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Abstract
Background
The global prevalence of obesity has escalated into a formidable health challenge intricately linked with the risk of developing cardiac diastolic disfunction and heart failure with preserved ejection fraction (HFpEF). Abnormal fat distribution is potentially strongly associated with an increased risk of cardiac diastolic dysfunction, and we aimed to scrutinize and elucidate the correlation between them.

Methods
Following the Cochrane Handbook and PRISMA 2020 guidelines, we systematically reviewed the literature from PubMed, Embase, and Web of Science. We focused on studies reporting the mean and standard deviation (SD) of abnormal fat in HFpEF or cardiac diastolic dysfunction patients and the Pearson/Spearman correlation coefficients for the relationship between abnormal fat distribution and the risk of developing cardiac diastolic dysfunction. Data were standardized to the standard mean difference (SMD) and Fisher’s z value for meta-analysis.

Results
After progressive filtering and selection, 63 studies (43,113 participants) were included in the quantitative analyses. Abnormal fat distribution was significantly greater in participants with cardiac diastolic dysfunction than in controls [SMD 0.88 (0.69, 1.08)], especially in epicardial adipose tissue [SMD 0.99 (0.73, 1.25)]. Abnormal fat distribution was significantly correlated with the risk of developing cardiac diastolic dysfunction [E/E’: 0.23 (0.18, 0.27), global longitudinal strain: r=-0.11 (-0.24, 0.02)]. Meta-regression revealed sample size as a potential heterogeneous source, and subgroup analyses revealed a stronger association between abnormal fat distribution and the risk of developing cardiac diastolic dysfunction in the overweight and obese population.

Conclusion
Abnormal fat distribution was significantly associated with the risk of developing cardiac diastolic dysfunction.

Trial registration
CRD42024543774.
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Introduction
 With the increasing popularity of sedentary lifestyles and high-calorie diets, obesity has become a serious social and public health problem [1]. In the United States, the incidence of overweight and obesity has escalated to 30.7% and 42.4%, respectively [2]. These alarming numbers are increasing and exerting a profound and detrimental impact on global health and economic stability [3]. A dose‒response meta-analysis revealed a 41% heightened in the risk of developing heart failure with each 5 kg/m² body mass index (BMI) increment, whereas the Framingham Heart Study reported a 44% increase in the risk of developing heart failure with preserved ejection fraction (HFpEF) with each 4.7 kg/m² BMI increment [4, 5]. Obesity leads to impaired left ventricular diastolic function, myocardial stiffness, and reduced relaxation capacity, which results in volume expansion and elevated filling pressures. It is associated with abnormal fat distribution, resulting in excess systemic free fatty acid-mediated lipotoxicity and persistent microinflammation within cardiomyocytes [6–8]. Abnormal fat distribution refers to the abnormal deposition of fat in nonphysiological storage areas of the body, such as the liver, heart, pancreas, and skeletal muscle [9–11]. The connection between abnormal fat distribution and the risk of developing HFpEF is a burgeoning field in cardiovascular research. Studies have shown that visceral adipose tissue (VAT) and epicardial adipose tissue (EAT) are predictive of HFpEF and its associated cardiometabolic risks but not of heart failure with a reduced ejection fraction (HFrEF) [12, 13]. NAFLD induces HFpEF through inflammation and abnormal arteriovenous haemodynamics, resulting in three subtypes: obstructive, metabolic, and advanced liver fibrosis HFpEF [14]. 
With advancements and iterations in imaging technology, the methods for assessing abnormal fat distribution have become more abundant. However, previous research has often been limited to specific populations or types of abnormal fat distribution, and comprehensive comparisons and evaluations of the relationships between different abnormal fat deposits and the risk of developing cardiac diastolic dysfunction (CDD) are lacking. For example, a study by Wu et al. explored a strong association between EAT and the risk of developing atrial and ventricular dysfunction in HFpEF patients [15]. Similarly, Chong et al. reported a significant correlation between EAT thickness and volume and the risk of developing adverse cardiovascular outcomes, including myocardial infarction, coronary revascularization, and atrial fibrillation [16]. In addition, Cho et al. reported that EAT, rather than VAT, is associated with the risk of developing left ventricular geometry and function deterioration [17]. Considering the differences and limitations of previous studies, the aim of the current study was to conduct a meta-analysis of observational studies to provide a thorough review and investigation into the correlation between abnormal fat distribution and the risk of developing CDD.

Materials and methods
The study was guided by the Cochrane Handbook [18] and was registered in the PROSPERO (CRD42024543774). The study was guided by the 27-item checklist outlined in the PRISMA 2020 guidelines [19]. Data retrieval, extraction, and analysis were undertaken by FZY and WYJ. When disagreements occurred, a consensus was achieved through discussions with SQQ.
Search strategy and inclusion criterion
FZY and WYJ searched the PubMed, Embase, and Web of Science from establishment date to 10 May 2024, with language restrictions to English, and the search strategy involved a combination of subject terms plus free words, as described in Supplement Appendix S2.
The inclusion criteria were constructed according to the PECOS principles and studies were included based on the following criteria:

	1)
Participants: individuals diagnosed with HFpEF or CDD and were older than 18 years.

 

	2)
Exposure: abnormal fat (VAT, EAT, pericardial adipose tissue (PAT), nonalcoholic fatty liver disease (NAFLD)).

 

	3)
Outcomes: E/A, E/E’, e, E, global circumferential strain (GCS), global longitudinal strain (GLS), the left ventricular end-diastolic volume (LVEDV) and left ventricular end-diastolic internal diameter (LVEDD).

 

	4)
Study design: observational clinical studies.

 




Studies were omitted based on the following criteria:

	1)
Reviews, abstracts, and case reports.

 

	2)
Publications in non-English languages; and.

 

	3)
Missing main outcomes.

 





Data extraction
Data were meticulously extracted and recorded in a standardized form via Microsoft Excel, capturing the following details: (1) basic information: first author, year, nationality/region, and study design; (2) baseline information: sample size, sex ratio, mean age, BMI, distribution of abnormal fat, and detection method; and (3) outcomes: reported quantitative measurements of abnormal fat (means with standard deviations (mean [SD])), correlation between abnormal fat distribution and the risk of developing cardiac diastolic function (Pearson and Spearman coefficients).

Study quality assessment
The Newcastle‒Ottawa Scale (NOS) was used to evaluate the quality of each study in the three dimensions: selectivity of the population, groups comparability, and outcome of the nonrandomized study. A cumulative score out of 9 was given, where scores of 7–9 signify high quality, 4–6 denote moderate quality, and below 4 indicates low quality [20]. 

Data analysis
Data processing
The extracted data included the mean (SD) and Pearson/Spearman correlation coefficients. To standardize the data and mitigate the effects of differing units, measurement techniques, and calculation methods, we transformed the continuous variables into Cohen’s d standard mean differences (SMDs) with 95% confidence intervals (95% CIs). Additionally, we converted the Spearman correlation coefficients to their Pearson equivalents via the following formula [21, 22]:
[image: $$r\;=\;\beta\times0.98\;-\;0.{05}_r\;=\beta\;\times\;0.98\;-\;0.05\left(-0.5&lt;\beta&lt;0\right);\;r\;=\;\beta\;\times\;0.98\;+\;0.{05}_r\;=\;\beta\;\times0.98\;+\;0.05\left(\leq\beta&lt;0.50\right)$$]




For data analysis, we translated the correlation coefficients into Z values via Fisher’s z-transformation, which approximates a normal distribution, and calculated their standard deviations (standard errors, SEs). An inverse Fisher transformation was then applied to derive the correlation coefficients and 95% Cis [23, 24]. According to the established classification of correlation coefficients, we categorized absolute values into three ranges: below 0.3 for weak, from 0.3 to 0.7 for moderate, and above 0.7 for robust linear correlations [25]. Furthermore, we applied Cohen’s criteria to define small, moderate, and large effect sizes for the SMD at thresholds of 0.2, 0.5, and 0.8, respectively [26]. 

Combined effect sizes
The statistical analyses were performed via Stata 17.0 (College Station, USA). Owing to considerable heterogeneity, a random-effects model with restricted maximum likelihood estimation and Cohen’s statistic was used to synthesize the statistics. To identify the sources of heterogeneity, we conducted meta-regression and subgroup analyses, considering factors such as sample size, age, BMI, region, fat locations, detection methods, and study design.
Sensitivity analyses were executed via sequential elimination to identify and exclude the studies that exerted the most significant influence on the robustness of the findings. Publication bias was investigated via two complementary methods: (1) the contour-enhanced funnel plots, which were used to visually inspect the symmetry of the plot and the distribution intervals [27], and (2) the trim-and-fill method, which was used to iteratively determine whether the inclusion or exclusion of studies affected the direction of the results [28]. 



Results
Study screening process
The initial search yielded 2,132 articles. After removing duplicates, 1,536 articles remained. We then removed 1,424 irrelevant articles on the basis of their titles and abstracts. After a thorough review of the remaining 112 articles, we ultimately included 63 articles.(Fig. 1).

[image: ]
Fig. 1Flowchart of study inclusion and screening



Description and quality assessment of the included studies
The systematic review encompassed 63 studies, comprising 43 cross-sectional studies, 9 case‒control studies, and 11 cohort studies with a total of 43,113 participants. The mean age fluctuated within the range of 29 to 73 years, with an overall weighted average of 57.84 years. The BMI fluctuated within the range of 22 to 43.7 kg/m2, with a weighted BMI of 27.08 kg/m2. Abnormal fat included EAT (n = 31), PAT (n = 8), VAT (n = 15), thigh adipose tissue (n = 1), and NAFLD (n = 10). (Table 1).

Table 1Table of basic characteristics of included studies


	First author Year
	Region
	Design
	Total sample
	Mean age
	BMI
	Male%
	Areas of ectopic fat
	Imagingmodality

	1 = Asian
2 = Europe
3 = America
4 = Oceania
	1 = Cross-sectional study
2 = Case-control study
3 = Cohort study
	1 = Epicardial
2 = Pericardial
3 = Visceral
4 = Subcutaneous
5 = Thigh
6 = Fatty liver
	1 = ultrasound
2 = DXA
3 = CT
4 = CMRI
5 = BIA
6 = PET-CT

	Lin HH, 2013 [29]
	1
	1
	149
	57.8
	24
	75.84
	134
	1

	Konishi M, 2012 [30]
	1
	1
	229
	69
	23.7
	59.00
	2
	3

	Rao VN, 2018 [13]
	3
	3
	1806
	73.1
	29.9
	48.40
	34
	3

	Chin JF, 2023 [31]
	2
	1
	186
	52.2
	42.3
	24.70
	1
	1

	Choy M, 2023 [32]
	1
	3
	1554
	63.3
	28.1
	47.00
	1
	4

	Koepp KE, 2020 [33]
	1
	1
	338
	64.5
	24.8
	58.00
	1
	1

	Kardassis D, 2012 [34]
	2
	1
	88
	58.9
	42.5
	47.73
	34
	3

	Pugliese NR, 2021 [35]
	2
	1
	232
	73
	31.5
	61.70
	1
	1

	Hardt F, 2020 [36]
	2
	1
	50
	71
	27
	84.00
	1
	3

	Takahari K, 2022 [37]
	1
	1
	235
	64.2
	23.7
	52.00
	13
	3

	Rhee TM, 2019 [38]
	1
	1
	338
	64.5
	24.8
	58.00
	1
	1

	Huynh K, 2022 [39]
	3
	1
	2399
	73
	27.1
	47.40
	5
	3

	Qu YL, 2023 [40]
	1
	1
	88
	30.1
	27.7
	56.80
	34
	4

	Yao F, 2023 [41]
	1
	1
	1558
	52.3
	24
	40.30
	13
	5

	Ma W, 2021 [42]
	1
	1
	1058
	63.91
	25.88
	51.40
	1
	1

	Tekin I, 2018 [43]
	2
	1
	97
	59
	26.53
	50.52
	1
	1

	Park HE, 2014 [44]
	1
	3
	1456
	53
	24
	67.00
	1
	1

	Chu CY, 2016 [45]
	1
	3
	190
	70
	25.6
	67.37
	1
	1

	Peng DD, 2022 [46]
	1
	1
	228
	48.84
	25.57
	67.54
	6
	1

	Chiu LS, 2020 [47]
	3
	1
	2356
	52
	27.6
	48.00
	6
	3

	Lai YH, 2022 [48]
	1
	1
	2161
	48.3
	25.69
	63.50
	1
	1

	Lee YH, 2018 [49]
	1
	1
	308
	56.9
	23
	55.00
	6
	6

	VanWagner LB, 2015 [50]
	3
	3
	2713
	50.1
	30.4
	41.20
	6
	3

	Min J, 2022 [51]
	3
	3
	3032
	57
	27.2
	47.00
	2
	3

	Chiocchi M, 2023 [52]
	2
	1
	93
	66.4
	27.9
	73.10
	1
	3

	Kostka F, 2024 [53]
	2
	1
	1096
	50.9
	30.1
	50.70
	6
	4

	Hearon CM, 2023 [54]
	3
	1
	71
	49
	39
	21.13
	1
	4

	Yoon HE, 2017 [55]
	1
	1
	1028
	50.6
	24.8
	75.10
	3
	5

	Çetin M, 2013 [56]
	2
	1
	127
	50
	30.1
	67
	1
	1

	Topuz M, 2017 [57]
	2
	1
	250
	69
	28.3
	76
	1
	1

	Liu J, 2024 [12]
	1
	1
	92
	30
	28.4
	85.87
	1
	4

	Huang S, 2023 [58]
	1
	1
	260
	52.3
	22
	51.54
	6
	4

	Shao JW, 2024 [59]
	1
	2
	62
	42.94
	35.78
	58.1
	1
	4

	Kim SA, 2017 [60]
	1
	1
	152
	62
	25.2
	50
	1
	1

	Jin XY, 2022 [61]
	1
	2
	248
	64.6
	29.2
	54.8
	1
	1

	Lin JL, 2021 [62]
	1
	2
	252
	65.8
	26.5
	35.3
	1
	1

	Mahabadi AA, 2022 [63]
	2
	1
	379
	65.2
	27.6
	70.20
	1
	4

	Dabbah S, 2014 [64]
	2
	1
	73
	52.3
	30.7
	82
	1
	1

	Vural M, 2014 [65]
	2
	1
	63
	57.8
	29.4
	46
	1
	3

	Ates K, 2022 [66]
	2
	2
	60
	71.6
	32.79
	10
	1
	1

	Woerden G, 2021 [67]
	2
	1
	102
	70
	29.5
	51
	1
	4

	Turak O, 2013 [68]
	2
	1
	135
	56.3
	28.1
	38.5
	1
	1

	Fontes-Carvalho R, 2014 [8]
	2
	1
	225
	55.1
	26.9
	84
	134
	3

	Coelho P, 2024 [69]
	2
	1
	82
	58
	29.17
	52
	12
	1

	Hua N, 2014 [70]
	3
	1
	60
	42.4
	35.9
	0.00
	2
	4

	Sawada N, 2020 [71]
	1
	1
	340
	56
	23.5
	71.8
	34
	1

	Kosmala W, 2012 [72]
	2
	1
	73
	39.2
	23.5
	48
	3
	2

	Nakanishi K, 2017 [73]
	1
	1
	372
	67
	24.1
	66.4
	1
	3

	Zhou H, 2022 [74]
	1
	2
	113
	54.5
	22.7
	63.7
	1
	4

	Wu CK, 2020 [75]
	1
	2
	194
	60.9
	24.8
	63.9
	1
	4

	Chung GE, 2018 [76]
	1
	1
	3300
	60.7
	24.6
	62.9
	6
	1

	Mantovani A, 2015 [77]
	2
	1
	222
	68.6
	29.3
	70.3
	6
	1

	Wang QQ, 2018 [78]
	1
	2
	40
	61.9
	24.74
	50
	6
	1

	Simon TG, 2017 [79]
	3
	3
	65
	50
	43.7
	56.92
	6
	1

	Kenchaiah S, 2021 [80]
	3
	1
	6785
	60.2
	26.7
	47
	2
	3

	Wolf P, 2016 [81]
	4
	1
	31
	29
	23
	61.3
	2
	4

	Haykowsky MJ, 2018 [82]
	3
	2
	161
	66.5
	39.3
	73.9
	12
	4

	Rao VN, 2021 [83]
	3
	3
	2844
	59.4
	28
	35
	23
	3

	Neeland IJ, 2013 [84]
	3
	3
	2710
	41
	27.5
	48.1
	3
	4

	Zhu J, 2023 [85]
	1
	2
	89
	56
	25.54
	49.44
	1
	4

	Canepa M, 2013 [86]
	3
	3
	843
	67
	26
	55
	34
	3

	Sawada N, 2019 [87]
	1
	1
	213
	56
	24
	71.8
	34
	3

	Ying W, 2021 [88]
	3
	3
	88
	67.5
	37.3
	70.50
	134
	4




The quality assessment revealed that the NOS scores ranged from 7 to 9, indicating that all the studies were of high quality (Supplement Appendix S4).

Exploring the association between the risk of developing CDD and abnormal fat distribution based on the SMD
Fifteen studies reported quantitative measurements—such as thickness, area, or volume—of abnormal fat in participants presenting with CDD and included 4,533 participants (580 participants with CDD/HFpEF and 1106 controls). We calculate the combined effect size with the random-effects model and revealed a significant increase in abnormal fat distribution among CDD patients [SMD = 0.88(0.69, 1.08), P < 0.05].
Subgroup analysis showed an association between EAT and CDD [SMD = 0.99(0.73, 1.25), P < 0.05, I2 = 80.4%]. Similarly, VAT had a moderate effect size [SMD = 0.74(0.38, 1.10), P < 0.05, I2 = 77%], and PAT had a smaller yet significant effect size [SMD = 0.51(0.18, 0.83), P < 0.05] (Fig. 2).

[image: ]
Fig. 2Subgroup analysis linked abnormal fat distribution to CDD risk, based on the SMD



Exploring CDD and abnormal fat correlation via Pearson correlation
Mitral valve doppler ultrasound indices
Using tissue Doppler ultrasound to detect diastolic mitral flow velocities and motion velocities, abnormal fat distribution had a weak positive correlation with E/E’ [n = 29, r = 0.23 (0.18, 0.27), P < 0.05], whereas it had a weak positive correlation with E [n = 7, r=-0.10(-0.24, 0.04), P < 0.05)] and E/A [n = 16, r=-0.29(-0.37, -0.21), P < 0.05] and a weak negative correlation with E [n = 23, r=-0.27(-0.35, -0.19), P < 0.05] (Supplement Appendix S5).
An analysis of the different fat deposition locations revealed that NAFLD status had the strongest correlations with E/E’ (r = 0.32) and e (r=-0.24), whereas EAT showed a strong negative correlation with E/A (r=-0.32), and PAT similarly correlated negatively with with e (r = 0.32) (Table 2).

Table 2Results of subgroup analysis


	 	E/E’
	E
	E/A

	 	No.
	Combined Effect Value
	Heterogeneity
	No.
	Combined Effect Value
	Heterogeneity
	No.
	Combined Effect Value
	Heterogeneity

	 	 	r
	I2
	 	r
	I2
	 	r
	I2

	Overall
	29
	0.23(0.18, 0.27)
	83.79
	7
	-0.10(-0.24, 0.04)
	44.13
	16
	-0.29(-0.37, -0.21)
	73.54

	Abnormal fat

	 EAT
	18
	0.25
	86.16
	2
	0.06
	0
	6
	-0.35
	21.99

	 PAT
	2
	0.17
	69.99
	3
	-0.19
	0
	4
	-0.27
	0

	 VAT
	7
	0.18
	39.66
	 	0.00
	 	3
	-0.28
	80.91

	 NAFLD
	3
	0.32
	55.61
	1
	-0.24
	76.17
	1
	-0.10
	 
	Region

	 Asia
	15
	0.18
	74.94
	1
	0.06
	 	2
	-0.33
	53.05

	 Europe
	12
	0.31
	54.81
	2
	-0.01
	0
	7
	-0.34
	23.4

	 Americas
	3
	0.19
	72.09
	2
	-0.26
	79.82
	4
	-0.17
	61.38

	 Oceania
	 	 	 	1
	-0.21
	 	1
	-0.25
	 
	Design

	 CSS
	26
	0.22
	82.7
	4
	-0.14
	54.52
	13
	-0.30
	71.83

	 CC
	1
	0.40
	 	 	 	 	 	 	 
	 COH
	3
	0.20
	0.08
	2
	-0.07
	76.17
	1
	-0.17
	 
	Sample group

	 < 99
	8
	0.29
	55.25
	5
	-0.17
	0
	7
	-0.29
	0

	 100 ~ 999
	14
	0.27
	54.24
	1
	0.06
	 	5
	-0.33
	72.65

	 > 1000
	8
	0.14
	83.26
	 	 	 	2
	-0.20
	96.44

	Age group

	 < 45
	1
	0.35
	 	2
	-0.26
	0
	2
	-0.29
	0

	 45 ~ 59
	19
	0.22
	88.41
	3
	-0.11
	51.32
	10
	-0.30
	78.95

	 60 ~ 74
	10
	0.22
	73.16
	1
	0.06
	 	2
	-0.21
	41.8

	BMI group(kg/m2)

	 < 24.9
	11
	0.19
	74.67
	1
	-0.21
	 	3
	-0.32
	23.73

	 25 ~ 29.9
	15
	0.26
	88.24
	3
	0.04
	0
	6
	-0.31
	85.1

	 > 30
	4
	0.21
	0
	2
	-0.26
	0
	5
	-0.27
	0

	Detection methods

	 Ultrasound
	14
	0.26
	82.96
	4
	-0.03
	35.89
	7
	-0.34
	23.4

	 DXA
	1
	0.35
	 	 	 	 	 	 	 
	 CT
	7
	0.19
	34.51
	 	 	 	3
	-0.22
	91.68

	 CMRI
	4
	0.28
	61.51
	2
	-0.26
	0
	3
	-0.30
	0.00

	 BIA
	3
	0.09
	82.29
	 	 	 	1
	-0.29
	 
	 PET-CT
	1
	0.17
	 	 	 	 	 	 	 
	 	e
	GLS
	LVEDd

	 	No.
	Combined Effect Value
	Heterogeneity
	No.
	Combined Effect Value
	Heterogeneity
	No.
	Combined Effect Value
	Heterogeneity

	 	 	Pearson r
	I2
	 	Pearson r
	I2
	 	Pearson r
	I2

	Overall
	23
	-0.27(-0.35, -0.19)
	94.75
	17
	-0.11(-0.24, 0.02)
	94.75
	5
	0.16(-0.05, 0.38)
	95.84

	Abnormal fat

	 EAT
	15
	-0.27
	90.93
	10
	-0.10
	96.56
	4
	0.14
	97.1

	 PAT
	3
	-0.31
	93.91
	 	 	 	 	 	 
	 VAT
	3
	-0.26
	76.97
	2
	-0.06
	85.01
	 	 	 
	 NAFLD
	2
	-0.20
	96.75
	5
	-0.18
	97.97
	1
	0.24
	 
	Region

	 Asia
	9
	-0.23
	92.31
	10
	-0.04
	96.54
	5
	0.16
	95.84

	 Europe
	10
	-0.32
	88.85
	5
	-0.26
	90.86
	 	 	 
	 Americas
	4
	-0.24
	93.47
	2
	-0.09
	99.61
	 	 	 
	Design

	 CSS
	19
	-0.26
	94.34
	13
	-0.15
	96.26
	2
	0.08
	93.89

	 CC
	1
	-0.46
	 	1
	0.14
	92.44
	1
	0.08
	 
	 COH
	3
	-0.28
	0.02
	3
	-0.31
	93.28
	2
	0.25
	97.08

	Sample group

	 < 99
	6
	-0.39
	86.99
	4
	-0.06
	88.57
	1
	0.08
	 
	 100 ~ 999
	10
	-0.26
	78.21
	7
	-0.13
	94.63
	2
	0.13
	79.73

	 > 1000
	7
	-0.20
	95.43
	6
	-0.11
	97.71
	2
	0.21
	99.44

	Age group

	 < 45
	 	 	 	1
	-0.37
	0
	1
	0.08
	 
	 45 ~ 59
	17
	-0.30
	96.23
	11
	-0.05
	98.57
	1
	0.24
	 
	 60 ~ 74
	6
	-0.17
	77.28
	5
	-0.20
	83.21
	3
	0.15
	98.44

	BMI group(kg/m2)

	 < 24.9
	5
	-0.25
	92.51
	6
	-0.04
	95.32
	 	 	 
	 25 ~ 29.9
	14
	-0.29
	95.96
	8
	-0.09
	97.62
	4
	0.62
	 
	 > 30
	4
	-0.21
	66.78
	3
	-0.28
	97.09
	1
	0.08
	 
	Detection methods

	  Ultrasound
	12
	-0.30
	94.26
	5
	-0.17
	94.10
	3
	0.06
	87.45

	DXA

	 CT
	6
	-0.25
	90.22
	3
	-0.05
	98.76
	 	 	 
	 CMRI
	3
	-0.28
	87.87
	7
	-0.11
	96.49
	2
	0.35
	52.98

	 BIA
	2
	-0.09
	74.69
	2
	-0.06
	0.01
	 	 	 
	 	LVEDV
	GCS
	 
	 	No.
	Combined Effect Value
	Heterogeneity
	No.
	Combined Effect Value
	Heterogeneity
	 
	 	 	Pearson r
	I2
	 	Pearson r
	I2
	 
	Overall
	7
	0.06(-0.21, 0.33)
	96.52
	6
	-0.19(-0.34, -0.03)
	82.38
	 
	Abnormal fat

	 EAT
	3
	0.13
	89.78
	4
	-0.18
	80.5
	 
	 VAT
	3
	0.13
	89.81
	1
	-0.08
	 	 
	 NAFLD
	1
	-0.31
	 	1
	-0.34
	 	 
	Region

	 Asia
	2
	0.25
	51.32
	2
	-0.28
	0
	 
	 Europe
	4
	0.07
	95.64
	4
	-0.14
	91.49
	 
	 Americas
	1
	-0.22
	 	 	 	 	 
	 Design
	 	0.00
	 	 	 	 	 
	 CSS
	5
	0.14
	94.49
	6
	-0.18
	82.38
	 
	 CC
	1
	-0.02
	 	 	 	 	 
	 COH
	1
	-0.22
	 	 	 	 	 
	Sample group

	 < 99
	4
	0.12
	72.24
	3
	-0.12
	74.21
	 
	 100 ~ 999
	1
	0.51
	 	2
	-0.31
	0
	 
	 > 1000
	2
	-0.26
	88.47
	1
	-0.08
	 	 
	Age group

	 < 45
	3
	0.05
	85.12
	2
	-0.28
	0
	 
	 45 ~ 59
	2
	0.05
	92.77
	1
	-0.08
	 	 
	 60 ~ 74
	2
	0.19
	96.18
	3
	-0.16
	88.92
	 
	BMI group(kg/m2)

	 25 ~ 29.9
	4
	0.14
	95.78
	5
	-0.21
	73.35
	 
	 > 30
	3
	-0.05
	82.61
	1
	-0.08
	 	 
	Detection methods

	 CT
	2
	0.03
	82.32
	1
	0.21
	 	 
	 CMRI
	5
	0.07
	98.58
	5
	-0.23
	73.12
	 

EAT Epciardial adipose tissue, VAT Visceral adipose tissue, NAFLD Nonalcoholic fatty liver disease, CSS Cross-sectional study, CC Case-control study, COH Cohort study, BMI Body mass index, CMRI Cardiac magnetic resonance imaging, CT Computed tomography, DXA Dual-energy X-ray absorptiometry, BIA Bioelectrical impedance analysis, PET-CT Positron emission tomography-computed tomography, GLS Global longitudinal strain, GCS Global circumferential strain, LVEDV Left ventricular end-diastolic volume index, LVEDD Left ventricular end-diastolic internal diameter, No. number




Myocardial strain
The speckle tracking technique is a sophisticated method that enables the tracking of echo signals throughout the cardiac cycle and reflects quantitative myocardial ventricular motion. GLS indicates the relative change in the length of the left ventricular myocardium along its long axis from end-diastole to end-systole. Conversely, the GCS indicates the relative change in the circumferential direction. Abnormal fat distribution was weakly correlated with myocardial strain [GLS n = 17, r=-0.11(-0.24, 0.02), P < 0.05] [GCS n = 6, r=-0.19(-0.34, -0.03), P < 0.05] (Supplement Appendix S5).
An analysis of the different abnormal fat deposition locations revealed that NAFLD status had the strongest correlation with GLS (r=-0.18) and GCS (r=-0.34), whereas VAT had a weak negative correlation with GLS (r=-0.06) (Table 2).

LVEDd and LVEDV
Abnormal fat deposits had a weak positive correlation with LVEDd [n = 5, r = 0.16 (-0.05, 0.38), P < 0.05)] and LVEDV [n = 9, r = 0.10 (-0.12, 0.31), P < 0.05)] (Supplement Appendix S5).
An analysis of the different abnormal fat deposition locations revealed that NAFLD status had the strongest correlation with LVEDd (r = 0.24). Moreover, EAT and VAT were positively correlated with the LVEDV (r = 0.31), and surprisingly, NAFLD status was significantly negatively correlated with LVEDV (r=-0.31).


Subgroup analysis and meta-regression
Meta-regression was used to assess the trend of a potential effect modifier by statistically combining the results through an integrated and quantitative approach [89]. The results showed that sample size may be a covariate, with the associations of abnormal fat distribution with E/E’ (Z=-2.68) and E/A (Z=-3.69) diminishing as the sample size increased. The strength of the association between abnormal fat distribution and the GCS score also tended to increase with age, BMI, and male sex (Supplement Appendix S7).
However, covariates in the meta-regression did not account for all of the observed heterogeneity, and subgroup analyses based on sample size, region, study design, age, BMI, and detection methods were conducted to detect heterogeneity. The aim was to delve deeper into the results, overcome the limitations associated with continuous variables, and identify the root causes of heterogeneity. The findings were as follows (Table 2):

	1)
In studies with larger sample sizes (> 1000 participants), the correlation coefficients for the associations of abnormal fat distribution with E/E’, E/A, and e’ were approximately half those reported in smaller studies (< 99 participants).

 

	2)
Compared with that in other demographic groups, the association between abnormal fat distribution and the risk of developing CDD was more pronounced in European populations (E/E’ r = 0.31, I²=54.81%).

 

	3)
Compared with that in normal weight patients, in overweight or obese patients, abnormal fat distribution was strongly correlated with abnormal mitral Doppler findings (E/E’ r = 0.26, e r=-0.29) and impaired strain function (GLS r=-0.28, GCS r=-0.21).

 

	4)
When measured by ultrasound, abnormal fat distribution was significantly more strongly associated with the risk of developing CDD than other detection methods were.

 





Sensitivity analysis
A sequential elimination sensitivity analysis was conducted to validate the results’ robustness and reliability. During this process, the robustness of seven outcomes was affected. Upon eliminating those outlier studies and recalculating the combined effect sizes, no alteration was observed in the direction of the effects, which indicates the stability and dependability of the results. Notably, the large-sample studies conducted by Chiu et al. [47]. , Kostka et al. [53]. , and VanWagner et al. [50]. carried significant weight in the analysis and exerted a substantial influence on the combined effect sizes (Supplement Appendix S8).

Publication bias
The contour-enhanced plot classifies studies into three intervals: p values below 0.01, p values exceeding 0.05 0.05, and p values between 0.01 and 0.05. The central dark region, with p-values exceeding 0.05, indicates that the results of the studies in that area were not statistically significant. Most studies were symmetrical around the red estimated effect line (estimated θIV) or located in the black area. Nevertheless, a few studies showed asymmetry. By recombining the effect sizes via the trim-and-fill method, the direction of their estimates remained unchanged, suggesting that publication bias did not influence the robustness of the results (Supplement Appendix S9).


Discussion
Overview of results
The advent of sophisticated detection methods has ushered in a new era of noninvasive assessment of whole-body and regional fat distribution. This has led to an increase in interest among scientists and clinicians in adipose tissue, particularly its implications for cardiovascular health [90, 91]. To provide a systematic, exhaustive, and thorough review of the relationship between abnormal fat distribution and the risk of developing CDD, three electronic databases were searched, and 63 relevant articles were included (containing 43,113 participants).
According to these findings, two preliminary yet pivotal conclusions could be drawn. First, the quantification of abnormal fat (thickness, volume, or area) was elevated in participants with CDD or HFpEF compared with controls. Second, a noteworthy correlation was identified between abnormal fat distribution and the risk of developing CDD, and NAFLD and EAT appear to be most closely associated with CDD among different abnormal fat deposition locations.
Undoubtedly, considerable heterogeneity was uncovered in the present study, and meta-regression and subgroup analyses were employed to dissect potential effect modifiers. Meta-regression identified sample size as a significant modifier that impacts the correlation between abnormal fat distribution and diastolic function, including the E/E’ ratio and E/A. Studies with larger cohorts enhance the statistical robustness, minimize sampling error, and bolster the generalizability and credibility of the findings [92]. Subgroup analysis is a powerful tool that can be used to combine similar studies and identify sources of heterogeneity, distinguishing between clinical and assay-related heterogeneity [93]. Notably, the findings differed for different regions of abnormal fat. For example, EAT and NAFLD demonstrated robust negative correlations with diastolic function indices such as E/A and e’, whereas the correlation between VAT and diastolic function was weaker. Furthermore, a pronounced correlation between abnormal fat distribution and the risk of developing CDD was discovered, particularly in overweight or obese populations. This finding is consistent with previous findings that the obese phenotype is associated with severe diastolic dysfunction and all-cause mortality [94]. 

Abnormal fat distribution and potential mechanisms of CDD
Adipose tissue is a metabolically active endocrine organ that elicits local and systemic responses through the production of chemical messengers such as adipokines, proinflammatory cytokines, and chemokines. It communicates with all tissues and organs in autocrine, paracrine, and endocrine manners [95, 96]. Adipose tissue can be categorized into brown adipose tissue (BAT) and white adipose tissue (WAT) on the basis of structural, phenotypic, and functional grounds [97, 98]. WAT is composed of clusters of unilocular adipocytes that are pivotal for fat storage and mobilization and are intricately connected to lipid metabolism. The size of white adipocytes and their metabolic turnover rate are key factors in determining insulin sensitivity and cardiovascular metabolic abnormalities [99]. 
Abnormal fat can be deposited in various locations in the body and poses a threat to metabolic homeostasis and cardiovascular health. EAT is located between the myocardium and the pericardium and is composed of adipocytes, stromal cells, and resident inflammatory cells [100]. EAT transmits adipokines and cytokines to influence cardiomyocytes through a shared microcirculation, and its hypertrophic expansion exerts a direct compressive effect on the myocardium [101, 102]. Advanced transcriptomics and proteomics have revealed the gene profiles of EAT involved in processes such as inflammation, thrombosis, and extracellular matrix remodelling [103]. Furthermore, proteomic analysis of EAT among HFpEF patients revealed that its biological processes are predominantly related to lipid metabolism disorders, inflammation, and mitochondrial dysfunction [104]. However, the correlations between different fat distributions and cardiovascular metabolic risk are not uniform. The Framingham Heart Study established a link between abnormal fat distribution, systemic inflammation, and cardiometabolic burden, with VAT emerging as a significant predictor of cardiovascular risk and PAT being correlated with coronary atherosclerosis [105–107]. Kranendonk et al. characterized PAT by its small adipocyte volume, dense capillary network, and elevated levels of inflammatory adipokines (such as epidermal growth factor, neurotrophic factors, IL-17, and monocyte chemotactic protein-1). In contrast, VAT is strongly associated with insulin resistance and metabolic syndrome [108]. The latest research suggests that NAFLD has a more significant association with HFpEF than with HFrEF on the basis of comorbid risk factors such as metabolic disorders, obesity and diabetes [29, 30]. Individuals with NAFLD first experience a reduction in myocardial energy metabolism, including decreased glucose utilization, triglyceride deposition, and a decreased phosphocreatine: ATP ratio, which subsequently affects cardiac structure, including an enlarged left atrium, increased cardiac mass, and ultimately diastolic dysfunction [31]. Therefore, we systematically summarized the relevant clinical trials to clarify the effect of abnormal fat distribution on diastolic function.

Strengths and limitations
The results may provide some guidance for clinical practice. First, the findings suggest that abnormal fat may be a novel biomarker for the dynamic identification of HFpEF, and physicians can incorporate these biomarkers into their clinical assessments. Moreover, physicians and nursing staff can develop or recommend preventive strategies, such as lifestyle changes, dietary modifications, and physical activity, to reduce abnormal fat distribution among populations with cardiovascular disease.
However, this study still has limitations that cannot be resolved at present. 1). Study definition limitations: Many studies have concentrated on abnormal fat distribution, yet many have failed to distinguish between EAT and PAT. 2). Data heterogeneity and sensitivity: The results exhibited significant heterogeneity, with meta-regression and subgroup analysis indicating differences in fat distribution and sample size as likely causes. Although the sensitivity analysis revealed some irregularities, the overall direction of the effect remained consistent even after the studies were sequentially removed. Nevertheless, this continues to provoke inquiries regarding the reliability and credibility of the outcomes.


Conclusion
According to the available evidence, excessive accumulation of abnormal fat influences the risk of developing CDD. However, the persistent heterogeneity across studies prevents us from establishing a robust conclusion. Consequently, additional clinical data is needed to bolster and solidify the conclusions.

Acknowledgements
I would like to thank Dr Qian from Peking University for his kind support.

Authors’ contributions
Study design and writing the review were done by Zhenyue Fu and Yajiao Wang; the literature search was done by Shuqing Shi and Yumeng Li; Bingxuan Zhang were responsible for data calculation, Zhenyue Fu and Yuxin Wang were responsible for translation, and HuaqinWu and Qingqiao Song did the secondary revision of the literature.

Funding
Scientific and technological innovation project of China Academy of Chinese Medical Sciences (C12021A01603) and Clinical Research Center Construction Project of Guang’anmen Hospital, CACMS (2022LYJSZX26).

Availability of data and materials
Supplementary materials.

Data availability
No datasets were generated or analysed during the current study.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by-nc-nd/​4.​0/​.

References
	1.
WHO. Obesity and overweight. https://​www.​who.​int/​news-room/​fact-sheets/​detail/​obesity-and-overweight#:​~:​text=​In%20​2022%2C%20​1%20​in%20​8,million%20​were%20​living%20​with%20​obesity.


	2.
National Institute for Diabetes and Digestive and Kidney Diseases. Overweight & obesity statistics. http://​www.​niddk.​nih.​gov/​health-information/​health-statistics/​overweight-obesity.


	3.
Caballero B. Humans against obesity: who will win? Adv Nutr. 2019;10:S4-9.PubMedPubMedCentral


	4.
Aune D, Sen A, Norat T, Janszky I, Romundstad P, Tonstad S, Vatten LJ. Body mass index, abdominal fatness, and heart failure incidence and mortality: a systematic review and dose-response meta-analysis of prospective studies. Circulation. 2016;133:639–49.PubMed


	5.
Ho JE, Lyass A, Lee DS, Vasan RS, Kannel WB, Larson MG, Levy D. Predictors of new-onset heart failure: differences in preserved versus reduced ejection fraction. Circ Heart Fail. 2013;6:279–86.PubMed


	6.
Gilden AH, Catenacci VA, Taormina JM. Obesity. Ann Intern Med. 2024:177.


	7.
Patel VB, Shah S, Verma S, Oudit GY. Epicardial adipose tissue as a metabolic transducer: role in heart failure and coronary artery disease. Heart Fail Rev. 2017;22:889–902.PubMed


	8.
Fontes-Carvalho R, Fontes-Oliveira M, Sampaio F, Mancio J, Bettencourt N, Teixeira M, Rocha Gonçalves F, Gama V, Leite-Moreira A. Influence of epicardial and visceral fat on left ventricular diastolic and systolic functions in patients after myocardial infarction. Am J Cardiol. 2014;114:1663–9.PubMed


	9.
Levelt E, Pavlides M, Banerjee R, Mahmod M, Kelly C, Sellwood J, Ariga R, Thomas S, Francis J, Rodgers C, et al. Ectopic and visceral fat deposition in lean and obese patients with type 2 diabetes. J Am Coll Cardiol. 2016;68:53–63.PubMedPubMedCentral


	10.
Katsiki N, Mikhailidis DP, Mantzoros C. Abnormal peri-organ-intra-organ fat (APIFat) and rheumatoid arthritis: an under-investigated link for increased cardiovascular risk? Curr Vasc Pharmacol. 2020;18:249–53.PubMed


	11.
Della Pepa G, Salamone D, Testa R, Bozzetto L, Costabile G. Intrapancreatic fat deposition and nutritional treatment: the role of various dietary approaches. Nutr Rev. 2023. Online ahead of print.


	12.
Liu J, Yu Q, Li Z, Zhou Y, Liu Z, You L, Tao L, Dong Q, Zuo Z, Gao L, Zhang D. Epicardial adipose tissue density is a better predictor of cardiometabolic risk in HFpEF patients: a prospective cohort study. Cardiovasc Diabetol. 2023;22:45.PubMedPubMedCentral


	13.
Rao VN, Zhao D, Allison MA, Guallar E, Sharma K, Criqui MH, Cushman M, Blumenthal RS, Michos ED. Adiposity and incident heart failure and its subtypes: MESA (multi-ethnic study of atherosclerosis). JACC Heart Fail. 2018;6:999–1007.PubMedPubMedCentral


	14.
Salah HM, Pandey A, Soloveva A, Abdelmalek MF, Diehl AM, Moylan CA, Wegermann K, Rao VN, Hernandez AF, Tedford RJ, et al. Relationship of nonalcoholic fatty liver disease and heart failure with preserved ejection fraction. JACC Basic Transl Sci. 2021;6:918–32.PubMedPubMedCentral


	15.
Wu A, Yang Z, Zhang X, Lin Z, Lu H. Association between epicardial adipose tissue and left atrial and ventricular function in patients with heart failure: a systematic review and meta-analysis. Curr Probl Cardiol. 2023;48:101979.PubMed


	16.
Chong B, Jayabaskaran J, Ruban J, Goh R, Chin YH, Kong G, Ng CH, Lin C, Loong S, Muthiah MD, et al. Epicardial adipose tissue assessed by computed tomography and echocardiography are associated with adverse cardiovascular outcomes: a systematic review and meta-analysis. Circ Cardiovasc Imaging. 2023;16:e015159.PubMed


	17.
Cho IJ, Lee SE, Pyun WB. Association of body adiposity with left ventricular concentric remodeling and diastolic dysfunction. Echocardiography. 2024;41:e15872.PubMed


	18.
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane handbook for systematic reviews of interventions version 6.4 (updated August 2023). Cochrane, 2023. Available from www.​training.​cochrane.​org/​handbook.


	19.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6: e1000097.PubMedPubMedCentral


	20.
Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. 2010;25:603–5.PubMed


	21.
Rupinski MT, Dunlap WP. Approximating Pearson product-moment correlations from Kendall’s tau and Spearman’s rho. Educ Psychol Meas. 1996;56:419–29.


	22.
Peterson RA, Brown SP. On the use of beta coefficients in meta-analysis. J Appl Psychol. 2005;90:175–81.PubMed


	23.
McGrath TA, Alabousi M, Skidmore B, Korevaar DA, Bossuyt PMM, Moher D, Thombs B, McInnes MDF. Recommendations for reporting of systematic reviews and meta-analyses of diagnostic test accuracy: a systematic review. Syst Rev. 2017;6:194.PubMedPubMedCentral


	24.
Corey DM, Dunlap WP, Burke MJ. Averaging correlations: expected values and bias in combined Pearson rs and Fisher’s z transformations. J Gen Psychol. 1998;125:245–61.


	25.
Ratner B. The correlation coefficient: its values range between + 1/–1, or do they? J Target Meas Anal Mark. 2009;17:139–42.


	26.
Cohen J. A power primer. Psychol Bull. 1992;112:155–9.PubMed


	27.
Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-enhanced meta-analysis funnel plots help distinguish publication bias from other causes of asymmetry. J Clin Epidemiol. 2008;61:991–6.PubMed


	28.
Viechtbauer W. Publication bias in meta-analysis: prevention, assessment and adjustments. Psychometrika. 2007;72:269–71.PubMedCentral


	29.
Lin HH, Lee JK, Yang CY, Lien YC, Huang JW, Wu CK. Accumulation of epicardial fat rather than visceral fat is an independent risk factor for left ventricular diastolic dysfunction in patients undergoing peritoneal dialysis. Cardiovasc Diabetol. 2013;12.


	30.
Konishi M, Sugiyama S, Sugamura K, Nozaki T, Matsubara J, Akiyama E, Utsunomiya D, Matsuzawa Y, Yamashita Y, Kimura K, et al. Accumulation of pericardial fat correlates with left ventricular diastolic dysfunction in patients with normal ejection fraction. J Cardiol. 2012;59:344–51.PubMed


	31.
Chin JF, Aga YS, Abou Kamar S, Kroon D, Snelder SM, Van de Poll SWE, Kardys I, Brugts JJ, de Boer RA, van Dalen BM. Association between epicardial adipose tissue and cardiac dysfunction in subjects with severe obesity. Eur J Heart Fail. 2023;25:1936–43.PubMed


	32.
Choy M, Huang YW, Peng Y, Liang WH, He X, Chen C, Li JY, Zhu WE, Wei FF, Dong YG, et al. Association between epicardial adipose tissue and incident heart failure mediating by alteration of natriuretic peptide and myocardial strain. BMC Med. 2023;21.


	33.
Koepp KE, Obokata M, Reddy YNV, Olson TP, Borlaug BA. Hemodynamic and functional impact of epicardial Adipose tissue in heart failure with preserved ejection fraction. JACC Heart Fail. 2020;8:657–66.PubMedPubMedCentral


	34.
Kardassis D, Bech-Hanssen O, Schönander M, Sjöström L, Petzold M, Karason K. Impact of body composition, fat distribution and sustained weight loss on cardiac function in obesity. Int J Cardiol. 2012;159:128–33.PubMed


	35.
Pugliese NR, Paneni F, Mazzola M, De Biase N, Del Punta L, Gargani L, Mengozzi A, Virdis A, Nesti L, Taddei S, et al. Impact of epicardial adipose tissue on cardiovascular haemodynamics, metabolic profile, and prognosis in heart failure. Eur J Heart Fail. 2021;23:1858–71.PubMed


	36.
Hardt F, Becker M, Brandenburg V, Grebe J, Dirrichs T, Gohmann RF, Fehrenbacher K, Schmoee J, Reinartz SD. Impact of epicardial adipose tissue volume upon left ventricular dysfunction in patients with mild-to-moderate aortic stenosis: a posthoc analysis. PLoS One. 2020;15.


	37.
Takahari K, Utsunomiya H, Itakura K, Yamamoto H, Nakano Y. Impact of the distribution of epicardial and visceral adipose tissue on left ventricular diastolic function. Heart Vessels. 2022;37:250–61.PubMed


	38.
Rhee TM, Kim HL, Lim WH, Seo JB, Kim SH, Zo JH, Kim MA. Association between epicardial adipose tissue thickness and parameters of target organ damage in patients undergoing coronary angiography. Hypertens Res. 2019;42:549–57.PubMed


	39.
Huynh K, Ayers C, Butler J, Neeland I, Kritchevsky S, Pandey A, Barton G, Berry JD. Association between thigh muscle fat infiltration and incident heart failure: the health ABC study. JACC Heart Fail. 2022;10:485–93.PubMed


	40.
Qu YL, Liu J, Li J, Shen SM, Chen XY, Tang HH, Yuan Y, Xia CC, Deng LP, Chen GY, et al. Association of abdominal adiposity, hepatic shear stiffness with subclinical left-ventricular remodeling evaluated by magnetic resonance in adults free of overt cardiovascular diseases: a prospective study. Cardiovasc Diabetol. 2023;22.


	41.
Yao F, Zeng LK, Hua ML, Zhang SQ, Liang JY, Gao Y, Chen C, Zhao XX, He AX, Liu M. Association of epicardial and visceral adipose tissue in relation to subclinical cardiac dysfunction in Chinese: Danyang study. BMJ Open. 2023;13.


	42.
Ma W, Zhang BW, Yang Y, Qi LT, Zhou J, Li M, Jia J, Zhang Y, Yong H. Association of epicardial fat thickness with left ventricular diastolic function parameters in a community population. BMC Cardiovasc Disord. 2021;21.


	43.
Tekin I, Edem E. Association of epicardial fat tissue with coronary artery disease and left ventricle diastolic function indicators. Med Sci Monit. 2018;24:6367–74.PubMedPubMedCentral


	44.
Park HE, Choi SY, Kim M. Association of epicardial fat with left ventricular diastolic function in subjects with metabolic syndrome: assessment using 2-dimensional echocardiography. BMC Cardiovasc Disord. 2014;14.


	45.
Chu CY, Lee WH, Hsu PC, Lee MK, Lee HH, Chiu CA, Lin TH, Lee CS, Yen HW, Voon WC, et al. Association of increased epicardial adipose tissue thickness with adverse cardiovascular outcomes in patients with atrial fibrillation. Medicine. 2016;95.


	46.
Peng DD, Yu ZQ, Wang MW, Shi JP, Sun L, Zhang YY, Zhao WB, Chen C, Tang JK, Wang CY, et al. Association of metabolic dysfunction-associated fatty liver disease with left ventricular diastolic function and cardiac morphology. Front Endocrinol. 2022;13.


	47.
Chiu LS, Pedley A, Massaro JM, Benjamin EJ, Mitchell GF, McManus DD, Aragam J, Vasan RS, Cheng SS, Long MT. The association of non-alcoholic fatty liver disease and cardiac structure and function-Framingham Heart Study. Liver Int. 2020;40:2445–54.PubMedPubMedCentral


	48.
Lai YH, Su CH, Hung TC, Yun CH, Tsai CT, Yeh HI, Hung CL. Association of non-alcoholic fatty liver disease and hepatic fibrosis with epicardial adipose tissue volume and atrial deformation mechanics in a large Asian population free from clinical heart failure. Diagnostics. 2022;12.


	49.
Lee YH, Kim KJ, Yoo ME, Kim G, Yoon HJ, Jo K, Youn JC, Yun M, Park JY, Shim CY, et al. Association of non-alcoholic steatohepatitis with subclinical myocardial dysfunction in non-cirrhotic patients. J Hepatol. 2018;68:764–72.PubMed


	50.
VanWagner LB, Wilcox JE, Colangelo LA, Lloyd-Jones DM, Carr JJ, Lima JA, Lewis CE, Rinella ME, Shah SJ. Association of nonalcoholic fatty liver disease with subclinical myocardial remodeling and dysfunction: a population-based study. Hepatology. 2015;62:773–83.PubMed


	51.
Min J, Putt ME, Yang W, Bertoni AG, Ding JZ, Lima JAC, Allison MA, Barr RG, Al-Naamani N, Patel RB, et al. Association of pericardial fat with cardiac structure, function, and mechanics: the multi-ethnic study of atherosclerosis. J Am Soc Echocardiogr. 2022;35:579.PubMedPubMedCentral


	52.
Chiocchi M, Cavallo AU, Pugliese L, Cesareni M, Pasquali D, Accardo G, De Stasio V, Spiritigliozzi L, Benelli L, D’Errico F, et al. Cardiac computed tomography evaluation of association of left ventricle disfunction and epicardial adipose tissue density in patients with low to intermediate cardiovascular risk. Medicina-Lithuania. 2023;59.


	53.
Kostka F, Ittermann T, Gross S, Laqua FC, Bülow R, Völzke H, Dörr M, Kühn JP, Markus MRP, Kromrey ML. Cardiac remodelling in non-alcoholic fatty liver disease in the general population. Liver Int. 2024;44:1032–41.PubMed


	54.
Hearon CM, Reddy S, Dias KA, Shankar A, MacNamara J, Levine B, Sarma S. Characterizing regional and global effects of epicardial adipose tissue on cardiac systolic and diastolic function. Obesity. 2023;31:1884–93.PubMed


	55.
Yoon HE, Choi SS, Kim Y, Shin SJ. The clinical usefulness of measurement of visceral fat area using multi-frequency bioimpedance: the association with cardiac and renal function in general population with relatively normal renal function. Int J Med Sci. 2017;14:1375–81.PubMedPubMedCentral


	56.
Çetin M, Kocaman SA, Durakoglugil ME, Erdogan T, Ergül E, Dogan S, Çanga A. Effect of epicardial adipose tissue on diastolic functions and left atrial dimension in untreated hypertensive patients with normal systolic function. J Cardiol. 2013;61:359–64.PubMed


	57.
Topuz M, Dogan A. The effect of epicardial adipose tissue thickness on left ventricular diastolic functions in patients with normal coronary arteries. Kardiologia Polska. 2017;75:196–203.PubMed


	58.
Huang S, Shi K, Li Y, Wang J, Jiang L, Gao Y, Yan WF, Shen LT, Yang ZG. Effect of metabolic dysfunction-associated fatty liver disease on left ventricular deformation and atrioventricular coupling in patients with metabolic syndrome assessed by MRI. J Magn Reson Imaging. 2023;58:1098–107.PubMed


	59.
Shao JW, Chen BH, Kamil AS, Baiyasi A, Wu LM, Ma J. Epicardial adipose tissue in obesity with heart failure with preserved ejection fraction: cardiovascular magnetic resonance biomarker study. World J Cardiol. 2024;16:149–60.PubMedPubMedCentral


	60.
Kim SA, Kim MN, Shim WJ, Park SM. Epicardial adipose tissue is related to cardiac function in elderly women, but not in men. Nutr Metab Cardiovasc Dis. 2017;27:41–7.PubMed


	61.
Jin XY, Hung CL, Tay WT, Soon D, Sim D, Sung KT, Loh SY, Lee S, Jaufeerally F, Ling LH, et al. Epicardial adipose tissue related to left atrial and ventricular function in heart failure with preserved versus reduced and mildly reduced ejection fraction. Eur J Heart Fail. 2022;24:1346–56.PubMed


	62.
Lin JL, Sung KT, Lai YH, Yen CH, Yun CH, Su CH, Kuo JY, Liu CY, Chien CY, Cury RC, et al. Epicardial adiposity in relation to metabolic abnormality, circulating adipocyte FABP, and preserved ejection fraction heart failure. Diagnostics. 2021;11.


	63.
Mahabadi AA, Anapliotis V, Dykun I, Hendricks S, Al-Rashid F, Luedike P, Totzeck M, Rassaf T. Epicardial fat and incident heart failure with preserved ejection fraction in with disease. Int J Cardiol. 2022;357:140–5.PubMed


	64.
Dabbah S, Komarov H, Marmor A, Assy N. Epicardial fat, rather than pericardial fat, is independently associated with diastolic filling in subjects without apparent heart disease. Nutr Metab Cardiovasc Dis. 2014;24:877–82.PubMed


	65.
Vural M, Talu A, Sahin D, Elalmis OU, Durmaz HA, Uyanık S, Dolek BA. Evaluation of the relationship between epicardial fat volume and left ventricular diastolic dysfunction. Jpn J Radiol. 2014;32:331–9.PubMed


	66.
Ates K, Demir M. Importance of epicardial adipose tissue as a predictor of heart failure with preserved ejection fraction. Rev Assoc Med Bras. 2022;68:1178–84.PubMedPubMedCentral


	67.
van Woerden G, van Veldhuisen DJ, Gorter TM, van Empel VPM, Hemels MEW, Hazebroek EJ, van Veldhuisen SL, Willems TP, Rienstra M, Westenbrink BD. Importance of epicardial adipose tissue localization using cardiac magnetic resonance imaging in patients with heart failure with mid-range and preserved ejection fraction. Clin Cardiol. 2021;44:987–93.PubMedPubMedCentral


	68.
Turak O, Özcan F, Canpolat U, Isleyen A, Cebeci M, Öksüz F, Mendi MA, Çagli K, Gölbasi Z, Aydogdu S. Increased echocardiographic epicardial fat thickness and high-sensitivity CRP level indicate diastolic dysfunction in patients with newly diagnosed essential hypertension. Blood Press Monit. 2013;18:259–64.PubMed


	69.
Coelho P, Duarte H, Alcafache C, Rodrigues F. The influence of pericardial fat on left ventricular diastolic function. Diagnostics. 2024;14:702.


	70.
Hua N, Chen ZJ, Phinikaridou A, Pham T, Qiao Y, LaValley MP, Bigornia SJ, Ruth MR, Apovian CM, Ruberg FL, Hamilton JA. The influence of pericardial fat upon left ventricular function in obese females: evidence of a site-specific effect. J Cardiovasc Magn Reson. 2014;16.


	71.
Sawada N, Nakanishi K, Daimon M, Yoshida Y, Ishiwata J, Hirokawa M, Nakao T, Morita H, Di Tullio MR, Homma S, Komuro I. Influence of visceral adiposity accumulation on adverse left and right ventricular mechanics in the community. Eur J Prev Cardiol. 2020;27:2006–15.PubMed


	72.
Kosmala W, Jedrzejuk D, Derzhko R, Przewlocka-Kosmala M, Mysiak A, Bednarek-Tupikowska G. Left ventricular function impairment in patients with normal-weight obesity contribution of abdominal fat deposition, profibrotic state, reduced insulin sensitivity, and proinflammatory activation. Circulation-Cardiovasc Imaging. 2012;5:349–56.


	73.
Nakanishi K, Fukuda S, Tanaka A, Otsuka K, Taguchi H, Shimada K. LERelationships between periventricular epicardial adipose tissue accumulation, coronary microcirculation, and left ventricular diastolic dysfunction. Can J Cardiol. 2017;33:1489–97.PubMed


	74.
Zhou H, An DA, Ni ZH, Xu JR, Zhou Y, Fang W, Lu RH, Ying L, Huang JY, Yao QY, et al. Magnetic resonance imaging quantification of accumulation of epicardial adipose tissue adds independent risks for diastolic dysfunction among dialysis patients. J Magn Reson Imaging. 2022;56:1184–94.PubMed


	75.
Wu CK, Lee JK, Hsu JC, Su MM, Wu YF, Lin TT, Lan CW, Hwang JJ, Lin LY. Myocardial adipose deposition and the development of heart failure with preserved ejection fraction. Eur J Heart Fail. 2020;22:445–54.PubMed


	76.
Chung GE, Lee JH, Lee H, Kim MK, Yim JY, Choi SY, Kim YJ, Yoon JH, Kim D. Nonalcoholic fatty liver disease and advanced fibrosis are associated with left ventricular diastolic dysfunction. Atherosclerosis. 2018;272:137–44.PubMed


	77.
Mantovani A, Pernigo M, Bergamini C, Bonapace S, Lipari P, Pichiri I, Bertolini L, Valbusa F, Barbieri E, Zoppini G et al. Nonalcoholic fatty liver disease is independently associated with early left ventricular diastolic dysfunction in patients with type 2 diabetes. PLoS One. 2015;10.


	78.
Wang QQ, Ma WY, Xia JZ. Nonalcoholic fatty liver is associated with further left ventricular abnormalities in patients with type 2 diabetes mellitus: a 3-dimensional speckle-tracking study. J Ultrasound Med. 2018;37:1899–911.PubMed


	79.
Simon TG, Bamira DG, Chung RT, Weiner RB, Corey KE. Nonalcoholic steatohepatitis is associated with cardiac remodeling and dysfunction. Obesity. 2017;25:1313–6.PubMed


	80.
Kenchaiah S, Ding J, Carr JJ, Allison MA, Budoff MJ, Tracy RP, Burke GL, McClelland RL, Arai AE, Bluemke DA. Pericardial fat and the risk of heart failure. J Am Coll Cardiol. 2021;77:2638–52.PubMedPubMedCentral


	81.
Wolf P, Winhofer Y, Smajis S, Jankovic D, Anderwald CH, Trattnig S, Luger A, Krebs M, Krssák M. Pericardial- rather than intramyocardial fat is independently associated with left ventricular systolic heart function in metabolically healthy humans. PLoS One. 2016;11.


	82.
Haykowsky MJ, Nicklas BJ, Brubaker PH, Hundley WG, Brinkley TE, Upadhya B, Becton JT, Nelson MD, Chen HY, Kitzman DW. Regional adipose distribution and its relationship to exercise intolerance in older obese patients who have heart failure with preserved ejection fraction. JACC Heart Fail. 2018;6:640–9.PubMedPubMedCentral


	83.
Rao VN, Bush CG, Mongraw-Chaffin M, Hall ME, Clark D, 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;10.


	84.
Neeland IJ, Gupta S, Ayers CR, Turer AT, Rame JE, Das SR, Berry JD, Khera A, McGuire DK, Vega GL, et al. Relation of regional fat distribution to left ventricular structure and function. Circulation-Cardiovasc Imaging. 2013;6:800–7.


	85.
Zhu J, Li WJ, Xie Z, Zhuo KM. Relationship between epicardial adipose tissue and biventricular longitudinal strain and strain rate in patients with type 2 diabetes mellitus. Acad Radiol. 2023;30:833–40.PubMed


	86.
Canepa M, Strait JB, Milaneschi Y, AlGhatrif M, Ramachandran R, Makrogiannis S, Moni M, David M, Brunelli C, Lakatta EG, Ferrucci L. The relationship between visceral adiposity and left ventricular diastolic function: results from the Baltimore longitudinal study of aging. Nutr Metab Cardiovasc Dis. 2013;23:1263–70.PubMed


	87.
Sawada N, Daimon M, Kawata T, Nakao T, Kimura K, Nakanishi K, Kurano M, Hirokawa M, Xu BQ, Yamanaka Y, et al. The significance of the effect of visceral adiposity on left ventricular diastolic function in the general population. Sci Rep. 2019;9.


	88.
Ying W, Sharma K, Yanek LR, Vaidya D, Schär M, Markl M, Subramanya V, Soleimani S, Ouyang P, Michos ED, et al. Visceral adiposity, muscle composition, and exercise tolerance in heart failure with preserved ejection fraction. Esc Heart Fail. 2021;8:2535–45.PubMedPubMedCentral


	89.
Tipton E. Robust variance estimation in meta-regression with binary dependent effects. Res Synth Methods. 2013;4:169–87.PubMed


	90.
Antonopoulos AS, Papastamos C, Cokkinos DV, Tsioufis K, Tousoulis D. Epicardial adipose tissue in myocardial disease: from physiology to heart failure phenotypes. Curr Probl Cardiol. 2023;48:101841.PubMed


	91.
Ong FJ, Ahmed BA, Oreskovich SM, Blondin DP, Haq T, Konyer NB, Noseworthy MD, Haman F, Carpentier AC, Morrison KM, Steinberg GR. Recent advances in the detection of brown adipose tissue in adult humans: a review. Clin Sci (Lond). 2018;132:1039–54.PubMed


	92.
Peterson SJ, Foley S. Clinician’s guide to understanding effect size, alpha level, power, and sample size. Nutr Clin Pract. 2021;36:598–605.PubMed


	93.
Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in medicine — reporting of subgroup analyses in clinical trials. N Engl J Med. 2007;357:2189–94.PubMed


	94.
Tsujimoto T, Kajio H. Abdominal obesity is associated with an increased risk of all-cause mortality in patients with HFpEF. J Am Coll Cardiol. 2017;70:2739–49.PubMed


	95.
Oikonomou EK, Antoniades C. The role of adipose tissue in cardiovascular health and disease. Nat Rev Cardiol. 2019;16:83–99.PubMed


	96.
Tilg H, Moschen AR. Adipocytokines: mediators linking adipose tissue, inflammation and immunity. Nat Rev Immunol. 2006;6:772–83.PubMed


	97.
Wang QA, Tao C, Gupta RK, Scherer PE. Tracking adipogenesis during white adipose tissue development, expansion and regeneration. Nat Med. 2013;19:1338–44.PubMedPubMedCentral


	98.
Scheele C, Wolfrum C. Brown adipose crosstalk in tissue plasticity and human metabolism. Endocr Rev. 2020;41:53–65.PubMed


	99.
Kwok KH, Lam KS, Xu A. Heterogeneity of white adipose tissue: molecular basis and clinical implications. Exp Mol Med. 2016;48:e215.PubMedPubMedCentral


	100.
Wu Y, Zhang A, Hamilton DJ, Deng T. Epicardial fat in the maintenance of cardiovascular health. Methodist Debakey Cardiovasc J. 2017;13:20–4.PubMedPubMedCentral


	101.
Ansaldo AM, Montecucco F, Sahebkar A, Dallegri F, Carbone F. Epicardial adipose tissue and cardiovascular diseases. Int J Cardiol. 2019;278:254–60.PubMed


	102.
Borlaug BA, Reddy YNV. The role of the pericardium in heart failure: implications for pathophysiology and treatment. JACC Heart Fail. 2019;7:574–85.PubMedPubMedCentral


	103.
Gaborit B, Venteclef N, Ancel P, Pelloux V, Gariboldi V, Leprince P, Amour J, Hatem SN, Jouve E, Dutour A, Clément K. Human epicardial adipose tissue has a specific transcriptomic signature depending on its anatomical peri-atrial, peri-ventricular, or peri-coronary location. Cardiovasc Res. 2015;108:62–73.PubMed


	104.
He S, Zhu H, Zhang J, Wu X, Zhao L, Yang X. Proteomic analysis of epicardial adipose tissue from heart disease patients with concomitant heart failure with preserved ejection fraction. Int J Cardiol. 2022;362:118–25.PubMed


	105.
Pou KM, Massaro JM, Hoffmann U, Vasan RS, Maurovich-Horvat P, Larson MG, Keaney JF Jr, Meigs JB, Lipinska I, Kathiresan S, et al. Visceral and subcutaneous adipose tissue volumes are cross-sectionally related to markers of inflammation and oxidative stress: the Framingham Heart Study. Circulation. 2007;116:1234–41.PubMed


	106.
Britton KA, Massaro JM, Murabito JM, Kreger BE, Hoffmann U, Fox CS. Body fat distribution, incident cardiovascular disease, cancer, and all-cause mortality. J Am Coll Cardiol. 2013;62:921–5.PubMedPubMedCentral


	107.
Mahabadi AA, Massaro JM, Rosito GA, Levy D, Murabito JM, Wolf PA, O’Donnell CJ, Fox CS, Hoffmann U. Association of pericardial fat, intrathoracic fat, and visceral abdominal fat with cardiovascular disease burden: the Framingham Heart Study. Eur Heart J. 2009;30:850–6.PubMedPubMedCentral


	108.
Kranendonk ME, van Herwaarden JA, Stupkova T, de Jager W, Vink A, Moll FL, Kalkhoven E, Visseren FL. Inflammatory characteristics of distinct abdominal adipose tissue depots relate differently to metabolic risk factors for cardiovascular disease: distinct fat depots and vascular risk factors. Atherosclerosis. 2015;239:419–27.PubMed




Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Linking abnormal fat distribution with HFpEF and diastolic dysfunction: a systematic review, meta-analysis, and meta-regression of observational studies


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12944_2024_2266_Fig1_HTML.png
Records identified from Additional records
databases: identified from other
Pubmed (n=414) approaches
Embase (n=414) (n=25)

Web of Science (n=1279)

Total records screened .| Reports excluded for duplication
(n=2132) 7| (n=59%)
P Reports excluded by screening
Reports sought for »| titles and abstracts
(n=1536) (n=1424)
v
Reports assessed for eligbility »| Reports excluded:
(n=112) Suspicious repeat publication (n=2)

No available data (n=30).
Animal experiments (n=5)
Review, editorial and abstract (n=12)

Studies included in Systematic
review and Meta-analysis
(n=863)






OEBPS/css/envelope.png





OEBPS/images/12944_2024_2266_Fig2_HTML.png
Study
D

EAT

Ates K, 2022

Fontes-Carvalho R, 2014a

Jin XY, 2022a

Lin HH, 2013a

Lin JL, 2021

Mahabadi AA, 2022

Pugliese NR, 2021

Shao JW, 2024

Turak O, 2013

Ying W, 2021a

Subtotal (I-squared = 80.4%, p = 0.000)
VAT

Fontes-Carvalho R, 2014c

Lin HH, 2013c

Rao VN, 2018

Ying W, 2021b

Subtotal (I-squared = 77.0%, p = 0.005)

PAT
Lin HH, 2013b
Subtotal (I-squared =.%, p =.)

Overall (I-squared = 78.8%, p = 0.000)

NOTE: Weights are from random effects analysis

SMD (95% Cl)

0.39 (0.10, 0.67)
0.78 (0.62, 0.93)
1.10 (0.75, 1.45)

i
1
| ———— 1.82(1.22,249)
1
1

| ——%—— 1.84(1.35,234)

1.21 (0.67, 1.74)
0.81(0.47, 1.15)
0.26 (-0.30, 0.82)
0.99 (0.63, 1.35)
1.05 (0.59, 1.51)
0.99 (0.73, 1.25)

0.39 (0.11, 0.68)
0.57 (0.24, 0.90)
0.74 (0.40, 1.08)
1.40 (0.92, 1.88)
0.74 (0.38, 1.10)

0.51(0.18, 0.83)
0.51(0.18, 0.83)

0.88 (0.69, 1.08)

%
Weight

4.87
7.65
8.62
7.08
5.76
5.42
7.18
5.22
6.97
6.07
64.84

7.65
7.23
7.14
5.89
27.91

7.24
7.24

100.00

T
-2.43





OEBPS/css/sidebar.gif





OEBPS/css/cc-by-nc-nd.png
(OO





OEBPS/images/12944_2024_2266_Article_TeX_Equa.png
r=px098 — 005 =8 x 098 — 005(-05<pB<0);r =0 x 098 4+ 0.05, = x098 + 0.05(< < 0.50)





