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ABSTRACT 

Myocardial infarction (MI) and heart failure (HF) are leading causes of cardiovascular morbidity and mortality 

worldwide, with inflammation recognized as a central mechanism driving disease progression, adverse cardiac 

remodeling, and poor clinical outcomes. Elevated circulating inflammatory biomarkers, including C-reactive protein 

(CRP), tumor necrosis factor-alpha (TNF-α), and various interleukins, have been identified as independent predictors 

of cardiovascular risk and mortality. In recent years, yoga has emerged as a promising, evidence-based mind–body 

intervention with potential immunomodulatory and cardioprotective effects. This review aimed to evaluate the impact 

of yoga on inflammatory markers in patients with MI and HF. A comprehensive search of PubMed, Scopus, and 

Cochrane databases was conducted from inception to July 21, 2025. Randomized controlled trials involving human 

participants that assessed yoga interventions and reported inflammatory or immune-related outcomes were included. 

The primary outcomes comprised CRP, TNF-α, interleukins, cytokines, and total leukocyte count. Evidence from the 

included studies suggests that yoga may attenuate systemic inflammation by modulating the hypothalamic–pituitary–

adrenal axis, reducing sympathetic overactivity, enhancing glucocorticoid receptor sensitivity, and suppressing pro-

inflammatory signaling pathways such as NF-κB. In HF populations, yoga interventions were associated with 

reductions in inflammatory biomarkers, particularly IL-6 and CRP. At the same time, studies in post-MI patients 

demonstrated favorable effects on endothelial function, oxidative stress, and selected inflammatory indices. 

Nevertheless, interpretation of the findings is constrained by small sample sizes, heterogeneity in patient populations, 

variability in biomarker assessment, and differences in yoga protocols across studies. Despite these limitations, the 

available evidence indicates that yoga may serve as a valuable adjunct to conventional cardiovascular care by targeting 

inflammation, a fundamental pathological process in both MI and HF. Future large-scale, multicenter randomized 

trials with standardized interventions and long-term clinical endpoints are warranted to establish the role of yoga in 

contemporary cardiovascular rehabilitation. 
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INTRODUCTION 

Myocardial infarction (MI), or "heart attack," is a life-threatening cardiovascular disease and the most severe clinical 

manifestation of coronary artery issues. [1] It affects millions worldwide and incurs significant social and economic 

burdens. [2] Deaths related to cardiovascular disease rose from 17.8 million in 2017 to 19.1 million in 2020, 

reaffirming CVD as the leading global cause of death, responsible for nearly half of all cardiovascular-related 

fatalities. [3][4] Prior research has shown notable disparities in health outcomes, with individuals of lower socio-

economic status facing a higher risk of premature death [5]. Risk factors for cardiovascular diseases include obesity, 

sedentary behavior, hypertriglyceridemia, and inflammation-related markers, such as high-sensitivity C-reactive 

protein (hs-CRP). [6] The rising incidence of MI underscores inflammation as a key emerging risk factor. The 

progression of heart and vascular diseases involves inflammation, with immune cells, including macrophages, 

neutrophils, and lymphocytes, playing central roles. These cells release cytokines that either promote (pro-

inflammatory) or suppress (anti-inflammatory) inflammation. Such immune responses significantly influence disease 

development and progression.  

Previous studies have highlighted this association. [7][8] Widespread inflammation is recognized as a strong predictor 

of overall mortality. [9] Several Chronic conditions, including Cardiovascular disease [10], cancer [11], and 
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rheumatoid arthritis [12], are characterized by persistent low-grade inflammation. It can be assessed indirectly through 

biomarkers such as TNF-α (tumor necrosis factor-α), interleukins (IL-6, IL-10, IL-12), and acute-phase reactants such 

as C-reactive protein (CRP) and total leukocyte count. [13] Elevated CRP levels, a well-known inflammatory marker, 

are associated with a range of cardiovascular and inflammatory conditions, particularly acute myocardial infarction 

(AMI). [14] Extensive research emphasizes CRP’s role in cardiovascular pathology, showing its potential for 

diagnosis, risk assessment, and targeted therapy. [15] [16] In the context of acute MI, inflammation plays a vital 

pathological role by contributing to adverse left ventricular remodelling, myocardial injury, and the development of 

heart failure. [17] Understanding the dynamics of post-AMI CRP and its relationship with clinical outcomes is crucial 

for improving patient care and developing targeted treatments.   

With the growing prevalence of lifestyle-related disorders, there is a global shift toward evidence-based 

complementary and alternative therapies. Among these, yoga has emerged as a scientifically supported mind-body 

intervention. A growing body of empirical research suggests that yogic practices exert modulatory effects on systemic 

inflammation [18][19], contributing to the regulation of chronic low-grade inflammation in metabolic syndrome [17], 

cardiovascular diseases[21], autoimmune disorders [22], and even certain cancers.[23] [24] These findings highlight 

the potential of yoga as a non-pharmacological adjunct therapy, calling for further clinical and translational research 

to address the increasing issue of inflammation in myocardial infarction and heart failure. Ongoing investigation in 

this area is crucial for understanding the underlying mechanisms and refining yoga-based protocols for specific 

clinical conditions. 

 

METHODS 

We conducted this review with the help of medical librarians from PubMed, Scopus, and Cochrane. For all articles 

published in each database from its inception through 21 July 2025, we considered those for inclusion. The following 

keywords and their Boolean combinations were used: “yoga and myocardial infarction,” “yoga and inflammation,” 

“Heart attack and Inflammation, yoga and heart failure,” and “yoga and inflammation in myocardial infarction.” 

Additional manual searches were performed by screening the reference lists of relevant articles. Randomized 

controlled trials (RCTs) that evaluated the effects of yoga as an intervention on the immune system in myocardial 

infarction were included in this review. The RCTs involving human participants, regardless of age, gender, or 

underlying clinical condition, were included. Those RCTs comparing the effects of yoga as an intervention for at least 

one parameter of the immune system versus no yoga or usual standard of care were also included. The outcomes 

assessed were various immunological markers such as Interleukins (IL-4, IL-6, IL-10), CRP, TNF-α, cytokines, total 

leukocyte count, and markers of genetic expression. Systematic reviews, meta-analyses, cohort studies, case reports, 

and non-human studies were excluded.  

 

Inflammation in Cardiovascular Disease 

Inflammation plays a central role in the development and progression of cardiovascular disease, including MI 

(Myocardial Infarction) and HF (Heart Failure), from endothelial dysfunction to clinical syndrome [25] [26]. Recent 

studies have underlined the critical role of CVDs, demonstrating that lowering the inflammatory burden can lead to a 

reduction of future cardiovascular events. [27] Consistent with these findings, evidence from various clinical trials 

has shown that higher levels of circulating inflammatory markers, such as high-sensitivity C-reactive protein and 

interleukin-6 (IL-6), are independent predictors of atherosclerotic cardiovascular diseases. [28] [29] [30] 

Inflammatory cytokines have a dual role: initially protective, but when excessive or chronic, they become 

pathological. They have been used to predict cardiovascular disease based on traditional risk factors.  [31] 

Understanding the inflammatory mechanisms in Cardiovascular disease provides a foundation for exploring 

alternative therapies. 

 

Yoga as an Inflammatory Intervention 

Rooted in the Vedas, yoga can be integrated into daily life to enhance holistic health and well-being. [32] Initially, 

yoga was practiced in ancient times as a means to attain Samadhi (higher states of consciousness), and today it is used 

as a powerful tool to promote health and wellness. It is now the most widely adopted mind–body therapy in the US, 

accounting for about 80% of participation across the three primary mind–body therapies: tai chi, yoga, and qigong. 

[33] Yoga is a discipline that combines muscular activity with inward-focused awareness of bodily sensations, breath, 

and flow of prana (energy). [34] Systematic reviews of yoga have demonstrated that it is effective, and in some cases 

superior, to exercise in improving various health-related outcomes. [35] Moreover, it has shown comparable benefits 

to traditional aerobic physical activity in reducing various risk factors of cardiovascular disease. [36] Yoga 

intervention may also positively impact inflammatory markers through multiple interconnected mechanisms. [37]  

At the neuroendocrine level, negative emotions and stress can activate the hypothalamic-pituitary-adrenal (HPA) axis, 

increasing sympathetic discharge of hormones that trigger the fight-or-flight response. This rise in somatic 

sympathetic responses is associated with numerous pathological effects, including vascular inflammation leading to 
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CVDs, dangerous arrhythmias, and sometimes sudden cardiac death. [38] [39] Atrial fibrillation and ventricular 

tachycardia, linked to significant morbidity and mortality, are triggered and sustained by an activated sympathetic 

nervous system. [40] [41]  

Prolonged stress results in sustained elevation of glucocorticoids, activating the nuclear factor B (NF-κB) pathway, 

which is a key regulator of the inflammatory response. [42] Studies have demonstrated that yoga influences the HPA 

axis by decreasing glucocorticoids and enhancing glucocorticoid receptor sensitivity. This regulatory effect can 

reduce or prevent the consequences of cardiovascular dysfunction and aging.[43] When NF-κB activity increases due 

to stress via activation of the sympathetic nervous system, it promotes the expression of genes that code for 

inflammatory cytokines such as IL-6, TNF-α, and IL-1β. [44] Mind–body practices like yoga directly inhibit the 

ability to suppress NF-κB, thereby decreasing the production of inflammatory genes and offering protective effects 

against stress-related inflammatory diseases. [45] 

 

Inflammatory Response in Myocardial Infarction 

After an acute myocardial infarction, the immune system initiates an inflammatory response to clear dead myocardial 

tissue and begin repair. [46] This is a highly complex process that involves a carefully coordinated interaction between 

various immune cells and inflammatory molecules. While this inflammation is essential, if it becomes excessive, it 

can cause myocardial damage. [47] Neutrophils are among the first responders, helping to eliminate necrotic tissue. 

They release ROS (reactive oxygen species) and proteolytic enzymes that aid in clearing necrotic tissue. [48] [49] In 

the subsequent phase, macrophages play a key role in the inflammatory response. The pro-inflammatory macrophages 

(M1) secrete TNF-α, interleukin (IL)-1β, and IL-6, which promote inflammation, while later, anti-inflammatory 

macrophages (M2) release cytokines like IL-10 and transforming growth factor-beta (TGF-β), aiding in resolution 

and tissue repair. [50] [51] Other immune cells, such as T regulatory cells and myeloid-derived suppressor cells, also 

help suppress excessive inflammatory responses. [52] Here, the balance between pro-inflammatory and anti-

inflammatory cytokines is crucial for optimal healing, because excessive pro-inflammatory activity can increase 

fibrosis and cause extensive tissue damage, leading to structural changes in the heart and heart failure. [53] 

Conversely, insufficient inflammation may impair the clearance of necrotic tissue and delay healing. [54] [55] [56] 

Oxidative stress in myocardial infarction involves reactive oxygen species (ROS), which damage cellular components, 

exacerbate inflammation, and cause myocardial injury. ROS also promote the release of CRP in the liver, which not 

only acts as an inflammatory marker but also activates the NLRP3 inflammasome, increasing the inflammatory 

cascade through the production of IL-1β and IL-18. [57] Persistent inflammation after myocardial damage has been 

linked to poorer prognosis and an increased risk of heart failure.   

 

Inflammation in Heart Failure 

Inflammation is a part of the physiological response that plays an important role in the pathophysiology of Heart 

Failure. [58] [59] Inflammatory response in Heart failure can arise from various sources, including myocardial 

infarction and atherosclerosis, and systemic conditions like diabetes and obesity or obesity, or chronic infections. 

When the heart is damaged from any of these sources, the body releases danger signals like pathogen-associated 

molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs), which activate immune receptors 

known as TLR4 and NLRP3. This activation triggers a complex network of immune responses that leads to the 

elevation of pro-inflammatory cytokines, such as TNF-α, IL-1, IL-6, IL-8, and IL-18, as well as acute-phase proteins 

like CRP (C-reactive protein). [60] [61]These cytokines contribute to worsening heart function by promoting 

myocardial fibrosis (stiffness of heart muscles), endothelial dysfunction, apoptosis, and weakening of the heart's 

ability to pump.[62] Research studies demonstrated that higher biomarker levels contribute to cardiac remodelling, 

affect multiple organs, and increase mortality in HF patients.[63][64] Higher levels of inflammatory markers show 

worse patient symptoms and a higher risk of hospitalization and death. [65] 

 

Review of Studies 

Despite increasing recognition of inflammation as a key contributor to the development and progression of myocardial 

infarction and heart failure, there remains a lack of clinical research exploring the anti-inflammatory potential in this 

area. To date, only four randomized controlled trials have directly evaluated yoga as an intervention focusing on 

modulating inflammatory markers in this population.  

In the context of Acute Myocardial Infarction, a study by Patil et al. [66] examined the effects of a yoga care program 

on endothelial function, oxidative stress, and inflammatory markers. The study found significant improvements within 

the yoga group in endothelial dysfunction markers such as endothelin-1 (ET-1), asymmetric dimethylarginine 

(ADMA), and intercellular adhesion molecule-1 (ICAM-1) compared to the control group. Additionally, tumor 

necrosis factor-alpha and high-sensitivity C-reactive protein were assessed as key inflammatory markers in 

myocardial infarction patients. Results showed a marginal reduction in TNF-α in the yoga group compared to standard 

care (0.7±0.7 vs 0.8±0.7), but this difference was not statistically significant (p=0.52). Likewise, hs-CRP levels 
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showed a favorable trend (from 10.5 ± 22.1 to 4.0 ± 11.5), but the change was not statistically significant (p=0.29). 

These trends suggest that yoga may have anti-inflammatory effects on these markers. Still, the lack of statistical 

significance suggests that the intervention, study power, or sample size may need improvement to detect definitive 

effects. 

In the study on heart failure, Pullen [67] observed inflammatory markers among the yoga group. Specifically, IL-6 

(interleukin-6) levels showed a marked reduction from a baseline of 17.5 ± 5.9 mg/dL to 13.6 ± 4.5 mg/dL (P < .001), 

and CRP (C-reactive protein) levels declined from 2.18 ± 0.34 mg/dL to 1.75 ± 0.39 mg/dL (P = .002). Additionally, 

EC-SOD (extracellular superoxide dismutase) increased significantly from 540 ± 37 U/mL to 640 ± 67 U/mL (P = 

.002). On comparing the pre-post values of the yoga intervention group with the control group, significant differences 

were found in all three markers: CRP (P = .002), EC-SOD (P < .001), and IL-6 (P<.001), indicating a clear anti-

inflammatory and antioxidative influence of yoga practice. 

In a subsequent trial [68] conducted by the same research group among African American patients with heart failure, 

were observed statistically significant improvement in inflammatory markers was observed among participants in the 

yoga group. High-sensitivity C-reactive protein (hs-CRP) levels decreased from 2.4 ± 0.58 to 1.9 ± 0.4 mg/dL (P < 

0.001) while Interleukin-6 (IL-6) concentrations declined from 19.6 ± 2.5 to 16.0 ± 2.1 mg/dL (P < 0.001).  

Consistent with earlier Randomized Controlled Trials demonstrating the anti-inflammatory potential of yoga in heart 

failure, an Indian based study [69] examined the impact of a yogic lifestyle on CRP levels in heart failure patients. It 

demonstrated a reduction in CRP levels in both groups over the 12-week intervention period; however, the magnitude 

of the reduction was greater among patients receiving the yoga intervention.  C-reactive protein (CRP) levels 

decreased by 49% in the yoga group, declining from a baseline value of 5.36 to 2.73 (P < 0.001), compared with the 

control group, which demonstrated a 36% reduction from 5.39 to 3.45 over the same period (P < 0.01).  Overall, the 

findings suggest the incorporation of a yogic lifestyle as an adjunctive tool to provide additional anti-inflammatory 

benefits beyond standard medical management in heart failure patients. 

 

Limitations of the Evidence 

Despite growing interest in yoga as an alternative therapy for reducing inflammation in patients with heart failure and 

myocardial infarction, the current findings are constrained by several important methodological and contextual 

limitations that limit the strength and generalizability of the conclusion. The Primary limitation lies in the lack of 

standardization of yogic interventions given across trials, ranging from a structured yoga care program [66] to a 

broader yoga lifestyle [69], with considerable heterogeneity across variation in intensity, studies, differences in 

duration, intensity, and other yogic components (asana, pranayama, or meditation). This lack of homogeneity makes 

it difficult to determine dose-response assessment and also to observe whether the effect results from asanas or 

pranayama, or from confounding variables such as lifestyle changes and dietary modifications. A Notable discrepancy 

also exists among the four included studies in which only one trial assessed patients following acute myocardial 

infarction, while the remaining focused on heart failure Patients. This uneven distribution restricts the generalizability 

of evidence, particularly for acute coronary syndromes, where inflammatory responses differ substantially from 

chronic heart failure. 

The trials included in this study were conducted with relatively small cohorts ranging from modest to moderate 

enrolment, which results in limited statistical power to detect changes in inflammatory biomarkers. This limitation 

can be evident in the study by Patil et al [66] in the Acute MI, where a reduction in TNF-α and hs-CRP was observed, 

but these changes did not achieve statistical significance. Insufficient sample size increases the risk of Type II error 

and may lead to underestimation of the true anti-inflammatory response of yoga.  

The generalizability of the current findings is also restricted by the inflammatory markers studied across the trials. 

Heart failure trials consistently assessed IL-6, hs-CRP, whereas Acute MI trials measured TNF-α and CRP only. This 

absence of a standardized biomarker panel limits cross-study comparisons and prevents meta-analytic conclusions. 

Moreover, Potential confounders across all the studies, such as medication, lifestyle changes, dietary modifications, 

and other psychosocial factors, were not uniformly reported or controlled. 

Additionally, the study population is geographically and demographically polarized, focusing predominantly on single 

centres in India or specific African American patients, which restricts the applicability of findings to broader, 

clinically representative cardiovascular populations. As baseline levels of Inflammatory markers, particularly hs-CRP, 

vary across genetic and socioeconomic factors, the current absence of large multicentre, multi-ethnic control trials 

remains a limitation to incorporating yoga into global clinical rehabilitation guidelines.  

 

CONCLUSION 

The analysis of these recent trials shows that yoga's impact on inflammatory markers is limited, but emerging 

randomized evidence may be promising for modulating inflammatory biomarkers in patients with heart failure and 

acute myocardial infarction. Across the four randomized controlled trials, yogic interventions showed consistent signs 

of benefit in reducing inflammation, especially in heart failure, as indicated by the significant decrease in key 
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biomarkers like high-sensitivity C-reactive protein and interleukin-6. Although the randomized data in the post-MI 

population remain inconclusive, with results suggesting that inflammatory markers did not reach statistical 

significance, this may be due to insufficient intervention duration and limited sample size. 

Collectively, yoga-based interventions for acute myocardial infarction and chronic heart failure support the biological 

plausibility and are clinically relevant as a non-pharmacological adjunct capable of guiding medical therapy through 

autonomic, neuroendocrine, and stress-related pathways. However, these convergent findings remain moderate at 

best, as the strength of the current evidence is constrained by a small study population, a single centre, heterogeneity 

in protocols, short follow-up duration, and variability in the selection of biomarkers, importantly none of the studies 

measured whether improvents in biomarkers translate into meaningful clinical outcomes such as mortality, 

rehospitalization, recurrent myocardial infarction or major adverse cardiovascular events (MACE). Within this 

framework, yoga should not be viewed as a replacement for conventional pharmacological treatment, but rather as a 

culturally adaptable, cost-effective, and safe intervention, particularly valuable in populations with limited access to 

standard rehabilitation programs. 

Despite these limitations, the available evidence supports a potential adjunctive role for yoga to complement standard 

medical protocols by addressing inflammation, a fundamental pathophysiological proceess in both heart afailure and 

acute myocardial infarction. Moving forward, the next generation of yoga research in cardiology must prioritize large 

multicentre randomized controlled trials using standardized yoga interventions and long-term clinical endpoints to 

inform global clinical guidelines. Until then, yoga should be addressed as a safe mind-body therapy that addresses 

psychoneuroimmunological improvements in prognosis and routine cardiovascular care. 

 

REFERENCES 

1. Hahla MS, Saeed Y, Razieh H. Comparison of risk factors & clinical and angiographic characterization of STEMI 

in young adults with older patients. Res J Pharm Biol Chem Sci. 2016;7(6):2013–6 

2. Members WG, et al. Heart disease and stroke statistics—2012 update: a report from the American Heart 

Association. Circulation. 2012;125(1):e2–220. 

3. Roth, G. A. et al. Global, regional, and national age-sex-specific mortality for 282 causes of death in 195 countries 

and territories, 1980–2017: a systematic analysis for the global burden of disease study 2017. Lancet. 392, 1736–1788 

(2018). 

4. Tsao C. W. et al. Heart disease and stroke statistics-2022 update: a report from the American Heart Association. 

145, e153–e639 (2022). 

5. Lewer, D. et al. Premature mortality attributable to socioeconomic inequality in England between 2003 and 2018: 

an observational study. Lancet Public Health. 5, e33–e41 (2020) 

6. Zarich S, et al. Prevalence of metabolic syndrome in young patients with acute MI: does the Framingham risk 

score underestimate cardiovascular risk in this population? Diab Vasc Dis Res. 2006;3(2):103–7 

7. Kushner, I. C-Reactive Protein—My Perspective on Its First Half Century, 1930-1982. Front. Immunol. 2023, 14, 

1150103. 

8. Bhattacharya, S.; Munshi, C. Biological Significance of C-Reactive Protein, the Ancient Acute Phase 

Functionary. Front. Immunol. 2023, 14, 1238411 

9. Proctor MJ, McMillan DC, Horgan PG, Fletcher CD, Talwar D, Morrison DS. Systemic inflammation predicts 

all-cause mortality: A Glasgow inflammation outcome study. PLoS One. 2015;10:e0116206. 

10. Kaptoge S., Seshasai S. R. K., Gao P., Freitag D. F., Butterworth A. S., Borglykke A.…Lowe G. D. (2013). 

Inflammatory cytokines and risk of coronary heart disease: New prospective study and updated meta-

analysis. European Heart Journal, 35, 578–589. 

11. Trinchieri G. (2012). Cancer and inflammation: An old intuition with rapidly evolving new concepts. Annual 

Review of Immunology, 30, 677–706. 

12. Choy E. (2012). Understanding the dynamics: Pathways involved in the pathogenesis of rheumatoid 

arthritis. Rheumatology, 51, v3–v11 

13. Common and novel markers for measuring inflammation and oxidative stress ex vivo in research and clinical 

practice — which to use regarding disease outcomes? Menzel A, Samouda H, Dohet F, Loap S, Ellulu MS, Bohn T. 

Antioxidants (Basel) 2021;10:414. doi: 10.3390/antiox10030414. 

14. Wilson, A.M.; Ryan, M.C.; Boyle, A.J. The Novel Role of C-Reactive Protein in Cardiovascular Disease: Risk 

Marker or Pathogen. Int. J. Cardiol. 2006, 106, 291–297 

15. de Ferranti, S.D.; Rifai, N. C-Reactive Protein: A Nontraditional Serum Marker of Cardiovascular 

Risk. Cardiovasc. Pathol. Off. J. Soc. Cardiovasc. Pathol. 2007, 16, 14–21. 

16. Ong, S.-B.; Hernández-Reséndiz, S.; Crespo-Avilan, G.E.; Mukhametshina, R.T.; Kwek, X.-Y.; Cabrera-Fuentes, 

H.A.; Hausenloy, D.J. Inflammation Following Acute Myocardial Infarction: Multiple Players, Dynamic Roles, and 

Novel Therapeutic Opportunities. Pharmacol. Ther. 2018, 186, 73–87. 



Genetics and Molecular Research 25 (18s): 2026      6 

17. Anzai, A.; Ko, S.; Fukuda, K. Immune and Inflammatory Networks in Myocardial Infarction: Current Research 

and Its Potential Implications for the Clinic. Int. J. Mol. Sci. 2022, 23, 5214. 

18. Kiecolt-Glaser JK, Christian L, Preston H, Houts CR, Malarkey WB, Emery CF, Glaser R. Stress, inflammation, 

and yoga practice. Biopsychosocial Science and Medicine. 2010 Feb 1;72(2):113-21. 

19. Nugent NR, Brick L, Armey MF, Tyrka AR, Ridout KK, Uebelacker LA. Benefits of yoga on IL-6: findings from 

a randomized controlled trial of yoga for depression. Behavioral Medicine. 2021 Jan 2;47(1):21-30. 

20. Yadav RK, Magan D, Mehta N, Sharma R, Mahapatra SC. Efficacy of a short-term yoga-based lifestyle 

intervention in reducing stress and inflammation: preliminary results. The journal of alternative and complementary 

medicine. 2012 Jul 1;18(7):662-7. 

21. Pullen PR, Nagamia SH, Mehta PK, Thompson WR, Benardot D, Hammoud R, Parrott JM, Sola S, Khan BV. 

Effects of yoga on inflammation and exercise capacity in patients with chronic heart failure. Journal of cardiac failure. 

2008 Jun 1;14(5):407-13. 

22. Gautam S, Tolahunase M, Kumar U, Dada R. Impact of yoga based mind-body intervention on systemic 

inflammatory markers and co-morbid depression in active Rheumatoid arthritis patients: A randomized controlled 

trial. Restorative neurology and neuroscience. 2019 Mar 6;37(1):41-59. 

23. Kiecolt-Glaser JK, Bennett JM, Andridge R, Peng J, Shapiro CL, Malarkey WB, Emery CF, Layman R, Mrozek 

EE, Glaser R. Yoga's impact on inflammation, mood, and fatigue in breast cancer survivors: a randomized controlled 

trial. Journal of Clinical oncology. 2014 Apr 1;32(10):1040-9. 

24. Long Parma D, Hughes DC, Ghosh S, Li R, Treviño-Whitaker RA, Ogden SM, Ramirez AG. Effects of six months 

of Yoga on inflammatory serum markers prognostic of recurrence risk in breast cancer survivors. Springerplus. 2015 

Mar 26;4(1):143. 

25. Hansson, G.K. Inflammation, Atherosclerosis, and Coronary Artery Disease. N. Engl. J. Med. 2005, 352, 1685–

1695 

26. Libby, P. Inflammation during the life cycle of the atherosclerotic plaque. Cardiovasc. Res. 2021, 117, 2525–

2536. 

27. Recent clinical trials have emphasized the critical role of inflammation in cardiovascular disease (CVD), 

demonstrating that reducing inflammatory activity can lead to a decreased risk of future cardiovascular events. 

28. Cushman M, Arnold AM, Psaty BM, et al. C-reactive protein and the 10-year incidence of coronary heart disease 

in older men and women: the cardiovascular health study. Circulation 2005;112:25–31. 

29. Ridker PM, Cushman M, Stampfer MJ, et al. Inflammation, aspirin, and the risk of cardiovascular disease in 

apparently healthy men. N Engl J Med 1997;336:973–9. 

30. Ridker PM, Hennekens CH, Buring JE, et al. C-reactive protein and other markers of inflammation in the 

prediction of cardiovascular disease in women. N Engl J Med 2000;342:836–43. 

31. Rogacev, K.S.M.D.; Cremers, B.M.D.; Zawada, A.M.M.; Seiler, S.M.D.; Binder, N.M.; Ege, P.; Große-Dunker, 

G.; Heisel, I.M.D.; Hornof, F.M.D.; Jeken, J.M.D.; et al. CD14++CD16+ Monocytes Independently Predict 

Cardiovascular Events. J. Am. Coll. Cardiol. 2012, 60, 1512–1520 

32. Saraswati S. Asana Pranayama Mudra Bandha. Munger (India): Yoga Publications Trust; 2008. 

33. Clarke T. C., Black L. I., Stussman B. J., Barnes P. M., Nahin R. L. (2015). Trends in the use of complementary 

health approaches among adults: United States, 2002-2012. National Health Statistics Reports, 79, 1–16. 

34. Yoga is a mind-body discipline that integrates physical movement with inward-focused awareness, emphasizing 

conscious attention to bodily sensations, breath control, and the flow of energy within the self. 

35. Ross A., Thomas S. (2010). The health benefits of yoga and exercise: A review of comparison studies. Journal of 

Alternative and Complementary Medicine, 16, 3–12. 

36. Chu P., Gotink R. A., Yeh G. Y., Goldie S. J., Hunink M. M. (2016). The effectiveness of yoga in modifying risk 

factors for cardiovascular disease and metabolic syndrome: A systematic review and meta-analysis of randomized 

controlled trials. European Journal of Preventive Cardiology, 23, 291–307. 

37. Djalilova DM, Schulz PS, Berger AM, Case AJ, Kupzyk KA, Ross AC. Impact of Yoga on Inflammatory 

Biomarkers: A Systematic Review. Biological Research For Nursing. 2018;21(2):198-209.  

doi:10.1177/1099800418820162 

38. Liang JJ, Cha YM, Oh JK, Prasad A. Sudden cardiac death: An increasingly recognized presentation of apical 

ballooning syndrome (Takotsubo cardiomyopathy). Heart Lung 2013;42:270-2. 

39. Kraynak TE, Marsland AL, Gianaros PJ. Neural mechanisms linking emotion with cardiovascular disease. Curr 

Cardiol Rep 2018;20:128. 

40. Patterson E, Lazzara R, Szabo B, Liu H, Tang D, Li YH, et al. Sodium-calcium exchange initiated by the Ca2+ 

transient: An arrhythmia trigger within pulmonary veins. J Am Coll Cardiol 2006;47:1196-206.  

41. Sharifov OF, Fedorov VV, Beloshapko GG, Glukhov AV, Yushmanova AV, Rosenshtraukh LV. Roles of 

adrenergic and cholinergic stimulation in spontaneous atrial fibrillation in dogs. J Am Coll Cardiol 2004;43:483-90 

https://doi.org/10.1177/1099800418820162


Genetics and Molecular Research 25 (18s): 2026      7 

42. Irwin MR, Cole SW. Reciprocal regulation of the neural and innate immune systems. Nat Rev Immunol 

2011;11:625-32 

43. Thirthalli J, Naveen GH, Rao MG, Varambally S, Christopher R, Gangadhar BN. Cortisol and antidepressant 

effects of yoga. Indian J Psychiatry 2013;55:S405-8 

44. Liang Y, Zhou Y, Shen P. NF-kappaB and its regulation on the immune system. Cell Mol Immunol 2004;1:343-50.  

45. Buric I, Farias M, Jong J, Mee C, Brazil IA. What is the molecular signature of mind-body interventions? A 

systematic review of gene expression changes induced by meditation and related practices. Front Immunol 

2017;8:670. 

46. Anzai, A.; Ko, S.; Fukuda, K. Immune and Inflammatory Networks in Myocardial Infarction: Current Research 

and Its Potential Implications for the Clinic. Int. J. Mol. Sci. 2022, 23, 5214. 

47. Kologrivova, I.; Shtatolkina, M.; Suslova, T.; Ryabov, V. Cells of the Immune System in Cardiac Remodeling: 

Main Players in Resolution of Inflammation and Repair After Myocardial Infarction. Front. Immunol. 2021, 12, 

664457 

48. Ma, Y. Role of Neutrophils in Cardiac Injury and Repair Following Myocardial Infarction. Cells 2021, 10, 1676.  

49. Carbone, F.; Bonaventura, A.; Montecucco, F. Neutrophil-Related Oxidants Drive Heart and Brain Remodeling 

After Ischemia/Reperfusion Injury. Front. Physiol. 2020, 10, 1587 

50. Hausenloy, D.J.; Chilian, W.; Crea, F.; Davidson, S.M.; Ferdinandy, P.; Garcia-Dorado, D.; van Royen, N.; 

Schulz, R.; Heusch, G. The Coronary Circulation in Acute Myocardial Ischaemia/Reperfusion Injury: A Target for 

Cardioprotection. Cardiovasc. Res. 2019, 115, 1143–1155.  

51. Yin, W.; Chen, Y.; Wang, W.; Guo, M.; Tong, L.; Zhang, M.; Wang, Z.; Yuan, H. Macrophage-Mediated Heart 

Repair and Remodeling: A Promising Therapeutic Target for Post-Myocardial Infarction Heart Failure. J. Cell. 

Physiol. 2024, 239, e31372. 

52. Zhang, M.; Shi, X.; Zhao, J.; Guo, W.; Zhou, J. Recruitment of Myeloid-derived Suppressor Cells and Regulatory 

T-cells Is Associated with the Occurrence of Acute Myocardial Infarction. Biomed. Rep. 2023, 19, 55. 

53. Chalise, U.; Becirovic-Agic, M.; Lindsey, M.L. The Cardiac Wound Healing Response to Myocardial 

Infarction. WIREs Mech. Dis. 2023, 15, e1584 

54. Jung, M.; Ma, Y.; Iyer, R.P.; DeLeon-Pennell, K.Y.; Yabluchanskiy, A.; Garrett, M.R.; Lindsey, M.L. IL-10 

Improves Cardiac Remodeling after Myocardial Infarction by Stimulating M2 Macrophage Polarization and 

Fibroblast Activation. Basic Res. Cardiol. 2017, 112, 33. 

55. Tian, M.; Yuan, Y.-C.; Li, J.-Y.; Gionfriddo, M.R.; Huang, R.-C. Tumor Necrosis Factor-α and Its Role as a 

Mediator in Myocardial Infarction: A Brief Review. Chronic Dis. Transl. Med. 2015, 1, 18–26 

56. Krishnamurthy, P.; Rajasingh, J.; Lambers, E.; Qin, G.; Losordo, D.W.; Kishore, R. IL-10 Inhibits Inflammation 

and Attenuates Left Ventricular Remodeling after Myocardial Infarction via Activation of STAT3 and Suppression 

of HuR. Circ. Res. 2009 

57. Mauro, A.G.; Bonaventura, A.; Mezzaroma, E.; Quader, M.; Toldo, S. NLRP3 Inflammasome in Acute 

Myocardial Infarction. J. Cardiovasc. Pharmacol. 2019 

58. Pfisterer, M.; Buser, P.; Rickli, H.; Gutmann, M.; Erne, P.; Rickenbacher, P.; Vuillomenet, A.; Jeker, U.; Dubach, 

P.; Beer, H.; et al. BNP-Guided vs. Symptom-Guided Heart Failure Therapy: The Trial of Intensified vs. Standard 

Medical Therapy in Elderly Patients with Congestive Heart Failure (TIME-CHF) Randomized 

Trial. JAMA 2009, 301, 383–392.  

59. O’Connor, C.M.; Starling, R.C.; Hernandez, A.F.; Armstrong, P.W.; Dickstein, K.; Hasselblad, V.; Heizer, G.M.; 

Komajda, M.; Massie, B.M.; McMurray, J.J.V.; et al. Effect of Nesiritide in Patients with Acute Decompensated Heart 

Failure. N. Engl. J. Med. 2011, 365, 32–43.  

60. Amara M, Figueiredo L, Nguyen TD, Dessein AF, Rouet R. The Role of Inflammation in the Pathophysiology of 

Heart Failure. Cells. 2025;14(14):1117. 

61. Shirakabe A, Ikeda Y, Sciarretta S, Sakamoto M, Satoh K, Yamaguchi O. Aging and Autophagy in the Heart. Circ 

Res. 2016;118(10):1563–76. 

62. Strassheim D, Dempsey EC, Gerasimovskaya E, Stenmark K, Karoor V. Role of Inflammatory Cell Subtypes in 

Heart Failure. Mediators Inflamm. 2019;2019:2164017. 

63. Caforio ALP, Mahon NG, Tona F, McKenna WJ. Circulating cardiac autoantibodies in dilated cardiomyopathy 

and myocarditis: pathogenetic and clinical significance. Eur J Heart Fail. 2002;4(4):411–7. 

64. Jahng, J.W.S.; Song, E.; Sweeney, G. Crosstalk between the Heart and Peripheral Organs in Heart Failure. Exp. 

Mol. Med. 2016, 48,217. 

65. Selton-Suty C, Juillière Y, Mayer O, et al. Increased serum levels of free immunoglobulin light chains in patients 

with chronic heart failure. Am J Cardiol. 2009;104(4):495–500. 

66. Patil SG, Sobitharaj EC, Chandrasekaran AM, Patil SS, Singh K, Gupta R, Deepak KK, Jaryal AK, Chandran DS, 

Kinra S, Roy A. Effect of yoga-based cardiac rehabilitation program on endothelial function, oxidative stress, and 



Genetics and Molecular Research 25 (18s): 2026      8 

inflammatory markers in acute myocardial infarction: A randomized controlled trial. International journal of yoga. 

2024 Jan 1;17(1):20-8. 

67. Pullen PR, Nagamia SH, Mehta PK, Thompson WR, Benardot D, Hammoud R, Parrott JM, Sola S, Khan BV. 

Effects of yoga on inflammation and exercise capacity in patients with chronic heart failure. Journal of cardiac failure. 

2008 Jun 1;14(5):407-13. 

68. Pullen PR, Thompson WR, Benardot DA, Brandon LJ, Mehta PK, Rifai LU, Vadnais DS, Parrott JM, Khan BV. 

Benefits of yoga for African American heart failure patients. Medicine & Science in Sports & Exercise. 2010 Apr 

1;42(4):651-7. 

69. Jain AK, Subhash CM, Bhola SV, Kushal M, Ashwini M, Jitendrapal SS. Effect of yoga lifestyle in patients with 

heart failure: a randomized control trial. International Journal of Yoga. 2022 Jan 1;15(1):40-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


