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Abstract 

Title: Visceral Adiposity and Functional Recovery After Myocardial Infarction in Obese 

Female Patients: A Prospective Cohort Study 

Background: Visceral adiposity is increasingly recognized as a critical determinant of 

myocardial infarction (MI) outcomes. Unlike general obesity, visceral fat contributes to 

systemic inflammation, endothelial dysfunction, and poor cardiac recovery, particularly in 

women. Despite its clinical significance, visceral adiposity is often under-assessed in post-MI 

rehabilitation. 

Objective: To evaluate the effect of visceral adiposity on functional recovery and 

rehabilitation outcomes in obese female patients following a first myocardial infarction. 

Methods: A prospective study was conducted from 2020 to 2024 at the City Hospital 

No. 1 in Mykolaiv, Ukraine. Sixty female patients with class I obesity (BMI 30.0–34.9 kg/m²) 

and a first acute MI comprised the main group; 20 normoweight female MI patients (BMI 18.0–

24.9 kg/m²) served as controls. All patients underwent standardized treatment, including 

revascularization and pharmacotherapy, followed by a multimodal rehabilitation program. The 

Visceral Adiposity Index (VAI), ejection fraction (LVEF), 6-minute walk distance, and NYHA 

functional class were assessed at discharge and after rehabilitation. Statistical analysis used 

ANOVA and correlation tests. 
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Results: At baseline, VAI was significantly higher in the obese group (1.5±0.1 vs. 

1.0±0.1, p<0.05). While both groups improved after rehabilitation, patients with higher visceral 

fat showed lower gains in functional capacity. The 6-minute walk distance increased by 43±3 

m in the obese group versus 52±5 m in controls (p<0.05). At follow-up, NYHA class II was 

more common in controls (66% vs. 58%), and systolic function was slightly better preserved 

(LVEF: 52.6±0.7% vs. 51.1±0.3%). Visceral adiposity correlated with reduced exercise 

tolerance, persistent inflammation, and suboptimal quality-of-life indicators. 

Conclusions: Visceral obesity negatively impacts post-MI rehabilitation outcomes, 

particularly among women. Elevated VAI is associated with reduced functional recovery, 

underscoring the need for individualized rehabilitation strategies that consider adipose 

distribution, cardiometabolic status, and sex-specific recovery trajectories. Incorporating VAI 

into routine assessment may enhance risk stratification and guide more effective post-MI 

interventions. 

Key words: Visceral adiposity; myocardial infarction; cardiac rehabilitation; 

obesity; sex differences; VAI; functional recovery; 6-minute walk test; NYHA class; 

women’s cardiovascular health. 

 

 

Visceral adiposity, or the accumulation of fat around internal abdominal organs, 

significantly contributes to the risk, severity, and recovery outcomes of myocardial infarction 

(MI) [1, 2]. It acts as an active endocrine organ, releasing pro-inflammatory cytokines such as 

TNF-alpha and IL-6, which promote systemic inflammation, endothelial dysfunction, and the 

formation and destabilization of atherosclerotic plaques, ultimately increasing the likelihood 

of plaque rupture and thrombosis leading to MI [1, 3]. Visceral fat is also linked to insulin 

resistance, hyperglycemia, elevated triglycerides, and reduced HDL levels, all of which 

accelerate the development of coronary artery disease [3, 4]. Additionally, it contributes to 

oxidative stress by producing reactive oxygen species that damage vascular structures. 

Clinically, individuals with high visceral fat have a significantly higher risk of first-time MI 

and worse prognostic markers post-MI, including larger infarct size, lower ejection fraction, 

and a greater likelihood of developing heart failure [3, 5]. Visceral adiposity impairs cardiac 

healing by disrupting angiogenesis and promoting persistent low-grade inflammation [1, 2, 4]. 

While general obesity has sometimes been associated with the “obesity paradox,” where mild 

obesity may appear protective in short-term outcomes, this does not apply to visceral fat, which 
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consistently correlates with worse outcomes. It also negatively affects rehabilitation by 

reducing exercise tolerance and VO₂ max [6-8].  

Biological sex significantly influences recovery after myocardial infarction (MI) in the 

context of visceral adiposity [9]. Men typically have higher baseline levels of visceral fat, 

which is associated with larger infarct sizes and more severe left ventricular remodeling. 

Women, especially after menopause, experience a rapid increase in visceral fat due to declining 

estrogen, and even moderate levels of visceral adiposity in women are strongly linked to 

impaired endothelial repair and delayed myocardial healing [9, 10]. The inflammatory response 

from visceral fat, particularly through cytokines like TNF-α and IL-6, tends to be more 

persistent in women, contributing to prolonged endothelial dysfunction and slower cardiac 

repair. Estrogen normally provides vascular protection, so its loss in older women reduces the 

resilience of both the microvascrulature and myocardial tissue after infarction. In terms of 

functional recovery, women with high visceral fat generally have lower cardiorespiratory 

fitness at baseline, slower progress in cardiac rehabilitation, and greater fatigue and symptom 

burden [4, 7, 10, 11]. They also lose less weight during rehab and often face psychosocial 

barriers such as caregiver roles, under-referral, and body image concerns, which reduce 

participation in recovery programs [12]. Visceral adiposity is a key predictor of heart failure 

with preserved ejection fraction (HFpEF), a condition that disproportionately affects older 

women after MI, whereas men more frequently develop heart failure with reduced ejection 

fraction (HFrEF), which follows different management and recovery pathways. Risk 

assessment tools that rely on BMI often underestimate cardiovascular risk in women, 

particularly those with normal BMI but elevated visceral fat [13]. Furthermore, women with 

visceral obesity or metabolic syndrome are less likely to receive evidence-based post-MI 

treatments such as statins and antiplatelets. Lifestyle interventions are also seldom adapted for 

sex-specific differences, despite well-known variations in fat distribution, metabolic responses, 

and behavioral motivation [12, 14]. Overall, while visceral adiposity negatively affects 

myocardial recovery in both sexes, the impact is more pronounced and underrecognized in 

women. Postmenopausal women with increased visceral fat are especially at risk of endothelial 

dysfunction, poor myocardial healing, limited functional recovery, and higher HFpEF 

incidence [15]. However, they remain underdiagnosed and under-referred for rehabilitation. 

Effective post-MI care requires sex-specific screening methods, consideration of hormonal 

status, and tailored interventions to improve outcomes and close the treatment gap. 

The Visceral Adiposity Index (VAI), developed by Amato et al. [16], is a sex-specific 

mathematical model that estimates visceral fat function and distribution using simple 
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anthropometric and metabolic parameters: waist circumference, body mass index (BMI), 

triglyceride levels, and HDL cholesterol. The formula differs for men and women to account 

for physiological differences in fat distribution. VAI is not a direct measure of visceral fat 

volume but reflects its dysfunction, making it a useful proxy for assessing cardiometabolic risk, 

including insulin resistance, systemic inflammation, and atherogenesis. In the context of 

cardiac rehabilitation after myocardial infarction (MI), VAI holds promise as a low-cost, easily 

applicable tool for identifying patients at higher risk of poor outcomes related to visceral 

obesity. Elevated VAI values have been associated with increased risk of recurrent ischemic 

events, endothelial dysfunction, and impaired myocardial healing. For women, especially 

postmenopausal, even modest elevations in VAI may indicate disproportionate cardiometabolic 

stress not evident through BMI alone. In rehabilitation settings, VAI can help personalize 

exercise intensity and dietary strategies by identifying those who may respond poorly to 

standard protocols due to metabolically active visceral fat. Moreover, tracking VAI changes 

during rehab could serve as a functional marker of metabolic improvement, beyond simple 

weight or BMI reduction [16-18]. Despite its potential, VAI is still underutilized in clinical 

cardiology, and few rehabilitation programs integrate it systematically. Future directions 

include incorporating VAI into risk stratification models, especially for patients with metabolic 

syndrome, and using it to tailor sex-specific interventions to improve post-MI outcomes. 

Objective: The aim of the study was to evaluate the impact of the degree of visceral 

obesity on functional recovery following myocardial infarction in obese female patients. 

Materials and Methods: The study was conducted between 2020 and 2024 at the 

Municipal Non-Profit Enterprise “City Hospital No. 1” of the Mykolaiv City Council 

(Mykolaiv, Ukraine). Rehabilitation outcomes were analyzed for 60 patients with class I 

obesity (BMI = 30.0–34.9 kg/m²) who experienced an acute myocardial infarction (MI) for the 

first time and underwent inpatient treatment in the intensive care and cardiology resuscitation 

unit. These patients comprised the main study group. As a control group, rehabilitation 

outcomes were analyzed for 20 female patients with a BMI between 18.0 and 24.9 kg/m², who 

also experienced a first acute MI and had clinical and anamnestic characteristics comparable 

to those of the main group. 

The Visceral Adiposity Index (VAI) was calculated according to Amato M. C. et al. 

[16]: 

 For men: VAI = (WC/39.68 + (1.88 × BMI)) × (TG/1.03) × (1.31/HDL); 
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 For women: VAI = (WC/36.58 + (1.88 × BMI)) × (TG/0.81) × (1.52/HDL); 

where TG – triglycerides (mmol/L); HDL – high-density lipoprotein cholesterol (mmol/L). 

A normal VAI value should not exceed 1.1. 

The class of acute heart failure was assessed using the Killip classification [19]. The 

stage and type of chronic heart failure were determined according to the classification of the 

European Society of Cardiology (ESC, 2023), and the functional class was defined using the 

New York Heart Association (NYHA) classification [20, 21]. 

The diagnostic, treatment, and clinical management protocols were identical for both 

groups and conformed to current clinical guidelines. All patients underwent revascularization 

procedures (stenting or balloon angioplasty) and received indicated antihypertensive, 

anticoagulant, antiarrhythmic, lipid-lowering, inotropic therapy, as well as medications for 

managing comorbid conditions. 

The rehabilitation program included physical exercise, dietary modification, 

psychological support, and cardiovascular disease prevention education. 

The study was conducted in accordance with contemporary bioethical standards. All 

patients signed written informed consent to participate in the study [22]. 

For all patients, the following parameters were assessed: body mass index (BMI), Left 

ventricular systolic function (Ejection Fraction), exercise tolerance (based on the 6-minute 

walk test) [23-25] 

Statistical analysis was performed using ANOVA and correlation analysis with 

Statistica software version 14.1.25 (TIBCO, USA) [26]. 

Results and Discussion:  

In both groups of patients observed, males predominated (57.0% in the main group, 

60.0% in the control group). The average age was 62.3±1.1 years in the main group and 

61.5±1.8 years in the control group (p>0.05). The majority of myocardial infarction (MI) cases 

were classified as STEMI (64.0% in the main group, 66.0% in the control), while NSTEMI 

accounted for 36.0% and 34.0% respectively. The distribution of acute complications was 

similar between the groups. 

Acute left ventricular aneurysm, severe heart failure (Kilip III/IV), and de novo 

arrhythmias were more frequently observed in patients with STEMI, though without 

statistically significant differences between groups. Importantly, obesity did not significantly 

affect the rate of these complications. 

Clinical manifestations included chest pain, dyspnea on minimal exertion, palpitations, 

and general weakness, with no notable differences between the groups. Risk factor profiles 
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were also similar, although obesity was associated with a higher prevalence of type 2 diabetes, 

dyslipidemia, smoking, and alcohol use. 

At discharge, the left ventricular ejection fraction (LVEF) was slightly lower in the main 

group (51.1±0.3%) compared to the control group (52.6±0.7%). The body mass index (BMI) 

was markedly elevated in the main group (32.7±0.3 kg/m² vs 23.5±0.4 kg/m²), and the visceral 

adiposity index (VAI) was significantly higher (1.5±0.1 vs 1.0±0.1, p<0.05). 

These findings highlight the clinical relevance of visceral adiposity, which contributes 

to a pro-atherogenic state by promoting adipokine imbalance, enhanced lipolysis, elevated free 

fatty acids, and increased secretion of pro-inflammatory cytokines. Such changes reduce 

adaptive reserves and may increase long-term cardiovascular risk. Therefore, managing 

visceral fat—alongside improving lipid profiles and reducing oxidative stress—is essential. 

Despite clinical improvement following treatment, all patients exhibited signs of 

chronic heart failure (CHF) at discharge. NYHA class II was present in 58.0% of the main 

group and 66.0% of the control, while class III was noted in 42.0% and 34.0% respectively. HF 

with mildly reduced ejection fraction (HFmrEF) was diagnosed in 79.0% of the main group 

and 78.0% of the control, while HFrEF was found in 21.0% and 22.0%. Corresponding 6-

minute walk test results averaged 266±9 m and 289±11 m, respectively. 

Following the rehabilitation program, improvements in systolic function and physical 

endurance were observed. The 6-minute walk test showed a mean increase of 43±3 meters in 

the main group and 52±5 meters in the control group (p<0.05).  

These findings indicate that patients with normal nutritional status achieved better 

quality of life outcomes. The slower functional recovery among patients with obesity—

particularly in exercise tolerance—may reflect the negative impact of excess visceral adiposity 

on cardiopulmonary performance, systemic inflammation, and musculoskeletal function. This 

supports the need for personalized rehabilitation strategies, taking into account the severity of 

heart failure, baseline physical fitness, comorbid risk factors, and sex-based differences in 

adaptive response. 

Conclusions: 

1. Visceral adiposity is a key predictor of delayed functional recovery in women 

after a first acute myocardial infarction (MI). A high Visceral Adiposity Index (VAI) is 

associated with reduced physical endurance, lower improvements in exercise tolerance, and 

diminished gains in 6-minute walk test outcomes. 
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2. Obese female patients demonstrated poorer left ventricular systolic function, a 

higher prevalence of heart failure symptoms (NYHA class III), and a less pronounced response 

to standard rehabilitation programs compared to patients with normal nutritional status. 

3. While standard rehabilitation effectively improves physical capacity, its overall 

benefit is significantly attenuated by excess visceral fat, highlighting the need for 

individualized rehabilitation strategies tailored to metabolic profile and the visceral component 

of obesity. 

4. The Visceral Adiposity Index (VAI) appears to be a useful, low-cost tool for risk 

stratification, monitoring rehabilitation effectiveness, and adjusting physical load in post-MI 

patients, particularly in postmenopausal women. 

5. Future directions should include the integration of VAI into cardiac 

rehabilitation protocols, especially for patients with metabolic syndrome, and the development 

of gender-specific secondary prevention programs aimed at improving post-MI outcomes in 

women with visceral obesity 

 

Reference: 

1. Negroiu CE, Tudorascu I, Moise CG, Vinturis E, Bezna CM, Danoiu R, Gaman 

ME, Danoiu S. Obesity and Myocardial Infarction-The Place of Obesity Among 

Cardiovascular Risk Factors-Retrospective Study. Curr Health Sci J. 2023 Jul-Sep;49(3):388-

396. doi: 10.12865/CHSJ.49.03.11. Epub 2023 Sep 30. PMID: 38314213; PMCID: 

PMC10832884. 

2. PetyuninaO.V., Kopytsya M.R., Kobets A.V. The prognostic value of obesity in 

patients with ST-segment elevation myocardial infarction. UJC [Internet]. 2022 Feb. 1 [cited 

2025 Jun. 17];28(6):7-19. Available 

from: https://ucardioj.com.ua/index.php/UJC/article/view/286 

3. Park YM, Myers M, Vieira-Potter VJ. Adipose tissue inflammation and 

metabolic dysfunction: role of exercise. Mo Med. 2014 Jan-Feb;111(1):65-72. PMID: 

24645302; PMCID: PMC6179510. 

4. Rao VN, Bush CG, Mongraw-Chaffin M, Hall ME, Clark D 3rd, Fudim M, 

Correa A, Hammill BG, O'Brien E, Min YI, Mentz RJ. Regional Adiposity and Risk of Heart 

Failure and Mortality: The Jackson Heart Study. J Am Heart Assoc. 2021 Jul 

20;10(14):e020920. doi: 10.1161/JAHA.121.020920. Epub 2021 Jul 9. PMID: 34238024; 

PMCID: PMC8483488. 

https://ucardioj.com.ua/index.php/UJC/article/view/286


8 

 

5. Rao VN, Fudim M, Mentz RJ, Michos ED, Felker GM. Regional adiposity and 

heart failure with preserved ejection fraction. Eur J Heart Fail. 2020 Sep;22(9):1540-1550. doi: 

10.1002/ejhf.1956. Epub 2020 Aug 5. PMID: 32619081; PMCID: PMC9991865. 

6. Kishore BK. Reverse epidemiology of obesity paradox: Fact or fiction? Physiol 

Rep. 2024 Nov;12(21):e70107. doi: 10.14814/phy2.70107. PMID: 39472276; PMCID: 

PMC11521792. 

7. Bahniwal RK, Sadr N, Schinderle C, Avila CJ, Sill J, Qayyum R. Obesity 

Paradox and the Effect of NT-proBNP on All-Cause and Cause-Specific Mortality. Clin 

Cardiol. 2024 Nov;47(11):e70044. doi: 10.1002/clc.70044. PMID: 39514242; PMCID: 

PMC11546245. 

8. Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-Larsen P, Lavie CJ, 

Lear SA, Ndumele CE, Neeland IJ, Sanders P, St-Onge MP; American Heart Association 

Council on Lifestyle and Cardiometabolic Health; Council on Cardiovascular and Stroke 

Nursing; Council on Clinical Cardiology; Council on Epidemiology and Prevention; and 

Stroke Council. Obesity and Cardiovascular Disease: A Scientific Statement From the 

American Heart Association. Circulation. 2021 May 25;143(21):e984-e1010. doi: 

10.1161/CIR.0000000000000973. Epub 2021 Apr 22. PMID: 33882682; PMCID: 

PMC8493650. 

9. Janorkar A, Marañón RO. Editorial: Sex differences in adiposity and 

cardiovascular disease. Front Glob Womens Health. 2023 Jun 19;4:1177718. doi: 

10.3389/fgwh.2023.1177718. PMID: 37404230; PMCID: PMC10317477. 

10. Zhang J, Li M, Wang T, Tian W, Ju J, Xu H. Association between visceral 

adiposity index and all-cause and cardiovascular mortality in the non-elderly adults. Front 

Endocrinol (Lausanne). 2025 Feb 21;16:1523731. doi: 10.3389/fendo.2025.1523731. PMID: 

40060375; PMCID: PMC11885296. 

11. Khalid Z, Gul I, Siddiqi FA, Rathore FA. Cardiac Rehabilitation for Visceral 

Obesity: A Multidisciplinary Approach. J Pak Med Assoc. 2023 Apr;73(4):944-946. doi: 

10.47391/JPMA.23-31. PMID: 37052025. 

12. Ghashghaei FE, Sadeghi M, Rabiei K, Roohafza H, Sarrafzadegan N. Gender 

differences in risk factors of obese patients after cardiac rehabilitation program. Iran J Nurs 

Midwifery Res. 2012 Jul;17(5):381-5. PMID: 23853652; PMCID: PMC3703080. 

13. Liu W, Weng S, Chen Y, Cao C, Peng D. Age-adjusted visceral adiposity index 

(VAI) is superior to VAI for predicting mortality among US adults: an analysis of the NHANES 



9 

 

2011-2014. Aging Clin Exp Res. 2024 Feb 7;36(1):24. doi: 10.1007/s40520-023-02660-z. 

PMID: 38321181; PMCID: PMC10847207. 

14. Barnason S, Schuelke S, Miller JN, Miller JJ, Johnson Beller R. Behavioral 

Weight Loss Interventions for Overweight and Obese Cardiac Rehabilitation Patients: A 

Systematic Review. West J Nurs Res. 2023 Dec;45(12):1165-1172. doi: 

10.1177/01939459231209735. Epub 2023 Oct 31. PMID: 37905515. 

15. Schon C, Felismino A, de Sá J, Corte R, Ribeiro T, Bruno S. Efficacy of early 

cardiac rehabilitation after acute myocardial infarction: Randomized clinical trial protocol. 

PLoS One. 2024 Jan 10;19(1):e0296345. doi: 10.1371/journal.pone.0296345. Erratum in: 

PLoS One. 2024 Mar 14;19(3):e0300855. doi: 10.1371/journal.pone.0300855. PMID: 

38198457; PMCID: PMC10781044. 

16. Amato MC, Giordano C. Visceral adiposity index: an indicator of adipose tissue 

dysfunction. Int J Endocrinol. 2014;2014:730827. doi: 10.1155/2014/730827. Epub 2014 Apr 

14. PMID: 24829577; PMCID: PMC4009335. 

17. Qin Z, Chen X, Sun J, Jiang L. The association between visceral adiposity index 

and decreased renal function: A population-based study. Front Nutr. 2023 Mar 10;10:1076301. 

doi: 10.3389/fnut.2023.1076301. PMID: 36969806; PMCID: PMC10036366. 

18. Amato A, Petrigna L, Sortino M, Musumeci G. Visceral Fat Affects Heart Rate 

Recovery but Not the Heart Rate Response Post-Single Bout of Vigorous Exercise: A Cross-

Sectional Study in Non-Obese and Healthy Participants. Sports (Basel). 2024 Nov 

27;12(12):323. doi: 10.3390/sports12120323. PMID: 39728863; PMCID: PMC11679373. 

19. El-Menyar A, Zubaid M, AlMahmeed W, Sulaiman K, AlNabti A, Singh R, Al 

Suwaidi J. Killip classification in patients with acute coronary syndrome: insight from a 

multicenter registry. Am J Emerg Med. 2012 Jan;30(1):97-103. doi: 

10.1016/j.ajem.2010.10.011. Epub 2010 Dec 14. PMID: 21159479. 

20. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, Burri 

H, Butler J, Čelutkienė J, Chioncel O, Cleland JGF, Crespo-Leiro MG, Farmakis D, Gilard M, 

Heymans S, Hoes AW, Jaarsma T, Jankowska EA, Lainscak M, Lam CSP, Lyon AR, McMurray 

JJV, Mebazaa A, Mindham R, Muneretto C, Francesco Piepoli M, Price S, Rosano GMC, 

Ruschitzka F, Skibelund AK; ESC Scientific Document Group. 2023 Focused Update of the 

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur 

Heart J. 2023 Oct 1;44(37):3627-3639. doi: 10.1093/eurheartj/ehad195. Erratum in: Eur Heart 

J. 2024 Jan 1;45(1):53. doi: 10.1093/eurheartj/ehad613. PMID: 37622666. 



10 

 

21. Jandy K, Weichbroth P. A machine learning approach to classifying New York 

Heart Association (NYHA) heart failure. Sci Rep. 2024 May 20;14(1):11496. doi: 

10.1038/s41598-024-62555-5. PMID: 38769444; PMCID: PMC11106248. 

22. Tereshkevych G. T. [Fundamentals of Bioethics and Biosafety]. Ternopil: 

TSMU, 2018. 400p. [UA] 

https://scholar.google.com.ua/scholar?hl=uk&as_sdt=0,5&cluster=2112516456861953708 

23. Khanna D, Peltzer C, Kahar P, Parmar MS. Body Mass Index (BMI): A 

Screening Tool Analysis. Cureus. 2022 Feb 11;14(2):e22119. doi: 10.7759/cureus.22119. 

PMID: 35308730; PMCID: PMC8920809. 

24. Dalal HM, Taylor RS, Jolly K, Davis RC, Doherty P, Miles J, van Lingen R, 

Warren FC, Green C, Wingham J, Greaves C, Sadler S, Hillsdon M, Abraham C, Britten N, 

Frost J, Singh S, Hayward C, Eyre V, Paul K, Lang CC, Smith K. The effects and costs of 

home-based rehabilitation for heart failure with reduced ejection fraction: The REACH-HF 

multicentre randomized controlled trial. Eur J Prev Cardiol. 2019 Feb;26(3):262-272. doi: 

10.1177/2047487318806358. Epub 2018 Oct 10. Erratum in: Eur J Prev Cardiol. 2020 

Dec;27(18):NP17. doi: 10.1177/2047487320974256. PMID: 30304644; PMCID: 

PMC6376602. 

25. Giannitsi S, Bougiakli M, Bechlioulis A, Kotsia A, Michalis LK, Naka KK. 6-

minute walking test: a useful tool in the management of heart failure patients. Ther Adv 

Cardiovasc Dis. 2019 Jan-Dec;13:1753944719870084. doi: 10.1177/1753944719870084. 

PMID: 31441375; PMCID: PMC6710700. 

26. Fetisov V. S. [Statistical data analysis package STATISTICA]. Nizhyn: M. 

Gogol NDU, 2018. – 114 p. [UA] 

https://files.znu.edu.ua/files/Bibliobooks/Inshi72/0053477.pdf 


