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Abstract
Background and aims: Increased epicardial adipose tissue (EAT) has been proposed as a risk factor for
essential hypertension (EH). The aim of this study was to investigate the association of EAT with EH.

Methods and results: PubMed, EMBASE, and Cochrane databases were systematically reviewed to
identify relevant studies assessing the association of EAT thickness (EAT-t) and volume (EAT-v) with EH.
There were 39 observational studies and 8,983 subjects included in the meta-analysis. The analysis
indicated that hypertensive patients had a higher mean of EAT-t (SMD=0.64, 95% CI: 0.44-0.83, p<0.001)
and EAT-v (SMD: 0.69, 95% CI:0.34-0.1.05, p<0.001) than normotensive individuals. Accordingly, we
calculated pooled odds ratio (OR) and 95% con�dence intervals (CI) for the association of EAT with EH,
and the results showed that EAT-t (OR: 1.59, 95% CI: 1.09–2.33, P<0.001) and EAT-v (OR: 1.82, 95% CI:
1.33–2.19, P<0.001) were associated with essential hypertension. Additionally, higher mean of EAT-t
(SMD=0.85, 95% CI=0.49-0.1.21, p<0.001) and EAT-v (SMD=0.83, 95% CI=0.31-1.34, p=0.002) were found
in non-dipper hypertensive patients than those in dipper patients, but we didn’t �nd signi�cant difference
in EAT-t among patients with different grades of hypertension. We also investigated the association of
EAT with complications in hypertensive patients, and the results showed that EAT was increased in
patients with arteriosclerotic cardiovascular disease (ASCVD) or cardiac hypertrophy and dysfunction
than those without.

Conclusions: The increase in EAT was associated with the occurrence and complications of EH. The
�ndings provide new information regarding the occurrence and complications of EH.

Introduction
Essential hypertension (EH) is a major global health problem and seriously threatens to human health1,
which is an independent risk factor for stroke, congestive heart failure, end-stage renal failure and
mortality2. It is believed that the heredity, environment, age, obesity, and lifestyle is related to the
occurrence of EH3. However, the pathogenesis of EH is still not clear. The metabolic changes including
insulin resistance, dyslipidemia, and fat accumulation are frequently associated with high blood
pressure4. Interestingly, there is growing evidence showing that not only the amount of adipose tissue but
also its distribution plays an important role in occurrence of hypertension5–7.

Epicardial adipose tissue (EAT) covers three-quarters of the human heart surface and locates between the
myocardium and epicardium8. EAT is newly regarded as a metabolically active organ and composed of
adipocytes, in�ammatory cells, and stromal cells, which is known to have endocrine and paracrine
functions8. It secretes numerous cytokines including adipocytokines, chemokines and interleukins,
mediating unfavorable metabolism and proin�ammatory activities9, which is involved in the
pathophysiology of obesity-related heart diseases, including coronary artery disease, heart failure, atrial
�brillation, and carotid plaque10. There is growing evidence suggesting the association between EAT and
EH11–15. EAT was increased in patients with EH compared with normotensive individuals16–18, and the
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incidence of hypertension was increased in subjects with higher amount of EAT12. Furthermore, studies
reported that EAT was also associated with secondary hypertension19,20. However, another study found
no difference in EAT between patients with essential hypertension and controls21. There is a controversy
over the association between EAT and essential hypertension. Therefore, it is necessary to perform a
meta-analysis to evaluate the association of EAT with EH.

In this meta-analysis, we �rstly aimed to evaluate the association of EAT thickness (EAT-t) and volume
(EAT-v) with EH. Then we performed a subgroup analysis by grade of hypertension and impaired
circadian blood pressure patterns. At last, we assessed the association of EAT with cardiac hypertrophy
and dysfunction and arteriosclerotic cardiovascular disease (ASCVD) in patients with EH.

Methods

Search strategy
Article’s search was performed independently by two researchers (XZ and BL). The protocols of the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) was followed to conduct
the meta-analysis. This systematic search was applied to PubMed, EMBASE, and Cochrane databases. In
order to retrieve all the literature related to this topic, we performed a search using the following
expressions: [(‘epicardial adipose tissue’) OR (‘epicardial fat’)] AND [(‘hypertension’) OR (‘high blood
pressure’)]. The search included articles published until February 06, 2021.

Inclusion And Exclusion Criteria
Only English full-size of articles were considered for this meta-analysis. These observational studies
investigating the association of essential hypertension with EAT-t (by echocardiography, CT or MRI) and
EAT-v (by CT or MRI) were eligible for this meta-analysis, and researches on secondary hypertension were
excluded. Diagnosis of the EH was based on systolic blood pressure (SBP) ≥ 140 mmHg, and /or
diastolic blood pressure (DBP) ≥ 90 mmHg. Literature were excluded if they investigated the association
of EAT with the special patient populations: on long-term hemodialysis chronic kidney disease, renal
artery stenosis, aortic coarctation, primary aldosteronism, pheochromocytoma, cushing syndrome,
acromegaly, drug-induced hypertension. Children’ (< 18-years-old) studies are also excluded. If the same
sample was used in multiple publications, the most detailed report and/or the largest sample were
included. Non-dipper hypertension was de�ned as less than 10% decrease in either SBP or DBP during
night-time record over ambulatory blood pressure monitoring (ABPM). The subjects were diagnosed with
normotensive, pre-hypertension, or hypertensive according to the Seventh Report of the Joint National
Committee22. In the sub-group analysis of EAT with the degree of hypertension, hypertensive patients are
classi�ed into three groups according to the grade of hypertension: grade 1 hypertension, grade 2
hypertension, and grade 3 hypertension.
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Data Extraction And Quality Assessment
Potentially relevant articles were evaluated by two independent reviewers (JD and XZ) using a
standardized form. Data were extracted from the included study, including the sample size, mean and
standard deviation (SD). We tried our best to contact the author via email to get the data which was not
shown in the article. The methodological quality of all studies was assessed using the Newcastle–
Ottawa scale (NOS). A score ranged from 0 to 9, and studies with a score ≥ 7 were considered high
quality. Any disagreement between reviewers was discussed and resolved by consensus.

Statistical analysis
STATA package version 12 was used to conduct the meta-analysis. The pooled standard mean difference
(SMD) with 95% con�dence intervals (CIs) and odds ratio (OR) with 95% CI were calculated using a �xed-
or random-effects model according to the heterogeneity among the articles. Heterogeneity was assessed
and quanti�ed using the I2 statistic among the included studies. If the I2 statistic was ≤ 50%, a �xed-
effects model was used to calculate the data. If not, a random-effects model was used. The risk of
publication bias was determined by the symmetry of the funnel plot. The signi�cance of the OR and SMD
were evaluated with the Z-test. A two-side of P value < 0.05 was considered signi�cant.

Repeated signi�cance testing of cumulative data increases the overall risk of type I errors in a
conventional meta-analysis. However, trial sequential analysis (TSA) can reduce the risk of type I errors
and adjust the 95% CI of the SMD with the O’Brien-Fleming α-spending function. Moreover, TSA can
estimate the required information size (RIS) to achieve preset levels of power, construct a monitoring
boundary, and calculate futility in a cumulative meta-analysis. The RIS with the boundary infers whether
further trials are needed. We conducted a TSA with a 5% risk of a type I error, as well as the α-spending
adjusted 95% CI for repetitive signi�cance testing. TSA was used in our meta-analysis to determine
whether the evidence was reliable and conclusive.

Results

Characteristics of the included studies
This study followed the protocols speci�ed in the PRISMA statement, and PRISMA checklist was shown
in supplement 1 �le. A total of 794 studies initially identi�ed after searching the database of PubMed,
Embase, and the Cochrane. 47 observational studies matched our eligibility criteria and 39 remained after
exclusion for reasons: non-English(n = 1), reported the studies from the same original database (n = 2),
secondary hypertension (n = 2), comprised insu�cient data (n = 3). A �owchart of the study selection was
shown in Fig. 1. The Newcastle–Ottawa scale (NOS) was used to evaluate the quality of the articles, and
these studies were assessed as high-quality publications (median: 8; 25th and 75th percentile: 7 and 9).
Accordingly, A total of 8,983 subjects were included in this study. There were 18 studies comparing EAT
thickness and/or volume between EH patients and normotensive subjects11–14,16−18,21,23−32, including 13
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studies reported EAT-t, 3 studies reported EAT-v, and 2 articles reported both EAT-t and EAT-v between the
two groups. There were 16 studies dividing the subjects (including hypertensive and normotensive
subjects) into two groups according to EAT thickness or volume14,33−47. Seven studies compared the
difference of EAT between non-dipper and dipper hypertension13,18,27,32,48−50. Two studies investigated
the association of EAT-t with the grade of hypertension12,30. Additionally, four studies reported the
association of cardiac remodeling and function with EAT15,26,51,52,and three studies provided data
addressing the association of ASCVD with EAT in hypertensive patients15,28,53.

The association of epicardial adipose tissue thickness and volume with essential hypertension

There were 18 studies compared the EAT-t and EAT-v between 3258 hypertensive patients and 1928
normotensive controls. We performed a meta-analysis of comparing EAT-t and EAT-v between
hypertensive and normotensive, and the results showed that both EAT-t (EAT-t: SMD = 0.64, 95% CI: 0.44–
0.83, p < 0.001; Fig. 2A) and EAT-v (EAT-v: SMD: 0.69, 95% CI:0.34 − 0.1.05, p < 0.001; Fig. 2A) were
signi�cantly increased in hypertensive compared to those in normotensive. TSA showed that the
cumulative z-curve crossed the boundary for futility (TSA adjusted 95% CI: 0.72–1.55; p < 0.001; Fig. 2B)
and a de�nite conclusion can be drawn. A total of 4795 subjects (normotensive subjects and
hypertensive patients) were divided into two groups according to EAT thickness or volume in sixteen
studies, and we investigated the association of EAT-t and EAT-v with hypertension. The meta-analysis
indicated that EAT-t (OR: 1.59, 95% CI: 1.09–2.33, P < 0.001; Fig. 3A) and EAT-v (OR: 1.82, 95% CI: 1.33–
2.19, P < 0.001; Fig. 3A) were strongly associated with the occurrence of EH. The TSA con�rmed that the
results were reliable (TSA-adjusted 95% CI: 1.31–2.21; p < 0.001; Fig. 3B).

Comparison of the epicardial adipose tissue thickness and volume between dipper and non-dipper
hypertension

Six studies compared the EAT-t and one study compared the EAT-v between dipper and non-dipper
hypertension. We performed a meta-analysis to compare EAT-t and EAT-v between dipper and non-dipper
hypertension. The results showed that both EAT-t (SMD = 0.85, 95% CI = 0.49 − 0.1.21, p < 0.001; Fig. 4)
and EAT-v (SMD = 0.83, 95% CI = 0.31–1.34, p = 0.002; Fig. 4) were increased in non-dipper hypertensive
patients than those in dipper hypertensive patients.

Comparison of the epicardial adipose tissue thickness among the grades of hypertension

Two studies compared the epicardial adipose tissue thickness among the patients with different grades
of hypertension. We performed a meta-analysis to compare EAT-t between grade 1 and grade 2
hypertension and between grade 2 and grade 3 hypertension. However, there was no signi�cant
differences in EAT-t among the patients with different grades of essential hypertension (grade 1 to grade
2: SMD = 0.23, 95% CI=-0.13-0.59, p = 0.211; grade 2 to grade 3: SMD = 0.09, 95% CI=-0.15-0.33, p = 0.452;
Fig. 5).



Page 6/17

The association of epicardial adipose tissue with arteriosclerotic cardiovascular disease and cardiac
morphology and function in hypertensive patients

We also investigate the association of EAT with the complication in EH. We compare the EAT-t in EH
patients with normal and abnormal cardiac morphology. Higher mean of EAT-t (SMD = 0.85, 95% CI = 
0.71–0.99, p < 0.001; Fig. 6A) was found in patients with cardiac hypertrophy and dysfunction than that
in patients with normal cardiac morphology and function. Additionally, we also compared the EAT in EH
patients with and without arteriosclerotic cardiovascular disease (ASCVD), and the results showed that
EAT-t (SMD = 0.37, 95% CI = 0.23–0.52, p < 0.025; Fig. 6B) was increased in hypertensive patients with
ASCVD than those without.

Heterogeneity And Publication Bias
There were signi�cant differences in EAT thickness and volume mean values among individual studies
(I2 = 86%, p < 0.001). Similarly, we found signi�cant differences in the association of EAT with essential
hypertension among individual studies (I2 = 70.4%, p < 0.001). Therefore, a random-effects model was
used to analyze the data. Publication bias about the mean of EAT between essential hypertension and
controls were assessed and shown in Fig. 7A. The publication bias reporting the association of EAT with
essential hypertension were determined and shown in Fig. 7B. The results showed that there was no
signi�cant publication bias.

Discussion
This meta-analysis indicated that hypertensive patients have higher thickness and larger volume of EAT
than that in normotensive individuals, and the increase of EAT accumulation was related to the
occurrence of EH. The TSA con�rmed that the available samples were su�cient and a de�nite conclusion
can be drawn. Additionally, the increase of EAT was associated with impaired circadian blood pressure
patterns, but not with the grades of essential hypertension. Interestingly, higher means of EAT-t and EAT-v
were found in EH patients with the complications (including cardiac hypertrophy and dysfunction and
arteriosclerotic cardiovascular disease) than those without.

EH often leads to coronary heart disease, stroke, congestive heart failure, and peripheral vascular
disease54. However, the pathogenesis of EH has not been fully elucidated. Human EAT has recently been
recognized as a metabolically active organ, which can secret free fatty acid, adiponectin, and pro- and
anti-in�ammatory cytokines8. Thus, EAT seems critical for the homeostasis, function, and diseases of the
heart, which has been recognized as a new risk for essential hypertension. Donatas et. al reported that
EAT volume is an independent risk factor for essential hypertension and can be used to identify
hypertensive after adjusting for age, BMI, and dyslipidemia12. However, there is controversy over the
association of EAT with the occurrence of essential hypertension. Other studies didn’t �nd differences in
EAT thickness or volume between hypertensive patients and normotensive individuals21.
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We performed the meta-analysis and found a relation between EAT and EH. In addition, we also found the
EAT-t and EAT-v were increased in non-dipper hypertensive patients than those in dipper. However, the
mechanisms of EAT lead to high blood pressure are still unclear. The increase of EAT may result in
increased secretion of numerous pro-in�ammatory mediators and vasoactive peptides, including fatty
acid transport protein (FATP), interleukin (IL) -6, macrophage chemotactic factor-1(MCP-1) and CD36 55–

57. These molecules can create an in�ammatory environment and activate the renin-angiotensin system,
which may increase arterial blood pressure. Additionally, EAT was positively correlated with indices of
insulin resistance and glucose intolerance, which may lead to high blood pressure by affecting insulin
resistance and glucose tolerance58. Finally, secretion of free fatty acids by EAT may excessively activate
cardiac autonomic nervous system and subsequently increase arterial blood pressure59. The activation of
cardiac autonomic nervous system may also associate with impaired circadian blood pressure patterns.

There is signi�cant difference in EAT thickness in the normotensive individuals, prehypertensive and
hypertensive groups after adjustment for confounding factors including age, gender, high-density
lipoprotein, waist circumference, and body mass index24. Patients with higher degrees of hypertension
showed the potential of increased EAT thickness12. Therefore, we assessed the association of EAT
accumulation with the degree of hypertension. However, we didn’t �nd the relation between EAT and the
grades of essential hypertension, which may be due to limited studies. More studies are needed to
investigate the association between EAT accumulation and the degree of essential hypertension.

Previous studies have reported a strong association of increased EAT with heart failure, myocardial
infarction and peripheral atherosclerosis10. The occurrence of hypertension accompanied by the increase
of EAT accumulation have been demonstrated in this study. Furthermore, we also found that EAT were
associated with arteriosclerotic cardiovascular disease (ASCVD) and cardiac hypertrophy and
dysfunction in hypertensive patients. Mayumi et al. constructed the adipose tissue-cardiomyocyte
coculture model and suggested that EAT may be related to the lipotoxic of cardiomyocytes via unknown
factors plus fatty acid transport protein (FATP) and CD3657. The increase of EAT accumulation may
result in more pro-in�ammatory and lipotoxic cytokines secretion, which can directly diffuse into the
myocardium and lead to myocardial hypertrophy and cardiac dysfunction60. In addition, the plasma
proatherogenic cytokines (IL-6, MCP-1, CD36, FATP-4) secreted by EAT might damage the vascular
structure and promote coronary and peripheral atherosclerosis61. EAT thickness can be easily measured
by echocardiography with a non-invasive way, which might be used as cardiovascular risk strati�cation in
hypertensive patients. Though the mechanisms of EAT on cardiac dysfunction and atherosclerosis are
not clear enough, the hypertensive patients with more EAT accumulation may need more intensive
cardiovascular follow-up.

Strengths And Limitations
The present work has its own advantages. First, this is the �rst meta-analysis to investigate the
association of EAT with EH. Second, the present work comprehensively evaluates the association of EAT



Page 8/17

with EH, including circadian blood pressure patterns, degree of hypertension, and complications. Third,
high quality studies and a large sample size are included in this meta-analysis. However, the this work
also has its limitations. First, the study only analyzes the relation between EAT and hypertension without
considering other possible biological factors including age, BMI, insulin resistance and lipidemia. Second,
there were limited number of studies comparing EAT-t among different degree of hypertensive patents.

Conclusion
In summary, our meta-analysis demonstrated that EAT ectopic deposition was associated with the
occurrence and complications of EH. The role of EAT in the pathogenesis of EH is in the exploratory
stage, and the potential mechanism needs to be investigated in detail research.
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Figures

Figure 1

Flowchart of the study selection
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Figure 2

Comparison of the epicardial EAT-t and EAT-v between essential hypertensive (EH) patients and
normotensive individuals. (A) Meta–analysis; (B) trial sequential analysis. EAT-t, epicardial adipose tissue
thickness; EAT-v, epicardial adipose tissue volume

Figure 3

Analyzing the association of EAT-t and EAT-v with the occurrence of essential hypertension (EH). (A)
Meta–analysis; (B) trial sequential analysis. EAT-t, epicardial adipose tissue thickness; EAT-v, epicardial
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adipose tissue volume

Figure 4

Meta–analysis comparison of the EAT-t and EAT-v between dipper and non-dipper subgroups in patients
with essential hypertension (EH). EAT-t, epicardial adipose tissue thickness; EAT-v, epicardial adipose
tissue volume



Page 16/17

Figure 5

Meta-analysis comparing the EAT-t among the grade 1, grade 2 and grade 3 essential hypertension (EH)
subgroups. EAT-t, epicardial adipose tissue thickness
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Figure 6

(A) Meta–analysis comparing the EAT-t and EAT-v between in essential hypertensive patients (EH) with
normal and abnormal cardiac structure and function. (B) Meta–analysis comparing the EAT-t between
essential hypertensive (EH) patients with and without arteriosclerotic cardiovascular disease. EAT-t,
epicardial adipose tissue thickness; EAT-v, epicardial adipose tissue volume

Figure 7

(A) Funnel plot of studies included in bias analysis with regard to the mean of EAT-t and-v between
hypertensive patients (EH) and normotensive individuals; (B) Funnel plot of studies included in bias
analysis with regard to the association of EAT-t and-v with the occurrence of EH. EAT-t, epicardial adipose
tissue thickness; EAT-v, epicardial adipose tissue volume


