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Abstract  

Cardiovascular disorders are a significant worldwide health challenge. Out of 

them, congestive heart failure is the primary reason for death and illness 

globally. Based on the latest census data, heart failure results in a significant 

financial burden each year. Exercise therapy is a crucial component of the non-

pharmacological treatment of heart failure. Prescribing a proper exercise 

program might be tough due to the availability of many exercise regimens and 

the quick developments in available research. While there is clear and 

indisputable evidence supporting the cardiovascular advantages of aerobic 

exercise, it is equally important to promote the inclusion of resistance training 

in exercise routines because of its impact on muscular endurance and 

improvement of skeletal myopathy in individuals with heart failure. This study 

employed a systematic literature review methodology to provide a 

comprehensive summary of the existing literature and emphasize the 

cardiovascular advantages of resistance training, either on its own or when 

combined with aerobic training. We conducted a comprehensive analysis by 

examining articles from reputable journals published from 2010 to 2023. 

Eventually, we picked nine studies for a detailed examination. The inclusion 

criteria consist of studies that focus on heart failure with reduced ejection 

fraction (HFrEF), weight training either alone or in conjunction with aerobic 

therapy, and research that are accessible for free in either the PubMed or 

PubMed Central databases. The systematic study found that the combination of 

resistance training and aerobic therapy yields superior cardiovascular benefits 

compared to either resistance or aerobic therapy alone. Periodic intermittent 

muscular exercise (PRIME) and super circuit training (SCT) were shown to 

enhance both cardiac and non-cardiac clinical results when compared to 

traditional exercise therapy. In addition, other variables, such as insufficient 

motivation and limited time availability, contribute to inadequate compliance 

with exercise therapy. Methods such as telerehabilitation and tailoring exercise 

programs to include activities that patients find enjoyable have resulted in 

enhanced long-term adherence rates. However, it is crucial to conduct larger-

scale randomized controlled trials to thoroughly investigate the potential of 

resistance training in rehabilitating patients with heart failure and reduced 

mailto:nag.goteti@gmail.com


Journal of Cardiovascular Disease Research 

 

ISSN: 0975-3583,0976-2833            VOL15, ISSUE 02, 2024 

 

                                                                                                                                                                    49 
 

ejection fraction. This will help in developing the most effective exercise 

therapy. Keywords:Heart failure, exercise, exercise therapy, resistance training, 

aerobic exercise, High interval intensity training.  

 

Introduction 

Heart failure is a multifaceted clinical illness that occurs when the heart is incapable of 

efficiently pumping blood to fulfill the body's metabolic requirements (1). It is a persistent 

condition that can arise from many cardiovascular disorders, such as coronary artery 

disease, hypertension, and myocardial infarction. The defining characteristics of heart 

failure encompass dyspnea, exhaustion, and edema. The condition can be classified into 

two distinct types: systolic heart failure, characterized by impaired myocardial 

contractility, and diastolic heart failure, characterized by poor myocardial relaxation. The 

worldwide prevalence of heart failure is significant, impacting millions of individuals 

globally. Based on a thorough examination of epidemiology, the frequency of heart failure 

has been consistently rising, presenting a notable public health obstacle(2). Based on the 

2023 American Heart Association Statistical Update, the estimated prevalence of 

this condition in the United States is roughly 2.3% of the entire population(3).In 

2012, the United States incurred an expenditure of approximately 31 billion 

dollars for healthcare financing. It is projected that by 2030, this amount will 

increase significantly to reach up to 70 billion dollars(4). In India, the precision 

and dependability of the prevalence and incidence estimates of HF are not available due to 

the insufficient surveillance strategies employed in the process of data acquisition(5). The 

industrialization, urbanization, and economic progress in India have resulted in changes 

that have increased the susceptibility to heart failure.  Cardiovascular disease (CVD) is the 

primary cause of death in India, and its occurrence is expected to increase. By the year 

2000, the prevalence of Coronary Artery Disease (CAD) in India was estimated to be over 

30 million individuals. The prevalence of heart failure (HF) caused by coronary artery 

disease (CAD) ranges from 0.4% to 2.3% annually(5).  

The increasing prevalence of heart failure is attributed to the aging population and the 

escalating occurrence of cardiovascular risk factors. Comprehending the extent of this 

illness is essential in order to effectively tackle its consequences on individuals and 

society. Heart failure not only diminishes the quality of life but also results in heightened 

morbidity and mortality. Heart failure patients frequently have repeated hospitalizations as 

a result of symptom exacerbations and consequences. Heart failure is linked to various 

negative health effects, including decreased ability to engage in physical activity, 

diminished cognitive abilities, and an increased likelihood of developing other health 

conditions such chronic kidney disease. Moreover, heart failure plays a substantial role in 

causing cardiovascular death on a worldwide scale(6). 

The death rates for heart failure are contingent upon various factors, such as the severity of 

the ailment, comorbidities, and healthcare accessibility. Despite progress in medical 

interventions, heart failure continues to be a prominent factor contributing to mortality, 

underscoring the importance of sustained research and novel therapeutic approaches. 

The economic ramifications of heart failure are significant, including both direct medical 
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expenses, indirect expenses, and intangible expenses related to the diminished quality of 

life. Multiple studies have emphasized the economic hardship that heart failure imposes on 

both people and society. 

Cost-of-illness studies highlight the growing financial impact of heart failure. These 

studies examine healthcare costs associated with hospital stays, drugs, and visits to 

healthcare facilities. The expenses increase in proportion to the seriousness of heart 

failure, highlighting the significance of efficient management and preventative measures. 

Heart failure incurs indirect expenses associated with reduced production, increased 

absenteeism, and disability. The workforce is greatly affected by heart failure, as 

individuals with this condition may encounter difficulties in retaining employment due to 

the chronic nature of the illness and the accompanying symptoms(7).The intangible 

expenses associated with heart failure are frequently disregarded, however they play a 

vital role in evaluating the entire impact. The intangible expenses associated with reduced 

quality of life, psychological discomfort, and the emotional burden on patients and their 

families are difficult to quantify(8). These factors emphasize the comprehensive influence 

of heart failure beyond conventional economic indicators. Gaining a comprehensive 

understanding of the underlying mechanisms that cause heart failure is crucial in order to 

devise specific therapies and enhance patient outcomes. The development of heart failure 

entails complex alterations in the anatomy and physiology of the heart. Long-term stress 

on the heart, frequently caused by illnesses such as hypertension or coronary artery 

disease, results in structural remodeling. This include myocardial hypertrophy, fibrosis, 

and changes in ventricular morphology. Over time, these alterations hinder the heart's 

capacity to efficiently circulate blood, hence contributing to the onset and advancement of 

heart failure. Heart failure is characterized by functional deficiencies, including decreased 

contractility and relaxation of the cardiac muscle. Systolic heart failure is defined by a 

reduced ejection fraction, which indicates a compromised ability to pump blood. Diastolic 

heart failure occurs when the heart's ability to relax is hindered, which leads to inadequate 

filling of the heart between beats. 

The activation of neurohormones, specifically the renin-angiotensin-aldosterone system and 

sympathetic nervous system, is crucial in the progression of heart failure. Although initially 

providing compensation, chronic activation of these systems becomes harmful, leading to 

narrowing of blood vessels, excessive fluid accumulation, and worsening of heart function(9), 

The aforementioned factor continues to be the primary cause of death and illness on 

a global scale(10). Heart failure is a clinical syndrome  characterized by symptoms 

like shortness of breath, swelling of anke, and exhaustion. These symptoms may be 

accompanied by indicators such as high jugular venous pressure, pulmonary 

crackles, and peripheral edema(11). HF has been categorized into discrete 

phenotypes according to the assessment of left ventricular ejection fraction (LVEF). 

Individuals whose left ventricular ejection fraction (LVEF) is less than 40% 

experience a notable decline in left ventricular systolic function and are classified as 

having heart failure with reduced ejection fraction (HFrEF). Individuals with a left 

ventricular ejection fraction (LVEF) ranging from 41% to 49% and displaying 

slightly diminished left ventricular systolic function are classified as having heart 

failure with mid-range ejection fraction (HFmrEF). On the other hand, individuals 

experiencing symptoms and signs of heart failure, along with evidence of structural 

and/or functional cardiac abnormalities and/or elevated levels of natriuretic peptides 
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(NPs), and possessing an LVEF greater than 50%, fall into the category of heart 

failure with preserved ejection fraction (HFpEF). Heart failure can be caused by 

various factors, including coronary heart disease, hypertension, valve disease, 

arrhythmias, cardiomyopathies, congenital heart disease, infections, drug-induced 

conditions, infiltrative disorders, storage disorders, endomyocardial diseases, 

pericardial disease, metabolic diseases, and neuromuscular disease(3).Coronary 

artery disease (CAD) and hypertension are the primary causal factors in Western 

and affluent countries(10). The management of heart failure involves both 

pharmaceutical and non-pharmacological approaches. Exercise therapy is a crucial 

component of non-pharmacological therapeutic methods. Most of the evidence 

indicates that incorporating exercise therapy into the treatment plan results in 

significant enhancement of the health of patients with stable HF in New York Heart 

Association (NYHA) functional classes II or III. However, no substantial advantage 

has been observed in NYHA functional class IV(12).The primary elements of exercise 

treatment in cardiac rehabilitation encompass aerobic therapy, which can be either high-

intensity interval training (HIIT) or moderate continuous aerobic therapy (MCAT), 

resistance training (RT), and inspiratory muscle training (IMT). Exercise training 

restores balance by exerting neurohumoral and anti-inflammatory effects, while also 

enhancing endothelium and skeletal muscle function(13). Exercise training has positive 

effects on the nervous and hormonal systems. It can reverse autonomic dysfunction 

by increasing vagal activity and reducing sympathetic activity. Additionally, 

exercise training can decrease the levels of certain neurohormones such as 

angiotensin II, aldosterone, vasopressin, and natriuretic peptides in the 

bloodstream(14), (15). TThe anti-inflammatory properties of regular exercise training 

have been proven in experimental models. Exercise training has been shown to 

elevate the levels of anti-inflammatory cytokines and reduce the levels of 

inflammatory cytokines such as tumor necrosis factor (TNF) and interleukin-6 (IL-

6). This is achieved by regulating the function of macrophages and lymphocytes(13). 

Moreover, empirical research indicates that exercise training enhances the activity 

of oxidative enzymes and the amount of mitochondria, thereby enhancing the usage 

of oxygen and diminishing oxidative stress(16). Nevertheless, the incorporation of 

exercise therapy has not exhibited a substantial enhancement in mortality or the 

frequency of hospitalization (17). Multiple pieces of evidence indicate that High-

Intensity Interval Training (HIIT) is superior than Moderate Continuous Aerobic 

Training (MCAT) in terms of reversing left ventricular remodeling, enhancing 

cardiac output, improving endothelial function, increasing maximum oxygen 

consumption (VO2 max), and enhancing quality of life(18), (19).In addition, 

incorporating inspiratory muscle training into aerobic or resistance training resulted in 

enhanced inspiratory muscle strength, resting heart rate, heart rate reserve, and overall 

quality of life. This was demonstrated by the observed increase in the total score on the 

Minnesota Living with Heart Failure Questionnaire(20). 

 

 

Despite the compelling evidence that supports the cardiovascular advantages 

of aerobic treatment in individuals with HFrEF, the rate of involvement 
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among Medicare beneficiaries is lower than anticipated(21). Conversely, the 

impact of resistance training on the cardiovascular well-being of patients with 

HFrEF has been investigated to a comparatively lower degree. Given these 

circumstances, we aim to perform a meta-analysis to further investigate the 

cardiovascular advantages of resistance training in patients with heart failure 

with reduced ejection fraction (HFrEF), as well as their clinical and statistical 

relevance. 

Methodology 

 

This systematic review focuses on clinical trials investigating the effect of  

resistance training on the cardiovascular health of patients diagnosed with 

heart failure and reduced ejection fraction. We have excluded  animal research 

and publications that solely focused on aerobic exercise training. This 

systematic review adheres to the principles outlined in the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA)(22)as depicted in 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: PRISMA flowchart 
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Systematic literature search and study selection 

We conducted a comprehensive search for pertinent publications utilizing PubMed and 

PubMed central. We conducted a targeted search for studies referenced in review 

papers, editorials, and commentaries on PubMed and PubMed Central. Nevertheless, we 

persisted in our pursuit of further papers that met our specific criteria for inclusion. 

Search strategy 

A comprehensive literature review was conducted using the PICO (Population, 

Intervention, Condition, and Outcome) criteria. The search was performed on databases 

including PubMed and PubMed Central, including relevant keywords such as "heart 

failure", "reduced ejection fraction", and "resistance training". 

Quality appraisal 

In order to ascertain the dependability of the chosen articles, we employed a 

range of quality evaluation instruments. We utilised the PRISMA checklist to 

conduct systematic reviews and meta-analyses, as well as the Cochrane bias 

tool to analyse randomised clinical trials. The Newcastle-Ottawa tool scale 

was used to assess non-randomized clinical studies. In order to eliminate any 

ambiguity in categorization, we employed the Scale for the Assessment of 

Narrative Review Articles (SANRA) to evaluate the quality of the article. 

Results 

The procedure commenced with the identification phase, wherein a 

comprehensive search is undertaken across multiple databases to locate 

relevant records. For this particular situation, searches were conducted in 

PubMed, resulting in 1,365 results, and in PubMed Central, resulting in 687 

records. The records comprise a diverse range of studies, papers, and 

publications that are pertinent to the topic under evaluation. During the 

screening process, the identified records are combined, and any duplicates are 

eliminated, resulting in a total of 678 distinct records. Subsequently, the 

records undergo a screening process where their titles and abstracts are 

carefully examined. As a result, 654 records are excluded from the evaluation 

due to their failure to match the required requirements. The eligibility phase 

entails a comprehensive evaluation of the complete text articles. An additional 

15 articles are excluded from the remaining 24. Exclusion at this stage typically 

based on more precise criteria, such as study design, population, irrelevant 

outcomes to the review topic, or the publication not being a research study.The 

inclusion phase involved selecting studies that completely satisfy the 

predetermined criteria and including them into the systematic review. Finally,  

total of 9 studies were deemed suitable and were incorporated into this 

systematic review. 
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Discussion 

Physical activity plays key role in the recovery of HF patients and reduced 

ejection fraction. In congestive heart failure (CHF), intolerance to exercise, 

ventilatory insufficiency, and chronotropic incompetence occur due to the 

wasting of myofibrillar proteins in the diaphragm and quadriceps muscles, as 

well as different anti-oxidative and catabolic processes (23). Moreover, an 

increase in inflammatory cytokines in congestive heart failure (CHF) results in 

loss of appetite, as well as malnutrition, which exacerbates sarcopenia and 

exercise intolerance (23). Resistance training enhances the ability of blood 

vessels to dilate in response to the inner lining of the blood vessels, thus 

restoring blood flow to the muscles. This type of training also stimulates the 

growth of muscle fibres, increases the density of mitochondria (the energy-

producing units of cells), and promotes the development of type-I muscle 

fibres. Additionally, it leads to a notable reduction in the resistance of blood 

vessels in the legs and the release of noradrenaline, while improving both 

muscular endurance and strength. As a result, exercise tolerance is increased 

(24), (25), (26). A study conducted in China found that combining resistance 

training with Simvastatin therapy for six months in patients with heart failure 

and reduced ejection fraction resulted in several positive outcomes. These 

included improved cardiac function, as indicated by reduced interventricular 

septal thickness, left ventricular diastolic diameter, and increased left 

ventricular ejection fraction. Additionally, the study observed improved 

mitochondrial function, specifically increased levels of Janus kinase/signal 

transducers and activators of transcription. Furthermore, the combination 

therapy led to decreased levels of inflammatory markers like C-reactive 

protein, galectin-3, and Interleukin-6. The patients also demonstrated increased 

six-minute walk distance and experienced a lower incidence of adverse cardiac 

events compared to those receiving simvastatin therapy alone(27). The most 

effective strategy to avoid sarcopenia in elderly individuals with heart failure 

with reduced ejection fraction is resistance training, maybe in combination 

with sufficient protein consumption (23). 

 

The four primary categories of resistance training include isometric exercise, 

dynamic resistance exercise, combined isometric/dynamic exercise, and 

isokinetic exercise. Isometric exercise is a type of exercise where a muscle 

contracts without changing its length. This causes a significant increase in 

pressure within the muscle, which blocks the flow of blood to the contracting 

muscle. Isometric exercise also leads to a greater increase in mean arterial 

pressure compared to dynamic exercise, even when the amount of oxygen 

consumed is the same. Conversely, dynamic resistance training, which is 

highly recommended for heart failure patients, enables changes in muscle 

length without causing excessive intramuscular pressure or complete 

blockage of blood flow to the contracting muscle. As a result, the systolic 

blood pressure and the pressure exerted on the heart do not rise as 

significantly as they do during isometric exercise. The prescription of 
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resistance exercise for people with heart failure must be determined based 

onNYHA classification. Patients classified as NYHA I are advised to perform 

four to five exercises. Each exercise should consist of one or two sets, with 

each set including six to 10 repetitions. The intensity of these exercises 

should be set at 50% to 60% of the patient's one repetition maximum (one 

RM). The recommended duration for these exercises is 15 to 20 minutes per 

day, with a frequency of two days per week. These exercises should be 

performed in addition to aerobic training. Patients with NYHA grade II-III 

should perform three to four exercises. Each exercise should consist of one to 

two sets, with four to six repetitions per set. The intensity of each set should 

be set at 40%-50% of their one rep maximum. The total duration of the 

exercise session should be 12-15 minutes per day, with a frequency of one to 

two days per week. These exercises should be done in addition to their 

regular aerobic training. Patients in NYHA grade I may be prescribed whole-

body training only after successfully tolerating exclusive segmental training 

in the initial months. Whole-body training is not typically indicated for 

patients with NYHA grade II-III. Patients diagnosed with severe heart failure, 

specifically classified as NYHA grade IV, should avoid incorporating 

resistance training into their exercise routine(28). 

 

However, in comparison to weight training, conventional aerobic therapy has 

demonstrated superior enhancement in VO2 max, which is the primary 

prognostic indicator in heart failure(13). Therefore, the strategy of integrating 

resistance therapy with aerobic therapy is currently being extensively 

researched to evaluate its superiority compared to standard resistance or 

aerobic therapy alone. There are multiple methods in which resistance therapy 

can be used with aerobic therapy. In a randomised controlled trial, the 

inclusion of resistance training alongside HIIT has shown comparable 

enhancements in resting oxygen consumption, peak oxygen consumption, 

predicted peak oxygen consumption, peak work rate, heart rate recovery, and 

work rate at anaerobic threshold compared to HIIT alone. However, the 

combined therapy has demonstrated superior improvements in the one 

repetition maximum (1 RM) test and muscular endurance of the chest muscles 

when compared to HIIT therapy alone(29). 

 

Periodic intermittent muscular exercise is a form of resistance training that 

consists of eight specific exercises: chest press, leg press, seated row, triceps 

pushdown, latissimus dorsi pulldown, upright row, hack squat, and calf raises. 

Although traditional aerobic exercise was not included in the training 

programme, the utilisation of PRIME for a duration of four weeks, followed 

by four weeks of combination therapy, resulted in a more significant 

enhancement in VO2 max compared to eight weeks of combination therapy 

alone in older individuals (30). Dor-Haim, H., conducted a comparative 

analysis of the advantages between the continuous aerobic training (CAT) 

group and the SCT group. Each SCT set consisted of a single weight training 

set, followed by a three-minute session of aerobic exercise spanning from 
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moderate to high intensity, and concluding with a period of rest. The sequence 

was iterated eight times. The resistance training regimen comprised eight 

distinct exercises, including horizontal rowing, chest press, leg press, shoulder 

press, leg extension, lateral pulldown, leg flexion, and aided squat. In contrast 

to the continuous aerobic therapy group, the super circuit training group 

showed a notable enhancement in E/e', which represents the ratio of the peak 

early mitral inflow velocity (E) to the early diastolic mitral annular velocity 

(e'). This ratio is a measure of the heart's diastolic function and ejection 

fraction. It is important to note that the continuous aerobic therapy group did 

not display a significant change in cardiac function. The super circuit training 

group shown superior improvement compared to continuous aerobic therapy in 

non-cardiac clinical outcomes, namely in metabolic equivalents, rate pressure 

product, and the physical component of the quality-of-life scale(31). 

 

Although there is ample evidence supporting the cardiovascular advantages of 

exercise therapy in heart failure patients, a significant proportion (40%-91%) 

fail to engage in regular exercise. Furthermore, within the programme itself, 

dropout rates range from 33%-56% (32). Several factors that contribute to low 

adherence include advanced age, limited educational attainment, socio-

economic disadvantage, lack of motivation for physical activity, time 

constraints, inertia, insufficient social support, compromised health status 

with more severe symptoms, rate of disease progression, presence of 

additional medical conditions, and limited access to healthcare(33). 

Conversely, aspects such as organising exercise sessions, drive, understanding 

of exercise, support from others, and enhancement of health condition all 

contributed to sustained commitment over time (32). Therefore, in order to 

apply the proven benefits of different combination exercise therapies to 

patients with heart failure and reduced ejection fraction in real-world clinical 

settings, it is important to consider the factors that contribute to low patient 

adherence. This will help in prescribing an exercise therapy that is tailored to 

the individual needs of the patient. A randomised control trial conducted on 

older individuals with heart failure found that the enjoyment of physical 

activity fully mediated the connection between motivation and exercise. 

 

Therefore, it is important to create a workout routine that allows patients to 

derive pleasure from participating in activities such as walking, football, 

modified dancing, or medi-yoga(34).Home-based telerehabilitation proves to 

be a viable substitute for patients with limited access to facility-based cardiac 

rehabilitation, since it exhibits superior rates of adherence compared to control 

groups (35). 

Conclusion 

Our systematic review focuses on the advantages and wide-ranging use of resistance 

training in the cardiac rehabilitation of patients with heart failure and low ejection 

fraction. By incorporating resistance and aerobic training protocols into the exercise 

routine of individuals with HFrEF, it is possible to target both vascular reactivity 
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and skeletal myopathy. This can result in enhancements in aerobic capacity and 

exercise tolerance. A group of researchers have devised combination therapies that 

have shown superior enhancement in clinical parameters compared to traditional 

exercise therapy. Furthermore, given the poor rates of long-term commitment to 

exercise therapy, it is crucial to prescribe a patient-specific exercise regimen that 

takes into account their individual preferences. However, conducting large-scale 

randomised controlled trials is essential in order to develop the most efficient 

exercise therapy for rehabilitating individuals with heart failure and low ejection 

fraction. 

Limitations and future perspectives 

There are constraints to our systematic review. We restricted our study to reports 

available in English that were published within the past decade. We exclusively 

examined complimentary publications, and our investigation was restricted to 

studies accessible solely in two databases, namely PubMed and PubMed Central. 

Further investigation with an extensive array of resources is necessary to get definite 

results. 
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