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Abstract
Introduction. Coronary artery disease (CAD) remains a leading cause of  morbid-
ity and mortality worldwide. Although exercise-based interventions are a cornerstone 
of  cardiac rehabilitation, existing evidence has predominantly focused on aerobic 
and dynamic resistance training. In contrast, the potential role of  isometric exercise 
in patients with CAD remains insufficiently characterized, with limited and hetero-
geneous evidence regarding study designs, intervention protocols, and outcome mea-
sures, despite emerging findings suggesting favorable cardiovascular and metabolic 
adaptations when implemented through controlled protocols.

Objective. To synthesize and critically appraise the available evidence on the effects 
of  isometric exercise training on cardiovascular and metabolic outcomes in individu-
als with CAD.

Method. A systematic search was conducted to identify randomized controlled tri-
als (RCTs) published up to March 2026 in English, Portuguese, or Spanish. The 
databases searched included Scopus, Web of  Science, PubMed, and Embase. Two 
independent reviewers performed the search, study selection, and data extraction. 
Methodological quality and risk of  bias were assessed using the PEDro scale and the 
Cochrane Risk of  Bias 2 (RoB 2) tool, respectively.
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Results. A total of  136 records were identified, of  which thirteen met the eligibil-
ity criteria. The included studies reported both chronic and acute effects. Positive 
chronic adaptations were observed in cardiac structure, blood pressure, and coro-
nary perfusion, whereas acute effects during isometric exercise included increased 
coronary collateral flow, reduced time and medication requirements for stress echo-
cardiography, significant post-exercise hypotension, and metabolic responses charac-
terized by a predominant reliance on carbohydrates as the primary energy substrate. 
The methodological quality of  the included studies ranged from fair to good, while 
the RoB 2 assessment indicated risks of  bias ranging from low to high.

Conclusion. Isometric exercise (IE) was well tolerated and demonstrated both 
chronic and acute benefits, supporting its potential to improve cardiovascular health 
and enhance the efficiency of  diagnostic procedures in patients with CAD.

Keywords: 

Cardiac rehabilitation, heart diseases, strength training.

Resumen
Introducción. La enfermedad arterial coronaria (EAC) sigue siendo una de las 
principales causas de morbilidad y mortalidad a nivel mundial. Aunque las interven-
ciones basadas en el ejercicio constituyen un pilar de la rehabilitación cardíaca, la 
evidencia disponible se ha centrado predominantemente en el entrenamiento aeróbi-
co y de resistencia dinámica. En contraste, el papel potencial del ejercicio isométrico 
en pacientes con EAC permanece insuficientemente caracterizado, con evidencia 
limitada y heterogénea en términos de diseños de estudio, protocolos de intervención 
y variables de resultado, a pesar de hallazgos emergentes que sugieren adaptaciones 
cardiovasculares y metabólicas favorables cuando se implementa mediante protoco-
los controlados.

Objetivo. Sintetizar y evaluar críticamente la evidencia disponible sobre los efec-
tos del entrenamiento con ejercicio isométrico en los desenlaces cardiovasculares y 
metabólicos en individuos con EAC.

Método. Se realizó una búsqueda sistemática para identificar ensayos clínicos alea-
torizados publicados hasta marzo del 2026 en inglés, portugués o español. Las bases 
de datos consultadas fueron Scopus, Web of  Science, PubMed y Embase. Dos revi-
sores independientes realizaron la búsqueda, la selección de estudios y la extracción 
de datos. La calidad metodológica y el riesgo de sesgo se evaluaron mediante la escala 
PEDro y la herramienta Cochrane Risk of  Bias 2 (RoB 2), respectivamente.

Resultados. Se identificaron un total de 136 registros, de los cuales trece cumpli-
eron con los criterios de elegibilidad y fueron incluidos. Los estudios analizados in-
formaron efectos tanto crónicos como agudos. Se observaron adaptaciones crónicas 
positivas en la estructura cardíaca, la presión arterial y la perfusión coronaria, mien-
tras que los efectos agudos durante el ejercicio isométrico incluyeron un aumento 
del flujo colateral coronario, una reducción del tiempo y de los requerimientos de 
medicación para la ecocardiografía de estrés, hipotensión postejercicio significativa 
y respuestas metabólicas caracterizadas por una dependencia predominante de los 
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carbohidratos como sustrato energético principal. La calidad metodológica de los artículos 
fue calificada entre aceptable y buena, mientras que la evaluación del riesgo de sesgo (RoB2) 
indicó niveles de riesgo entre bajo y alto.

Conclusión. El ejercicio isométrico (EI) fue bien tolerado y demostró beneficios tanto cróni-
cos como agudos, lo que respalda su potencial para mejorar la salud cardiovascular y la efi-
ciencia de los procedimientos diagnósticos en pacientes con EAC.

Palabras clave: 

Rehabilitación cardíaca, enfermedades del corazón, entrenamiento de fuerza.

Introduction
Cardiovascular diseases account for approximately 32% of  all deaths worldwide, with ischemic 
heart disease representing the leading cause [1-4]. Robust evidence supports physical exercise 
as a cornerstone intervention for reducing morbidity and mortality in this population [5,6]. 
Accordingly, exercise-based cardiac rehabilitation (CR) programs are strongly recommended 
as part of  secondary prevention strategies for patients with CAD [7-10].

Traditionally, CR programs have emphasized aerobic and dynamic resistance training be-
cause of  their well-established benefits on cardiorespiratory fitness and muscular strength. In 
contrast, isometric exercise has been less frequently incorporated into clinical practice, mainly 
due to historical concerns regarding excessive blood pressure responses and the limited avail-
ability of  standardized protocols and monitoring technologies [11-13].

Nevertheless, growing evidence indicates that well-controlled isometric exercise, particu-
larly when implemented through structured protocols and, in some cases, real-time biofeed-
back systems, may induce favorable cardiovascular adaptations. Studies conducted in clinical 
populations have demonstrated improvements in functional capacity, enhanced coronary col-
lateral recruitment, reductions in resting blood pressure, and beneficial vascular adaptations 
following acute or chronic isometric exercise protocols [10,14-17]. Importantly, isometric ex-
ercise is characterized by a relatively low metabolic demand and high feasibility, which may be 
advantageous for patients with functional limitations, orthopedic constraints, or intolerance 
to conventional aerobic or isotonic resistance exercise [18]. Furthermore, isometric muscle 
actions are intrinsic to many activities of  daily living, reinforcing their potential relevance in 
functional rehabilitation.

Although several studies have explored the cardiovascular and metabolic effects of  iso-
metric exercise, evidence specifically focused on patients with CAD remains limited and het-
erogeneous. Considerable variability exists in study design, exercise protocols (e.g., intensity, 
duration, and muscle groups involved), outcome definitions, and methodological approaches, 
hindering a clear understanding of  its clinical effects. This gap limits the integration of  iso-
metric exercise into evidence-based CR programs [19,20].

Therefore, the objective of  this systematic review is to synthesize and critically appraise the 
available evidence on the effects of  isometric exercise training on cardiovascular and meta-
bolic outcomes in individuals with CAD, with particular attention to intervention characteris-
tics, safety profiles, and clinical applicability within cardiac rehabilitation settings.

https://www.ncbi.nlm.nih.gov/mesh/68006331
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Method
This systematic review was conducted in accordance with the PRISMA guidelines and was 
registered in the International Prospective Register of  Systematic Reviews (PROSPERO) 
(Registration number: CRD420251028919), where the full review protocol is publicly avail-
able [21]. Primary studies (randomized controlled trials [RCTs] and crossover trials) published 
up to March 2026 in English were included to evaluate the acute and chronic effects of  iso-
metric training on cardiovascular and metabolic outcomes in patients with CAD. Studies with 
combined interventions were excluded for chronic outcomes. However, for acute responses, 
studies combining isometric exercise with pharmacological stress agents were considered if  
the effects of  exercise could be clearly identified. Animal studies and studies involving patients 
undergoing chemotherapy were excluded.

Search strategy

The literature search was conducted in the following databases: Scopus, Web of  Science, 
PubMed, and Embase. Keywords were derived from Medical Subject Headings (MeSH) or 
EMTREE terms. Boolean operators “OR” were used to combine terms within the same 
group, while “AND” was used to connect descriptors related to population, intervention, com-
parator, outcomes, and study type descriptors. For the population, terms related to coronary 
artery disease and its clinical manifestations were included (e.g., “coronary artery disease”, 
“myocardial infarction”, “acute coronary syndrome”, and related synonyms). For the inter-
vention, terms related to isometric exercise were used (e.g., “isometric exercise”, “isometric 
training”, “isometric contraction”, and “handgrip exercise”). Outcomes of  interest included 
cardiovascular and metabolic parameters, such as blood pressure, heart rate, autonomic func-
tion, cardiac function, arterial stiffness, lipid profile, and major adverse cardiovascular events. 
The complete search strategies used for each database are available in Appendix 1.

Study selection, methodological quality, and risk bias

After the initial search, duplicate records were removed by one author (AMA-V). Subse-
quently, titles and abstracts were screened according to the inclusion and exclusion criteria. 
Full texts of  the eligible studies were then reviewed. Study selection was performed by two 
independent reviewers (AMA-V, MAG-D), and disagreements were resolved by a third re-
viewer (JCS-D).

The methodological quality of  each included study was assessed using the PEDro scale 
(www.pedro.org.au) [22]. This tool consists of  11 items that evaluate eligibility criteria, ran-
domization, blinding, allocation concealment, baseline comparability, blinding of  participants 
and assessors, intention-to-treat (ITT) analysis, and follow-up procedures. Each item (except 
eligibility criteria) was scored as 1 when rated as “Yes” and 0 when rated as “No”, and the total 
PEDro score was calculated as the sum of  all scored items. The total PEDro score ranges from 
1 to 10, with higher scores indicating better methodological quality. Articles scoring 9-10 were 
classified as excellent, 6-8 as good, 4-5 as fair, and below 4 as poor quality [23].

Risk of  bias in the included RCTs was assessed using the Cochrane Risk of  Bias tool, 
version 2 (RoB 2), which evaluates bias at the outcome level across five domains: the ran-
domization process, deviations from intended interventions, missing outcome data, outcome 
measurement, and selection of  the reported result. Each domain and the overall risk of  bias 
were judged as low risk, some concerns, or high risk according to Cochrane guidance, and 
these judgments were used to inform the interpretation of  the results.



Revista de Investigación e Innovación en Ciencias de la Salud · Volume 8, Number 1, 2026 · https://doi.org/10.46634/riics.527
5

Isometric Exercise and Cardiovascular Health in Coronary Disease
Sánchez-Delgado et al.

Data extraction and analysis

Data synthesis was conducted using a narrative approach, with qualitative summaries of  sam-
ple size, participant age, type of  intervention, and outcomes related to cardiometabolic health.  

Results
Initially, a total of  136 records were identified. After the removal of  duplicates, 90 records 
were screened based on title and abstract. Of  these, 22 full-text articles were assessed for eli-
gibility. Nine studies were excluded for the following reasons: incorrect study design (n = 2), 
inappropriate intervention (n = 3), ineligible population (n = 3), and conference abstract (n = 
1). Ultimately, thirteen studies met the inclusion criteria and were included in the qualitative 
synthesis of  this systematic review [10,14-17,24-31] (Figure 1).

Figure 1. PRISMA flow diagram of study selection.
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All included studies met the core PEDro criteria, including randomization, baseline com-
parability, between-group comparisons, and reporting of  variability for at least one key out-
come. However, none of  the studies applied an ITT analysis, and blinding of  participants 
and personnel was not feasible due to the nature of  exercise interventions. Blinding of  out-
come assessors was limited and inconsistently reported across studies. Overall, methodologi-
cal quality scores on the PEDro scale ranged from 4 to 6, indicating fair-to-good method-
ological quality (Table 1).

Table 1. Methodological Quality Assessment of Included Trials (n = 13) Based on the PEDro Scale.

First 
author

Eligibility 
criteria

Random 
Assignment

Allocation 
concealment

Initial 
comparability

Participant 
Blinding

Provider 
Blinding

Blinding of 
Outcome 

Assessors
Retention

Analysis 
by 

intention 
to treat

Comparison 
between 
groups

Variability of 
key outcome 

provided
Total 
Score

Quality 
of study

Chen et 
al. (2019) 
[17]

Y Y N Y N N N Y N Y Y 5 FAIR

Goessler 
et al. 
(2016) 
[28]

Y Y N Y N N N Y N Y Y 5 FAIR

Gordon 
et al. 
(2019) 
[31]

N Y N N N N N Y N Y Y 4 FAIR

Guiraud 
et al. 
(2017) 
[10]

Y Y N Y N N N Y N Y Y 5 FAIR

Kollet et 
al. (2021) 
[29]

Y Y Y Y N N Y Y N Y N 6 GOOD

Lin et al. 
(2012) 
[14]

Y Y N Y N N N Y N Y Y 5 FAIR

Lin et al. 
(2014) 
[15]

Y Y N Y N N Y Y N Y Y 6 GOOD

Yao et al. 
(2003) 
[16]

Y Y N Y N N N Y N Y Y 5 FAIR

Guiraud 
et al. 
(2015) 
[24]

Y Y N Y N N N Y N Y Y 5 FAIR

Eibel 
B et al 
(2022) 
[30]

Y Y N Y N N N N N Y Y 4 FAIR

Caminiti 
et al. 
(2025) 
[25]

Y Y N Y N N Y Y N Y Y 6 GOOD

Caminiti 
et al. 
(2025b) 
[26]

Y Y N Y N N Y Y N Y Y 6 GOOD

Vitarelli 
et al 
(2025) 
[27]

Y Y N Y N N N Y N Y Y 5 FAIR

Note. Abbreviations: Y = yes; N = no. Each PEDro item was scored as 1 (Yes) or 0 (No). Total score represents the sum of all scored PEDro items.
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Figures 2 and 3 present the risk-of-bias assessment of  the included trials. Overall, risk of  
bias ranged from low to high, with most studies judged as having some concerns, mainly due 
to insufficient reporting of  the randomization process and unclear allocation concealment. 
In crossover trials, additional concerns were related to potential carryover effects. Studies 
evaluating chronic effects showed similar limitations, including baseline imbalances, absence 
of  ITT analysis, and incomplete outcome data.

Figure 2. Risk of bias assessment of studies investigating acute effects.
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The included studies comprised a total of  559 participants, with a mean age of  63 ± 
12.5 years, all diagnosed with acute coronary syndrome, with or without revascularization 
procedures. Participants had 50–100% stenosis in the affected coronary arteries and a left 
ventricular ejection fraction (LVEF) above 40%. Of  the thirteen studies analyzed, ten were 
randomized controlled trials and three were crossover studies; eight investigated acute effects, 
four examined chronic effects, and one addressed both acute and chronic effects. 

Acute effects

Overall, acute isometric exercise elicits heterogeneous cardiovascular, hemodynamic, and 
metabolic responses depending on intensity, muscle mass involvement, and exercise modality.

Figure 3. Risk of bias assessment of studies investigating chronic effects.
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Evidence from coronary intervention settings suggests beneficial acute vascular effects. Lin 
et al. reported that isometric handgrip contractions at 50% of  maximal voluntary contraction 
(MVC) for one minute during controlled coronary occlusion improved the contralateral coro-
nary flow index and coronary occlusion pressure [14,15]. Similarly, Yao et al. demonstrated 
that isometric handgrip exercise at 33% MVC performed during peak dobutamine and atro-
pine stress increased the heart rate response (Δ = 50.9 ± 14.4 bpm vs. 38.1 ± 17.7 bpm; p < 
0.0001), reduced test duration (p = 0.004), and decreased cumulative pharmacological dose 
(p = 0.025), indicating an interaction between isometric effort and pharmacological stress 
responses [16].

Beyond hemodynamic responses, Guiraud et al. reported a metabolic shift during acute 
isometric exercise (40–70% MVC), with carbohydrate oxidation increasing from 71% to 
91%, suggesting an acute exercise-induced change in substrate utilization [24].

Regarding post-exercise blood pressure responses, Caminiti et al. found that isometric 
handgrip exercise induces intensity-dependent post-exercise hypotension, with greater reduc-
tions at 50% MVC compared with 30% MVC at 30 and 45 minutes of  recovery in patients 
with ischemic heart disease [25].

When different isometric modalities are compared, clearer distinctions emerge. Caminiti 
et al. (2025) showed that bilateral isometric knee extension (IKE; 30% MVC, 3 min) induces 
substantially greater acute increases in systolic blood pressure (130 ± 10 to 160 ± 15 mmHg; 
p < 0.001) and myocardial workload (global work index and global constructive work, p < 
0.001), accompanied by reduced myocardial efficiency (global work efficiency decreased by 
2–3%). In contrast, isometric handgrip at the same relative intensity (30% MVC, 3 min) 
produced lower systolic blood pressure responses (140–145 mmHg) and a more favorable 
myocardial work profile, suggesting lower cardiovascular strain compared with lower-limb 
isometric exercise [26].

Similarly, when comparing isometric and combined modalities, Vitarelli et al. (2025) re-
ported modality-dependent blood pressure responses. IKE (20% MVC) and combined exer-
cise (CE; aerobic exercise at RPE 13–14 plus resistance exercise at 60% 1RM) both reduced 
systolic blood pressure versus control, with a greater reduction observed after combined exer-
cise (−8.4 ± 2.1 mmHg; p < 0.001) compared with isometric exercise (−3.7 ± 1.6 mmHg; p 
= 0.036, indicating superior acute hypotensive effects of  multimodal training strategies [27]. 

In contrast, the studies by Kollet et al. and Goessler et al. did not show significant acute 
changes in vascular function or blood pressure following the application of  low-intensity iso-
metric handgrip training (IHT) (Table 2) [28,29].

Chronic effects

Overall, chronic isometric training appears to induce heterogeneous cardiovascular, vascu-
lar, and functional adaptations, with responses influenced by training modality, intensity, and 
duration.

Evidence from exercise tolerance outcomes suggests functional benefits of  isometric train-
ing. Guiraud et al. demonstrated that isometric training using the Huber Motion Lab (HML) 
device, performed four times per week for four weeks at 70% MVC, resulted in greater im-
provements in exercise tolerance assessed by cycle ergometry compared with traditional dy-
namic resistance training at 60% of  one-repetition maximum, performed with the same fre-
quency and duration [10].
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Table 2. Acute effects of isometric exercise on cardiovascular and metabolic parameters in patients 
with coronary artery disease.

Study 
(year)

Study 
Design

Participants n 
at Baseline

Age 
(years) Intervention (Intensity) Evaluated 

Outcomes
Significant differences 

between Groups

Kollet et 
al. 2021 
(Brazil) 

[29]

RCTs

AE n=10
58.6 ± 

9.0

AE on cycle ergometer; 
30 min at 12–14 on the 

Borg scale.
FMD; PWV; PVR; 

cSBP; cDBP.

IE showed no 
significant 

improvements in 
vascular function 

parameters.IE n=10
56.0 ± 

9.8

IE using analog 
dynamometer; 4 bilateral 
sets at 30% MVC; 2 min 

per hand with 1 min rest 
between sets.

Lin et 
al. 2012 
(China) 

[14]

RCTs

IE n=33
59.2 ± 
11.3

IE at 50% MVC for 
1 min, performed 

simultaneously with 
1-min coronary artery 
occlusion (as part of 

percutaneous coronary 
intervention).

HR, SBP, DBP, 
PCWP, CFI, poccl, 

Pao, CVP.

CFI increased 
significantly in the IE 
group compared to 

controls (Δ = 0.04; p < 
0.01).

NG n=32
59.2 ± 
11.3

1-min coronary artery 
occlusion at the 

stenotic site (part of 
the revascularization 
procedure), without 

exercise.

Goessler 
et al. 2016 
(Belgium) 

[28]

Crossover BPG n=21
68.4 ± 

7.0

Experimental session: 
2 sets per hand (2 min 

each) at 30% MVC. Blood 
pressure measured 

every 15 min for 1 hour 
post-exercise in supine 

position. Control session: 
15 min seated rest with 
same post-evaluation. 
3-day interval between 

sessions.

Ambulatory: HR, 
SBP, DBP, MBP. 
ABPM: 24-hour 
monitoring with 

BP readings 
every 20 min (day, 

night, and 24-h 
averages).

Low-intensity handgrip 
exercise did not lead to 
significant changes in 

BP after 24 hours.

Yao et al. 
2003 (EUA) 

[16]
RCTs

IHG n=58 69 ± 14

Dobutamine stress 
echocardiography: 

infusion at increasing 
doses (10, 20, 30, 40 µg/

kg/min, 3 min each). 
Handgrip exercise at 33% 

MVC from min 6 to 10 
(during 30–40 µg/kg/min 

infusion).

HR increase; 
duration of 

stress test; dose 
of dobutamine/

atropine.

HR increase greater 
in handgrip group (Δ 

= 50.9 ± 14.4 bpm) vs. 
no handgrip (Δ = 38.1 ± 
17.7 bpm; p < 0.0001). 

Stress test duration 
was shorter (16.4 ± 6.9 
vs. 20.7 ± 8.4 min; p = 

0.004), and dobutamine 
dose was lower (25.8 
± 13.5 vs. 32.4 ± 16.4 
mg; p = 0.025) in the 

handgrip group.

NEG n=55 68 ± 16
Same dobutamine 
protocol without 

isometric exercise.
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Lin et 
al. 2014 
(China) 

[15]

RCTs

IHG n=37
58.81± 
10.75

1 min of handgrip IE 
at 50% MVC using a 

hydraulic dynamometer 
in a fixed position.

LVEF, PCWP, CVP, 
poccl, Pao, BP, CFI

poccl and CFI increased 
significantly in the 

IHG group but not in 
the NEG group (p < 

0.01), suggesting that 
isometric handgrip 

favors recruitment of 
collateral circulation 

during occlusion.

NEG n=37
61.50 ± 

9.07
1 min of balloon 
occlusion at rest

Guiraud et 
al. 2015 
(France) 

[24]

Crossover CAD n=20
53.1 ± 

9.9

Two acute HML sessions 
were performed in 

random order at 40% 
and 70% of MVC (one per 
week over two weeks). 
Each 45-min session 

comprised six exercise 
blocks in different 
postures with 6-s 

isometric contractions 
and 10-s passive 

recovery.

VO₂, HR, BP, 
ventilation, energy 
expenditure.

Compared with W40, 
W70 elicited higher 

ventilation and heart 
rate, greater active 
energy expenditure, 

similar oxygen uptake, 
and a shift toward 

higher carbohydrate 
and lower lipid 
oxidation; both 

sessions were safe and 
well tolerated..

Caminiti et 
al., 2025 

(Italy) [25]
RCTs

IHG n=14
66.4 ± 
11.2

Isometric handgrip: high 
(70% MVC) Hemodynamic 

responses and 
postexercise BP 
changes (systolic 
and diastolic 
BP), heart rate, 
echocardiographic 
indices

Highintensity IHG 
(70% MVC) produced a 
significant reduction in 
postexercise systolic 

BP at 30 and 45 min vs 
control; no significant 
differences between 

high vs low intensity or 
low vs control for most 

measures

IHG n=14
65.9 ± 
12.7

Isometric handgrip: low 
intensity (30% MVC)

Control n=14
66.1± 

12
No exercise

Caminiti et 
al. 2025b 
(Italy) [26]

RCTs

IKE: n=16
64.9 ± 
14.2

Bilateral knee extension; 
30% MVC; 3 min; constant 

force; seated at 120° 
trunk angle.

SBP; HR; 
myocardial work 
parameters (GWI, 
GCW, GWE).

IKE significantly 
increased SBP (rest: 

~130 ± 10 vs exercise: 
~160 ± 15 mmHg, p < 
0.001) and myocardial 

workload (GWI and 
GCW increased 

significantly, p < 0.001), 
while myocardial work 
efficiency decreased 

(GWE reduced by 
~2–3%, p < 0.05); 

IHG induced smaller 
increases in SBP 
(~140–145 mmHg 

during exercise) and 
myocardial workload, 

showing a more 
tolerable hemodynamic 

response (p < 0.05).

IHG n=16
63.4 ± 
16.1

Handgrip; 30% MVC; 
3 min; constant force; 
supine at 120° trunk 

angle.

Control n=16
64.2± 
13.5

No exercise (rest 
condition).
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With respect to cardiac and vascular adaptations, several studies indicate potential im-
provements in cardiac function and angiogenic signaling. Lin et al. reported that isometric 
handgrip training (IHT) at 50% MVC, performed five times per week over three months, 
significantly improved left ventricular ejection fraction (LVEF) and increased vascular en-
dothelial growth factor (VEGF) levels compared with a non-exercising control group (p < 
0.01) [15]. Similarly, Chen et al. observed that a three-month isometric training program at 
40–50% MVC, performed five times per week, improved myocardial perfusion and LVEF 
compared with physiological ischemic training. Notably, both interventions reduced systolic 
and diastolic blood pressure and increased VEGF levels, suggesting shared cardiovascular 
benefits across isometric-based interventions [17].

Beyond functional and hemodynamic outcomes, short-term isometric training may also 
influence oxidative stress markers. Eibel et al. (2022) reported that one week of  daily isometric 
handgrip training (20 min, submaximal contractions) reduced sulfhydryl levels (from 46 to 
30 μmol TNB/mg protein) without significant changes in other oxidative stress biomarkers, 
indicating early biochemical adaptations [30]. 

In contrast, not all studies have demonstrated favorable chronic hemodynamic adapta-
tions. Gordon et al. reported no significant changes in blood pressure following a six-week 
low-intensity isometric handgrip training program, with no differences between intervention 
and control groups, highlighting variability in training responsiveness, particularly at lower 
intensities (Table 3) [31].

Vitarelli et 
al. 2025 

(Italy) [27]
Crossover CAD n=25

63.4 ± 
16.1

IKE: bilateral knee 
extension; 20% MVC; 20 

min (5 × 2 min, 2 min 
rest). CE: aerobic (RPE 

13–14) + resistance (60% 
1RM); 60 min. Control: 

rest. Interventions 
were performed in a 

randomized order

SBP; DBP; HR.

CE reduced SBP more 
than control (−8.4 ± 2.1 
mmHg; p < 0.001) and 

IES (p = 0.004); IES also 
reduced SBP vs control 
(−3.7 ± 1.6 mmHg; p = 

0.036.

Legend: RCTs: Randomized Controlled Trial; AE: Aerobic Exercise; IE: Isometric Exercise; MVC: Maximum Voluntary Contraction; 
FMD: Flow-Mediated Dilation; PWV: Pulse Wave Velocity; PVR: Peripheral Vascular Resistance; cSBP: Central Systolic Blood 
Pressure; cDBP: Central Diastolic Blood Pressure; HR: Heart Rate; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; 
PCWP: Pulmonary Capillary Wedge Pressure; CFI: Coronary Flow Index; poccl: Coronary Perfusion Pressure During Vessel Oc-
clusion; Pao: Aortic Perfusion Pressure; CVP: Central Venous Pressure; BP: Blood Pressure; MBP: Mean Blood Pressure; ABPM: 
Ambulatory Blood Pressure Monitoring; GWI: Global Work Index; GCW: Global Constructive Work; GWE: Global Work Efficiency; 
; IHG: Isometric Handgrip Group; IKE: Isometric Knee Extension; CE: Combined Exercise; NEG: No Exercise Group; BPG: Blood 
Pressure Group; LVEF: Left Ventricular Ejection Fraction; CAD: Coronary Arterial Disease; VO₂: Oxygen uptake.
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Table 3. Chronic effects of isometric exercise on cardiovascular and metabolic parameters in patients 
with coronary artery disease.

Study 
(Year)

Study 
Design

Participants 
n at 

Baseline

Age 
(years) Intervention (Intensity) Evaluated 

Outcomes
Significant differences 

between Groups

Guiraud et 
al. 2017 
(France) 

[10]

RCTs

HML n = 25
51.2 ± 

9.4

Isometric training using the 
Huber Motion Lab (HML) 
device; 8 contractions of 
6 s at 70% MVC with 10 
s recovery; frequency: 4 

sessions/week; duration: 4 
weeks.

Weight, 
BMI, Waist 

circumference, 
Fat mass, Fat-

free mass, 
Peak power 
output, Max 

HR, MVC, SF-
36 QoL.

HML training improved 
peak power (p=0.035) 
compared to isotonic 

machine-based training. 
Both training types 

enhanced lower-limb 
strength and quality of life 
without significant changes 

in endothelial function or 
body composition.

TST n = 25
58.4 ± 

9.5

Circuit-based isotonic 
training (leg press, chest 

press, shoulder press, low 
row, butterfly, leg extension); 

3 sets of 12 reps per 
machine.

Lin et 
al. 2014 
(China) 

[15]

RCTs

IHT n = 10
66.5 
±5.1

Handgrip IE at 50% MVC; 
3-month program, 5 

sessions/week, 2 sessions/
day; each session: 10 

contractions per hand, 1 min 
each, 1 min rest.

EDV, ESV, SV, 
LVEF, VEGF.

LVEF increased 
significantly in the IHT 
group (37.80 ± 9.15 to 
47.50 ± 3.83; p < 0.01). 

Changes in LVEF (Δ = 9.70 
± 9.53 vs 2.10 ± 3.57; p < 

0.05) and VEGF (65.3 ± 15.1 
to 98.5 ± 17 pg/mL; p < 

0.01) were also greater in 
the IHT group compared to 

controls.

NTG n = 10
67.2 ± 
13.8

No exercise intervention

Gordon et 
al. 2019 

(EUA) [31]
RCTs

IHG n = 6
68.5 ± 

2.8

6-week program; 3 sessions/
week; 4 contractions at 30% 
MVC for 2 min each, 1 min 
rest between; performed 
with dominant hand only.

SBP, DBP

No significant changes 
in BP were observed; no 

between-group differences 
detected.

CON n = 5
72.6 ± 

3.6
No exercise intervention

Eibel B et 
al. 2022 
(Brazil) 

[30]

RCTs

IHT n = 5
66.4 ± 

4.3

Daily IHG at 30 % MVC (20 
min/session; bilateral 2-min 
contractions with 1-min rest), 

combined with 20 min of 
conventional physiotherapy, 
performed daily for 1 week 

until hospital discharge.
BP, 6-MWT, 

FMD; Oxidative 
stress.

Isometric exercise did 
not induce significant 

hemodynamic changes 
and was associated with 
indications of increased 

oxidative stress.
VMT n = 4

63.7 ± 
5.7

Daily 20-min inspiratory 
muscle training at 30% 
MIP plus conventional 

physiotherapy until 
discharge.

CG n = 6
58.8 ± 

7.7

Twice-daily physiotherapy 
with respiratory, motor, 

and mobility exercises until 
discharge.
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Discussion
The present study demonstrated that IHT is the most commonly used modality of  isometric 
exercise in patients with CAD. Its acute effects include improved collateral coronary blood 
flow during transient occlusion and enhanced efficiency of  stress echocardiography through 
reduced test duration and pharmacological dosage. Comparative evidence suggests that low-
er-limb isometric exercise induces greater increases in systolic blood pressure and myocardial 
workload than handgrip exercise, while combined exercise produces greater acute reductions 
in systolic blood pressure than isometric exercise alone. Regarding chronic effects, improve-
ments in functional capacity, cardiac function, and proangiogenic parameters were observed, 
whereas evidence on metabolic effects remains limited.

The results of  the studies by Lin et al. indicate that isometric exercise can acutely modulate 
coronary hemodynamics when applied under controlled clinical conditions, with potential 
relevance for collateral perfusion [14]. Although the exact mechanisms underlying this effect, 
particularly those involving remote muscle ischemia and collateral vessel formation are not 
fully understood, current evidence suggests that this modality may serve as a therapeutic tar-
get in patients with CAD by improving perfusion in ischemic regions, potentially enhancing 
myocardial survival and reducing clinical symptoms [15]. In this regard, isometric contrac-
tions performed by healthy limbs may represent a safe, non-invasive, and practical adjunct 
to cardiac rehabilitation programs, with potential cardiovascular benefits in this population.

Another acute effect was reported by Yao et al., who found that incorporating IHT during 
dobutamine stress echocardiography helped patients reach target heart rates more rapidly, 
reducing both test duration and the required doses of  dobutamine (by 23%) and atropine (by 
41%) [16]. These findings suggest that including isometric exercise in diagnostic testing may 

Chen et 
al. 2019 
(China) 

[17]

RCTs

EIT n =19
62.8 ± 

5.5

10 contractions per hand 
at 40–50% MVC, 1 min each 
with 1 min rest; alternated 

between hands; 2 sessions/
day, 5 days/week for 3 

months. SBP, DBP, LVEF, 
LVEDD, VEGF, 

Anaerobic 
Threshold (AT), 

VO₂ max

Both intervention groups 
showed significant 

reductions in SBP and DBP 
(p<0.01) and improvements 

in VEGF, cardiac function, 
and structure (p<0.01). 

At the end of training, EIT 
group showed superior 

cardiac function and 
structure compared to CIT 

(p<0.01).

CIT n =18
64.4 ± 

8.3

Vascular occlusion: 3 min 
ischemia followed by 5 min 

reperfusion (upper limbs 
alternately); 3 sessions/day, 
5 days/week for 12 weeks.

NE n =18
65.9 ± 

5.5

Conventional 
pharmacological treatment 

only

Legend: RCTs: Randomized Controlled Trial; HML: Huber Motion Lab; TST: Traditional Strength Training; MVC: Maximum Volun-
tary Contraction; 1RM: One-Repetition Maximum; IHT: Isometric Handgrip Training; NTG: No Training Group; EDV: End-Diastolic 
Volume; ESV: End-Systolic Volume; SV: Stroke Volume; LVEF: Left Ventricular Ejection Fraction; VEGF: Vascular Endothelial 
Growth Factor; IHG: Isometric Handgrip Group; CON: Control Group; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pres-
sure; VMT: ventilatory muscle training; CG: Conventional Group; EIT: Isometric Exercise Training Group; CIT: Vascular Occlusion 
Training Group; NE: No Exercise Group; LVEDD: Left Ventricular End-Diastolic Diameter; QoL: Quality of Life; 6 MWT: Six-minute 
walk test; FMD: Flow Mediated Dilatation; MIP: Maximal static inspiratory pressure.



Revista de Investigación e Innovación en Ciencias de la Salud · Volume 8, Number 1, 2026 · https://doi.org/10.46634/riics.527
15

Isometric Exercise and Cardiovascular Health in Coronary Disease
Sánchez-Delgado et al.

improve cost-effectiveness by minimizing adverse effects related to pharmacological agents, 
such as uncontrolled tachycardia and arrhythmic events, while eliciting a more physiological 
hemodynamic response that may enhance the sensitivity and specificity of  the test [32-38]. 
Although other studies involving IHT were not randomized, their results align with those of  
Yao et al. Collectively, these findings suggest that incorporating this exercise modality not 
only improves diagnostic sensitivity but also appears safe and well tolerated, with no reported 
adverse events and high protocol adherence among patients [39-41].

The primary acute metabolic response observed in this study was a predominant reliance 
on carbohydrates as a fuel source. This finding could be particularly relevant for individuals 
with coronary heart disease, who often exhibit insulin resistance and reduced muscular glu-
cose uptake, factors associated with impaired functional capacity [42,43]. While these results 
reflect acute effects, longer-term isometric training interventions warrant further investigation 
to determine their potential metabolic implications over time.

The findings of  Caminiti et al. [25] suggest that high-intensity isometric handgrip exer-
cise more consistently reduces post-exercise blood pressure compared with lower intensities 
(−15.5 mmHg at 50% MVC vs −5 mmHg at 30% MVC), without compromising myocar-
dial efficiency during exercise. Proposed mechanisms include stimulation of  mechano and 
metaboreceptors, reduced sympathetic activity, and reactive hyperemia [44]. Overall, these 
results are promising and consistent with previous studies in healthy or hypertensive individu-
als, highlighting the need for further investigation of  this intervention in cardiac populations 
to confirm its safety and efficacy as a non-pharmacological strategy for hypertension manage-
ment [45-47].

Caminiti et al. (2025) demonstrated that IKE induces substantially greater increases in sys-
tolic blood pressure (SBP) and myocardial workload, along with reduced myocardial efficien-
cy, compared with IHT at the same relative intensity [26]. These findings are consistent with 
previous physiological evidence indicating that greater active muscle mass during isometric 
contractions elicits stronger pressor responses due to increased peripheral resistance and en-
hanced sympathetic activation [48,49]. In contrast, isometric handgrip exercise appears to 
induce a more moderate hemodynamic response, which may be more suitable for populations 
with coronary artery disease, in whom excessive increases in afterload may be undesirable.

Comparative evidence between isometric exercise and multimodal training modalities sug-
gests modality-dependent blood pressure regulation. Vitarelli et al. (2025) reported that both 
lower-limb isometric exercise and combined exercise reduce SBP; however, greater reductions 
were observed following combined aerobic and resistance training compared with isolated 
isometric exercise [27]. These findings are consistent with previous meta-analytic evidence 
demonstrating that the combination of  aerobic and resistance training produces more robust 
and sustained reductions in resting blood pressure than isolated exercise modalities, likely due 
to complementary adaptations in vascular function, autonomic regulation, and arterial com-
pliance [50] Overall, these results suggest that although isometric exercise provides favorable 
acute hypotensive effects, multimodal training may induce superior systemic cardiovascular 
adaptations.

Regarding chronic effects, the reviewed studies highlighted improvements in exercise tol-
erance, as well as cardiac and endothelial function. Guiraud et al. reported greater exer-
cise tolerance, assessed via cycle ergometry, following four weeks of  training using the HML 
device compared with traditional strength training [10]. This may be attributed to several 
advantages of  HML over conventional resistance training. For example, the HML device 
recalculates MVC in each session, enabling automatic, progressive intensity adjustments. In 
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contrast, conventional training in that study employed manual load progression only once a 
week. Moreover, the HML features a rotating surface that enhances the activation of  stabi-
lizing muscles, thereby promoting greater movement efficiency. This likely facilitates more 
effective muscular synergies and optimized effort distribution, outcomes that are less achiev-
able with segmented training methods targeting isolated muscle groups [24,51]. Given these 
advantages, along with its low risk profile and neuromuscular potential, the HML platform 
warrants further investigation, especially in early rehabilitation phases or among patients with 
low tolerance to dynamic exercise.

In terms of  improvements in cardiac and endothelial function, studies by Lin et al. and 
Chen et al. found an increase in LVEF among patients performing IHT at 40%-50% MVC 
[15,17]. This effect may be linked to improved collateral perfusion induced by remote muscle 
ischemia [14]. One plausible mechanism involves increased expression of  VEGF, whose levels 
were elevated in the handgrip training group [52-54]. While this is not the only mechanism 
capable of  promoting angiogenesis or arteriogenesis, studies involving dynamic exercise have 
shown the release of  endothelial progenitor cells, supporting the inclusion of  such biomark-
ers in future research involving CAD patients [55,56]. Taken together, these findings suggest 
that IHT may activate angiogenic pathways that enhance myocardial contractility, which is 
particularly relevant for patients with ventricular dysfunction.

Regarding the reduction in blood pressure observed by Chen et al. after a three-week train-
ing program at 40%-50% MVC, it is worth noting that the underlying physiological mecha-
nisms remain incompletely understood [57]. However, the previously mentioned increase in 
VEGF expression may play a role, as it not only promotes angiogenesis but also stimulates 
nitric oxide release. This is further facilitated by shear stress on the endothelium during ex-
ercise, contributing to vasodilation, improved vascular tone, and reduced peripheral vascular 
resistance [58-60].

International hypertension guidelines (American College of  Cardiology/American Heart 
Association and European Society of  Cardiology/European Society of  Hypertension) rec-
ommend aerobic and dynamic resistance exercise as first-line non-pharmacological strategies 
for blood pressure control, while cautiously acknowledging emerging evidence on isometric 
exercise. Meta-analyses and randomized trials suggest that isometric training is associated 
with moderate-to-strong reductions in blood pressure, supporting its potential complemen-
tary role, although some studies show methodological limitations [61-65]. Furthermore, some 
studies suggest that, under specific conditions mainly in adults with prehypertension or hyper-
tension and using low to moderate intensity handgrip exercises this isometric modality may 
be more effective for blood pressure control compared to traditional resistance training. [50]. 
However, sustained reductions in blood pressure have not been clearly demonstrated in CAD 
populations, limiting the extrapolation of  findings from general hypertensive cohorts and 
emphasizing the need for further research specifically in patients with CAD. 

The chronic metabolic response observed in this study was characterized by a reduction 
in sulfhydryl levels after one week of  daily IHT. This finding may reflect an increased utiliza-
tion of  antioxidant reserves to counterbalance exercise-induced reactive oxygen species [66]. 
Such a response suggests a necessary and transient increase in oxidative stress that primes the 
organism for subsequent metabolic and vascular adaptations rather than indicating a deleteri-
ous effect, particularly considering the short duration of  the training protocol.

Considering the current evidence, the integration of  isometric training appears to be a 
promising complementary strategy within modern cardiac rehabilitation programs. This 
approach is particularly relevant for individuals unable to tolerate high-intensity dynamic 
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exercise. Its implementation is further supported by its minimal space and equipment re-
quirements, and its demonstrated safety, affordability, and adaptability across clinical and 
home settings.

Limitations and Recommendations

Among the limitations of  this review are the small number of  available studies, limited sam-
ple sizes, substantial methodological heterogeneity, and short or absent long-term follow-up 
across trials. Importantly, several methodological limitations were consistent across included 
studies, including the absence of  ITT analyses and the inability to blind participants and per-
sonnel due to the nature of  exercise interventions. In addition, blinding of  outcome assessors 
was inconsistently reported, contributing to potential detection bias.

This methodological variability and risk-of-bias profile limited the comparability of  find-
ings and precluded the performance of  a meta-analysis, as well as sensitivity analyses and a 
formal assessment of  the certainty of  evidence. Future research should address these limita-
tions by adopting more rigorous reporting standards, including explicit ITT analyses where 
appropriate, improved allocation concealment procedures, and clearer reporting of  outcome 
assessor blinding. Additionally, larger and longer-term randomized controlled trials are need-
ed, incorporating isometric protocols targeting a broader range of  muscle groups and clini-
cally relevant outcomes such as rehospitalization rates and mortality.

Conclusions

IHT is the most widely studied isometric modality in patients with CAD and appears to be 
safe and well tolerated across studies.

Acute effects include improvements in collateral coronary blood flow during transient oc-
clusion and enhanced efficiency of  stress echocardiography, reflected in shorter test duration 
and reduced pharmacological agent doses. Emerging evidence indicates that acute physio-
logical responses are modality-dependent, with lower-limb isometric exercise eliciting greater 
increases in blood pressure and myocardial workload compared with IHT, while combined 
aerobic and resistance training may produce more pronounced reductions in blood pressure 
than isometric exercise alone.

Chronic training is associated with improved functional capacity, left ventricular function, 
and proangiogenic parameters, potentially mediated by enhanced myocardial perfusion and 
angiogenic pathways.

Evidence regarding metabolic outcomes remains very limited. Acute responses suggest pre-
dominant carbohydrate utilization, and short-term training may transiently increase oxida-
tive stress. However, long-term metabolic effects are largely unexplored, and future studies 
should investigate additional metabolic markers such as lipid profiles, insulin sensitivity, and 
oxidative or inflammatory biomarkers relevant to cardiovascular risk in patients with CAD.

The small number of  studies, limited sample sizes, heterogeneity of  protocols, and lack of  
long-term follow-up restrict the certainty of  the conclusions. Future research should include 
larger, methodologically rigorous trials assessing both cardiovascular and metabolic outcomes 
across a broader range of  isometric exercises. 
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Appendix 1. Search strategy

Database Search strategy

PUBMED

(“Coronary Artery Disease”[Mesh] OR “Acute Coronary Syndrome”[Mesh] 
OR “Myocardial Ischemia”[Mesh] OR “coronary artery disease”[tiab] OR 
“acute coronary syndrome”[tiab] OR “myocardial infarction”[tiab] OR 
“ischemic heart disease”[tiab]) AND (“Isometric Exercise”[Mesh] OR 
“isometric exercise”[tiab] OR “isometric training”[tiab] OR “isometric 
handgrip”[tiab] OR “handgrip exercise”[tiab]) AND (“Blood Pressure”[Mesh] 
OR “blood pressure”[tiab] OR “Heart Rate”[Mesh] OR “heart rate”[tiab] 
OR “Vascular Stiffness”[tiab] OR “Endothelium, Vascular”[Mesh] OR 
“endothelial function”[tiab] OR “Cardiovascular Diseases/outcomes”[Mesh] 
OR “cardiovascular outcome”[tiab] OR “Metabolic Diseases/
outcomes”[Mesh] OR “metabolic outcome”[tiab] OR “Major Adverse 
Cardiovascular Events”[tiab]) AND (randomized controlled trial[pt] OR 
controlled clinical trial[pt] OR random*[tiab] OR trial[tiab])

EMBASE

(‘coronary artery disease’/exp OR ‘acute coronary syndrome’/exp OR 
‘myocardial infarction’/exp OR ‘coronary artery disease’ OR ‘acute 
coronary syndrome’ OR ‘myocardial infarction’ OR cad) AND (‘isometric 
exercise’/exp OR ‘isometric training’ OR ‘isometric handgrip’ OR ‘handgrip 
exercise’) AND (‘blood pressure’/exp OR ‘heart rate’/exp OR ‘vascular 
stiffness’/exp OR ‘endothelial function’ OR ‘cardiovascular outcome’ 
OR ‘metabolic outcome’ OR ‘major adverse cardiovascular event’) AND 
(‘randomized controlled trial’/exp OR ‘crossover procedure’/exp OR 
‘random*’ OR ‘crossover’) AND ([english]/lim OR [portuguese]/lim OR 
[spanish]/lim)

WEB OF 
SCIENCE

(TS=(“coronary artery disease” OR “acute coronary syndrome” OR 
“myocardial ischemia” OR “myocardial infarction” OR “ischemic heart 
disease”)) AND (TS=(“isometric exercise” OR “isometric training” 
OR “isometric contraction” OR “isometric handgrip” OR “handgrip 
exercise”)) AND (TS=(“blood pressure” OR “heart rate” OR “arterial 
stiffness” OR “vascular stiffness” OR “endothelial function” OR “cardiac 
function” OR “functional capacity” OR “cardiovascular outcome*” OR 
“metabolic outcome*” OR “major adverse cardiovascular events”)) AND 
(TS=(“randomized controlled trial” OR “controlled clinical trial” OR 
random* OR trial) NOT TS=(animal* OR mice OR rat OR “animal model”))

SCOPUS

( TITLE-ABS-KEY ( “coronary artery disease” OR “acute coronary 
syndrome” OR “myocardial ischemia” OR “myocardial infarction” OR 
“ischemic heart disease” OR “coronary artery bypass” OR “CABG” ) ) 
AND ( TITLE-ABS-KEY ( “isometric exercise” OR “isometric training” OR 
“isometric handgrip” OR “handgrip exercise” OR “handgrip training” ) ) 
AND ( TITLE-ABS-KEY ( “blood pressure” OR “heart rate” OR “functional 
capacity” OR “vascular stiffness” OR “endothelial function” OR 
“cardiovascular outcome” OR “metabolic outcome” OR “major adverse 
cardiovascular event” ) ) AND ( TITLE-ABS-KEY ( “randomized controlled 
trial” OR “controlled clinical trial” OR “random*” OR “trial” ) ) AND NOT 
( TITLE-ABS-KEY ( “animal” OR “animals” ) ) AND ( LIMIT-TO ( DOCTYPE 
, “ar” ) ) AND ( LIMIT-TO ( LANGUAGE , “English” ) ) AND ( LIMIT-TO ( 
EXACTKEYWORD , “Human” ) )
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