Medicine 07
analysis results of SBP studies showed that in combined exercise

programs, significant reductions in SBP were observed when the

intensity of aerobic training (HRmax) was <85% (WMD=

−11.6 mm Hg, P = 0.001), duration ≤12 weeks (WMD=−8.12 mm

Hg, P = 0.001), weekly frequency ≥3 (WMD=−12.75 mm Hg,

P = 0.001), weekly frequency <3 (WMD=−4.6 mm Hg, P = 0.011),

total time <60 min (WMD=−10 mm Hg, P = 0.001), and the

sequence was AE-RT (WMD=−9.14, P = 0.001). Additionally,

regular combined exercise significantly improved SBP in individuals

aged 60–70 (WMD=−12.59 mm Hg, P = 0.004), age >70 (WMD=

−7.28 mm Hg, P = 0.015), those not taking antihypertensive

medication (WMD=−6.34 mm Hg, P = 0.006), and those taking

antihypertensive medication (WMD=−13.76 mm Hg, P = 0.002).

The subgroup analysis results of DBP studies indicated that

in combined exercise programs, significant reductions in DBP

were found when duration ≤12 weeks (WMD =−4.62 mm Hg,

P = 0.001), weekly frequency ≥3 (WMD=−6.42 mm Hg, P = 0.005),

weekly frequency <3 (WMD=−3.78 mm Hg, P = 0.003), total time

<60 min (WMD=−4.8 mm Hg, P = 0.026), the sequence was

AE-RT (WMD=−4.78 mm Hg, P = 0.004), and the sequence was

RT-AE (WMD=−7.15 mm Hg, P = 0.025). Notably, regular

combined exercise also significantly improved DBP in individuals

aged 60–70 (WMD=−5.76 mm Hg, P = 0.021), age >70 (WMD=

−5.79 mm Hg, P = 0.008), those taking antihypertensive medication

(WMD=−7.32 mm Hg, P = 0.001), and those not taking

antihypertensive medication (WMD=−4.24 mm Hg, P = 0.01).
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FIGURE 4

Forest plot of the effects of combined exercise on PP.

TABLE 4 Results of subgroup analysis.

Variable Measurement Subgroup N WMD 95% CI Z P-value I2

Aerobic training intensity SBP ≥85% HRmax 2 −5.24 −10.86, 0.37 1.83 0.067 64.8%

<85% HRmax 2 −11.6 −17.73, −5.46 3.71 0.001** 0%

DBP ≥85% HRmax 2 −1.43 −3.22, 0.36 1.57 0.117 0%

<85% HRmax 2 −5.25 −10.85, 0.34 1.84 0.066 0%

Duration SBP ≤12 weeks 6 −8.12 −11.33, −4.91 4.95 0.001** 21.3%

>12 weeks 3 −14.68 −32.55, 3.19 1.61 0.107 96.4%

DBP ≤12 weeks 6 −4.62 −6.66, −2.58 4.44 0.001** 0%

>12 weeks 3 −6.45 −14.19, 1.28 1.63 0.102 94.9%

Weekly frequency SBP ≥3 7 −12.75 −20.45, −5.06 3.25 0.001** 89.3%

<3 2 −4.6 −8.18, −1.04 2.53 0.011* 0%

DBP ≥3 7 −6.42 −10.95, −1.9 2.78 0.005** 85.8%

<3 2 −3.78 −6.25, −1.32 3 0.003** 0%

Total time SBP Time ≥ 60 min 2 −8.03 −17.2, 1.14 1.72 0.086 69.8%

Time < 60 min 3 −10 −14.19, −5.81 4.68 0.001** 0%

DBP Time ≥ 60 min 2 −6.45 −13.56, 0.65 1.78 0.075 73.2%

Time < 60 min 3 −4.8 −9.03, −0.57 2.22 0.026* 0%

Age SBP 60–70 7 −12.59 −21.24, −3.94 2.85 0.004** 91%

70+ 2 −7.28 −13.14, −1.41 2.43 0.015* 41.4%

DBP 60–70 7 −5.76 −10.67, −0.86 2.3 0.021* 87.3%

70+ 2 −5.79 −10.06, −1.53 2.66 0.008** 48.2%

Sequence SBP AE-RT 6 −9.14 −13.56, −4.73 4.06 0.001** 55.7%

RT-AE 3 −13.26 −30.2, 3.68 1.53 0.125 95.7%

DBP AE-RT 6 −4.78 −8.05, −1.51 2.86 0.004** 51.9%

RT-AE 3 −7.15 −13.4, −0.9 2.24 0.025* 89.1%

antihypertensive drugs SBP Not taking medication 4 −6.34 −10.84, −1.85 2.76 0.006** 58.7%

Take medicine 5 −13.76 −22.51, −5.01 3.08 0.002** 85.1%

DBP Not taking medication 4 −4.24 −7.47, −1.01 2.57 0.01* 69.2%

Take medicine 5 −7.32 −11.23, −3.41 3.67 0.001** 52.9%

Due to the small number of PP studies, no subgroup analysis was conducted for this study; N, number of studies.

*P < 0.05; **P < 0.01.
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4 Discussion

This meta-analysis has robustly demonstrated the substantial

influence of a combined exercise regimen, integrating aerobic and

resistance components, on blood pressure in elderly individuals

with hypertension. Our findings indicate a pronounced decrease

in both systolic and diastolic blood pressure, with an average

reduction of 11.17 mm Hg and 5.93 mm Hg observed,

respectively. The potential exists for enhanced blood pressure

management through customized exercise plans tailored to the

patient’s needs. Notably, research indicates a 2.1% escalation in

cardiovascular mortality risk for every 1 mmHg elevation in

blood pressure (26).

This meta-analysis substantiates that a regimen intertwining

aerobic with resistance exercise exerts a favorable influence on

blood pressure reduction, thereby considerably diminishing

cardiovascular mortality risk among the elderly. This is also

important for elderly patients with high blood pressure. Elderly

people over 60 years old were included in this analysis because

hypertension has the highest incidence among elderly people,

and patients with prehypertension or grade 1 hypertension have

mild hypertension. By improving body function, disease

treatment or prevention can be achieved, and there is a certain

probability of gradually returning to normal. Scapinia et al. (27)

conducted a meta-analysis that revealed a combined regimen of

aerobic and resistance training to be more effective than aerobic

exercise alone in managing blood pressure in patients with end-

stage renal disease, exhibiting significantly greater efficacy.

Loaiza-Betancur et al. (28) noted that while aerobic training

alone did not result in significant reductions in blood pressure

among elderly women, the combination of aerobic and

resistance exercise led to substantial decreases. Furthermore,

Laurent et al. (29) emphasized that the integration of aerobic

and resistance exercises effectively reduces both systolic and

diastolic blood pressure in middle-aged and older adults,

irrespective of the order in which the exercises are executed.

Our current meta-analysis further supports the significant

hypotensive benefits of such combined exercise regimens across

various populations, including hypertensive elderly individuals.

Furthermore, in this meta-analysis, 211 subjects participated in

combined exercise interventions, with only 11 subjects being

excluded due to the effects of exercise. Combined exercise,

characterized by low risk, moderate intensity, and high efficiency

(30), is a worthwhile approach for anti-hypertensive intervention

that merits promotion.
4.1 Influence of exercise intensity on blood
pressure reduction in hypertensive patients

Subgroup analysis results indicate that within the combined

exercise program, when the aerobic training intensity is HRmax

< 85%, the intervention effect on SBP (WMD=−11.6 mm Hg,

P = 0.001) is more pronounced. The benefits and risks associated

with different exercise intensities for hypertensive patients are
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proportional, and Boutcher (31) et al. confirmed in their study

that high-intensity interval training (>70% of maximal oxygen

consumption, VO2max) can significantly reduce systolic blood

pressure, diastolic blood pressure, and ambulatory blood pressure

in patients with essential hypertension. Opinions among scholars

regarding the effects of high-intensity aerobic exercise

interventions vary. While the American Heart Association and

the 2013 Hypertension Lifestyle Management Guidelines

advocate for moderate-intensity aerobic exercise(50%–70%

HRmax) for individuals with hypertension, they also support the

inclusion of high-intensity aerobic exercise(80%–100% VO2max),

provided the patients’ physical conditions allow it (32).Schneider

et al. (33) demonstrated in their study that the greater the

volume of resistance training, the better the blood pressure-

lowering effect of combined exercise. In the combined exercise

program, for every additional 5 sets of resistance training per

week, SBP can be reduced by 0.5 mmHg. When the intensity of

resistance training is at 50% or 80% of 1-RM, SBP can be

reduced by 10 or 17 mmHg, and DBP can be reduced by 9 or

15 mmHg, respectively. However, some researchers have shown

that high-intensity eccentric resistance exercise (maximal

eccentric elbow flexor exercise) can impair endothelial function

in young men, manifested as a decrease in endothelium-

dependent vasodilation (reduced FMD) and an increase in

central arterial stiffness (34). However, Aghaei Bahmanbeglou

et al. (35) found in their study that high-intensity intermittent

exercise (80%–100% VO2max) was not suitable for patients with

severe cardiovascular diseases. Consequently, high-intensity

exercise could serve as a favorable substitute for moderate-

intensity workouts given its time efficiency and pronounced

impact on blood pressure reduction. However, due to elevated

exercise-associated risks, the application of high-intensity

interventions should be cautiously implemented with participant

safety as a paramount concern. Resistance training can improve

muscle endurance and strength, so it is necessary to be careful in

the use of resistance exercise.

Moderate- to low-intensity resistance exercises (30%–70% of 1-

RM) have been shown to possess blood pressure-lowering effects

and exert positive influences on arterial stiffness. In comparison

to high-intensity resistance exercise, moderate-intensity exercise

is deemed safer (36). Polito et al. (37) suggest that, to achieve

blood pressure-lowering benefits in adults, the intensity of

resistance exercise should be maintained between 60% and 80%

of 1-RM. Therefore, regardless of whether aerobic exercise or

resistance exercise is performed, each exercise intensity plays a

unique role and holds inherent value. This is also an advantage

of combined exercise, as each program can be more widely

personalized according to the specific situation.
4.2 Association between the duration of
exercise and blood pressure reduction

The results of the subgroup analysis revealed that combined

exercise interventions lasting ≤12 weeks exhibited greater efficacy

in reducing SBP (WMD=−8.12 mm Hg, P = 0.001) and DBP
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(WMD =−4.62 mm Hg, P = 0.001). Similarly, when the total

exercise time was <60 min, it demonstrated a significant effect

on lowering SBP (WMD=−10 mm Hg, P = 0.001) and DBP

(WMD = −4.8 mm Hg, P = 0.026). These findings align with the

minimum exercise duration recommended in the Eighth Joint

National Committee Report (38) and by the AHA/ACC

Lifestyle Work Group (39). This observation is further

corroborated by the work of Xi et al. (40), who reported

significant decreases in blood pressure among postmenopausal

women following 12 weeks of combined aerobic and resistance

training. These findings highlight the importance of this

particular duration of exercise as a potential benchmark for

effective intervention. Nonetheless, given the limited number of

samples, it remains inconclusive whether ≤12 weeks or

<60 min, of exercise can sustain long-term benefits; thus, future

research with more randomized controlled trials is warranted to

elucidate these effects.
4.3 The blood pressure-lowering
mechanism of combined exercise

Exercise regulates blood pressure in hypertensive patients

primarily through neural and humoral mechanisms. In neural

regulation, exercise modifies the muscle sympathetic nervous

activity (MSNA) and arterial baroreflex sensitivity (BRS) in

hypertensive individuals. In humoral regulation, it involves

vasoactive substances and the renin-angiotensin system. By acting

on both humoral and neural systems, exercise triggers a cascade

of molecular biological reactions related to cell proliferation and

differentiation, leading to changes in arterial blood pressure (41),

which constitutes the primary mechanism for blood pressure

reduction through combined exercise.

The development of hypertension is closely linked to

autonomic nervous dysfunction, with increased sympathetic

nervous activity (SNA) recognized as a key player in its onset

and progression. Aerobic exercise has the capacity to rectify

dysfunctional sympathetic nervous systems. Masson et al. (42)

demonstrated that aerobic exercise can delay hypertension

development in rats by enhancing BRS. Besnier et al. (43)

confirmed that aerobic exercise normalizes the overexcitation of

MSNA, a neural regulatory mechanism that aids in reducing

vascular smooth muscle tone. Unlike aerobic exercise, resistance

exercise modulates the vagus nerve, inducing continuous changes

in cardiac autonomic nerve function and sustained elevation of

vagal tone in hypertensive patients, which is conducive to blood

pressure control (44).

In humoral regulation, combined exercise promotes smooth

muscle cell relaxation by alleviating inflammation and enhancing

nitric oxide (NO) bioavailability, potentially playing a crucial role

in preventing harmful vascular remodeling and fostering healthy

blood pressure development (21, 45). Aerobic exercise has been

shown to lower plasma endothelin-1 levels (46) and attenuate its

vasoconstrictive effects in hypertensive patients, exerting a

positive influence on vascular tone (47). In the context of insulin

resistance mechanisms, the Nod-like receptor protein 3 (NLRP3)
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inflammasome plays a pivotal role. Both aerobic and resistance

exercises can inhibit the excessive activation of inflammatory

factors, including the NLRP3 inflammasome, thereby reducing

inflammation and improving insulin sensitivity (48, 49). Blood

lipids, as an important indicator of vascular health, are also

closely related to hypertension. In studies on blood lipids,

Fikenzer et al. (50) demonstrated that aerobic exercise can lower

levels of total cholesterol (TC), triglycerides (TG), and low-

density lipoprotein cholesterol (LDL-C). Wooten et al. (51)

reported that resistance training over a 12-week period markedly

reduced TC and LDL-C in postmenopausal women. Therefore,

adopting a combined exercise approach may offer benefits for

lipid metabolism and further influence blood pressure reduction.

When considering adiposity, its accumulation has been

associated with hypertension and dyslipidemia (52, 53). Willis

et al. (54) found that resistance training alone was less effective

than aerobic exercise in decreasing body fat; however, combined

exercises over 12 weeks proved efficacious in lowering body fat

percentage among hypertensive senior women (21). This suggests

that ongoing combined exercise could be instrumental in

maintaining lipid health and reducing cardiovascular disease

(CVD) risk in hypertensive individuals by also promoting body

fat reduction. Although extensive studies have investigated the

individual mechanisms of blood pressure reduction by resistance

and aerobic exercises, the combined effects of these modalities

require further study. The link between combined exercise and

arterial health has been shown, where arterial stiffness is

exacerbated by the accrual of advanced glycation end products

(AGEs) affecting the arterial wall’s extracellular matrix (55–58).

Pekas (58) found in their experiment that combined exercise

reduced the brachial-ankle pulse wave velocity (baPWV) by 1 m/s

in elderly women. This finding also holds clinical significance for

elderly hypertensive populations, as previous studies have indicated

that a 1.0 m/s increase in baPWV is associated with a 12% increase

in cardiovascular disease risk (59). This suggests that combined

exercise may have a role in delaying vascular remodeling.

Furthermore, elderly individuals should be actively encouraged to

enhance their muscle strength. The prevalence of sarcopenia is

increasing among the elderly, and the decline in muscle strength

can lead to insulin resistance, elevated inflammation levels, and

endothelial dysfunction. Resistance training contributes to the

development of muscle strength (60, 61).
4.4 Potential modulators of combined
exercise

The regulatory influences of aerobic and resistance training on

blood pressure among hypertensive patients have been firmly

established in the literature. Empirical studies have demonstrated

that combined exercise interventions achieve a more potent

reduction in blood pressure than aerobic exercise administered in

isolation (27, 62). This enhanced efficacy is presumably

attributable to the incorporation of resistance training

components within the combined exercise protocols. Resistance

training encompasses numerous types, and different resistance
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exercises exhibit varied blood pressure-lowering effects in

hypertensive patients, coupled with multifaceted health

promotions for users. This offers a diverse array of options for

elderly individuals to employ combined exercise as a therapeutic

approach for hypertension.

In Henkin’s meta-analysis (63), it was noted that resistance

exercise led to a significant reduction in SBP by approximately

7 mm Hg and DBP by an average of 3 mm Hg among the

elderly. Isometric resistance training (IRT), a prevalent form of

resistance training, has been confirmed in a meta-analysis to

effectively decrease SBP by about 7.47 mm Hg and DBP by

approximately 3.17 mm Hg (64). Due to its cost-effectiveness,

accessibility, scheduling flexibility, and ease of training, IRT has

emerged as an ideal adjunct to combined exercise programs. A

study by Olga Ribeiro-Torres et al. (65) reported that, compared

to traditional resistance training, intermittent resistance training

with rest intervals (IRRT) had a more favorable impact on

hemodynamic responses in elderly patients with coronary artery

disease, potentially offering advantages for cardiac rehabilitation.

Individuals aged 45 and older, as well as those with

hypertension, may derive greater benefits from IRT (66).

However, it is crucial to acknowledge that reports suggest IRT

may elevate the risk of mild cognitive impairment in

postmenopausal women with a history of preeclampsia (67),

necessitating careful consideration when selecting resistance

training as a complementary hypertension therapy. Another

study revealed that long-term dynamic resistance training (DRT)

can reduce systolic and diastolic blood pressure in adults by an

average of approximately 2.6 mm Hg and 3.1 mm Hg,

respectively (68). Furthermore, DRT provides additional benefits

such as increased muscle mass, strength, and function (69).

Contemporary clinical investigations have indicated that blood

flow restriction (BFR) training can beneficially impact blood

pressure management in senior populations. Zhang et al. (70)

propose that low-load blood flow restriction training (LL-BFR)

offers benefits for elderly individuals, leading to an average

decrease of around −6.59 mm Hg in SBP. Furthermore, LL-BFR

training can significantly improve the flow-mediated dilation

(FMD) function in the elderly, with an average increase of about

1.3%. An enhanced FMD benefits cardiovascular health and

helps to improve and prevent arteriosclerosis. Enhancements in

FMD are intrinsically linked with improvements in endothelial

function. Hypoxia-stimulated enhancement of vascular

endothelial growth factor (VEGF) activity is considered a crucial

process by which training involving BFR engenders enhancement

in FMD (71). During low-load blood flow restriction (LL-BFR)

training sessions, localized ischemic reperfusion may induce the

secretion of vascular endothelial growth factor (VEGF) from

vascular endothelial and skeletal muscle cells, and concurrently

provoke a surge in human growth hormone (HGH) levels (72).

Both processes are known to augment nitric oxide synthase

(NOS) expression (73), and alongside the cardioprotective

outcomes of ischemic preconditioning (74), they enhance nitric

oxide bioavailability, fortifying endothelial function (75, 76). This

chain of events has a positive ripple effect on the overall well-

being of individuals with hypertension. A blend of aerobic and
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resistance exercises emerges as a promising avenue for enhancing

the health of elderly individuals with hypertension.

Considering the notably elevated incidence of hypertension

among the elderly population, our research endeavors to assess

the impact of integrating aerobic and resistance exercises

specifically on blood pressure in this demographic. Furthermore,

we strive to elucidate the mechanisms underlying the effects of

this combined exercise regimen on blood pressure and to identify

key regulatory factors involved. What sets our research apart

from previous studies, which primarily focused on either aerobic

or resistance exercise in isolation, is our incorporation of both

exercise modalities. It is worth noting that this combined

approach was well-received by most participants due to its

shorter duration and reduced intensity. By conducting a meta-

analysis, we provide valuable insights into the antihypertensive

effects of this exercise regimen in elderly patients with

hypertension, which holds significant implications for their

management and treatment.
5 Limitations

This study has several limitations. Firstly, the relatively scarce

number and sample size of studies on the chronic effects of

combined aerobic and resistance exercise in elderly patients with

prehypertension or stage 1 hypertension in the databases have

imposed constraints, directly affecting the final results of the

meta-analysis. Secondly, the meta-analysis results exhibited high

heterogeneity, which is unavoidable due to the variations in

specific exercise programs, intensities, and intervention durations

among each study. The small scale and limited data hindered the

exploration of heterogeneity sources when conducting subgroup

analyses. Thirdly, due to the limited evidence, some parts of the

discussion may be speculative, and future studies are needed to

employ objective indicators for validation.
6 Conclusion

This meta-analysis confirms the effectiveness of integrating

aerobic and resistance exercises for managing hypertension in

older adults, notably reducing blood pressure and lowering the

risk of cardiovascular issues. It emphasizes that exercise

programs of 12 weeks or shorter are especially beneficial in

lowering blood pressure for the elderly, underscoring the critical

role of intervention duration. The positive impact of these

combined exercise modalities on hypertension is believed to stem

from a variety of mechanisms. Together, these activities improve

several physiological functions essential for blood pressure

regulation, showcasing the holistic benefits of exercise in treating

hypertension. Nonetheless, the study’s findings are moderated by

certain limitations, such as the small sample sizes and the

narrow scope of studies reviewed. The observed Heterogeneity

and limitations highlight an urgent need for additional rigorous

randomized controlled trials. Such research is essential to verify

the advantages of customized exercise regimens that incorporate
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both aerobic and resistance elements for aging individuals with

hypertension. Further studies are also needed to elucidate the

specific pathways through which these exercises achieve blood

pressure reduction, providing deeper understanding of their

therapeutic potential.
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