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Background: The results of studies on the obesity paradox in all-cause mortality are inconsistent in patients equipped with an implantable cardioverter-defibrillator (ICD). There is a lack of relevant studies on Chinese populations with large sample size. This study aimed to investigate whether the obesity paradox in all-cause mortality is present among the Chinese population with an ICD.

Methods: We conducted a retrospective analysis of multicenter data from the Study of Home Monitoring System Safety and Efficacy in Cardiac Implantable Electronic Device–implanted Patients (SUMMIT) registry in China. The outcome was all-cause mortality. The Kaplan–Meier curves, Cox proportional hazards models, and smooth curve fitting were used to investigate the association between body mass index (BMI) and all-cause mortality.

Results: After inclusion and exclusion criteria, 970 patients with an ICD were enrolled. After a median follow-up of 5 years (interquartile, 4.1–6.0 years), in 213 (22.0%) patients occurred all-cause mortality. According to the Kaplan–Meier curves and multivariate Cox proportional hazards models, BMI had no significant impact on all-cause mortality, whether as a continuous variable or a categorical variable classified by various BMI categorization criteria. The fully adjusted smoothed curve fit showed a linear relationship between BMI and all-cause mortality (p-value of 0.14 for the non-linearity test), with the curve showing no statistically significant association between BMI and all-cause mortality [per 1 kg/m2 increase in BMI, hazard ratio (HR) 0.97, 95% CI 0.93–1.02, p = 0.2644].

Conclusions: The obesity paradox in all-cause mortality was absent in the Chinese patients with an ICD. Prospective studies are needed to further explore this phenomenon.
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INTRODUCTION

Being overweight or obese is a global health problem, with almost two-thirds of American adults experiencing overweight or obesity (1) and the latest epidemiological survey data from China show that the proportion of adults in China who are overweight and obese is 28.1 and 5.2%, respectively (2). Being overweight or obese can promote inflammatory responses, cardiac hypertrophy, and fibrosis, which can lead to an increased incidence of cardiovascular disease (CVD) and is associated with numerous adverse CVD prognostic events (3–5). Although obesity is a risk factor for CVD, a phenomenon known as the “obesity paradox” has been identified. “Obesity paradox” means that patients who have already suffered from many types of CVD may have a better prognosis if they are classified as overweight or obese (6). The obesity paradox in all-cause mortality has been identified when better survival is seen in people with higher body mass index (BMI) among the patients with hypertension, coronary heart disease, atrial fibrillation, and heart failure (3–5, 7–13).

For patients equipped with an implantable cardioverter defibrillator (ICD), the results of studies on the obesity paradox in all-cause mortality are inconsistent (14–17). Moreover, the previous studies have focused on European and American populations, and there is a lack of studies on the Chinese population with large sample size. This study retrospectively analyzed multicenter data from China to investigate whether the obesity paradox all-cause mortality is present in the Chinese population with an ICD.



METHODS


Study Population

Based on data from the Study of Home Monitoring System Safety and Efficacy in Cardiac Implantable Electronic Device–implanted Patients (SUMMIT) registry, we conducted a retrospective cohort analysis enrolling the patients between May 2010 and May 2015 in China. Inclusion criteria were as follows: (i) patients aged more than 18 years; (ii) patients met indications of primary or secondary prevention of sudden cardiac death (SCD) according to clinical practice standards (18–20); and (iii) patients were implanted with an ICD or cardiac resynchronization therapy defibrillator (CRT-D) (collectively referred to as ICD) (Biotronik, Germany) device with home monitoring (HM). Exclusion criteria were as follows: (i) patients under the age of 18 years and (ii) patients with missing clinical data. Figure 1 depicts the flowchart of the research population. The study protocols were approved by the Ethics Committee of Fuwai Hospital, the Chinese Academy of Medical Sciences (the lead institute), and all other collaborating organizations (Zhongshan Hospital, Fudan University, and so on). The protocols followed the Declaration of Helsinki. Before the registry, all patients signed informed permission forms. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) principles were followed for all reporting (21).


[image: Figure 1]
FIGURE 1. Flowchart of the study population. Abbreviations are shown in Table 1.




Data Collection

The BMI was determined by dividing the patient's weight (kg) by the square of his or her height (m2), and the result was expressed as kg/m2. BMI grouped according to tertiles, WHO criteria (22), Asian criteria (23), or Chinese criteria (24). Before ICD implantation, baseline clinical information was obtained from the patients' medical records.



Device Programming Settings and Outcome

The device programming settings technique was the same as in our prior study (25), which was described in detail in Supplementary Material. The outcome was all-cause mortality. Routine follow-ups were undertaken by phone calls and outpatient clinic visits. In the case that the transmission of their data was disrupted, and patient status was confirmed via phone calls. The last follow-up visit was in June 2018.



Statistical Analysis

The means ± SD or proportions are used to present the data. To compare the all-cause mortality of different BMI groups, we used Kaplan–Meier curves (log-rank test). A Cox proportional hazards model was used to furtherly assess the association between BMI and all-cause mortality. A univariate Cox proportional hazards model was first used to explore the factors influencing all-cause mortality. The multivariate Cox proportional hazards models were conducted by adjusting for factors that had a statistically significant effect on death at the 0.05 level in the univariate Cox model or all baseline factors. To further explore the dose-response effect of BMI on all-cause mortality, a cubic spline function model and smooth curve fitting (penalized spline method) were conducted. To ensure the robustness of the result, we did the following sensitivity analysis. First, we converted the BMI into a categorical variable by tertiles and calculated the P for trend. Second, we performed the same analysis based on WHO criteria, Asian criteria, or Chinese criteria for BMI grouping. Third, we did subgroup analyses in various groups. To maximize the exploration of other possible risk factors for all-cause mortality, the univariate and multivariate Cox models were used to do the analysis. R version 4.0.0 (R Foundation for Statistical Computing, Vienna, Austria) and Empower (R) were used for all the analyses (X&Y Solutions, Inc., Boston, MA, USA). All P-values were considered statistically significant if they were <0.05 (two-sided).




RESULTS


Baseline Characteristics of the Study Population

A total of 1,015 patients from the SUMMIT dataset between May 2010 and May 2015 were initially included. After inclusion and exclusion criteria, 970 patients were enrolled. Table 1 shows the overall baseline characteristics of the study population. The average age of the study population was 60.3 years, with 72.9% male. The percentage of New York Heart Association [NYHA] class III/IV was 49.9 and 27.4% of patients were implanted with CRT-D. In total, 394 patients met the secondary prevention of SCD criteria. Among these patients, 236 (60%) had documented sustained ventricular tachycardia (VT), 98 (25%) had documented ventricular fibrillation (VF) and resuscitated SCD, and 60 (15%) experienced unexplained syncope and may be induced to VT or VF during the electrophysiological study. We performed a comparison of baseline characteristics based on the Chinese grouping criteria for BMI. Most of the variables were not significantly different, except that the obese population had a higher proportion of men, higher systolic and diastolic blood pressure, a greater proportion of ischemic cardiomyopathy, a higher proportion of hypertension, and a greater history of stroke (all P < 0.05).


Table 1. Baseline characteristics of study population.
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Influence of BMI on All-Cause Mortality

The median follow-up was 5.0 years (interquartile, 4.1–6.0 years). During follow-up, 213 (22.0%) patients experienced all-cause mortality. Kaplan–Meier curves were plotted to compare the cumulative probability of survival for different BMI groups (Figure 2). The cumulative probability of survival did not differ between the groups regardless of the criteria of BMI grouping (log-rank, all p > 0.05).


[image: Figure 2]
FIGURE 2. Kaplan–Meier curves of the cumulative probability of survival according to the BMI classification of (A) tertiles, (B) WHO criterion, (C) Asian criterion, (D) Chinese criterion. BMI, body mass index.


Table 2 shows the effect of BMI on all-cause mortality using four Cox proportional risk models. In the unadjusted model (model 1), each 1 kg/m2 increase in BMI was associated with a 2% increase in the risk of death, but this was not statistically significant. Further, in model 2, the association between BMI and death was again not statistically significant after adjusting for age and sex. After adjustment for additional covariates in model 3 (for age, New York Classification of Cardiac Function (NYHA) III/IV, primary prevention, ischaemic cardiomyopathy, hypertension, diabetes, atrial fibrillation, left ventricular ejection fraction (LVEF), left ventricular end-systolic dimension (LVEDD), β-blocker, angiotensin-converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB), a loop diuretic, aldosterone antagonist, and dilated cardiomyopathy) and all covariates in Table 1 in model 4, the results underwent negligible changes. In addition, we converted BMI from a continuous variable to a categorical variable. There was no significant increase in the risk of death in patients with tertile 2 or tertile 3 in all models (models 1–4) compared with tertile 1 as a reference. The test for trend was not significant in any of the models. In addition, the sensitivity analyses were performed using different clinical classification criteria for BMI and the results remained consistent. Additionally, we analyzed different subgroups and the results were still robust (Figure 3).


Table 2. Association of BMI with all-cause mortality in different Cox proportional hazards models.
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FIGURE 3. The association between BMI and all-cause mortality in subgroups. Abbreviations are shown in Table 1.


A cubic spline function model and smoothed curve fitting (penalized spline approach) were performed to assess the dose-response association between BMI and all-cause mortality. The fully adjusted smoothed curve fit showed a linear relationship between BMI and mortality (p-value of 0.14 for the non-linearity test) (Figure 4), with the curve showing no statistically significant association between BMI and all-cause mortality (per 1 kg/m2 increase in BMI, hazard ratio (HR) 0.97, 95% CI 0.93–1.02, p = 0.2644).


[image: Figure 4]
FIGURE 4. Dose-response curve between BMI and all-cause mortality. There was a linear relationship between BMI and all-cause mortality (P for non-linearity = 0.140). The adjusted log HR and its 95% CI are represented by the solid blue and dashed blue lines, respectively. All the covariates listed in Table 1 were used as adjustment factors. No statistically significant association between BMI and all-cause mortality was observed (for every increase of 1 kg/m2 BMI, HR 0.97, 95% CI 0.93–1.02, P = 0.2644). BMI, body mass index; CI, confidence interval; HR, hazard ratio.




Univariate and Multivariate Risk Factors of All-Cause Mortality

Table 3 shows the univariate Cox proportional hazards models of all-cause mortality. Oder age, NYHA class III/IV, primary prevention, ischaemic cardiomyopathy, hypertension, diabetes, atrial fibrillation, lower LVEF, wider LVEDD, β-blocker, ACEI/ARB, a loop diuretic, aldosterone antagonist, and dilated cardiomyopathy were the univariate predictors of all-cause mortality in the overall group. Older age (HR 1.02; 95% CI 1.01–1.04; P < 0.001), NYHA Class III/V (HR 1.55; 95% CI 1.1–2.19; P < 0.012), ischemic cardiomyopathy (HR 1.54; 95% CI 1.14–2.07; P < 0.005), wider LVEDD (HR 1.02; 95% CI 1.01–1.04; p = 0.01) were independent predictors of increased all-cause mortality.


Table 3. The univariate and multivariate risk factors of all-cause mortality.
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DISCUSSION


Major Findings

The following are the main findings of study: (1) according to Kaplan–Meier curves and Cox proportional hazards models, BMI had no significant impact on all-cause mortality in the patients with ICD, whether as a continuous variable or a categorical variable classified by various BMI categorization criteria. (2) A linear relationship between BMI and all-cause mortality was identified with the curve showing no statistically significant association between BMI and all-cause mortality.



Compared With Previous Studies

This study applied various statistical methods for data analysis, all of which indicated that there was no obesity paradox in the Chinese ICD population. This is consistent with the results of a Spanish study (14). However, another research from the United States reported that low BMI was independently associated with death at 1 year (15). In the Multicenter Automatic Defibrillator Implantation Trial-II (MADIT II) study, a study of a retrospective analysis of patients with left ventricular dysfunction after myocardial infarction, obese patients (BMI ≥ 30 kg/m2) had a higher survival rate than non-obese patients (16). Another study in the United States found a greater benefit of higher BMI on survival in patients with ICDs, particularly in the older patients (17). The inconsistent results may be due mainly to differences in demographic characteristics, ethnic groups, sample size, or adjusted covariates. In addition, from the MADIT era (26), the pharmacological treatment and prevention strategies for heart failure optimize over the years (27), which may contribute to a lower rate of all-cause mortality. This may make it harder to observe associations of BMI and all-cause mortality. However, the obesity paradox does not appear to be present in the Chinese ICD population as far as the results of this study are concerned.



Risk Factors Related to All-Cause Mortality Among Patients With an ICD

Our study found that older age, NYHA Class III/V, ischemic cardiomyopathy, and wider LVEDD were independent predictors of increased all-cause mortality. Compared with the patient in NYHA Class I/II, patients with NYHA Class III/V had a 55% increased risk of all-cause mortality. Higher NYHA Class was reported to be associated with a higher rate of 1-year all-cause mortality (15). Thus, our study extended the above findings to a 5-year follow-up, suggesting that the effect of cardiac function class, a very clinically assessable index, on all-cause mortality can last that long. This suggests that we need to pay more attention to the assessment and management of cardiac function class in patients with ICD. Similarly, we should improve the evaluation and management of patients with advanced age, ischemic cardiomyopathy, and left ventricular enlargement.



Clinical Implications

This study had some clinical implications. First, it clarified that the obesity paradox was not found in the Chinese with an ICD for the time being, adding evidence from the Chinese population to this controversial topic. Second, it illustrated that risk stratification for all-cause mortality based on baseline BMI was not desirable in the Chinese population with an ICD and that there was no need to focus specifically on the value of baseline BMI for the time being. Third, this study suggested that we should pay more attention to the patients with advanced age, ischemic cardiomyopathy, NYHA Class III/IV, and left ventricular enlargement.



Strengths and Limitations

The study had the following strengths. First, the study was a multicenter study with a relatively large sample size and good generalizability. Second, the study used multiple statistical methods to maximize the exploration of the relationship between BMI and all-cause mortality. Third, the study used various BMI grouping criteria to enhance the robustness of the results. However, the study had some limitations. First, the study was a retrospective observational study and there was some selection bias. Second, the study did not collect data on the blood tests, ECG, etc. that may have influenced the effect of BMI on mortality. We were unable to adjust for these substantial confounders; therefore, prospective studies that collect more variables are needed for further in-depth study. Third, in our study, we used conventional programming setting otherwise the proposed high-rate therapy and delayed ICD therapy were proposed in the Multicenter Automatic Defibrillator Implantation Trial-Reduce Inappropriate Therapy (MADIT-RIT) study (28). The effect of different programming settings on all-cause mortality should be considered. However, all the patients in our study received the same programming setting. So, the prognostic impact of the programming setting on each individual was close. Fourth, the relatively small number of obese patients in the study limited the generalizability of the findings. Last, in our investigation, we did not gather data on adiposity distribution (waist-to-hip ratio or waist circumference) or body fat percentage which were also indicators for obesity. However, it is undeniable that it is used in a wide range of studies (8, 10, 13–17) as a commonly used and easily accessible indicator. In the future, prospective studies that include larger sample sizes to ensure a balanced sample across groups and collect more indicators that respond to obesity are awaited to better illustrate the obesity paradox of all-cause mortality in the Chinese population with an ICD.




CONCLUSIONS

Using various statistical methods of analysis and different BMI grouping criteria, the obesity paradox in all-cause mortality did not emerge in the Chinese population with an ICD. Prospective studies are still needed to further explore this topic.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of Fuwai Hospital, the Chinese Academy of Medical Sciences (the lead institute), and all other collaborating organizations (Zhongshan Hospital, Fudan University, and so on). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

The study was conceived and designed by SZhang, MT, and BZ. The ICD was implanted by MT, KC, WH, YS, JY, ZL, and WX. The data were collected by SZhao. The data were analyzed and the manuscript was written by BZ, XS, and NY. The manuscript was revised by SZhang and MT. The final manuscript was read and approved by all authors.



FUNDING

This work was supported by the Natural Science Foundation of China (81470466) and the National Science & Technology Pillar Program during the 12th Five-Year Plan Period (2011BAI11B02).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2021.730368/full#supplementary-material



REFERENCES

 1. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends in obesity among adults in the United States, 2005 to 2014. JAMA. (2016) 315:2284–91. doi: 10.1001/jama.2016.6458

 2. Zhang L, Wang Z, Wang X, Chen Z, Shao L, Tian Y, et al. Prevalence of overweight and obesity in China: Results from a cross-sectional study of 441 thousand adults, 2012-2015. Obes Res Clin Pract. (2020) 14:119–26. doi: 10.1016/j.orcp.2020.02.005

 3. Ortega FB, Lavie CJ, Blair SN. Obesity and Cardiovascular Disease. Circul Res. (2016) 118:1752–70. doi: 10.1161/CIRCRESAHA.115.306883

 4. Kim SH, Després JP, Koh KK. Obesity and cardiovascular disease: friend or foe? Eur Heart J. (2016) 37:3560–8. doi: 10.1093/eurheartj/ehv509

 5. Lavie CJ, De Schutter A, Patel DA, Romero-Corral A, Artham SM, Milani RV. Body composition and survival in stable coronary heart disease: impact of lean mass index and body fat in the “obesity paradox”. J Am Coll Cardiol. (2012) 60:1374–80. doi: 10.1016/j.jacc.2012.05.037

 6. Elagizi A, Kachur S, Lavie CJ, Carbone S, Pandey A, Ortega FB, et al. An overview and update on obesity and the obesity paradox in cardiovascular diseases. Prog Cardiovasc Dis. (2018) 61:142–50. doi: 10.1016/j.pcad.2018.07.003

 7. Oreopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris CM, McAlister FA. Body mass index and mortality in heart failure: a meta-analysis. Am Heart J. (2008) 156:13–22. doi: 10.1016/j.ahj.2008.02.014

 8. Shah R, Gayat E, Januzzi JL Jr., Sato N, Cohen-Solal A, et al. Body mass index and mortality in acutely decompensated heart failure across the world: a global obesity paradox. J Am Coll Cardiol. (2014) 63:778–85. doi: 10.1016/j.jacc.2013.09.072

 9. Lavie CJ, De Schutter A, Parto P, Jahangir E, Kokkinos P, Ortega FB, et al. Obesity and prevalence of cardiovascular diseases and prognosis-the obesity paradox updated. Prog Cardiovasc Dis. (2016) 58:537–47. doi: 10.1016/j.pcad.2016.01.008

 10. Hansel B, Roussel R, Elbez Y, Marre M, Krempf M, Ikeda Y, et al. Cardiovascular risk in relation to body mass index and use of evidence-based preventive medications in patients with or at risk of atherothrombosis. Eur Heart J. (2015) 36:2716–8. doi: 10.1093/eurheartj/ehv347

 11. Sandhu RK, Ezekowitz J, Andersson U, Alexander JH, Granger CB, Halvorsen S, et al. The 'obesity paradox' in atrial fibrillation: observations from the ARISTOTLE (Apixaban for reduction in stroke and other thromboembolic events in atrial fibrillation) trial. Eur Heart J. (2016) 37:2869–78. doi: 10.1093/eurheartj/ehw124

 12. Lavie CJ, Sharma A, Alpert MA, De Schutter A, Lopez-Jimenez F, Milani RV, et al. update on obesity and obesity paradox in heart failure. Prog Cardiovasc Dis. (2016) 58:393–400. doi: 10.1016/j.pcad.2015.12.003

 13. Sharma A, Lavie CJ, Borer JS, Vallakati A, Goel S, Lopez-Jimenez F, et al. Meta-analysis of the relation of body mass index to all-cause and cardiovascular mortality and hospitalization in patients with chronic heart failure. Am J Cardiol. (2015) 115:1428–34. doi: 10.1016/j.amjcard.2015.02.024

 14. Gonzalez-Cambeiro MC, Rodriguez-Manero M, Abellas-Sequeiros A, Moreno-Arribas J, Filgueira-Rama D, Gonzalez-Juanatey JR. Prognostic effect of body mass index in patients with an implantable cardioverter-defibrillator for primary prevention of sudden death. Rev Esp Cardiol (Engl Ed). (2016) 69:990–2. doi: 10.1016/j.rec.2016.04.055

 15. Stein KM, Mittal S, Gilliam FR, Gilligan DM, Zhong Q, Kraus SM, et al. Predictors of early mortality in implantable cardioverter-defibrillator recipients. Europce. (2009) 11:734–40. doi: 10.1093/europace/eup055

 16. Choy B, Hansen E, Moss AJ, McNitt S, Zareba W, Goldenberg I, et al. Relation of body mass index to sudden cardiac death and the benefit of implantable cardioverter-defibrillator in patients with left ventricular dysfunction after healing of myocardial infarction. Am J Cardiol. (2010) 105:581–6. doi: 10.1016/j.amjcard.2009.10.041

 17. Jahangir A, Mirza M, Shahreyar M, Mengesha T, Shearer R, Sultan S, et al. Presence of obesity is associated with lower mortality in elderly patients with implantable cardioverter defibrillator. Int J Obes (Lond). (2018) 42:169–74. doi: 10.1038/ijo.2017.211

 18. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, et al. AHA/ACC/HRS guideline for management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: executive summary: a report of the american college of cardiology/american heart association task force on clinical practice guidelines and the heart rhythm society. J Am Coll Cardiol. (2017) 72:1677–749. doi: 10.1016/j.jacc.2017.10.053

 19. Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA 3rd, Freedman RA, Gettes LS, et al. ACC/AHA/HRS 2008 guidelines for device-based therapy of cardiac rhythm abnormalities: a report of the american college of cardiology/american heart association task force on practice guidelines (writing committee to revise the acc/aha/naspe 2002 guideline update for implantation of cardiac pacemakers and antiarrhythmia devices) developed in collaboration with the american association for thoracic surgery and society of thoracic surgeons. J Am Coll Cardiol. (2008) 51:e1–62. doi: 10.1016/j.jacc.2008.02.032

 20. Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, Fromer M, et al. ACC/AHA/ESC 2006 guidelines for management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: a report of the american college of cardiology/american heart association task force and the european society of cardiology committee for practice guidelines (writing committee to develop guidelines for management of patients with ventricular arrhythmias and the prevention of sudden cardiac death) developed in collaboration with the European heart rhythm association and the heart rhythm Society. Europace. (2006) 8:746–837. doi: 10.1161/CIRCULATIONAHA.106.178233

 21. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The strengthening the reporting of observational studies in epidemiology (strobe) statement: guidelines for reporting observational studies. Ann Intern Med. (2007) 147:573–7. doi: 10.7326/0003-4819-147-8-200710160-00010

 22. Cornier MA, Després JP, Davis N, Grossniklaus DA, Klein S, Lamarche B, et al. Assessing adiposity: a scientific statement from the American heart association. Circulation. (2011) 124:1996–2019. doi: 10.1161/CIR.0b013e318233bc6a

 23. Appropriate body-mass index for Asian populations and its implications for policy and intervention strategies. Lancet. (2004) 363(9403):157-63. doi: 10.1016/S0140-6736(03)15268-3

 24. Zhou BF. Predictive values of body mass index and waist circumference for risk factors of certain related diseases in Chinese adults–study on optimal cut-off points of body mass index and waist circumference in Chinese adults. Biomed Environ Sci. (2002) 15:83–96. Available online at: http://www.besjournal.com/en/article/id/ded16556-1996-443d-a9f1-6ee7366da8b9

 25. Li Z, Zhao S, Chen K, Su Y, Hua W, Chen S, et al. Prognostic significance of frequent premature ventricular complex early after implantation among patients with implantable cardioverter defibrillator. J Electrocardiol. (2018) 51:898–905. doi: 10.1016/j.jelectrocard.2018.06.004

 26. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, et al. Prophylactic implantation of a defibrillator in patients with myocardial infarction and reduced ejection fraction. New Engl J Med. (2002) 346:877–83. doi: 10.1056/NEJMoa013474

 27. Braunwald E. The war against heart failure: the Lancet lecture. Lancet. (2015) 385:812–24. doi: 10.1016/S0140-6736(14)61889-4

 28. Moss AJ, Schuger C, Beck CA, Brown MW, Cannom DS, Daubert JP, et al. Reduction in inappropriate therapy and mortality through ICD programming. New Engl J Med. (2012) 367:2275–83. doi: 10.1056/NEJMoa1211107

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Zhou, Sun, Yu, Zhao, Chen, Hua, Su, Yang, Liang, Xu, Tang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-730368-t001.jpg
Variables Total BMI <24 BMI: 24-28 BM > 28 P

kg/m? kg/m? kg/m?
(n=970) (n =567) (n=2352) (n=51)

Male, n (%) 707 (72.9) 392 (69.1) 275 (78.1) 40 (78.4) 0,008
Age atimplantation, years 603 135 603 13.7 60.7 = 13.0 583 15.0 0.498
NYHA, Class IV, n (%) 484 (49.9) 288 (50.8) 170 (48.3) 26 (51) 0.753
SBP, mmHg 1245174 1285 % 17.1 1250+ 173 1319+ 19.9 0,004
DBR, mmHg 769 % 10.9 76.1 £ 106 775 % 10.7 80.7 % 18.8 0.005
Primary prevention, n (%) 576 (59.4) 343 (60.5) 199 (56.5) 34(66.7) 0273
CRTD, n (%) 266 (27.4) 163 (28.7) 90 (25.6) 13 (25.5) 0548
Ischemic cardiomyopathy, n (%) 324 (33.4) 174 (30.7) 127 36.1) 23(45.1) 0046
Dilated cardiomyopathy, n (%) 238 (24.5) 142 (25) 84(23.9) 12 (28.5) 0908
Hypertrophic cardiomyopathy, n (%) 37(38) 19.(3.4) 133.7) 5(9.8) 0.091

Long QT syndrome, n (%) 12(12) 7(12) 5(1.4) 0(0) 0888
Hypertension, n (%) 305 (31.4) 163 (28.7) 114.(32.4) 28(54.9) <0.001
Diabetes mellitus, n (%) 101 (10.4) 51(9) 42(11.9) 8(15.7) 0.164
Stroke, n (%) 18(19) 5(09) 10(2.8) 3(5.9) 001

Atral fibrilation, 1 (%) 104 (10.7) 60(10.6) 38(10.8) 6(11.8) 0965
Pre-implant syncope, n (%) 194 (20.0) 114 (20.1) 78(22.2) 2(39) 001

LVEF, % 425+ 149 42.1£150 428+ 147 444155 0503
LVEDD, mm 588131 584132 50.7 % 1.0 57.3+13.3 0252
p-Blocker, n (%) 566 (58.4) 326 (57.5) 209 (59.4) 31(60.8) 08

Amiodarone, n (%) 290 (29.9) 171(30.2) 109 31) 10 (19.6) 0248
ACE or ARB, n (%) 360 (37.1) 207 (36.5) 132 (37.5) 21(41.2) 079

Diuretic, n (%) 382 (39.4) 212 (37.4) 149 (42.3) 21(41.2) 0318
Loop diuretic, n (%) 280 (28.9) 159 (28) 106 (30.1) 15 (29.4) 0.794
Aldosterone antagonist, n (%) 363 (37.4) 210(37) 138 (39.2) 15 (29.4) 0385

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CRI-D, cardiac resynchronization therapy defibrilator; DBR diastolic biood
pressure; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-systolic dimension; NYHA, New York Heart Association; SBP. systolic blood pressure.
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