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ABSTRACT

Background and aims: Systemic inflammatory diseases could act as an unfavorable condition in which
epicardial adipose tissue (EAT) becomes harmful to cardiovascular health. The objectives were: (a) to
quantitatively compare the presence of EAT between patients with systemic inflammatory diseases and
controls; (b) to analyze the association between EAT and subclinical atheromatosis in individuals with
systemic inflammatory diseases.
Methods: Studies that have quantified EAT in a population with systemic inflammatory diseases com-
pared to a control group, or that describe the association between EAT and the presence of subclinical
atheromatosis in patients with systemic inflammatory diseases were included. A quantitative analy-
sis was performed for the first objective. This systematic review was performed according to PRISMA
guidelines.
Results: Twenty-one studies including 1448 patients with systemic inflammatory diseases, were con-
sidered eligible for this study. Patients with systemic inflammatory disease have a higher volume (MD:
10.4cm?> [1.8-19.1]; p<0.01), higher thickness (MD: 1.0 mm [0.8-1.2]; p<0.01), and a statistically non-
significant higher area (MD: 3.1 cm? [1.0-5.2]; p=0.46) of EAT compared to the control group. Most
studies reported a significant association between EAT and subclinical atheromatosis in patients with
different systemic inflammatory diseases.
Conclusion: This study demonstrated that EAT is increased in patients with systemic inflammatory dis-
eases compared with healthy controls, and that EAT measurement is closely correlated with subclinical
atherosclerosis in these patients. The causality of this association should be tested in prospective studies.
© 2022 Elsevier Espaiia, S.L.U. and Sociedad Espafiola de Reumatologia y Colegio Mexicano de
Reumatologia. All rights reserved.
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Relacion entre tejido adiposo epicardico, enfermedades inflamatorias
sistémicas y ateromatosis subclinica: una revision sistematica

RESUMEN

Objetivos: Las enfermedades inflamatorias sistémicas podrian aumentar el riesgo cardiovascular asocia-
dos a un aumento del tejido adiposo epicardico (TAE). Los objetivos de este estudio, fueron: a) comparar
cuantitativamente la presencia de TAE entre pacientes con enfermedades inflamatorias sistémicas y con-
troles, y b) analizar la asociacién entre TAE y atero“matosis subclinica en individuos con enfermedades
inflamatorias sistémicas.
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Métodos: Se incluyeron estudios que hayan cuantificado la TAE en una poblacién con enfermedades
inflamatorias sistémicas frente a un grupo control, o que describan la asociacién entre la TEA y la pres-
encia de ateromatosis subclinica en pacientes con enfermedades inflamatorias sistémicas. Para el primer
objetivo se realizé un andlisis cuantitativo. Esta revisién sistematica se realizé de acuerdo con las guias
PRISMA.

Resultados: Veintitn estudios que incluyeron 1.448 pacientes con enfermedades inflamatorias sistémicas
se consideraron elegibles para este estudio. Los pacientes con enfermedad inflamatoria sistémica tienen
mayor volumen (DM: 10,4cm? [1,8-19,1]; p<0,01), mayor grosor (DM: 1,0 mm [0,8-1,2]; p<0,01) y un
area mayor estadisticamente no significativa (DM: 3,1cm? [1,0-5,2]; p=0,46) de EAT en comparacion
con el grupo de control. La mayoria de los estudios informaron una asociacién significativa entre EAT y
ateromatosis subclinica en pacientes con diferentes enfermedades inflamatorias sistémicas.

Conclusion: Este estudio demostré que la TAE aumenta en pacientes con enfermedades inflamatorias
sistémicas en comparacién con controles sanos, y que la medicién de EAT esta estrechamente relacionada
con la aterosclerosis subclinica en estos pacientes. La causalidad de esta asociacién debe probarse en

estudios prospectivos.

© 2022 Elsevier Espaiia, S.L.U.

y Sociedad Espafiiola de Reumatologia y Colegio Mexicano de Reumatologia. Todos los derechos reservados.

Introduction

Systemic inflammatory diseases are associated with an
increased risk of cardiovascular complications.! The basis of car-
diovascular risk is atherosclerosis, a complex disease that includes
several pathogenic mechanisms such as genetic, metabolic,
degenerative, and inflammatory issues.> In addition, subclinical
atheromatosis can be identified through various noninvasive diag-
nostic methods such as ultrasound or computed tomography.?

Epicardial adipose tissue (EAT) is defined as a fat depot localized
between the myocardial surface and the visceral layer of the peri-
cardium. Itis a type of visceral fat.* There is growing evidence about
the importance of epicardial adiposity on cardiometabolic risk.”
Several studies have shown that EAT is highly related to the extent
and severity of coronary artery disease and it is also associated with
high-risk atherosclerotic plaque composition.®

Under physiological conditions, EAT is capable of releasing sev-
eral anti-inflammatory and anti-atherogenic hormones, such as
adiponectin.” However, under pathological conditions, the protec-
tive properties can disappear and EAT becomes a deleterious tissue
promoting the development of atherosclerosis and related cardio-
vascular complications. Therefore, it could happen that systemic
inflammatory diseases act as an unfavorable condition in which
the EAT becomes harmful to cardiovascular health.

The objectives of this systematic review were: (a) to quantita-
tively compare the presence of EAT between patients with systemic
inflammatory diseases and a control group; (b) to analyze the asso-
ciation between EAT and the presence of subclinical atheromatosis
in individuals with systemic inflammatory diseases.

Material and methods

This systematic review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines® and was registered in PROSPERO.

Eligibility criteria

Eligible studies were included following these inclusion criteria:
(1) experimental or observational studies developed in humans;
(2) studies that reported EAT values, both in the inflammatory
disease group (rheumatoid arthritis [RA], systemic lupus erythe-
matosus [SLE], psoriasis, inflammatory bowel disease [IBD], and
ankylosing spondylitis [AS]) and in the control group; (3) studies
that reported the association between EAT and the presence of sub-
clinical atheromatosis in the inflammatory disease group. Studies

that met inclusion criteria 1 and 2 or 1 and 3 were included. Expert
opinions, reviews, or case series were excluded from this review.

Information sources and search strategy

A literature search was performed to detect studies that
have evaluated the presence of EAT in patients with systemic
inflammatory diseases. Two reviewers searched the electronic
PubMed/MEDLINE, Embase, Science Direct, Scopus, Google Scholar,
and Cochrane Controlled Trials databases using “epicardial adipose
tissue” or “epicardial fat” terms combined with the following terms:
“rheumatoid arthritis”, “systemic lupus erythematosus”, “pso-
riasis”, “inflammatory bowel disease”, “ankylosing spondylitis”,
“inflammatory diseases”, “autoimmune diseases” and “rheuma-
tological diseases”. There were no idiomatic, geographical or
publication restrictions. The last article search ended on 15 June
2022.

Selection process and data collection process

One investigator screened the title and abstract for initial
inclusion. Full texts were reviewed independently by the two
investigators for further screening. The authors also conducted a
“snowball search” to find other articles. In addition, a manual search
of the bibliography of included studies was performed to identify
additional studies. Study characteristics were extracted, and the
data were tabulated into tables developed by researchers. For any
disagreements that occurred during the screening and data extrac-
tion stages between the two investigators, a third reviewer was
consulted.

Effect measures and synthesis methods

One of the objectives of this systematic review was to assess
whether the presence of EAT is quantitatively more significant in
patients with systemic inflammatory diseases compared to a con-
trol group. For EAT measurements, computed tomography (volume
expressed in mL or cm3; or area expressed in cm?) or ultrasound
(thickness expressed in millimeters [mm]) were assessed. A quan-
titative analysis was performed on the studies that reported this
variable, both in the inflammatory disease group and in the con-
trol group (meta-analysis). Effect size measures were expressed
as mean difference (MD), and the I? statistic was calculated to
quantify trial heterogeneity and inconsistency. When the sum-
mary/dispersion measures were not mean, and standard deviation,
conversion tools previously suggested by the literature were used.’
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Depending on the value of 2, a fixed effects model (I%<40%) or
a random effects model (I%>40%) was chosen. Whether one or
more assessed studies had a negative impact on heterogeneity was
determined using an influence analysis based on the leave-one-
out method. A Z test was used to compare mean effects between
subgroups.

The second aim of this systematic review was to analyze the
association between EAT and the presence of subclinical athero-
matosis in individuals with systemic inflammatory diseases. The
presence of subclinical atheromatosis was reported according
to the different definitions in included studies, such as carotid
intima-media thickness (CIMT), brachial artery flow-mediated
dilatation, or aortic pulse wave velocity (aPWV) estimated by
ultrasound. In addition, coronary artery calcification (CAC) or the
presence of coronary plaques by computed tomography also was
considered. In this case, meta-analysis was not possible due to
heterogeneity of the populations included, the different EAT mea-
surement, and the different methods to evaluate the presence of
subclinical atheromatosis.

Statistical analyses were performed using the R software (“The
R Foundation for Statistical Computing”, Vienna, Austria) for statis-
tical computing version 3.5.1 with additional specific packages.? A
two-tailed p-value <0.05 was considered statistically significant.

Study risk of bias assessment

The risk of bias was assessed using the Cochrane Risk of Bias in
Non-Randomised Studies of Interventions (ROBINS-1) tool. It eval-
uates 7 domains related to bias due to confounding, bias in selection
of participants into the study, bias in classification of interventions,
bias due to deviations from intended interventions, bias due to
missing data, bias in measurement of outcomes and bias in selec-
tion of the reported result. The categories for risk of bias judgements
are “Low risk”, “Moderate risk”, “Serious risk” and “Critical risk”
of bias. The “No information” category should be used only when
insufficient data are reported to permit a judgement. Any discrep-
ancy between the two reviewers was resolved through discussion
and by involving a third reviewer.

Analysis of publication bias

Modified Egger’s regression intercept tests were done in the two
analyzes that included at least 5 studies. A p-value less than 0.1 was
considered significant for the linear regression test.

Sensitivity analysis

A sensitivity analysis was performed. It consists of replicating
the results of the meta-analysis, excluding in each step one of the
studies included in the review.

Results

The search included 556 potentially relevant articles after
title screening, and 525 studies were excluded after title/abstract
screening, as these were duplicate studies or did not assess the pur-
pose of this study. After careful reading of the articles, 25 studies
were removed because these studies did not report the expo-
sure/event of interest. A flow diagram of the study’s screening
process is shown in Fig. 1.

Twenty-one observational studies including 1448 patients with
systemic inflammatory diseases were identified and considered eli-
gible for this systematic review (for the quantitative analysis, 20
studies were selected).’?30 The systemic inflammatory diseases
evaluated were psoriasis (8 studies), RA (7 studies), AS (3 stud-
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ies), IBD (2 studies) and SLE (one study). The characteristics of the
studies included in this review are shown in Table 1.

The risk of bias assessment of the studies included in this review
is shown in Fig. 2.

The analytical evaluation (Egger’s asymmetry test) does not sug-
gest publication bias (EAT volume studies: p=0.29; EAT thickening
studies: p=0.96).

EAT in patients with systemic inflammatory diseases versus
controls

In total, five studies compared the volume of EAT observed by
computed tomography between patients with systemic inflam-
matory diseases and a control group.!011.1623.29 Three studies
showed a significantly higher volume of EAT in patients with sys-
temic inflammatory diseases compared to controls'%2329 while
another two did not.'"?> On the other hand, two studies eval-
uated the area of EAT estimated by computed tomography. One
study showed a significantly higher area of EAT in patients with
systemic inflammatory diseases compared to controls,?? while
another did not.?! In addition, 13 studies evaluated EAT thickness
by ultrasound in both groups (subjects with systemic inflammatory
disease and controls).!3-18.22.23.26-28 A]] studies showed a signifi-
cantly higher EAT thickness in patients with systemic inflammatory
diseases compared to controls. The estimation of different variables
regarding EAT in patients with systemic inflammatory diseases and
controls is shown in Table 2.

The quantitative analysis showed that patients with sys-
temic inflammatory disease have a higher volume (MD: 10.4 cm3
[1.8-19.1]; p<0.01, 2=95%) and higher thickness (MD: 1.0 mm
[0.8-1.2]; p<0.01, I2=96%) of EAT compared to the control group.
Moreover, patients with systemic inflammatory diseases showed a
statistically non-significant higher EAT area than the control group
(MD: 3.1cm? [1.0-5.2]; p=0.46, 2 =0%). The main results of the
meta-analysis are shown in Fig. 3.

In this case of EAT volume, the influence analysis shows that the
heterogeneity decreases drastically (12 =0%) when eliminating the
study by Karpouzaset al. On the other hand, in the analysis of the
influence of EAT thickness, the heterogeneity decreased slightly in
all cases, without observing that any particular study significantly
changed the result.

Sensitivity analysis showed robust results when evaluating EAT
thickening (Fig. 4). When performing the same analysis but with
the studies that evaluated EAT volume, the results were similar,
although omitting the studies by Lipson et al. and Omset et al.
the trend lost statistical significance. We did not perform sensi-
tivity analysis with the investigations that evaluated the area of
EAT because there were only two studies.

Association between EAT and the presence of subclinical
atheromatosis

Four studies that included patients with psoriasis have eval-
uated this point. Bulbul et al. showed that EAT thickness was
significantly correlated with CIMT (r=0.69, p<0.01) in patients
with psoriasis vulgaris.!> Another study reported a moderately
positive correlation between EAT thickness and CIMT in subjects
with chronic plaque psoriasis (p<0.05).?” In addition, the area
of EAT was significantly associated with the presence of CAC in
another study.'* Similarly, EAT volume was positively related to
CAC in patients with severe plaque-type psoriasis.'® This study
showed that EAT volume was significantly higher in patients
with subclinical atherosclerosis compared to those without any
degree of coronary calcification (135.7 +8.39mLvs. 75.6 + 5.29 mL,
p<0.001), even after adjustment for confounding variables.
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Table 1
Characteristics of the included observational studies.

Study (year) n? Inflammatory Age [mean +SD Women (%) EAT measurement Objectives evaluated”
disease or median (IR)],
years
Lipson et al. (2012) 162 SLE 399+11.8 91 CT (volume, cm3) Primary objective
Secondary objective: CAC score using
CT.
Ormseth et al. 162 RA 54 (45-63.8) 70 CT (volume, cm3) Primary objective
(2013) Secondary objective: CAC score using
CT.
Bulbul et al. (2013) 65 Psoriasis 411433 40 Ultrasound- Primary objective
measured EAT Secondary objective: CIMT using
thickness (mm) ultrasound.
Lima-Martinez 32 RA N/R 100 Ultrasound- Primary objective
etal. (2014) measured EAT
thickness (mm)
Bacaksiz et al. 115 Psoriasis 33.6+6 46.1 Ultrasound- Primary objective
(2014) measured EAT
thickness (mm)
Balci et al. (2014) 38 Psoriasis 422415 31.6 CT (area, cm?) Primary objective
Secondary objective: CAC score using
CT.
Akyildiz et al. 31 Psoriasis 42+11.1 54.8 Ultrasound- Primary objective
(2014) measured EAT
thickness (mm)
Temiz et al. (2015) 90 RA 54 (21-76) 81 Ultrasound- Primary objective
measured EAT Secondary objective: Brachial artery
thickness (mm) flow-mediated dilatation and CIMT
using ultrasound.
Resorlu et al. 40 AS 428+12.4 35 Ultrasound- Primary objective
(2015) measured EAT Secondary objective: CIMT using
thickness (mm) ultrasound.
Fatma et al. (2015) 76 RA 53+11 84.2 Ultrasound- Primary objective
measured EAT
thickness (mm)
Torres et al. 100 Severe 47.4+10.8 36 CT (volume, mL) Primary objective
(2015)%7 plaque-type Secondary objective: CAC score using
psoriasis CT.
Uysal et al. (2016) 47 IBD N/R N/R Ultrasound- Primary objective
measured EAT Secondary objective: CIMT using
thickness (mm) ultrasound.
Momose et al. 86 Moderate to 57.2+14.8 28 CT (area, cm?) Primary objective
(2018) severe
psoriasis
Petra et al. (2019) 84 RA 55.6+12.3 84.5 Ultrasound- Secondary objective: aPWV and CIMT
measured EAT using ultrasound.
thickness (mm)
Surucu et al. (2019) 38 AS 35.84+9.1 421 Ultrasound- Primary objective
measured EAT Secondary objective: CIMT using
thickness (mm) ultrasound.
Demir et al. (2021) 60 AS 46.7+8.7 40 Ultrasound- Primary objective
measured EAT Secondary objective: aPWV.
thickness (mm)
Karpouzas et al. 139 RA 54.5+9.17 88.5 CT (volume, cm?) Primary objective
(2021) Secondary objective: Quantity and
quality of coronary plaques using CT.
Ekmen et al. (2021) 60 IBD N/R N/R Ultrasound- Primary objective
measured EAT Secondary objective: CIMT using
thickness (mm) ultrasound.
Girisha et al. (2021) 50 Plaque 41.8+12 20 Ultrasound- Primary objective
type-psoriasis measured EAT Secondary objective: CIMT using
thickness (mm) ultrasound.
Saha et al. (2022) 30 RA N/R N/R Ultrasound- Primary objective
measured EAT
thickness (mm)
Ellis et al. (2022) 25 Severe 46+6 44 CT (volume, cm?) Primary objective
psoriasis

aPWV: aortic pulse wave velocity; AS: ankylosing spondylitis; BMI: body mass index; CAC: coronary artery calcification; CAD: coronary artery disease; CHF: congestive heart
failure; CIMT: intima-media thickness, CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CRP: C-reactive protein; CT: computed tomography; CVD:
cardiovascular disease; EAT: epicardial adipose tissue; IBD: inflammatory bowel disease; IR: interquartile range; N/R: not reported; RA: rheumatoid arthritis; SLE: systemic
lupus erythematosus.

@ Patients with chronic inflammatory disease (not including controls).

b Primary objective: EAT in patients with systemic inflammatory diseases versus control group; secondary objective: association between EAT and subclinical atheromatosis
in patients with systemic inflammatory diseases.
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Fig. 1. Flow diagram of the study screening process.

Four other studies that included patients with RA have eval-
uated this objective. Temiz et al. reported a positive correlation
between EAT thickness and CIMT (p <0.001) and a negative corre-
lation between EAT and brachial artery flow-mediated dilatation
(p=0.001) in a group of patients with RA.!® Petra et al. showed
that the correlation analysis displayed a significant positive cor-
relation between EAT and aPWV (p <0.001) and between EAT and
CIMT (p=0.002). In addition, patients with increased aPWV had
significantly higher EAT thickness compared to those with nor-
mal aPWV (0.26[0.23-0.31] vs.0.21[0.19-0.27],p <0.001). Patients
with an EAT >0.21 mm showed an increased aPWYV approximately
10 times more frequently (adjusted OR: 10.9, 95% CI 2.1-57.8,
p=0.005).30

Another study reported that patients with coronary atheroscle-
rosis had higher adjusted EAT volume compared to those without
coronary atherosclerosis (4.72 [95% CI 4.66-4.78] vs. 4.59 [95%

Cl 4.48-4.69], p=0.046). Each 1-SD log-unit increase in EAT
volume was associated with a 63% higher likelihood of multives-
sel or obstructive disease presence (adjusted OR=1.63 [95% CI
1.04-2.61], p=0.033). Also, EAT volume (per 1 — SD log-increment)
was associated with presence of noncalcified plaque (adjusted
OR=1.78 [95% CI 1.17-2.70], p=0.007), mixed plaque (adjusted
OR=2.07 [95% CI 1.25-3.43], p=0.005) and vulnerable plaque
(adjusted OR=1.77[95% C1 1.03-3.04], p=0.038).%° In contrast, CAC
score was not significantly correlated with EAT volume in unad-
justed or adjusted analysis in another small study.?°

Three other studies evaluated the association between EAT and
subclinical atheromatosis in patients with AS. Two studies reported
a significant correlation between EAT thickness and CIMT.!7:22
Likewise, a significant positive correlation was detected between
EAT thickness and aPWV (p <0.001) in another study published by
Demir et al.2*
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Fig. 2. Bias assessment of included studies.

Similarly, there was a strong positive correlation between EAT
thickness and CIMT in the two studies evaluating IBD patients.2026
Finally, Lipson et al. showed that EAT volume was positively
correlated with CAC score (p<0.001) in patients with SLE.'? In

addition, after adjustment for Framingham risk score and waist
circumference, the association remained significant (p = 0.04).

The main findings related to the second objective of this sys-
tematic review are shown in Table 3.
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Table 2
Epicardial adipose tissue in patients with chronic inflammatory diseases and controls.
Study (year) Chronic inflammatory disease Control group p
N EAT n EAT
EAT volume estimated by computed tomography
Lipson et al. (2012) 162 96.8 +45.9 cm? 86 78.2 +40.7 cm? 0.001
Ormseth et al. (2013) 162 108.2 [77-144.6] cm? 89 93.9 [69.9-133.1]cm? 0.06
Torres et al. (2015) 100 101.44+55.52mL 202 92.24+38.33mL <0.001
Karpouzas et al. (2021) 139 4.69+0.36cm3? 139 4.70+0.42 cm3? 0.73
Ellis et al. (2022) 25 91+31cm? 16 70433 cm? 0.04
EAT thickness estimated by ultrasound
Bulbul et al. (2013) 65 7.3+0.5mm 50 6.5+ 0.5 mm <0.01
Lima-Martinez et al. 16 8.56 +1.90 mm 16 5.39+1.52mm 0.001°¢
(2014)° 18 9.71+1.45mm
Bacaksiz et al. (2014) 115 5.7+1.2mm 60 4.1+1.0mm <0.001
Akyildiz et al. (2014) 31 6.4+ 2.6 mm 32 5.1+1.9mm 0.027
Temiz et al. (2015) 90 7.7+1.7mm 59 6.2+1.8mm <0.001
Resorlu et al. (2015) 40 4.35+1.56 mm 40 3.03 +£0.94 mm <0.001
Fatma et al. (2015) 76 6.6 +£2.0mm 50 54+1.8mm 0.003
Uysal et al. (2016) 47 4.19+1.16 mm 35 2.96 +0.96 mm <0.001
Surucu et al. (2019) 38 0.45+0.17 mm 38 0.37+0.10 mm 0.016
Demir et al. (2021)32 60 5.74+1.22mm 60 491+1.21mm <0.001
Ekmen et al. (2021) 60 0.70 (0.50-0.90) mm 60 0.50 (0.40-0.70) mm <0.001
Girisha et al. (2021) 50 1.76 £0.66 mm 50 1.49+0.47 mm 0.02
Saha et al. (2022) 30 5.08 +0.79 mm 30 4.33+0.73 mm <0.001
EAT area estimated by computed tomography
Balci et al. (2014) 38 13.8 +8.4cm? 38 9.7 +6.4cm? 0.002
Momose et al. (2018) 86 13.85 +£6.16 cm? 31 11.37 £6.77 cm? NS
Continuous variables are presented as median [interquartile range] or mean + standard deviation.
2 Log-transformed volume.
b RA patients treated with biological DMARDSs (a) and nonbiological DMARDs (b).
¢ Control versus biological and non-biological DMARDs.
Table 3
Main findings of the association between EAT and subclinical atheromatosis.
Study (year) EAT measurement Subclinical atheromatosis evaluated r p
Subclinical atheromatosis analyzed as a continuous variable
Lipson et al. (2012) Volume CAC score 0.31 0.04
Ormseth et al. (2013) Volume CAC score 0.28 0.24
Bulbul et al. (2013) Thickness CIMT 0.69 <0.01
Balci et al. (2014) Area CAC score N/R <0.05*
Temiz et al. (2015) Thickness FMD -0.29 <0.001
CIMT NR 0.001
Resorlu et al. (2015) Thickness CIMT NR <0.001
Uysal et al. (2016) Thickness CIMT 0.75 <0.01
Petra et al. (2019) Thickness CIMT 0.34 0.002
aPWv 0.32 0.003
Surucu et al. (2019) Thickness CIMT 0.25 0.024
Demir et al. (2021) Thickness PWV 0.69 <0.001
Ekmen et al. (2021) Thickness CIMT 0.53 <0.001
Girisha et al. (2021) Thickness CIMT 0.35 0.013

Study (year) EAT measurement Subclinical atheromatosis evaluated Cut-off point OR or p value
Subclinical atheromatosis analyzed as a dichotomous variable

Torres et al. (2015) Volume CAC score Agatston score >0 p=0.004

Petra et al. (2019) Thickness aPWv aPWV>10m/s p<0.01

Karpouzas et al. Volume Non-calcified plaque Presence or absence of OR=1.78, p=0.007
(2021) Mixed plaque plaque OR=2.07, p=0.005

Vulnerable plaque
Calcified plaque

OR=1.77,p=0.038
OR=1.60,p=0.174

aPWV: aortic pulse wave velocity; CIMT: carotid intima-media thickness; CAC: coronary artery calcium; EAT: epicardial adipose tissue; FMD: flow mediated dilatation.

* Total population.

Discussion

This systematic review included the full body of evidence that
examined the relationship between EAT and systemic inflamma-
tory diseases. The results of this study suggest that EAT increased
significantly in patients with systemic inflammatory disease com-
pared with controls. Likewise, most of the studies evaluated

observed an association between EAT and subclinical atheromato-
sis.

Multiple pathogenic mechanisms have been proposed to
explain the higher cardiovascular risk observed in patients with
systemic inflammatory diseases?%-29; (a) an overall increased fre-
quency of traditional cardiovascular risk factors; (b) elevated
proinflammatory cytokines (inflammation); (c) the presence of
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Control group

natory di

Study Total Mean sb Total Mean SD Mean Difference MD 95%-ClI Weight
Lipson et al. (2012)17 162 968 459 86 782 40.7 —il— 18.6 [7.5,29.7] 18.6%
Ormseth et al. (2013)18 162 109.5 11.3 89 97.7 10.5 E 11.8 [9.0; 14.6] 26.1%
Torres et al. (2015)27 100 1014 555 202 922 383 —i 9.2 [2921.3] 17.6%
Karpouzas et al. (2021)33 139 4.7 0.4 139 4.7 0.4 [ ] -0.0 [-0.1; 0.1] 26.8%
Ellis et al. (2022)37 25 91.0 31.0 16 70.0 330 ——— 21.0 [0.841.2] 10.9%
Random effects model 588 532 ’ 10.4 [1.8; 19.1] 100.0%
Heterogeneity: 12=95%, 1° = 73.1374, p < 0.01 ! ! ! !

40 20 0 20 40

Best Poor
B Population with systemic Control group
inflammatory diseases
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Bulbul et al. (2013)19 65 7.3 0.5 50 6.5 0.5 . 0.8 [0.6;1.0] 9.8%
Lima-Martinez a et al. (2014)20** 16 8.6 1.9 16 5.4 1:5 i —— 3.2 [20;,44 2.8%
Lima-Martinez b et al. (2014)20** 18 9.7 14 16 5.4 1.5 —— 43 [33,563 36%
Bacaksiz et al. (2014)21 115 5.7 1.2 60 4.1 1.0 1.6 [1.3,1.9] 86%
Akyildiz et al. (2014)23 31 6.4 2.6 32 5.1 1.9 — 1.3 [0.2,24] 3.0%
Temiz et al. (2015)24 90 7.7 1.7 59 6.2 1.8 E 1.5 [0.9;2.1] 6.4%
Resorlu et al. (2015)25 40 4.3 1.6 40 3.0 0.9 . 3 1.3 [0.8,1.9] 6.5%
Fatma et al. (2015)26 76 6.6 2.0 50 5.4 1.8 . 5 1.2 [0.5,1.9] 56%
Uysal et al. (2016)28 47 42 1.2 35 30 1.0 | | 1.2 [0.81.7] 7.4%
Surucu et al. (2019)31 38 04 02 38 04 0.1 : 0.1 [0.0,0.1] 10.4%
Demir et al. (2021)32 60 5.7 1.2 60 4.9 1.2 0.8 [04;13] 7.7%
Ekmen et al. (2021)34 60 0.7 0.1 60 0.5 0.1 0.2 [0.1,0.2] 10.4%
Girisha et al. (2021)35 50 1.8 0.7 50 1.5 0.5 03 [0.0;05 9.5%
Saha et al. (2022)36 30 5.1 0.8 30 4.3 0.7 0.8 [04;1.1] 81%
Random effects model 736 596 1.0 [0.8; 1.2] 100.0%
Heterogeneity: /% = 96%, ©* = 0.1355, p < 0.01 ! ! ! ! !
4 2 0 2 4
Best Poor
C Population with systemic Control group
inflammatory diseases

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Balci et al. (2014)22 38 13.8 84 38 9.7 6.4 4.1 [0.7,7.5] 39.5%
Momose et al. (2018)29 86 13.8 6.2 31 114 6.8 25 [-0.2;52] 60.5%
Fixed effect model 124 69 31 [1.0; 5.2] 100.0%

Heterogeneity: 12 = 0%, = 0, p = 0.46

6 4 -2 0 2 4 6
Best Poor

Fig. 3. EAT in patients with systemic inflammatory diseases versus controls. (A) EAT volume; (B) EAT thickness; (C) EAT area. Random effects, mean difference (MD), 95%
confidence intervals (CI) and I? statistics. EAT: epicardial adipose tissue; SD: standard deviation.

auto-antibodies; (d) alterations of the intestinal microbiota. EAT is
recognized as a metabolically active endocrine organ and has been
proposed as an emerging risk factor for cardiovascular diseases.
In this context, the deleterious properties of EAT could also be a
mechanism related to the atherosclerotic disease observed more
frequently in these patients.

The mechanisms that explain the EAT increase observed in
patients with systemic inflammatory diseases are not fully under-
stood. Immune-mediated chronic systemic inflammation may be
responsible for this phenomenon.?? In addition, it has been pos-
tulated that a mass-dependent mechanism could determine the
predominance of some of these effects.3?

When we analyzed the studies included in this review indi-
vidually, three studies showed a higher EAT volume in subjects
with systemic inflammatory diseases,'?1727 while another study
showed a non-significant trend.?? Only the study published by Kar-
pouzas et al. showed no differences between the groups evaluated.

The reasons to explain this finding could be related to the fact
that this study included a non-RA comparison group who were not
healthy volunteers. In addition, a large proportion of RA patients
received TNFi and statin therapy, both drugs that could positively
impact EAT.'2 When analyzing the studies that measured the area
of EAT, one study reported that patients with systemic inflamma-
tory disease showed a greater area of EAT compared to a control
group.'* Another study found no significant differences between
patients with psoriasis and controls, although it did report that the
subgroup of patient sunder 50 years of age with psoriasis showed
a much higher area of EAT than non-psoriatic subjects.?? On the
other hand, the measurement of EAT thickness was homogeneously
higher in patients with systemic inflammatory diseases. Likewise,
the results of the quantitative analysis were similar regardless of
the method used.

Macroscopic EAT deposition is strongly associated with obesity
and insulin resistance.?? In addition, Aitken-Buck et al. have found
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Study Mean Difference MD 95%-Cl
Omitting Lipson et al. (2012)17 . 8.51 [-0.83; 17.85]
Omitting Ormseth et al. (2013)18 e 1049  [-1.15;22.13]
Omitting Torres et al. (2015)27 . 10.76 [ 1.06; 20.45]
Omitting Karpouzas et al. (2021)33 - 1221 [9.59; 14.83]
Omitting Ellis et al. (2022)37 e 9.14  [0.03; 18.24]
Random effects model ———  10.45 [ 1.77; 19.12]
| I | |

B g0 A5 B 10 20

Study Mean Difference MD 95%-Cl
Omitting Bulbul et al. (2013)19 - 1.03  [0.79; 1.27]
Omitting Lima-Martinez a et al. (2014)20** e 094 [0.71;1.17]
Omitting Lima-Martinez b et al. (2014)20** B 0.87 [0.65; 1.08]
Omitting Bacaksiz et al. (2014)21 ——— 0.92  [0.70; 1.14]
Omitting Akyildiz et al. (2014)23 - 1.01  [0.77;1.24]
Omitting Temiz et al. (2015)24 e 097 [0.74; 1.21]
Omitting Resorlu et al. (2015)25 —.— 0.99 [0.75;1.23]
Omitting Fatma et al. (2015)26 — 1.00 [0.76; 1.24]
Omitting Uysal et al. (2016)28 R 0.99 [0.75; 1.23]
Omitting Surucu et al. (2019)31 —J— 127 [0.88;1.66]
Omitting Demir et al. (2021)32 — 1.03  [0.79; 1.27]
Omitting Ekmen et al. (2021)34 —J— 127 [0.86;1.69]
Omitting Girisha et al. (2021)35 —.— 1.10  [0.85; 1.36]
Omitting Saha et al. (2022)36 —— 1.04 [0.80; 1.28]
Random effects model e 1.02 [0.78; 1.25]

| | | | | |
-15 -1 -05 0 05 1 15

Fig. 4. Sensitivity analysis. (A) EAT thickness; (B) EAT volume.

that despite a strong positive correlation of EAT with body mass
index, epicardial adipocyte size does not increase concurrently,
suggesting that adipocyte hyperplasia might be the predominant
EAT remodeling mechanism.?° Although body weight could act
as a confounder in our work, body mass index was similar when
comparing subjects with chronic inflammatory diseases with con-
trols in 19 of the 20 studies that reported this data. The study by
Girisha et al. was the exception, although the body mass index
analyzed as a dichotomous variable (>25) was not associated with
EAT. Likewise, waist circumference was not different between
patients with inflammatory diseases and controls in 8 of the 10
studies that reported this data. Finally, we have not found great

differences in age (1/20), sex (1/17), HDL-C levels (1/15), LDL-C
levels (1/15), triglyceride levels (1/15) and prevalence of hyper-
tension (1/10) or diabetes (0/8) when we compare the groups
with chronic inflammatory diseases and controls in the included
studies.

A previously published meta-analysis showed that patients
with systemic inflammatory diseases have higher EAT than con-
trol subjects.>? However, it analyzed five studies that included only
patients with psoriasis. In contrast, our study evaluated 21 studies
that included different systemic inflammatory diseases.

Different measurements of subclinical atheromatosis are well-
accepted early surrogate markers for cardiovascular disease and
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improving the cardiovascular risk prediction models. In this con-
text, this systematic review showed that almost all the studies
evaluated reported a significant association between EAT (thick-
ness, area or volume) and subclinical atheromatosis in patients
with different systemic inflammatory disease. In fact, a positive
correlation between EAT and CIMT, aPWV or CAC, and a nega-
tive correlation between EAT and brachial artery flow-mediated
dilatation was observed.

This systematic review has some limitations. Firstly, quantita-
tive analysis (meta-analysis) was not possible for the secondary
objective because the reported measures of exposure and effect
were different. Secondly, statistical heterogeneity was very high in
two of the three comparisons. Despite its common use in the litera-
ture, I2 is not a perfect measure for heterogeneity and its value still
heavily depends on the precision and size of the included studies.?*
In extreme cases, very high heterogeneity can mean that the studies
have nothing in common, and that it makes no sense to interpret
the pooled effect at all. In other cases, the result of a particular
study may alter the inconsistency value. This could be concluded
in the case of the EAT volume analysis, where the neutral result
of the study by Karpouzas et al. significantly increased the hetero-
geneity. On the other hand, all studies in this review showed greater
EAT thickness in patients with systemic inflammatory disease, sug-
gesting in this case that the heterogeneity was more related to the
magnitude of the effect (mean differences) than to the direction
of the effect. Thirdly, the studies included in our analysis were all
observational, and consequently, the presence of biases and con-
founders was highly expected. Finally, the different inflammatory
diseases were analyzed together. Individual analysis was not per-
formed because some pathologies were represented by very few
studies. Analyzing “systemic inflammatory diseases” as a construct
is a weakness of this study since the diseases exhibits very differ-
entiated pathogenic mechanisms, even for inflammatory immune
pathways. Despite these limitations, this study analyzed the best
evidence available to date on this topic.

Conclusion

This study demonstrated that EAT is increased in patients with
systemic inflammatory diseases compared with healthy controls
and that EAT measurement is closely correlated with subclinical
atherosclerosis in these patients. Whether or not the association
observed in this systematic review is causal should be evaluated in
prospective studies.
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