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Abstract
Epicardial adipose tissue (EAT) and pericardial adipose tissue (PAT) are increasingly recognized as distinct fat depots with implications for cardio
vascular disease. This review discusses their anatomical and physiological characteristics, as well as their pathophysiological roles. EAT, in di
rect contact with the myocardium, exerts local inflammatory and metabolic effects on the heart, while PAT influences cardiovascular health 
rather systemically. We sought to discuss the currently used imaging modalities to assess these fat compartments—CT, MRI, and echocardiog
raphy—emphasizing their advantages, limitations, and the urgent need for standardization for both scanning and image reconstruction. 
Advances in image segmentation, particularly deep learning-based approaches, have improved the accuracy and reproducibility of EAT and PAT 
quantification. This review also explores the role of EAT and PAT as risk factors for cardiovascular outcomes, summarizing conflicting evidence 
across studies. Finally, we summarize the effects of medical therapy and lifestyle interventions on reducing EAT volume. Understanding and ac
curately quantifying EAT and PAT is essential for cardiovascular risk stratification and may open new pathways for therapeutic interventions.
Keywords: epicardial adipose tissue; pericardial adipose tissue; cardiac imaging; computed tomography; cardiovascular risk; echocardiography; 
deep learning. 

Introduction
Epicardial adipose tissue (EAT) and pericardial adipose tissue 
(PAT) are increasingly recognized as key contributors to car
diovascular disease. This review aims to provide a compre
hensive discussion on the physiological and pathological role 
of EAT and PAT, focusing on imaging techniques for their 
evaluation and the emerging role of machine learning in their 
quantification. Potential treatment effects on EAT and PAT 
volume, as assessed with imaging, are discussed.

Anatomy
The term epicardial fat was first introduced in the early 20th 
century to describe the adipose tissue located between the vis
ceral layer of the pericardium and the myocardium.1 The 
pericardium serves as the anatomical boundary between the 
EAT and PAT and appears on imaging as a thin layer (with a 
thickness of 1.0-4.0 mm), which is sometimes difficult to dis
cern.2 The fat outside the pericardium lacks terminological 
consistency and shows considerable variability across the lit
erature. Previous studies denominate it intrathoracic fat,3

paracardial fat,4 mediastinal fat,5 or pericardial fat.6

Zaleska-Kociecka et al7 and Kim et al8 described pericardial 
fat as a separated depot of fat in-between the visceral and pa
rietal pericardium, and Rosito et al6 defined pericardial fat as 
any adipose tissue located within the pericardial sac.

In this review, we defined the thoracic fat compartments as 
follows and consistent with Bertaso et al9 (Figure 1). 
Epicardial fat refers to visceral intrapericardial fat contiguous 

with the myocardial surface. Pericardial fat is defined as fat 
outside the parietal pericardium, acknowledging that there is 
no adipose tissue between the pericardial layers.10

Precise definition and distinction of fat compartments has 
clinical relevance. Their distinct embryological origins, meta
bolic functions, and pathological implications contribute to 
diverse risk stratification and help understanding their spe
cific roles in cardiovascular disease.11

EAT is classified as visceral fat, originates embryologically 
from the splanchnopleuric mesoderm and therefore has brown 
fat-like properties and functions.12 In adults, it is primarily lo
cated along the atrioventricular and interventricular grooves, 
with smaller deposits found along the atrial walls and around 
the atrial appendages. As EAT volume increases, it can extend 
between the ventricles and coronary arteries, even penetrating 
the myocardium due to the absence of a fascial barrier between 
EAT and the heart muscle. This unique anatomical relationship 
allows for direct metabolic and inflammatory interactions be
tween EAT and the myocardium.13,14

In contrast, PAT originates from white adipose tissue and 
is metabolically more similar to subcutaneous fat.15 PAT is 
located outside the parietal pericardium, does not have direct 
contact with the myocardium, and surrounds the major, large 
blood vessels in the mediastinum. It is supplied by the peri
cardiophrenic artery, a branch of the internal thoracic artery, 
rather than from the coronary circulation. Thus, the effects 
of PAT on cardiovascular function are likely mediated 
through systemic rather than local mechanisms.
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Physiology
EAT exerts both paracrine and vasocrine effects on the myo
cardium and coronary arteries, influencing cardiovascular 
physiology through direct molecular signalling, while PAT is 
primarily involved in systemic metabolic regulation and in
flammatory signalling.16 Expansion of both EAT and PAT 
has been increasingly linked to various cardiovascular dis
eases, including coronary artery disease (CAD), atrial fibrilla
tion (AF), and heart failure (HF).

EAT is considered an active endocrine organ, secreting a 
range of bioactive molecules, including pro-inflammatory 
cytokines such as interleukin-6 (IL-6), tumour necrosis 
factor-alpha (TNF-α), and monocyte chemoattractant 
protein-1 (MCP-1). These adipokines contribute to endothe
lial dysfunction, oxidative stress, and vascular inflammation, 
thereby accelerating the progression of atherosclerosis.17 The 
close anatomical proximity of EAT to the coronary arteries 
suggests that these inflammatory mediators may exert direct 
paracrine effects on the vascular wall, promoting plaque de
velopment and instability.17 In addition to these pro- 
inflammatory effects, EAT also exerts protective functions 
under physiological conditions. It secretes beneficial adipo
kines such as adiponectin, which has anti-inflammatory and 
insulin-sensitizing properties, and syntheullin, a vasodilatory 
peptide with anti-ischemic effects. These mediators contrib
ute to myocardial energy supply, vascular homeostasis, 
and endothelial protection. Thus, the function of EAT is 

context-dependent: while it plays a cardioprotective role in 
healthy individuals, its secretory profile can shift toward a 
pro-inflammatory phenotype under pathological conditions 
such as obesity, insulin resistance, or type 2 diabetes.18

In addition, EAT has been implicated in the pathogenesis 
of AF. Increased EAT volume has been associated with struc
tural and electrical remodelling of the atria, likely due to the 
secretion of inflammatory and profibrotic cytokines. These 
mediators promote atrial fibrosis, altering conduction path
ways and increasing susceptibility to arrhythmia. 
Furthermore, EAT may influence autonomic nervous system 
activity through sympathetic and parasympathetic modula
tion and contribute to AF development.19

EAT has also been linked to HF, particularly heart failure 
with preserved ejection fraction. The expansion of EAT may 
contribute to myocardial stiffness and diastolic dysfunction 
through the secretion of profibrotic factors such as transform
ing growth factor-beta (TGF-β) and leptin. These factors pro
mote interstitial fibrosis, reducing ventricular compliance and 
impairing relaxation. Additionally, excessive EAT accumula
tion may exert mechanical compression on the myocardium, 
further worsening ventricular filling and cardiac workload.20

While less studied than EAT, PAT has been associated with 
systemic inflammation, insulin resistance, and endothelial 
dysfunction. Unlike EAT, which influences local myocardial 
and coronary function, PAT contributes to broader metabolic 
dysregulation. Increased PAT volume has been correlated 

Figure 1. Schematic illustration of the different layers from inside (endocardium) to outside (PAT).
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with higher levels of circulating pro-inflammatory cytokines, 
which may exacerbate cardiovascular risk by promoting arte
rial stiffness and systemic inflammation. These findings sug
gest that both EAT and PAT play significant but distinct roles 
in cardiovascular disease progression.21,22

Controversy
The definitive role and impact of EAT and PAT remains in
completely understood. Over the years, several publications 
have reported partially conflicting findings. For instance, 
Tanami et al23 found no significant association between EAT 
volume and severity of CAC, coronary stenosis, or myocar
dial perfusion abnormalities, raising questions about the clin
ical relevance of EAT quantification. Similarly, Mahabadi et 
al24 observed no significant correlation between high EAT 
volume and severe CAC score (≥400) in the general popula
tion, although a significant association was noted in patients 
below 55-years of age and with a low baseline CAC, suggest
ing potential age-dependent effects.

In contrast, multiple studies support the role of increased 
EAT volume or thickness as a predictor of adverse cardiovas
cular outcomes (Table 1). Chu et al,40 Tscharre et al,41 and 
Lu et al42 demonstrated that higher EAT thickness or volume 
significantly correlates with cardiovascular events in various 
patient cohorts, including those with AF, after acute coronary 
syndrome, or after percutaneous coronary intervention. 
Likewise, Eisenberg et al43 and West et al44 confirmed these 
associations, using deep learning-based methods for segmen
tation, further strengthening the case for EAT volume as a 
prognostic marker.

Beyond quantity, recent studies have also focused on EAT 
quality. Pina et al45 found that both lower EAT volume and 
higher EAT attenuation were independently associated with 
increased all-cause mortality, while Duca et al35 highlighted 
that EAT tissue characteristics (eg, higher T1 times in MRI) 
were predictive of poor outcomes, even when EAT volume 
was not. These findings emphasize the growing recognition 
that not only the amount but also the composition and meta
bolic activity may play a role in disease progression.

Oikonomou et al46 introduced the fat attenuation index 
(FAI) as a potential surrogate marker for pericoronary in
flammation, demonstrating that FAI independently predicts 
cardiovascular events—highlighting the prognostic value of 
EAT characteristics beyond volume alone. Huber et al 
showed that EAT dispersion, a CT-based measure of hetero
geneity in fat distribution, is independently associated with 
AF recurrence after ablation47 and demonstrated that EAT 
characteristics (eg, texture and distribution) can further refine 
cardiovascular risk prediction.48 These findings highlight the 
increasing recognition of EAT’s functional and structural im
portance in risk stratification. However, controversy persists 
regarding the reproducibility of FAI across imaging platforms 
and populations, with ongoing investigations into standardiz
ing CT scan, reconstruction, and measurement proto
cols.49-51

The causal mechanisms linking EAT volume and attenua
tion to cardiovascular outcome are not yet fully understood, 
but emerging data suggest a metabolic and inflammatory ba
sis. Recent findings by Barchuk et al52 provide insight by 
demonstrating that EAT in CAD patients shows increased li
poprotein lipase (LPL) activity, which correlates with ele
vated levels of ceramides—bioactive lipids implicated in 

atherosclerosis. These ceramide species, particularly Cer18:1/ 
24:1, were strongly associated with LPL activity and specific 
regulators such as GPIHBP1 and ANGPTL4. The study indi
cates that increased EAT volume may reflect metabolically 
active tissue rich in pro-inflammatory and atherogenic lipid 
species, while lower EAT attenuation (ie, higher lipid con
tent) may mirror a detrimental tissue composition. This lipi
domic profile may help explain the association between EAT 
characteristics and adverse cardiovascular outcomes, bridg
ing the gap between imaging findings and pathophysiological 
relevance.52

Imaging techniques
Computed Tomography (CT) is the most commonly used im
aging modality for assessing EAT volume and attenuation due 
to its high spatial resolution, volumetric data, and the consis
tent and precise visualization of the pericardium. EAT can be 
measured on both non-contrast and contrast-enhanced CT 
images. The pericardium is contoured and voxels in a CT at
tenuation range between −190 and −30 Hounsfield Units 
(HU) are identified as adipose tissue.53 It is important to note 
that variations in acquisition parameters such as tube voltage 
(kVp) and tube current (mA) influence both attenuation and 
volume measurements of EAT when using fixed HU thresh
olds. In addition to CT acquisition parameters, other factors 
influence EAT attenuation as well. For example, seasonal var
iations have been shown to affect EAT attenuation, with lower 
HU values observed during summer compared to winter 
months. Furthermore, clinical and demographic variables—in
cluding sex, race, body mass index, diabetes status, and use of 
statins or antihypertensive medications—also have a relation
ship to EAT attenuation, potentially complicating its interpre
tation as a cardiovascular risk biomarker.54 Spearman et al 
suggested in their systematic review a volume threshold 
>125 mL as predictive of cardiac pathology.55

Importantly, non-contrast chest CT acquired using a tube 
voltage of 120 kVp and reconstructed with a slice thickness of 
1.25 mm provides EAT volumes comparable to dedicated 
ECG-gated cardiac CT, offering broader applicability. 
Contrast-enhanced CT tends to underestimate EAT volume 
compared to non-enhanced scans, with a reported mean differ
ence of 31 mL. Adjusting HU thresholds can improve consis
tency between protocols56,57 (Figure 2). A distinct advantage 
of CT for thoracic fat quantification is the possibility of quanti
fying adipose tissue in every chest CT scan, making it a poten
tially powerful tool for opportunistic screening.

Beyond volume and attenuation metrics, radiomics-based 
approaches have enabled a more detailed tissue characteriza
tion of EAT.58 Zhang et al59 applied machine-learning algo
rithms to contrast-enhanced and non-enhanced chest CT to 
extract 1691 radiomics features from segmented EAT, includ
ing first-order statistics, shape descriptors, and texture-based 
features. Feature selection using the Boruta algorithm and 
classification via random forest models yielded an EAT-based 
radiomics signature (EAT-score), which demonstrated excel
lent performance in identifying AF (AUC 0.92 in contrast- 
enhanced and 0.85 in non-enhanced CT). The EAT-score 
significantly outperformed models based solely on EAT vol
ume, attenuation, or clinical variables.

Magnetic Resonance Imaging (MRI) enables volumetric 
EAT quantification with high reproducibility and without ra
diation exposure (Figure 3). Various imaging sequences can 
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be used, and administration of gadolinium-based contrast 
media is not required. This makes MRI particularly suitable 
for longitudinal studies. However, limitations include higher 
costs, longer acquisition times, and lower spatial resolution 
as compared to CT. Furthermore, larger slice thicknesses and 
sometimes limited pericardial definition, especially in inferior 
slices, can affect segmentation accuracy. Nevertheless, MRI 
remains a safe and reliable tool for EAT analysis.60,61

Recent advances in cardiac MRI have significantly im
proved the accuracy and reproducibility of EAT assessment. 
Notably, Henningsson et al62 described a reduced intra- and 

inter-observer variability with cine 3D Dixon imaging com
pared to standard single-phase Dixon (ICC: 0.96 vs 0.92 and 
0.76 vs 0.63, respectively), likely due to better delineation of 
epicardial borders across the cardiac cycle. The resulting 
time-resolved volumetric data enhances segmentation preci
sion. Additionally, Dixon-based water-fat separation mini
mizes partial volume effects and improves tissue contrast for 
more accurate fat quantification.

Deep learning methods such as convolutional networks 
further automate EAT segmentation and achieve near expert- 
level performance (eg, Dice scores up to 0.77 in cine 

Figure 2. Cardiac CT of a 69-year-old male patient for evaluation of CAD. (A) Axial image at the level of the ventricles. (B) Schematic fat segmentation.

Figure 3. Cardiac MRI in a 54-year-old female patients with suspicion of myocardial fibrosis. (A) Axial image at the level of the ventricles. (B) Schematic 
fat segmentation.
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4-chamber MRI). The recently developed EAT-Mamba pipe
line, which integrates multiphase Dixon imaging with Res- 
Mamba blocks, has achieved Dice coefficients of 0.86 and 
highly accurate fat volume estimation.63

Echocardiography offers a non-invasive, low-cost, and 
radiation-free method to estimate EAT thickness, visualized 
as a hypoechoic space between the myocardium and the peri
cardium.64 In echocardiography, EAT is best detected over 
the right ventricular free wall, and thickness is measured per
pendicularly in parasternal long- and short-axis views. A 
commonly used threshold of 5 mm has been proposed to 
identify individuals at increased cardiovascular risk.65

However, echocardiography does not allow volumetric as
sessment and is limited by low spatial resolution and high op
erator dependency. EAT may also be misinterpreted as 
pericardial effusion in some cases.66

Despite the individual advantages of each of the imaging 
techniques, there remains the challenge in achieving consis
tency and reproducibility across different studies and clinical 
settings, an issue which is particularly pronounced for echo
cardiography. Variability in imaging protocols, equipment 
calibration, and patient positioning can lead to differences in 
results, complicating the interpretation of findings. In CT im
aging, several studies have demonstrated that variations in 
tube voltage and tube current influence both the attenuation 
and volume measurements of EAT, given that the HU thresh
old remains constant. Several studies have shown that varia
tions in tube voltage influence EAT volume measurements 
when the HU-threshold remains constant. Reconstruction 
parameters, such as the use of iterative reconstruction techni
ques also influence HU-values and volume measurements, 
particularly when the predefined range of −190 to −30 HU is 
not being adapted.51,67

Many of the studies on the role of EAT and PAT on cardio
vascular disease use variable imaging and measurement proto
cols, which hampers comparability. Therefore, standardization 
is crucial to ensure reproducibility, comparability, and clinical 
applicability.68,69

Methods for adipose tissue segmentation
The development of medical image processing has undergone 
a significant transformation over the years. Initially, the seg
mentation of EAT and PAT was performed manually, requir
ing extensive effort and expert knowledge. This manual 
segmentation process was time-consuming, prone to errors, 
and subject to high inter-observer variability.70 In the follow
ing, techniques such as thresholding, region growing, and ac
tive contours dominated image segmentation. These methods 
relied on explicit rules and assumptions that were manu
ally defined.71

To address these challenges, more advanced and auto
mated methods have been introduced, with a growing em
phasis on machine learning-based tools in recent years 
enabling automatic extraction of image features for segmen
tation. These approaches greatly improved the accuracy and 
flexibility of segmentation.72-74

In recent years, deep learning techniques have substantially 
enhanced the quality and efficiency of EAT and PAT segmenta
tion. Convolutional neural networks, representing a distinct 
deep learning architecture, have proven effective for the auto
mated segmentation of EAT and PAT. The primary advantages 
of these technologies lie in their ability to recognize complex 

patterns within image data and perform segmentation with 
minimal human intervention. This not only reduces time but 
also mitigates the inter-observer variability associated with 
manual and traditional semi-automated methods.75

Ding et al76 applied deep learning models to CT data for 
the automation of EAT segmentation, achieving high accu
racy with a Dice coefficient of 0.82 compared to manual seg
mentation. Other studies, such as Rodrigues et al77 reported 
even higher performances, with deep learning models reach
ing Dice coefficients as high as 0.98. These results often ex
ceed the variability encountered with manual segmentation, 
offering a promising solution for clinical applications.

An advantage of deep learning is its ability to learn from 
large datasets, enabling the model to handle various patient 
groups and image qualities. Through continuous learning 
and model refinement, the method can be further optimized. 
Once a model is trained and validated, results can be reliably 
reproduced on new datasets, improving the robustness and 
credibility of the method.78 Furthermore, deep learning has 
also been successfully used for predictive analysis: In a study 
on heavy smokers, EAT was used as a predictor of cardiovas
cular risk using neural networks.79

There are challenges associated with the application of deep 
learning in EAT and PAT segmentation. One of the primary 
obstacles is the need for large, annotated datasets for training, 
since the quality of deep learning models is directly dependent 
on the quantity and diversity of training data.80 In medical im
age processing, the acquisition of sufficient high-quality anno
tated image data is often difficult, which hinders the 
development and training of deep learning models. Solutions 
such as data augmentation techniques or synthetic image gen
eration may help address the scarcity of training data.80

Moreover, deep learning models are often referred to as 
“black-box” models,81,82 meaning that their decision-making 
process can be challenging to interpret for human observers. 
In clinical practice, it is essential for the results produced by 
deep learning algorithms to be interpretable and validated. A 
lack of transparency in the model’s processes can thus present 
a barrier to widespread clinical adoption. Researchers are 
working on improving model explainability by incorporating 
techniques like Gradient-weighted Class Activation Mapping 
or Local Interpretable Model-agnostic Explanations, which 
aim to make the decision-making process of the models more 
understandable.83

Another challenge is the risk of overfitting, which may 
arise when models are trained on relatively small datasets. 
This may result in models that are not generalizable and may 
perform poorly on real-world clinical data. Consequently, it 
is crucial for deep learning models to be validated not only 
on specific datasets but also on diverse and broad patient 
populations to assess their true performance and susceptibil
ity to errors.80

Effects of treatment and lifestyle modification 
on EAT and PAT
The management of EAT accumulation, a key component of 
cardiometabolic risk, has attracted significant attention due 
to its potential role in cardiovascular diseases. Nonetheless, 
current evidence remains inconclusive as to whether EAT acts 
as an independent modifiable therapeutic target or serves as a 
surrogate marker of general visceral adiposity. Several thera
peutic approaches including pharmacological interventions, 
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lifestyle modifications, and surgical treatments, aim to reduce 
the volume of EAT and hence, the associated risks.11 Despite 
the fact that the relationship between adiposity and metabolic 
health is widely investigated, little is known about the treat
ment of pericardial fat.

Several cardiometabolic drugs have been investigated for 
their potential to reduce EAT volume, with effects observed 
for statins, GLP-1 receptor agonists (RA), and SGLT2 inhibi
tors.84 These drugs work through various mechanisms that 
contribute to reductions in EAT volume and thickness, and 
their impact has been assessed through a combination of im
aging techniques such as ultrasound, CT, and MRI.85 In addi
tion to volume reduction, anti-inflammatory effects have also 
been described. GLP-1 RA, such as Semaglutide showed a sig
nificant reduction in EAT inflammation and clinical improve
ment of psoriasis in obese patients with type 2 diabetes.86

EAT also expresses receptors for GIP, glucagon and GLP-1, 
which means that these drugs can potentially act directly on 
adipose tissue.87,88 GLP-1 receptor expression in the EAT 
was also associated with increased gene expression for fatty 
acid oxidation and white-to-brown fat transformation, sug
gesting possible metabolic reprogramming in the EAT by 
GLP-1 RAs.89

Statins are primarily known for their lipid-lowering effects, 
but recent studies suggest that they may also exert pleiotropic 
effects that contribute to EAT reduction. A meta-analysis of 
3 studies based on ultrasound, CT or MRI involving 603 
patients demonstrated that statins had a modest, yet statisti
cally significant, impact on reducing EAT thickness measured 
in mm, ml or cm3 depending on the device. The standardized 
mean difference (SMD) for statins was −0.195 (95% CI 
−0.79, −0.32, P< .001), indicating a small reduction in EAT 
volume.80 Statins are thought to exert these effects not only 
through their lipid-lowering capabilities but also via their 
anti-inflammatory properties, which modulate adipose tissue 
function and metabolism. However, the overall impact of sta
tins on EAT reduction remains relatively mild compared to 
newer agents like GLP-1 RA and SGLT2 inhibitors.80

Semaglutide has gained attention due to their effects on 
weight loss, glucose control, and cardiovascular protection. 
In a meta-analysis of 7 studies based on ultrasound, CT, and 
MRI involving 240 patients, GLP-1 RA demonstrated a sub
stantial reduction in EAT thickness measured in mm, mL, or 
cm3 depending on the device. The SMD for GLP-1 RA was 
−1.005 (95% CI −1.37, −0.64, P< .001), indicating a robust 
effect on EAT reduction.80 Further sensitivity analyses con
firmed that GLP-1 RA had a stronger effect on EAT reduc
tion than SGLT2 inhibitors, with a 2-fold greater efficacy 
(P¼ .04). The proposed mechanisms for GLP-1 RA’s effect 
on EAT include induction of fat browning, improving myo
cardial insulin sensitivity, and possibly modulating inflamma
tory pathways. Furthermore, GLP-1 RA has been shown to 
have beneficial effects on the cardiovascular system, making 
it a promising candidate for managing EAT accumulation in 
patients with cardiometabolic risks.85

SGLT2 inhibitors, such as empagliflozin and canagliflozin, 
primarily target glucose metabolism and have demonstrated 
significant effects on reducing EAT. In 8 studies based on ul
trasound, CT, or MRI involving 221 patients, SGLT2 inhibi
tors reduced EAT volume measured in mm, mL, or cm3 

depending on the device with a SMD of −0.552 (95% CI 
−0.79, −0.32, P< .001). These drugs work by inhibiting the 
sodium-glucose cotransporter 2 in the kidneys, leading to 

increased glucose excretion and reduced blood glucose levels. 
The reduction in EAT with SGLT2 inhibitors is also thought 
to be mediated by improvements in body weight, inflamma
tion, and fat oxidation. Interestingly, the effect of SGLT2 
inhibitors on EAT was comparable to that of GLP-1 RA after 
6 months, highlighting the potential of these drugs in the 
long-term management of EAT.90

However, recent findings from the cardiac MRI substudy 
of the SUMMIT trial challenge the assumption that EAT is 
consistently responsive to pharmacologic intervention. In 
that study, treatment with tirzepatide significantly reduced 
left ventricular (LV) mass and total paracardiac fat volume, 
but no specific effect on epicardial adipose tissue (EAT) was 
demonstrated, suggesting that observed reductions may re
flect global fat loss rather than a direct modulation of EAT.91

These findings underscore the need for more precise pheno
typing of cardiac adipose tissue compartments and support 
the notion that EAT may act as a secondary marker rather 
than a primary therapeutic target.

Lifestyle interventions, including dietary changes and in
creased physical activity, play a critical role in managing EAT 
and PAT in addition to pharmacological treatments. Both 
diet and physical exercise have been shown to significantly re
duce EAT and PAT volume, though their effectiveness can 
vary depending on the approach.92 Particularly, the 
Mediterranean diet proved superior to others, such as the 
low-fat diet, in reducing EAT, likely due to its anti- 
inflammatory properties and high content of healthy fats.93

Aerobic exercise helps reduce visceral fat through enhanced 
fat oxidation and improved insulin sensitivity. Resistance 
training, while beneficial for increasing muscle mass, also 
aids in reducing fat depots such as EAT and PAT. High- 
intensity interval training has garnered attention for its effi
ciency in reducing visceral fat more effectively than tradi
tional aerobic exercises.94

Multimodal therapy offers a comprehensive approach to 
manage EAT and reduce associated cardiovascular risks. 
GLP-1 receptor agonists, statins, and SGLT2 inhibitors con
tribute significantly to EAT reduction, with GLP-1 receptor 
agonists showing the most pronounced effect. Lifestyle 
changes further support these therapies, although bariatric 
surgery shows a significant reduction in EAT in meta- 
analyses, it remains a last line option for patients with severe 
obesity.95 Ongoing research is essential to refine these strate
gies and to enhance understanding of the mechanisms in
volved in EAT accumulation and its reduction.

PAT is typically reduced in parallel with EAT and other fat 
depots during weight loss, and although it may not be an in
dependent therapeutic target, its regression may still contrib
ute to improved cardiovascular outcomes. Ongoing research 
is needed to clarify the clinical relevance of PAT reduction 
and its potential mechanistic role in cardiometabolic disease.

Future research directions
Future research should prioritize standardized imaging and 
measurement protocols to improve comparability and clinical 
applicability. A clearer distinction between EAT and PAT is 
needed, given their potentially different biological roles. 
Mechanistic studies are essential to determine whether EAT 
is a modifiable therapeutic target or merely a cardiovascular 
risk marker. Additionally, deep learning models should be 
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further developed and validated to enable automated and in
terpretable analysis in clinical settings.

Conclusion
This review aimed to summarize the growing recognition of 
EAT and PAT as key contributors to cardiovascular disease. 
The anatomical, physiological, and pathological roles of 
these tissues demonstrate their importance in cardiovascular 
risk stratification. Imaging techniques, particularly CT, have 
proven to be valuable tools for quantifying these fat depots, 
with deep learning-based segmentation methods offering fur
ther improvements in precision and reproducibility. Despite 
promising results, the exact role of EAT and PAT as indepen
dent cardiovascular risk factors remains controversial, with 
conflicting findings across various studies. Nonetheless, the 
current belief is that both EAT and PAT significantly impact 
cardiovascular health, with EAT emerging as a predictor of 
adverse outcomes.

Anatomical precision in imaging and segmentation is es
sential. In this context, the continued development and stan
dardization of imaging protocols, alongside the integration of 
advanced imaging techniques and machine learning tools, 
will be pivotal in translating these findings into clini
cal practice.
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