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Deleterious Effects of Epicardial Adipose Tissue Volume on Global Longitudinal Strain in Patients With Preserved Left Ventricular Ejection Fraction
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Background: It is known that epicardial adipose tissue (EAT) volume is linked to cardiac dysfunction. However, it is unclear whether EAT volume (EATV) is closely linked to abnormal LV strain. We examined the relationship between EATV and global longitudinal strain (GLS), global circumferential strain (GCS), and global radial strain (GRS) in patients with preserved LV function.

Methods: Notably, 180 consecutive subjects (68 ± 12 years; 53% men) underwent 320-slice multi-detector computed tomography coronary angiography and were segregated into coronary artery disease (CAD) (≥1 coronary artery branch stenosis ≥50%) and non-CAD groups. GLS, GCS, and GRS were evaluated by 2-dimensional speckle tracking in patients with preserved left ventricular (LV) ejection fraction (LVEF) ≥50%.

Results: First, GLS, but not GRS and GCS, was lower in the high EATV group though the LVEF was comparable to the low EATV group. Frequency of GLS ≤18 was higher in the high EATV group. Second, multiple regression model showed that EATV, age, male sex, and CAD, were determinants of GLS. Third, the cutoff points of EATV were comparable (~116–117 mL) in both groups. The cutoff of EATV ≥116 showed a significant correlation with GLS ≤18 in overall subjects.

Conclusions: Increasing EATV was independently associated with global longitudinal strain despite the preserved LVEF and lacking obstructive CAD. Our findings suggest an additional role of EAT on myocardial systolic function by impaired LV longitudinal strain.
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INTRODUCTION

The volume-based measurement of the left ventricular (LV) ejection fraction (LVEF) is a simple measure of the global systolic function that encompasses risk evaluation and the management of various cardiovascular diseases. However, this parameter is limited by pathophysiological entities where the ratio of the stroke volume to LV cavity size is preserved (1). This notion is well-applicable in the setting that patients with preserved EF (HFpEF) have a similar mortality rate to patients with reduced EF (HFrEF) (2, 3). A number of observational and interventional studies have validated the global strain of the LV myocardium measured by speckle tracking to be superior to both LVEF and LV filling parameters for predicting the outcome in HFpEF (4–6). Thus, adding global longitudinal strain (GLS), the most robust deformation marker, to LVEF increases the accuracy of predicting cardiovascular events in patients with ischemic or non-ischemic heart failure (4–6). GLS is often disturbed in preserved EF patients with hypertension (7), diabetes mellitus (8), LV hypertrophy (9), and cancer therapy-related cardiac dysfunction (CTRCD) (10, 11).

Poor GLS could be a marker of early cardiac dysfunction in obese individuals. There were reports that body mass index (BMI) (12–14) or visceral fat area (VFA) (15) was negatively associated with GLS. It has been suggested that the accumulation of epicardial adipose tissue (EAT) underlies cardiac dysfunction in obesity (16, 17). It is possible to hypothesize that the EAT volume (EATV) is more closely linked to an abnormal LV strain than other adiposity indices. However, studies evaluating this link are limited. Ng et al. showed that EATV is a determinant of LV strain independent of BMI and waist/hip ratio in patients without coronary artery disease (CAD) (18). LV strains can be affected by ischemic burdens in patients with preserved LVEF (1); therefore, the effects of CAD on LV strains are also to be elucidated.

In clinical imaging modalities, cardiac strain is represented by three principal directions (longitudinal, circumferential, circumferential, and radial) (19). LV myocardial fibers adjacent to the endocardium are longitudinally oriented and yield a longitudinal shortening; LV myocardial fibers in the middle layer are oriented circularly around the short axis and yield a radial shortening; and LV myocardial fibers adjacent to the epicardium are oriented obliquely and result in circumference shorting (19). Therefore, EATV might be linked differently to the strains of three layers. In this study, we examined the relationship between EATV and GLS, global circumferential strain (GCS), and the global radial strain (GRS) in CAD or non-CAD patients.



METHODS


Study Population

We retrospectively analyzed 482 consecutive Japanese patients who had undergone cardiac computed tomography (CT) for the purpose of suspected CAD between 2012 and 2015 at Tokushima University Hospital (Supplement 1, Participant recruitment flow chart). Subjects were divided into the coronary artery disease (CAD, if ≥1 coronary artery branch stenosis of ≥50%) and non-CAD groups. The major exclusion criteria include serum creatinine levels >1.5 mg/dL; class III or IV heart failure; iodine-based allergy; acute coronary events, stroke, or coronary revascularization within the preceding 3 months; overt liver disease; hypothyroidism; and severe valvular disease. We had excluded acute coronary events because LV strain may be largely variable during course of acute coronary events. To exclude acute coronary events, we had evaluated medical records before and after cardiac CT and selected only chronic and stable CAD. Since the data for the validity of systolic function indices during atrial fibrillation (AF) are limited, we excluded AF patients. Additionally, we excluded patients either with LVEF <50% or regional LV wall motion abnormality to detect early systolic abnormalities of LV strains. Altogether, 180 patients were included in the full analysis set.



Measurements

Trained staff measured the height, body weight, and blood pressure of the participants. Questionnaires were administered to record data on smoking history, use of anti-hypertensive drugs, anti-hyperglycemic drugs, and lipid-lowering drugs. A participant was recognized as having diabetes mellitus, when the fasting plasma glucose level was ≥126 mg/dL, or the HbA1c level was ≥6.5% (48 mmol/mol), or the participant was taking a regular medication of anti-hyperglycemic drugs. A participant was recognized as hypertensive, if systolic blood pressure was ≥140 mmHg, diastolic blood pressure was ≥90 mmHg, or if she/he was regularly taking antihypertensive drugs. A participant was recognized as having dyslipidemia, if the high-density lipoprotein (HDL)-cholesterol levels were <40 mg/dL (1.0 mmol/L), if low-density lipoprotein (LDL)-cholesterol levels were ≥140 mg/dL (3.6 mmol/L), or if triglyceride levels were ≥150 mg/dL (1.7 mmol/L), or if they were regularly taking lipid-lowering drugs.



Quantification of Epicardial Fat Volume

Cardiac CT was performed using a 320-slice CT scanner (Aquilion One; Toshiba Medical Systems, Tokyo, Japan) having 0.275-ms rotation and 0.5/320/0.25 collimation (20). CT images were acquired using a retrospective, non-helical electrocardiogram-triggered acquisition mode protocol (tube voltage, 120 kV; tube current, 450 mA × 5 ms) with a thickness of 5-mm slices. All reconstructed CT image data were transferred to an offline workstation (Synapse Vincent, ver. 4.4, Fuji Film, Tokyo, Japan). EATV and local EAT thickness were measured as previously reported (17, 21, 22).



Standard Echocardiographic Measurements

Echocardiography was performed using commercially available ultrasound diagnostic instruments in accordance with the guidelines issued by the American Society of Echocardiography (23). A complete 2D color, pulsed, and continuous-wave Doppler echocardiogram was performed. Imaging included apical two- and four-chamber views, from which LV and left atrial (LA) volumes were measured by the biplane method of disks using 2-dimensional images. The cavity dimension and wall thickness were measured in a parasternal long axis view. The left ventricular mass was estimated using the formula recommended by the guidelines. The measurement of the left ventricular ejection fraction was performed in biplane apical (2- and 4-chamber) views using a modified Simpson's method.



2-Dimensional Strain Echocardiography

The peak systolic LV strains were analyzed offline using a computer software program by EchoInsight software as described (24, 25). Briefly, the endocardium was automatically tracked throughout the cardiac cycle in the apical 4-chamber, 2-chamber, and long-axis views, after the manual definition of the LV endocardial border. Horizontal long-axis cines were tracked to derive longitudinal displacement and strain, while short-axis cines were used to derive the circumferential and radial displacements and strain. The strain values for the 6 basal, 6 mid, and 6 apical segments of the LV were averaged for GLS, GCS, and GRS (19). Yang et al. adopted cutoff values of GLS in surveillance of cancer chemotherapeutic-related cardiac dysfunction: >18% normal, 16–18% borderline and <16% is abnormal (10). Since our participants included non-CAD in addition to CAD subjects were considered to be normal to mild in GLS dysfunction, the value of GLS ≤18 was set as abnormal GLS (10).



Statistical Analysis

The continuous and parametric values are expressed as mean ± standard deviation and categorical variables as percentage. The two-tailed unpaired student's t-test or chi-square test was used for group comparisons. Univariate or multivariate-adjusted regression analyses were performed to estimate the associations between potential determinants and longitudinal, radial, and circumference trains, the optimal cutoff values of EATV for predicting GLS ≤18 (10) were identified using receiver-operating characteristic (ROC) curves. Univariate or multivariate-adjusted odds ratios (OR) were also calculated to determine the clinical utility of the variables to estimate the GLS ≤18. Values of P < 0.05 were considered as statistically significant. Statistical analyses were conducted using the SPSS version 25 (SPSS, Inc., Chicago, Illinois, USA).




RESULT


General Characteristics

The general characteristics of patients with low EATV (<median EATV = 112 mL) and high EATV (≥median EATV = 112 mL) are shown in Table 1. EATV in the low and high EATV groups was 78 ± 25 and 162 ± 38 mL, respectively. In the high EATV group, the mean age and prevalence of male subjects were not statistically significant. There were no differences in the systolic and diastolic blood pressure and heart rate. The body weight and BMI were larger in the high EATV group. There was no difference between the total and LDL cholesterol; however, the HDL cholesterol was lower, and triglyceride was higher in the high EATV group. There was no difference between the fasting plasma glucose and HbA1C. Although smoking history and obesity were higher in the high EATV group, there was no difference in the proportion of hypertension, diabetes mellitus, or CAD.


Table 1. General characteristics of studied patients with low and high EATV.

[image: Table 1]

Among the echocardiographic parameters, LVDd and LVEDV were significantly greater in the high EATV group than in the lower EATV group and other measurements including LVEF and LV mass index were comparable between two groups. For LV strain, the global longitudinal strain (GLS) was lower in the high EATV group; however, the global radial strain (GRS) and global circumference strain (GCS) were comparable. The frequency of GLS ≤18 was higher in the high EATV group (37 vs. 22%, P = 0.034). Representative measurements of the global longitudinal strain (GLS) in patients with lower and higher EATV are shown in Figure 1.


[image: Figure 1]
FIGURE 1. Representative measurements of global longitudinal strain (GLS), in patients with lower and higher epicardial adipose tissue volume (EATV). EAT measurements was manually placed (A,B) along the visceral pericardium; (C,D) the EAT area was automatically acquired as a density range between −190 and −30 HU in cardiac computed tomography. Compared with the lower EATV group (A), with the group with higher EATV (B) had an impaired GLS (−19.84 vs. −14.93%), despite other clinical parameters being similar.




EATV and LV Strain

The univariate regression analysis for the global longitudinal, radial, and circumferential strain in the overall group, non-CAD, and CAD patients is displayed in Supplement 2 and Figure 2. In the overall patient group: GLS was observed to decrease with age, male sex, the presence of CAD, and EATV, but increased with LVEF; GRS was observed to decrease with IVS, LVPW, and LVMI; GCS was observed to decrease with BMI, but increased with IVS and LVEF. In the non-CAD subgroup, GLS was observed to decrease with EATV, but increased with LVEF; GRS was observed to increase with LVPW; GCS was observed to increase with smoking history and LVEF. In the CAD subgroup, GLS was observed to decrease with the male sex and EATV, but increased with the LVEF; GRS was observed to increase with IVS; GCS was observed to increase with LVEF.
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FIGURE 2. Simple correlations between the echocardiographic parameters of end systolic global longitudinal strain (GLS), global circumferential strain (GCS), and global radial strain (GRS), respectively with age, body mass index (BMI), left ventricular mass index (LVMI), and epicardial adipose tissue volume (EATV) in patients with or without coronary artery disease (CAD). A simple regression analysis was made separately in non-CAD (black circles and lines) and CAD patients (blue circles and lines). The R and P-values are shown.


The relationship between the LVEF and LV global strains and age, BMI, LVMI, and EATV was plotted in Figure 2. LVEF and GCS did not correlate with age, BMI, LVMI, or EATV. GLS was observed to decrease with EATV in both the non-CAD and CAD groups. GRS decreased with LVMI only in the CAD group. In Supplement 3, the explanatory factors of global strain by multivariate analysis were examined. GLS decline was significantly associated with the male sex, CAD, and EATV (Model 4). GRS correlated only with hypertension (Model 4) and GCS correlated with BMI. Since EATV was associated only with GLS, we focused the subsequent analysis on the association between EATV and GLS.



EATV Cutoff and OR for GLS Abnormality (GLS ≤18)

The general characteristics of patients with GLS > 18 and GLS ≤18 are shown in Table 2. The GLS ≤18 group was older and had higher prevalence of CAD. The body weight, BMI and blood pressure were comparable between two groups, while EATV was higher in the GLS ≤18 group. There was no difference in the fasting plasma glucose and HbA1C. Among the echocardiographic LV measures and LV strain, only GLS and GRS were significantly different between two groups.


Table 2. General characteristics of studied patients with GLS >18 and GLS ≤18.
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The cutoff points of EATV for predicting GLS ≤18% in the ROC curve analysis are shown in Figure 3. The cutoff points were comparable among the overall (116 mL), non-CAD (117 mL), and CAD (116 mL) groups, respectively, and showed a significant power, in the overall and non-CAD groups, but not in the CAD group (Figure 3, upper panel). EATV was significantly higher in the GLS <18% group than in the patients with GLS >18% only in the overall study group and non-CAD groups (Figure 3, lower panel).
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FIGURE 3. Receiver-operating-characteristic (ROC) curve analysis evaluating the predictive accuracy of the left ventricular (LV) global longitudinal strain in the overall, non-CAD, and CAD patients. Upper panel: The cut-off point of epicardial adipose tissue volume (EATV) for predicting GLS ≤18 and its sensitivity and specificity are shown. Lower panel: Comparisons of EATV between GLS ≤18 vs. GLS >18 were made by two-tailed unpaired t-tests and the statistical significance was set at P < 0.05.


Finally, we calculated the ORs of the EATV cutoff for GLS ≤18%. As shown in Table 3, in the overall study group, EATV ≥116 was correlated with GLS ≤18 (crude OR 2.54 [95% CI 1.31–4.92], P = 0.006, and multivariate-adjusted OR 2.22 [1.03–4.79], P = 0.042) as well as diabetes mellitus and CAD. In the non-CAD and the CAD groups, EATV ≥116 mL did not reach to a significant correlation with GLS ≤18. In the CAD group, only diabetes mellitus was correlated with GLS ≤18 (crude OR 2.54 [95% CI 1.05–6.12], P = 0.038, and multivariate-adjusted OR 2.22 [1.04–6.94], P = 0.041).


Table 3. Logistic regression analysis to predict GLS abnormality (GLS ≤18).
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DISCUSSION

In this study, we examined the relationship between the EAT and LV strains in patients with preserved LVEF. We obtained three major findings. First, the GLS, but not the GRS and GCS, was lower in the high EATV group though LVEF values were comparable to the low EATV group. The frequency of GLS ≤18 was higher in the high EATV group. Second, the multiple regression model showed that EATV as well as age, male sex, CAD, were determinants of GLS (Supplement 3, Model 4). Third, the cutoff points of EATV were comparable (~116–117 mL) in the overall, non-CAD, and the CAD groups. The cutoff of EATV ≥116 showed a significant correlation with GLS ≤18 in overall, but did not in the non-CAD and CAD groups. Taken together, our results demonstrated that EATV was a determinant of GLS abnormality in overall patients with preserved LVEF.


EATV and General Characteristics

Although the LVEF values were comparable, the GLS, but not GRS and GCS, was altered in the high EATV group. Accordingly, the frequency of GLS ≤18 was higher in the high EATV group (37 vs. 22%, P = 0.034). Previous studies reported that patients with high EATV showed structural and functional alterations in the heart. Thus, high accumulations in EATV were reported to be correlated with a severity of CAD (21, 22, 26), progression of coronary high risk plaques (27), LV mass (16), and LV diastolic function (17). In contrast, the LVEF was not correlated with EATV (28) and patients with HFrEF would rather have a reduction in the EATV compared with normal controls (29). Collectively, the impact of EATV accumulation on cardiac indices can be various in patients' conditions and may be pronounced in preserved LVEF.



EATV and LV Strain

The relationship between EATV and LV strains remains to be elucidated. Previous studies indicated that an increase in the BMI (12–14) was correlated with reduced GLS. Further, the current study clarified that EATV was a determinant of LV GLS independent of BMI in patients with preserved LVEF. This finding was consistent with the results of the report by Ng et al. (18). It has been shown that EATV was correlated with markers of LV mass (16) and LV diastolic function (E/e) (17), independent of BMI and VFA. Taken together, with respect to our results and Ng. et al. (18), the accumulation of EATV can be related to reduced GLS more strongly than whole body adiposity (12–14).



EATV Cutoff and OR for GLS Abnormality (GLS ≤18)

For the first time, we evaluated the cutoff value of EATV for detecting global strain abnormalities and its diagnostic utility. The cutoff of EATV ≥116 mL showed a significant adjusted OR 2.22 [1.03–4.79] in overall subjects (Table 3). Reportedly, the cutoffs of EATV were 92 mL (CAD) (30), 100 mL (ACS) (31), 126 mL (cardiovascular events) (32), and 107 mL (high-risk plaque) (27), respectively. Our cutoff value of 116 mL is close to these values; therefore, it may share hidden cardiovascular risks. In the overall subjects, CAD and EATV ≥116 mL were significant determinants and diabetes mellitus was the sole determinant in the CAD group for GLS ≤18. EATV might affect GLS as well as the presence of CAD and diabetes mellitus.



Potential Mechanisms

The mechanisms underlying the correlation between the accumulation of EATV and reduced GLS in patients with preserved LVEF remain to be elucidated. Three potential mechanisms were discussed below (33–35).

First, the accumulation of EATV may represent obesity-related systemic inflammatory disorders, which may promote cardiac dysfunction including GLS abnormality (33–35). Impaired LV global strain and/or heart failure (HFpEF) in obese individuals may be linked to systemic hemodynamic and hormonal abnormalities. It is noted that accumulated EATV closely related to visceral fat obesity (VFO) or central obesity, which is the potential risk of HFpEF (36, 37) through the development of diabetes mellitus, dyslipidemia, hypertension, and CAD (38). High EATV may be linked to reduced LV strains independent of the presence of diabetes, dyslipidemia, and hypertension as in VFO (33) via the activation of sympathetic nerve systems, production of reactive oxygen species (ROS) (39), chronic kidney disease (CKD), and proinflammatory immunometabolism (34). Moreover, our notion may be supported by the fact that increased EAT volume and insulin resistance were independently associated with increased myocardial fat accumulation and interstitial myocardial fibrosis (40).

Second, EAT may have local direct effects on the myocardium (33–35), which can modulate the LV strain. Hence, the accumulation of EATV may directly affect GLS via the paracrine action of EAT-derived cytokines. Notably, there are four components of lipids deposition in the heart: (1) circulatory and locally recruited fat, (2) intra- and extra-myocellular fat, (3) perivascular fat, and (4) pericardial fat, all of which are considered to modulate the LV strain via cellular cross-talk between the EAT and myocardium (lipotoxicity) (33, 41). Correlation of myocardial fat accumulation with GLS (40) supports this idea. Kramer et al. found that the subepicardial LV strain, as compared to the subendocardial strain, was largely impaired in the high-fat diet-induced obese model (42). A link between EAT accumulation and subepicardial strains might be suggested.

Third, EATV was associated with reduced GLS, but not with GRS and GCS, in the CAD and non-CAD groups. Haggerty et al. (43) demonstrated that EATV was negatively associated not only with GLS, but also with GCS and GRS. The reasons for this discrepancy could not be identified. Instead, our results agreed with Haggerty et al. (43) showing that the GRS was positively associated with the LV mass index (Figure 2). Previous studies showed that GRS was higher and GLS was lower in hypertensive patients with LV hypertrophy (44). It may be suggested that LV functional and structural remodeling, which can be affected independently by hypertension and EATV, may affect the GLS and GRS with different time courses. The current study showed that the GCS was negatively associated with BMI, but not with EATV (Supplement 2). This result agrees with a previous report (45). Theoretically, myocardial contraction can be classified according to the involved myocardial layer into (1) contraction of the subendocardial fibers contributing to longitudinal shortening, (2) contraction of the subepicardial fibers contributing to circumferential shortening, and (3) transmural fibers contributing to radial thickening (46). Studies in obese individuals reported that the GLS was commonly impaired; however, the changes in GRS and GCS were inconsistent between 2D and 3D (47–49), suggesting that this layer-specific strain measurements are being useful but still under clinical validation.



Study Limitations

This study has potential limitations. First, the study design was cross-sectional, and it was conducted at a single center with a relatively small number of patients. Second, the patients consisted entirely of Japanese patients; therefore, the relevance of this study to other ethnic populations requires further research. Third, we did not consider the impact of patient medications or lifestyles on LV global strain. Fourth, we defined the impaired GLS as ≤18 based on the modification of Yang et al. (10), thereby limiting our results to moderate to severe GLS impairment. Fifth, previous studies show that accumulation of EATV is frequently linked to inflammatory status (26), suggesting that enhancement of chronic inflammation may underlie the link between EATV and GLS. However, because of the retrospective study design, we could not study the link in this study.




CONCLUSION

This study found that increasing EATV is independently associated with the global longitudinal strain despite the preserved LVEF and lack of obstructive CAD. Our finding suggests the additional role of EAT on the myocardial systolic function by impaired LV longitudinal strain. The finding may help further our understanding of the link between obesity and heart failure with preserved LVEF.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Materials, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Fukushima Medical University and Tokushima University ethics committees. Written informed consent was not provided because the study was done in a retrospective design.



AUTHOR CONTRIBUTIONS

MSh designed the research. GM collected data with the assistance of YT and NY. MSh and GM analyzed and interpreted data and wrote the manuscript with inputs from all other authors. KK and YT supervised the echocardiographic analysis. DF, SY, TS, HM, and MSa advised and discussed the study. MSh was the guarantor of this work, and as such, had full access to all the data in the study, takes responsibility for the integrity of the data, and the accuracy of the data analysis.



FUNDING

This study was supported by the Japan Society for the Promotion of Science (JPSP) (Grant Nos. JP16K01823 and JP17K00924 to MSh) and a grant from the Japan Agency for Medical Research and Development (AMED, 965304 to MSh).



ACKNOWLEDGMENTS

We are deeply grateful to the staffs and Drs. Masafumi Harada and Shoichiro Takao at the Department of Radiology of Tokushima University for cooperation in the data acquisitions of cardiac CT and to all staffs at the Ultrasound Examination Center, Tokushima University Hospital for acquisition of the echocardiographic parameters.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2020.607825/full#supplementary-material



REFERENCES

 1. Potter E, Marwick TH. Assessment of left ventricular function by echocardiography: the case for routinely adding global longitudinal strain to ejection fraction. JACC Cardiovasc Imaging. (2018) 11:260–74. doi: 10.1016/j.jcmg.2017.11.017

 2. Vaduganathan M, Michel A, Hall K, Mulligan C, Nodari S, Shah SJ, et al. Spectrum of epidemiological and clinical findings in patients with heart failure with preserved ejection fraction stratified by study design: a systematic review. Eur J Heart Fail. (2016) 18:54–65. doi: 10.1002/ejhf.442

 3. Vaduganathan M, Patel RB, Michel A, Shah SJ, Senni M, Gheorghiade M, et al. Mode of death in heart failure with preserved ejection fraction. J Am Coll Cardiol. (2017) 69:556–69. doi: 10.1016/j.jacc.2016.10.078

 4. Sengelov M, Jorgensen PG, Jensen JS, Bruun NE, Olsen FJ, Fritz-Hansen T, et al. Global longitudinal strain is a superior predictor of all-cause mortality in heart failure with reduced ejection fraction. JACC Cardiovasc Imaging. (2015) 8:1351–9. doi: 10.1016/j.jcmg.2015.07.013

 5. Park JJ, Park J-B, Park J-H, Cho GY. Global longitudinal strain to predict mortality in patients with acute heart failure. J Am Coll Cardiol. (2018) 71:1947–57. doi: 10.1016/j.jacc.2018.02.064

 6. Tschöpe C, Senni M. Usefulness and clinical relevance of left ventricular global longitudinal systolic strain in patients with heart failure with preserved ejection fraction. Heart Fail Rev. (2020) 25:67–73. doi: 10.1007/s10741-019-09853-7

 7. Soufi Taleb Bendiab N, Meziane-Tani A, Ouabdesselam S, Methia N, Latreche S, Henaoui L, et al. Factors associated with global longitudinal strain decline in hypertensive patients with normal left ventricular ejection fraction. Eur J Prev Cardiol. (2017) 24:1463–72. doi: 10.1177/2047487317721644

 8. Liu J-H, Chen Y, Yuen M, Zhen Z, Chan CWS, Lam KSL, et al. Incremental prognostic value of global longitudinal strain in patients with type 2 diabetes mellitus. Cardiovasc Diabetol. (2016) 15:22. doi: 10.1186/s12933-016-0333-5

 9. Celutkiene J, Plymen CM, Flachskampf FA, De Boer RA, Grapsa J, Manka R, et al. Innovative imaging methods in heart failure: a shifting paradigm in cardiac assessment. Position statement on behalf of the Heart Failure Association of the European Society of Cardiology. Eur J Heart Fail. (2018) 20:1615–33. doi: 10.1002/ejhf.1330

 10. Yang H, Wright L, Negishi T, Negishi K, Liu J, Marwick TH. Assessment of left ventricular global longitudinal strain for surveillance of cancer chemotherapeutic-related cardiac dysfunction. JACC Cardiovasc Imaging. (2018) 11:1196. doi: 10.1016/j.jcmg.2018.07.005

 11. Saijo Y, Kusunose K, Okushi Y, Yamada H, Toba H, Sata M. Relationship between regional left ventricular dysfunction and cancer-therapy-related cardiac dysfunction. Heart. (2020) 106:1752–8. doi: 10.1136/heartjnl-2019-316339

 12. Dini FL, Fabiani I, Miccoli M, Galeotti GG, Pugliese NR, D'agostino A, et al. Prevalence and determinants of left ventricular diastolic dysfunction in obese subjects and the role of left ventricular global longitudinal strain and mass normalized to height. Echocardiography. (2018) 35:1124–31. doi: 10.1111/echo.13890

 13. Wang Y, Yang H, Nolan M, Pathan F, Negishi K, Marwick TH. Variations in subclinical left ventricular dysfunction, functional capacity, and clinical outcomes in different heart failure aetiologies. ESC Heart Fail. (2018) 5:343–54. doi: 10.1002/ehf2.12257

 14. Lee H-J, Kim H-L, Lim W-H, Seo J-B, Kim S-H, Zo J-H, et al. Subclinical alterations in left ventricular structure and function according to obesity and metabolic health status. PLoS ONE. (2019) 14:e0222118. doi: 10.1371/journal.pone.0222118

 15. Cho DH, Joo HJ, Kim MN, Lim DS, Shim WJ, Park SM. Association between epicardial adipose tissue, high-sensitivity C-reactive protein and myocardial dysfunction in middle-aged men with suspected metabolic syndrome. Cardiovasc Diabetol. (2018) 17:95. doi: 10.1186/s12933-018-0735-7

 16. Nerlekar N, Muthalaly RG, Wong N, Thakur U, Wong DTL, Brown AJ, et al. Association of volumetric epicardial adipose tissue quantification and cardiac structure and function. J Am Heart Assoc. (2018) 7:e009975. doi: 10.1161/jaha.118.009975

 17. Maimaituxun G, Yamada H, Fukuda D, Yagi S, Kusunose K, Hirata Y, et al. Association of local epicardial adipose tissue depots and left ventricular diastolic performance in patients with preserved left ventricular ejection fraction. Circ J. (2020) 84:203–16. doi: 10.1253/circj.CJ-19-0793

 18. Ng ACT, Goo SY, Roche N, Van Der Geest RJ, Wang WYS. Epicardial adipose tissue volume and left ventricular myocardial function using 3-dimensional speckle tracking echocardiography. Can J Cardiol. (2016) 32:1485–92. doi: 10.1016/j.cjca.2016.06.009

 19. Støylen A, Mølmen HE, Dalen H. Left ventricular global strains by linear measurements in three dimensions: interrelations and relations to age, gender and body size in the HUNT Study. Open Heart. (2019) 6:e001050. doi: 10.1136/openhrt-2019-001050

 20. Raff GL, Abidov A, Achenbach S, Berman DS, Boxt LM, Budoff MJ, et al. SCCT guidelines for the interpretation and reporting of coronary computed tomographic angiography. J Cardiovasc Comput Tomogr. (2009) 3:122–36. doi: 10.1016/j.jcct.2009.01.001

 21. Dagvasumberel M, Shimabukuro M, Nishiuchi T, Ueno J, Takao S, Fukuda D, et al. Gender disparities in the association between epicardial adipose tissue volume and coronary atherosclerosis: a 3-dimensional cardiac computed tomography imaging study in Japanese subjects. Cardiovasc Diabetol. (2012) 11:106. doi: 10.1186/1475-2840-11-106

 22. Maimaituxun G, Shimabukuro M, Fukuda D, Yagi S, Hirata Y, Iwase T, et al. Local thickness of epicardial adipose tissue surrounding the left anterior descending artery is a simple predictor of coronary artery disease- new prediction model in combination with framingham risk score. Circ J. (2018) 82:1369–78. doi: 10.1253/circj.CJ-17-1289

 23. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. J Am Soc Echocardiogr. (2015) 28:1–39.e14. doi: 10.1016/j.echo.2014.10.003

 24. Kusunose K, Torii Y, Yamada H, Nishio S, Hirata Y, Seno H, et al. Clinical utility of longitudinal strain to predict functional recovery in patients with tachyarrhythmia and reduced LVEF. JACC Cardiovasc Imaging. (2017) 10:118–26. doi: 10.1016/j.jcmg.2016.03.019

 25. Kusunose K, Yamada H, Nishio S, Ishii A, Hirata Y, Seno H, et al. RV myocardial strain during pre-load augmentation is associated with exercise capacity in patients with chronic HF. JACC Cardiovasc Imaging. (2017) 10:1240–9. doi: 10.1016/j.jcmg.2017.03.022

 26. Shimabukuro M, Hirata Y, Tabata M, Dagvasumberel M, Sato H, Kurobe H, et al. Epicardial adipose tissue volume and adipocytokine imbalance are strongly linked to human coronary atherosclerosis. Arterioscler Thromb Vasc Biol. (2013) 33:1077–84. doi: 10.1161/atvbaha.112.300829

 27. Tan Y, Zhou J, Zhou Y, Yang X, Wang J, Chen Y. Epicardial adipose tissue is associated with high-risk plaque feature progression in non-culprit lesions. Int J Cardiovasc Imaging. (2017) 33:2029–37. doi: 10.1007/s10554-017-1158-3

 28. Nerlekar N, Muthalaly RG, Wong N, Thakur U, Wong DTL, Brown AJ, et al. Association of volumetric epicardial adipose tissue quantification and cardiac structure and function. J Am Heart Assoc. (2018) 7:e009975. doi: 10.1161/JAHA.118.009975

 29. Doesch C, Haghi D, Flüchter S, Suselbeck T, Schoenberg SO, Michaely H, et al. Epicardial adipose tissue in patients with heart failure. J Cardiovasc Magnet Resonance. (2010) 12:40. doi: 10.1186/1532-429X-12-40

 30. Romijn MA, Danad I, Bakkum MJ, Stuijfzand WJ, Tulevski II, Somsen GA, et al. Incremental diagnostic value of epicardial adipose tissue for the detection of functionally relevant coronary artery disease. Atherosclerosis. (2015) 242:161–6. doi: 10.1016/j.atherosclerosis.2015.07.005

 31. Harada K, Amano T, Uetani T, Tokuda Y, Kitagawa K, Shimbo Y, et al. Cardiac 64-multislice computed tomography reveals increased epicardial fat volume in patients with acute coronary syndrome. Am J Cardiol. (2011) 108:1119–23. doi: 10.1016/j.amjcard.2011.06.012

 32. Spearman JV, Renker M, Schoepf UJ, Krazinski AW, Herbert TL, De Cecco CN, et al. Prognostic value of epicardial fat volume measurements by computed tomography: a systematic review of the literature. European radiology. (2015) 25:3372–81. doi: 10.1007/s00330-015-3765-5

 33. Shimabukuro M. Cardiac adiposity and global cardiometabolic risk: new concept and clinical implication. Circ J. (2009) 73:27–34. doi: 10.1253/circj.cj-08-1012

 34. Fitzgibbons TP, Czech MP. Epicardial and perivascular adipose tissues and their influence on cardiovascular disease: basic mechanisms and clinical associations. J Am Heart Assoc. (2014) 3:e000582. doi: 10.1161/jaha.113.000582

 35. Packer M. Epicardial adipose tissue may mediate deleterious effects of obesity and inflammation on the myocardium. J Am Coll Cardiol. (2018) 71:2360–72. doi: 10.1016/j.jacc.2018.03.509

 36. Russo C, Sera F, Jin Z, Palmieri V, Homma S, Rundek T, et al. Abdominal adiposity, general obesity, and subclinical systolic dysfunction in the elderly: a population-based cohort study. Eur J Heart Fail. (2016) 18:537–44. doi: 10.1002/ejhf.521

 37. Sawada N, Nakanishi K, Daimon M, Yoshida Y, Ishiwata J, Hirokawa M, et al. Influence of visceral adiposity accumulation on adverse left and right ventricular mechanics in the community. Eur J Prev Cardiol. (2019) 27:2006–2015. doi: 10.1177/2047487319891286

 38. Neeland IJ, Ross R, Després J-P, Matsuzawa Y, Yamashita S, Shai I, et al. Visceral and ectopic fat, atherosclerosis, and cardiometabolic disease: a position statement. Lancet Diabetes Endocrinol. (2019) 7:715–25. doi: 10.1016/S2213-8587(19)30084-1

 39. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, Nakajima Y, et al. Increased oxidative stress in obesity and its impact on metabolic syndrome. J Clin Invest. (2004) 114:1752–61. doi: 10.1172/jci21625

 40. Ng ACT, Strudwick M, Van Der Geest RJ, Ng ACC, Gillinder L, Goo SY, et al. Impact of epicardial adipose tissue, left ventricular myocardial fat content, and interstitial fibrosis on myocardial contractile function. Circ Cardiovasc Imaging. (2018) 11:e007372. doi: 10.1161/circimaging.117.007372

 41. Zhou YT, Grayburn P, Karim A, Shimabukuro M, Higa M, Baetens D, et al. Lipotoxic heart disease in obese rats: implications for human obesity. Proc Natl Acad Sci USA. (2000) 97:1784–9. doi: 10.1073/pnas.97.4.1784

 42. Kramer SP, Powell DK, Haggerty CM, Binkley CM, Mattingly AC, Cassis LA, et al. Obesity reduces left ventricular strains, torsion, and synchrony in mouse models: a cine displacement encoding with stimulated echoes (DENSE) cardiovascular magnetic resonance study. J Cardiovasc Magnet Reson. (2013) 15:109–109. doi: 10.1186/1532-429X-15-109

 43. Haggerty CM, Jing L, Fornwalt BK. Of mice (dogs) and men: getting to the heart of obesity-associated cardiac dysfunction. Diabetologia. (2016) 59:9–12. doi: 10.1007/s00125-015-3798-y

 44. Kouzu H, Yuda S, Muranaka A, Doi T, Yamamoto H, Shimoshige S, et al. Left ventricular hypertrophy causes different changes in longitudinal, radial, and circumferential mechanics in patients with hypertension: a two-dimensional speckle tracking study. J Am Soc Echocardiogr. (2011) 24:192–9. doi: 10.1016/j.echo.2010.10.020

 45. Dogduş M, Kiliç S, Vuruşkan E. Evaluation of subclinical left ventricular dysfunction in overweight people with 3D speckle-tracking echocardiography. Anatol J Cardiol. (2019) 21:180–6. doi: 10.14744/AnatolJCardiol.2018.40456

 46. Claus P, Omar AMS, Pedrizzetti G, Sengupta PP, Nagel E. Tissue tracking technology for assessing cardiac mechanics: principles, normal values, and clinical applications. JACC Cardiovasc Imaging. (2015) 8:1444–60. doi: 10.1016/j.jcmg.2015.11.001

 47. Saltijeral A, Isla LP, Pérez-Rodríguez O, Rueda S, Fernandez-Golfin C, Almeria C, et al. Early myocardial deformation changes associated to isolated obesity: a study based on 3D-wall motion tracking analysis. Obesity. (2011) 19:2268–73. doi: 10.1038/oby.2011.157

 48. Labombarda F, Zangl E, Dugue AE, Bougle D, Pellissier A, Ribault V, et al. Alterations of left ventricular myocardial strain in obese children. Eur Heart J Cardiovasc Imaging. (2013) 14:668–76. doi: 10.1093/ehjci/jes238

 49. Zhang C, Deng Y, Liu Y, Xu Y, Liu Y, Zhang L, et al. Preclinical cardiovascular changes in children with obesity: a real-time 3-dimensional speckle tracking imaging study. PLoS ONE. (2018) 13:e0205177. doi: 10.1371/journal.pone.0205177

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.

Copyright © 2021 Maimaituxun, Kusunose, Yamada, Fukuda, Yagi, Torii, Yamada, Soeki, Masuzaki, Sata and Shimabukuro. 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-07-607825-t002.jpg
Parameters GLS >18 GLS <18 P-value

Numbers 127 53

Age (years) 66+ 12 72:£10 0.008

Male gender, n (%) 64(50%) 32 (60%) 0.175

Systolic blood 1354 21 132 £ 20 0.3%0

pressure(mmHg)

Diastolic blood 75+ 14 7412 0.759

pressure(mmHg)

Heart rate (beats/min) 69 12 72412 0314

ANTHROPOMETRY

Body weight (kg) 6344152  632:£140 0.937

Body mass index (kg/m?) 2545 2544 0.906

BLOOD MEASUREMENTS

Total cholesterol (mg/d) 196 4 38 196 + 45 0912

LDL cholesterol (mg/dl) 109 4 30 111438 0.820

HDL cholesterol (mg/di) 6219 61£18 0.868

Triglycerides (mg/d) 1284 66 134 + 69 0.661

Fasting plasma glucose 124438 110+23 0.076

(mg/dL)

HoAtc (%) 61409 6008 0774

BNP (pmol/L) 45+ 51 60 £55 0.173

MEDICATIONS

Antinypertensive 64.(50%) 18 (34%) 0.352

medications, n (%)

Lipid lowering medications, 28 (22%) 17 (32%) 0.051

n (%)

Antidiabetic medications, n 27 21%) 8(15%) 0.846

(%)

COMORBIDITIES

Smoking, n (%) 52 (41%) 21 (40%) 0.299

Hyperlipidemia, n (%) 94.(74%) 43 (81%) 0.139

Hypertension, n (%) 102 (80%) 42 (79%) 0.299

Diabetes melitus, n (%) 48 (36%) 121%) 0.042

Body mass index 64(50%) 30 (67%) 0375

>26kg/m?, n (%)

Coronary artery disease, n 67 (63%) 45 (85%) <0.001

(%)

EAT MEASUREMENTS

EATV (mL) 14449 133 60 0.029

EATV median >112mL yes 59 (47%) 33(67%) 0.053

orno

EATV cutoff >116mL yes or 50 (39%) 33(62%) 0.005

no

LV MEASURES

Interventriculer septum wall 91+23 8709 0.244

thickness (mm)

LV posterior wall thickness 86+16 8509 0.647

(mm)

LVDd (mm) 462+£562 455+4.4 0373

LVDs (mm) 289447 280£48 0.287

LVEDV (ml) 83+232  849+234 0.931

LVESV (m) 206499 306113 0570

LVEF (%) 655448 64.4£56 0.199

LV mass index (g/m?) 857+£242  795+£19.6 0.111

LV STRAIN

Slobal longitudinal strain (%) 198+ —175% <0.001
08 08

Global circumferential strain 311 —279% 0.004

%) 60 61

Global radial strain (%) 278488 258+89 0.201

Values are presented as the mean + SD or n (%). Statistical significance were tested by
independent t-test or chi-square test. n indicates of numbers of patients; EATV, epicardial
adipose tissue volume; LVDd, left ventricular end-dlstolic diameter; LVDs, let ventricular
and-systolic diameter; LVEDV, left ventricular end-diastolic volume; LVESY, left ventricular
and-systolic volume; LVEF: left ventricular ejection fraction; GLS, global longitudinal strain.





OPS/images/fcvm-07-607825-t003.jpg
Overall non-CAD cAD

Variables Crude OR(95%Cl) P  Adjusted OR (95%Cl)* P Crude OR (95%Cl) P  Adjusted OR (95%Cl)* P Crude OR (95%Cl) P  Adjusted OR (95%Cl)* P
Age (per year) 104 (101-1.08) 0010 103(1.00-107) 0094 1.05(098-113 0.472  102(095-1.11) 0555 1.03(099-1.07) 0200  1.04(0.99-1.08)  0.106
Male sex (yes or no) 0.64 (0.33-1.23) 0.176 0.53 (0.22-1.29) 0.534 0.82(0.19-3.58) 0.790 0.32 (0.05-2.17) 0241 0.71(0.32-1.54) 0.380 0.58 (0.20-1.62) 0.295
Body mass index 1.00(094-107) 0906  103(0.94-1.12) 0544 083(079-1.11) 0.440  0.86(066-1.11) 0243 1.03(096-1.12) 0407  1.06(0.96-1.17)  0.241
(kg/m?)

Smoking history (yesor  1.02 (0.53-1.98) 0.945 1.82 (0.75-4.42) 0.186 3.77(0.43-32.7) 0.229 6.44 (0.58-71.6) 0.130 1.03(0.48-2.22) 0.933 1.35(0.48-3.76) 0.567
no)
Dyslpidemia (yes orno) ~ 0.60(0.26-1.36) 0217 060 (022-1.60) ~ 0306 1.80(028-599) 0.741  082(0.14-481) 0825 060(021-1.70) 0334  044(0.13-1.53  0.198
Hypertension (yesor 097 (0.43-2.20) 0945 1.2 (047-3.16)  0.689 1.21(022-669) 0.831  088(0.11-684) 0906 067 (027-1.63) 0874  127(0.42-885 0676
no)

Type 2 diabetes 2.17 (1.02-4.62) 0.045 2.33(1.01-5.38) 0.047 1.50(0.28-8.11) 0.638 229 (0.28-18.9) 0.442 2.54(1.05-6.12) 0.038 269 (1.04-6.94) 0.041
melitus (yes or no)
Coronary artery 504(220-115) <0001  899(1.65-979) 0002 - - - - - = - :

disease (yes or no)
EATV=116mlfyesor ~ 254(1.31-4.92) 00068  222(1.03-479) 0042 8.33(072-154) 0123  620(0.89-447) 0066 203(0.94-439) 0072  1.61(0.67-387) 0285
no)

OR, odds ratio. *OR adjusted for age, male sex, body mass index, smoking history, dyslipidemia, Hypertension, type 2 diabetes melitus, coronary artery disease and EATV =116ml. CAD, coronary artery disease; EATV, epicardial
adipose tissue volume.





OPS/images/fcvm-07-607825-g003.gif
o0

Overall Non-CAD CAD
. e
(Cace 155 08 (G s o
ZEr o SRR«
I
. .
T e T e e o fe
sty
0] peons. 301 puoz10
T owm o
:
5wt wlF
. .
$° 8 S
Er EF
e e






OPS/images/fcvm-07-607825-t001.jpg
Parameters Overall
Numbers 180
Age (years) 6812
Male gender, n (%) 96 (53%)
Systolic blood 184+ 21
pressure(mmHg)

Diastolic blood 75413
pressure(mmHg)

Heart rate (beats/min) 70 12
ANTHROPOMETRY

Body weight (kg) 63+ 15
Body mass index 2646
(Kg/m?)

BLOOD MEASUREMENTS

Total cholesterol (mg/d) 196 40
LDL cholesterol (mg/d) 110 + 32
HDL cholesterol (mg/d) 61 % 19
Tiiglycerides (mg/d) 180 + 66

Fasting plasma glucose 120 35
(mg/dL)

HbAtc (%) 6108
BNP (pmol/L) 49452
MEDICATIONS

Antihypertensive 82 (46%)
medications, n (%)

Lipid lowering 45 (25%)
medications, n (%)

Antidiabetic 35 (19%)
medications, n (%)
COMORBIDITIES

Smoking history, n (%) 73 (41%)
Hyperlipidemia, n (%) 137 (76%)

Hypertension, n (%) 144 (80%)
Diabetes melitus, n (%) 57 (32%)

Body mass index 94 (52%)

225kg/m?, 1 (%)

Coronary artery 112 (62%)
disease, n (%)

EAT MEASUREMENTS

EATV (ml) 120+ 53
LV MEASURES

Interventricular septum 9.0 £ 2.0
wall thickness (mm)

LV posterior wall 86=15
thickness (mm)

LVDd (mm) 460+50
LVDs (mm) 286+ 48
LVEDV (mL) 852232
LVESV (mL) 299103
LVEF (%) 65.2:4 5.1

LV mass index (g/m?) 3.9+ 23.1
LVSTRAIN

GLS <18, GLS 53 (29%)
abnormality

Global longitudinal —19.1 %
strain (%) 13
Global circumferential -30.1+%
strain (%) 62

Global radial strain (%)  27.2+8.8

Low EATV
(<112mL)

%0
6612
42 (47%)
184424

74£13

T1£13

59+ 15
24+5

200 + 40
111£32
65+20
116 £ 45
116 £ 35

6.0+09
59.1 £ 615

47 (52%)

24 (27%)

16 (18%)

27 (30%)
67 (74%)
71 (79%)
25 (28%)
34 (38%)

50 (56%)

776249

92+26

86+17

451 +56.7
282+52
8164223
287 +£99
65.3+4.9
86.6 £25.7

20 (22%)

—19.4£12

—30.6+6.4

270+83

High EATV
(z112mL)

%
70+ 11
54 (60%)
134 £17

7613

70+ 11

68+ 14
264

191 £ 40
109 + 32
58+ 18
145 £+ 82
125 £35

6.1+£07
38.4£378

35 (39%)

21 (23%)

19(21%)

46 (51%)
70 (78%)
73 81%)
32 (36%)
60 (67%)

62 (69%)

161.6 +£37.5

87+1.1

86+1.1

470 +4.0
201 £4.2
8884237
312+ 106
66.1 £56.3
813+ 199

33 (37%)

-188+ 1.4

-29.6+6.0

274 +£94

P-value

0.051
0.060
0.956

0417

0.867

<0.001
0.001

0.174
0.788
0.022
0.008
0204

0317
0.034

0337

0.866

0.169

0.003
0.507
0597
0.262
<0.001

0.065

<0.001

0.119

0.763

0.0156
0.204
0.040
0.109
0.793
0.131

0.034

0.003

0.322

0.794

Values are presented as the mean  SD or n (%). Statistical significance were tested by
independent t-test or chi-square test. n indicates of numbers of patients; EATV, epicardiel
adipose tissue volume; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular
end-systolic diameter; LVEDV, left ventriculer end-diastolic volume; LVESY, left ventricular
end-systolic volume; LVEF: left ventricular ejection fraction; GLS, global longitudinal strain.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Deleterious Effects of Epicardial Adipose Tissue Volume on Global Longitudinal Strain in Patients With Preserved Left Ventricular Ejection Fraction



		Introduction



		Methods



		Study Population



		Measurements



		Quantification of Epicardial Fat Volume



		Standard Echocardiographic Measurements



		2-Dimensional Strain Echocardiography



		Statistical Analysis







		Result



		General Characteristics



		EATV and LV Strain



		EATV Cutoff and OR for GLS Abnormality (GLS ≤18)







		Discussion



		EATV and General Characteristics



		EATV and LV Strain



		EATV Cutoff and OR for GLS Abnormality (GLS ≤18)



		Potential Mechanisms



		Study Limitations







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Deleterious Effects of Epicardial
Adipose Tissue Volume on Global
Longitudinal Strain in Patients With
Preserved Left Ventricular Ejection
Fraction





OPS/images/fcvm-07-607825-g001.gif
Lower ATV group  Tgner EANY 9roup

(Veov.






OPS/images/fcvm-07-607825-g002.gif
oo e AR e ——

omipesn  momspads wipew  cwmpors
.
£l .
Jel= JRE = =T -
“ 0009, 0360 0005, p=0851 000, 024 0006, pO0K3
e I
e b o
g o 2,
T T e e
eI
g = ﬁ&" s o a8,
MR e {5
b ¢ *
pa prmon
e N
- =

R hGEm T B G % s hhhm I mmk
Ao (roars) MG WWmassindox(gd)  EATV(mL)









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





