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Abstract

Aims Heart failure with a preserved ejection fraction (HFpEF) is associated with chronic inflammation. We aimed to inves-
tigate the association between pericoronary adipose tissue attenuation (PCATA) on coronary computed tomography angiog-
raphy as a novel noninvasive marker of pericoronary inflammation and the presence of HFpEF.
Methods and results This retrospective study included 607 outpatients (median age, 65 years; 50% male) who underwent
both echocardiography and coronary computed tomography angiography. Patients with obstructive coronary artery disease
were excluded from this study. PCATA was compared between patients with and without HFpEF, which was diagnosed accord-
ing to the Heart Failure Association (HFA)-PEFF score. PCATA was assessed at the proximal 40-mm segments of all three major
coronary arteries on coronary computed tomography angiography. Patients with HFpEF had higher PCATA in all coronary ar-
teries compared to the control participants: left anterior descending artery (LAD), �65.2 ± 6.9 Hounsfield units (HU) vs.
�68.1 ± 6.7 HU; left circumflex artery (LCX), �62.7 ± 6.8 HU vs. �65.4 ± 6.6 HU; and right coronary artery (RCA),
�63.6 ± 8.5 HU vs. �65.5 ± 7.7 HU (P < 0.01). Multivariate logistic regression analysis, including conventional risk factors, re-
vealed that PCATA per standard deviation in the LAD (odds ratio [OR], 1.449; 95% confidence interval [CI], 1.152–1.823), LCX
(OR, 1.634; 95% CI, 1.283–2.081), and RCA (OR, 1.388; 95% CI, 1.107–1.740) were independently associated with HFpEF. The
association between PCATA and HFpEF was mostly consistent across various patient clinical characteristics. The left ventricular
mass and left atrial volume index showed a mild correlation with LAD-PCATA (ρ = 0.13 [P < 0.01] and ρ = 0.24 [P < 0.01]) and
LCX-PCATA (ρ = 0.16 [P < 0.01] and ρ = 0.23 [P < 0.01]).
Conclusions High PCATA score was significantly associated with the presence of HFpEF. Our results suggest that inflamma-
tion in the pericoronary artery adipose tissue is one of the underlying mechanisms of HFpEF.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) is a
condition with increasing incidence, which leads to poor qual-
ity of life, high mortality rates, and high healthcare-related
costs.1,2 Currently, the underlying mechanisms of HFpEF are
not fully understood, while the involvement of chronic in-
flammation in heart failure has long been the focus of
attention.3 Systemic inflammation is triggered by the combi-

nation of cumulative expression of various risk factors and
comorbidities, including age, diabetes, hypertension, and re-
nal dysfunction.4 In addition, chronic low-grade inflammation
causes microvascular dysfunction, which leads to hypertro-
phy of the myocardial cells and stromal fibrosis.5

Pericoronary adipose tissue attenuation (PCATA), which is
assessed using coronary computed tomography (CCTA), was
introduced as a novel noninvasive marker of pericoronary
inflammation.6 The Cardiovascular Risk Prediction using Com-
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puted Tomography (CRISP-CT) study showed that a high
PCATA of the right coronary artery (RCA) and left anterior de-
scending artery (LAD) was associated with all-cause and car-
diac mortality.7 In addition, emerging evidence has demon-
strated that PCATA was significantly higher in patients with
coronary microvascular dysfunction.8,9 However, the associa-
tion between PCATA and HFpEF is yet to be investigated.

Here, we hypothesised that chronic inflammation of
pericoronary adipose tissue (PCAT) is associated with the
pathogenesis of HFpEF. Therefore, in this study, we first in-
vestigated whether PCATA in each major coronary artery
was associated with the presence of HFpEF; subsequently,
we evaluated whether PCATA was correlated with echocar-
diographic parameters associated with HFpEF.

Methods

Study population

This retrospective, single-centre, observational study was
conducted at Okayama University Hospital, Japan. CCTA find-
ings were derived from a prospective single-centre, cohort
study.10 Figure 1 shows a flow diagram of the study design.
The inclusion criteria were as follows: (i) left ventricular ejec-
tion fraction (LVEF) ≥ 50%; (ii) patients who underwent echo-
cardiography and CCTA during the same period (interval be-
tween CCTA and echocardiography ≤ 1 month). The
exclusion criteria included (i) patients with obstructive coro-
nary artery disease (CAD) (≥ 50% diameter stenosis in any

coronary artery on CCTA images) and (ii) poor CCTA image
quality. First, among 16 622 patients who underwent echo-
cardiography between August 2011 and December 2016,
1333 patients who were involved in the prospective cohort
and who underwent CCTA within 1 month of the indexed
echocardiography were selected. After excluding patients
with LVEF <50%, obstructive CAD, or poor CCTA image qual-
ity, 741 eligible patients were selected. Subsequently, these
patients were categorised into two groups based on the pres-
ence of heart failure symptoms. Among patients with clinical
symptoms or signs of heart failure, according to the 2016 Eu-
ropean Society of Cardiology (ESC) guidelines for the diagno-
sis and treatment of acute and chronic heart failure,11 we ex-
cluded patients with a Heart Failure Association (HFA)-PEFF
score ≤412 because this group had a low probability of having
HFpEF. Finally, 607 patients (HFpEF, n = 180; control, n = 427)
were included in this study.

This study was conducted following the principles of the
Declaration of Helsinki and approved by the ethics commit-
tees of the Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences (2209-034). Further-
more, the requirement for informed patient consent was
waived because of the low-risk nature of the study and the
inability to obtain consent directly from all study participants.

Clinical data

Details of clinical characteristics, drug therapy, comorbidities,
biomarker assessment, arrhythmias, and echocardiography
findings were collected from medical records.

Figure 1 The study flow diagram. CCTA, coronary computed tomography angiography; LVEF, left ventricular ejection fraction; CAD, coronary artery
disease; HF, heart failure; HFA, heart failure; HFpEF, heart failure with preserved ejection fraction.
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Definition of risk factors

The definitions of risk factors have been previously
described.13 Diabetes mellitus was defined as a haemoglobin
A1c ≥ 6.5% or the use of diabetic medications. Hypertension
was defined as systolic blood pressure >140 mmHg, diastolic
blood pressure >90 mmHg, or the use of antihypertensive
drugs. Dyslipidaemia was defined as fasting total cholesterol
≥240 mg/dL, low-density lipoprotein cholesterol ≥140 mg/dL,
high-density lipoprotein cholesterol<40mg/dL, serum triglyc-
eride ≥150 mg/dL, or current treatment with a lipid-lowering
drug. Smoking status was defined as current smoking or
non-smoking status.

Echocardiographic data

All echocardiographic examinations were performed using
commercially available equipment (iE33; Philips Medical Sys-
tems, Andover, Massachusetts, USA, and Artida; Canon Medi-
cal Systems, Otawara, Japan), which was maintained following
the guidelines.14,15 The left ventricular end-diastolic diameter
(LVDd), interventricular septum thickness, posterior wall thick-
ness (PWTd), and left ventricular end-systolic diameter (LVDs)
were measured in parasternal long-axis views. Left ventricular
volumes and LVEF were measured using the disk summation
method from apical 4- and 2-chamber views. The relative wall
thickness (RWT) was calculated as (2 × PWTd/LVDd).
Devereux’s formula was used to calculate left ventricular mass
(LVM). The maximum left atrial volume (LAV) was measured
from apical 4- and 2-chamber views using the disk summation
method. LVM and LAV were corrected for body surface area
(LVMI: LVM index; LAVI: LAV index). LVEF was measured using
Simpson’s method. Furthermore, the tissue Doppler-derived
early diastolic mitral annular velocity (e′) was measured at
the septal and lateral wall sites in the apical 4-chamber view.
The ratio of early diastolic mitral inflow velocity (E) to e′
(E/e′) was calculated as the mean of the septal and lateral
E/e′. The peak tricuspid regurgitation velocity was derived
from the peak tricuspid regurgitation jet velocity.

Definition of heart failure with preserved ejection
fraction

HFpEF was diagnosed according to the HFA-PEFF diagnostic
algorithm from the HFA of the ESC of Cardiology. The diag-
nostic criteria included clinical symptoms or signs of heart
failure, LVEF ≥50%, elevated levels of natriuretic peptides
(brain natriuretic peptide level >35 pg/mL), and an
HFA-PEFF score of >5.12

The HFA-PEFF score is a consensus recommendation for
assessing the potential HFpEF.12 After an initial work-up
(Step 1), an echocardiographic assessment of functional and

morphological domains and natriuretic peptide testing was
performed and categorised into major and minor criteria
(Step 2). We classified the participants into the following cate-
gories: low score (0–1 point), intermediate score (2–4 points),
and high score (≥5 points). The last two steps proposed by the
HFA-PEFF score, functional (performance of echocardiographic
or invasive hemodynamic exercise stress tests) and final
aetiology step (evaluation and further investigations including
molecular phenotyping for addressing the final aetiology of
HFpEF), were not performed in this study. Therefore, a total
score of ≥5 points was considered diagnostic for HFpEF.

Acquisition of coronary computed tomography
angiography

CT scans were performed using a 128-slice CT scanner
(SOMATOM Definition Flash; Siemens Medical Solutions,
Erlangen, Germany) as previously described.16 All patients ar-
rived at the hospital 1 h before the scheduled CT. When the
heart rate was >60 b.p.m., the patients received an oral
beta-blocker. In addition, patients mandatorily received an
oral dose of short-acting nitroglycerin.

Non-contrast cardiac CT images with a 3-mm slice thick-
ness were obtained before CCTA to measure the coronary ar-
tery calcification score (CACS) according to the Agatston
method, which involves multiplying the area of each calcified
plaque by a density factor determined by the peak pixel in-
tensity within the plaque. The data were evaluated using a
dedicated workstation (AZE Virtual Place; Canon Medical Sys-
tems Corporation, Otawara, Japan). Furthermore, the CCTA
images were reconstructed with a slice thickness of
0.625 mm. On CCTA analysis, we evaluated coronary artery
segments with a diameter >2 mm and defined plaque char-
acteristics as per the Society of Cardiovascular Computed
Tomography.17 Two experienced cardiovascular imaging re-
searchers (K. I. and T. M.) interpreted the CCTA results.

Epicardial adipose tissue quantification

Epicardial adipose tissue (EAT) was defined as all adipose tissue
within the pericardium with a CT density ranging from�190 to
�30 HU. We used the pulmonary artery bifurcation as the
superior limit and the level of the posterior descending artery
as the inferior limit of the heart. As previously described, the
EAT volume (cm3) was quantified from non-contrast CT
images using a dedicated workstation (AZE Virtual Place;
Canon Medical Systems Corporation, Otawara, Japan).18

Coronary plaque quantification

Each coronary segment was evaluated for the presence of
CAD and the degree of stenosis (minimal, 1%–29%; mild,
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30%–49%; moderate, 50%–69%; severe, 70%–99%; obstruc-
tion, 100% diameter stenosis). Stenosis was defined as signif-
icant when any coronary artery had a luminal narrowing of
>50%. We defined positive remodelling as a remodelling in-
dex of >1.1. Plaques with a CT attenuation number <30
HU were defined as low-attenuation plaques. Spotty calcifica-
tion was defined as a calcium burden length <1.5 times the
vessel diameter and a width less than two-thirds of the vessel
diameter. The presence of two or more high-risk plaque fea-
tures, including positive remodelling, low-attenuation
plaques, and spotty calcification, indicated a high-risk
plaque.10 The segment involvement score (SIS) was calcu-
lated as the total number of coronary artery segments
exhibiting plaque, irrespective of the degree of luminal steno-
sis within each segment (minimum = 0; maximum = 16), as
previously described.19

Quantification of pericoronary adipose tissue
attenuation

PCAT was defined as adipose tissue located within a radial dis-
tance from the outer vessel wall equal to the diameter of the

coronary vessel,6 and adipose tissue was defined as all voxels
with an attenuation between �190 and �30 Hounsfield units
(HU) (Figure 2). PCATA was defined as the average CT attenu-
ation in the HU of adipose tissue within the specified volume
of interest. For the analysis, each PCATA analysis of the three
main coronary vessels was performed. PCAT analysis was per-
formed using a dedicated workstation (Aquarius iNtuition Edi-
tion version 4.4.13. P3; TeraRecon Inc., Foster City, CA, USA).
The proximal 40-mm segments of the LAD and left circumflex
coronary artery (LCX) and the proximal 10 to 50-mm segment
of the RCA were traced, as previously described.7 The CT mea-
surement of the PCATA was fully automated with additional
minor manual optimisation.

Statistical analysis

The Shapiro–Wilk test was used to determine the normality
of continuous variables. Continuous variables are repre-
sented as mean ± standard deviation (SD) or median (inter-
quartile range [IQR]) according to the distribution. Categori-
cal variables are presented as numbers (n) and percentages
(%). Continuous and categorical variables were compared

Figure 2 Representative case of pericoronary adipose tissue attenuation (PCATA) measured by coronary computed tomography (CT) angiography.
Semi-automated software measurements showing colour coded PCATA in longitudinal view (A) and axial view (B) around the proximal 10–50 mm
of the right coronary artery. PCATA was defined as the mean CT attenuation value (�190 to �30 HU) within a radial distance equal to the diameter
of the vessel. Histogram of CT attenuation within the traced area demonstrates that the PCATA in the right coronary artery was �84.7 HU in these
patients.
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using the paired Student’s t-test or Mann–Whitney U test
and χ2 or Fisher’s exact test, respectively. Correlations be-
tween the two variables were assessed using Spearman’s
correlation analysis. Furthermore, univariate and multivari-
ate logistic regression analyses were performed to evaluate
the determinants of HFpEF. The CACS was log-transformed
for the analysis. Receiver operating characteristic (ROC)
analysis was performed to identify the optimum cutoff for
LAD-PCATA to differentiate patients with HFpEF using the
Youden’s J statistic. We performed univariate and multivari-
ate logistic regression analyses to establish the association
between PCATA and HFpEF, and the results were reported
as odds ratios (ORs) with 95% confidence intervals (CIs).
We conducted a multivariate logistic regression analysis in-
cluding clinically relevant characteristics (age, sex, hyperten-
sion, body mass index, dyslipidaemia, diabetes mellitus,
chronic kidney disease [CKD], smoking, and atrial fibrilla-
tion), medications (use of beta-blockers, calcium channel
blockers, angiotensin-converting enzyme inhibitors, or angio-
tensin II receptor blockers, statins, oral antihyperglycaemic
drugs, and insulin), and CCTA findings (EAT volume, CACS,
high-risk plaque; SIS) included in the univariate analysis.
Finally, we estimated the group differences in the effect of
LAD-PCATA on HFpEF risk using mixed-effect linear regres-
sion models. Statistical significance was set at P < 0.05. All
statistical analyses were performed using the statistical
package for the social sciences software (version 24; IBM

Corp., Armonk, NY, USA) and the R statistical package
(version 4.0.2; R Foundation for Statistical Computing,
Vienna, Austria).

Results

Patient characteristics

The baseline characteristics of patients with and without
HFpEF are presented in Table 1. The median age was 65 years,
and 50% of the patients were male. The participants’ preva-
lence rates of current smoking, hypertension, dyslipidaemia,
diabetes mellitus, and CKD were 19%, 52%, 40%, 26%, and
24%, respectively. Patients with HFpEF were older and had
a significantly higher prevalence of hypertension, CKD, and
atrial fibrillation than those without HFpEF. The use of beta-
blockers, calcium channel blockers, angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers, and insu-
lin was more frequent among patients with HFpEF. With re-
spect to laboratory data, patients with HFpEF had higher
levels of brain natriuretic peptide but lower levels of total
cholesterol and low-density lipoprotein cholesterol than
those without HFpEF. C-reactive protein levels did not differ
between the two groups. Baseline CCTA and echocardio-
graphic findings in patients with and without HFpEF are pre-
sented in Table 2. Regarding the CCTA findings, patients with

Table 1 Clinical characteristics of the study population

All (n = 607)

HFpEF

P-valuePresent (n = 180) Absent (n = 427)

Age, years 65 (54, 73) 70 (62, 75) 63 (50, 71) <0.001
Male sex 302 (50) 83 (46) 219 (51) 0.244
Body mass index 23.0 (21.0, 26.0) 23.0 (21.0, 25.0) 23.0 (21.0, 26.0) 0.398
Hypertension 316 (52) 113 (63) 203 (48) <0.001
Dyslipidaemia 242 (40) 61 (34) 181 (42) 0.051
Diabetes mellitus 155 (26) 39 (22) 116 (27) 0.156
Chronic kidney disease 147 (24) 67 (37) 80 (19) <0.001
Current Smoker 116 (19) 26 (14) 90 (21) 0.058
Atrial fibrillation 24 (4) 18 (10) 6 (1) <0.001
Beta-blockers 102 (17) 68 (38) 34 (8) <0.001
Calcium channel blockers 168 (28) 61 (34) 107 (25) 0.026
ACE-Is or ARBs 192 (32) 75 (42) 117 (27) <0.001
Statins 150 (25) 45 (25) 105 (25) 0.915
Oral antihyperglycaemic drugs 77 (13) 18 (10) 59 (14) 0.197
Insulin 39 (6) 5 (3) 34 (8) 0.017
eGFR, mL/min/1.73 m2 71.4 (60.1, 83.1) 65.7 (52.4, 76.5) 74.0 (62.4, 84.7) <0.001
HbA1c, % 5.8 (5.5, 6.4) 5.8 (5.5, 6.1) 5.9 (5.5, 6.5) 0.083
CRP, mg/dL 0.09 (0.04, 0.17) 0.10 (0.05, 0.20) 0.08 (0.04, 0.17) 0.130
BNP, pg/mL 24.1 (11.9, 78.6) 108.8 (64.2, 196.2) 14.2 (7.5, 23.0) <0.001
Total cholesterol, mg/dL 190.4 ± 36.8 185.4 ± 36.9 192.6 ± 36.6 0.034
HDL-cholesterol, mg/dL 57.0 (47.0, 70.0) 57.0 (48.0, 67.0) 57.0 (47.0, 71.0) 0.989
LDL-cholesterol, mg/dL 114.3 ± 31.5 109.0 ± 30.8 116.8 ± 31.6 0.010
Triglyceride, mg/dL 108.0 (77.0, 156.0) 109.0 (76.0, 144.0) 108.0 (78.0, 165.0) 0.375

Values other than total and LDL-cholesterol are expressed as median (interquartile range) or number (%). Total and LDL-cholesterol values
are represented as the mean ± standard deviation.
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; BNP, brain natriuretic peptide; CRP, C-reactive pro-
tein; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin A1c; HDL, high-density lipoprotein; HFpEF, heart failure
with preserved ejection fraction; LDL, low-density lipoprotein.
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HFpEF had higher CACS and EAT volumes than those without
HFpEF. The high-risk plaque and segment involvement scores
were not different between the two groups. Regarding echo-
cardiographic findings, patients with HFpEF had higher values
of LAVI, LVMI, E/e′, and tricuspid regurgitation peak gradient
than those without HFpEF. Meanwhile, no statistically signif-
icant differences were observed in RWT, LVEF, and E/A be-
tween the two groups.

Pericoronary adipose tissue attenuation findings

Figure 3 shows a comparison of the mean PCATA in every sin-
gle coronary artery between the two groups. Patients with
HFpEF had higher PCATA of all coronary arteries than control
participants (LAD; �65.2 ± 6.9 HU vs. �68.1 ± 6.7 HU,
P < 0.001, LCX; �62.7 ± 6.8 HU vs. �65.4 ± 6.6 HU,
P < 0.001, RCA; �63.6 ± 8.5 HU vs. �65.5 ± 7.7 HU,
P = 0.003).

Association between pericoronary adipose tissue
attenuation and heart failure with preserved
ejection fraction

Logistic regression analysis was performed to evaluate the
determinants of HFpEF (Table 3). The significant determi-

nants of HFpEF in univariate logistic regression analysis in-
cluded age; hypertension; CKD; atrial fibrillation; use of
beta-blockers, calcium channel blockers, angiotensin-
converting enzyme inhibitors, or angiotensin II receptor
blockers; insulin; EAT volume; and PCATA in each coronary
artery.

Furthermore, multivariable logistic regression analysis in-
cluding all variables in the univariate analysis (age; sex; hy-
pertension; body mass index; dyslipidaemia; diabetes
mellitus; CKD; smoking; atrial fibrillation; use of beta-
blockers, calcium channel blockers, angiotensin-converting
enzyme inhibitors, or angiotensin II receptor blockers; statins;
oral antihyperglycaemic drugs; insulin; EAT volume; and
PCATA in every single coronary artery), was performed. In
multivariate logistic regression analysis, PCATA in every single
coronary artery was associated with HFpEF (LAD: OR, 1.427;
95% CI, 1.132–1.798; LCX: OR, 1.619; 95% CI, 1.270–2.065;
RCA: OR, 1.372; 95% CI, 1.091–1.725).

The corresponding optimal cutoff value of LAD-PCATA for
discriminating the presence of HFpEF from the ROC curve
was �70.4 HU. Based on this cutoff value, we categorised
the patients into two groups (high LAD-PCATA ≥�70.4 HU
and LAD-PCATA <�70.4 HU). In subgroup analyses, a consis-
tent trend of the association of high vs. low LAD-PCATA
existed with HFpEF across almost all subgroups, except for
patients who underwent statin therapy (Figure 4).

Table 2 Coronary computed tomography and echocardiographic findings

All (n = 607)

HFpEF

P-valuePresent (n = 180) Absent (n = 427)

CCTA findings
CACS 0.8 (0, 71) 15.1 (0, 148.8) 0 (0, 44.5) <0.001
EAT, cm2 103.4 (73.5, 141.6) 119.1 (82.5, 149.7) 96.7 (70.4, 139.4) 0.002
High-risk plaquea 107 (17.6) 30 (16.7) 77 (18.0) 0.687
Positive remodelling 148 (24.4) 43 (23.9) 105 (24.6) 0.854
Spotty calcification 127 (20.9) 47 (26.1) 80 (18.7) 0.041
Low attenuation 89 (14.7) 21 (11.7) 68 (15.9) 0.176

Segment involvement score 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.059
Echocardiographic findings

Left atrial diameter, mm 37.0 (32.3, 41.0) 40.0 (37.0, 45.0) 35.0 (31.0, 39.0) <0.001
LVDd, mm 45.0 (42.0, 48.0) 45.0 (42.0, 48.8) 45.0 (42.0, 48.0) 0.170
LVDs, mm 28.0 (25.0, 31.0) 28.0 (25.0, 31.0) 28.0 (26.0, 31.0) 0.775
LVMI, g/m2 80.8 (67.4, 95.2) 90.1 (72.9, 107.7) 76.5 (65.6, 91.8) <0.001
Relative wall thickness 0.40 (0.35, 0.44) 0.40 (0.36, 0.45) 0.39 (0.35, 0.43) 0.092
LVEDV, mm3 92.0 (79.0, 108.0) 92.0 (79.0, 111.8) 92.0 (79.0, 108.0) 0.170
LVESV, mm3 30.0 (22.0, 38.0) 30.0 (22.0, 38.0) 30.0 (25.0, 38.0) 0.772
Stroke volume, mm3 61.0 (52.0, 70.0) 64.0 (53.3, 72.0) 61.0 (52.0, 69.0) 0.014
LVEF (Simpson) 66.0 (62.0, 69.0) 66.0 (62.0, 70.0) 65.0 (62.0, 69.0) 0.456
LVAI, mm3/m2 35.0 (30.0, 41.0) 42.0 (37.0, 51.0) 32.0 (27.0, 36.0) <0.001
E/A 0.9 (0.7, 1.3) 0.9 (0.8, 1.3) 0.9 (0.7, 1.3) 0.224
E/e′ 10.4 (8.1, 13.4) 13.0 (10.1, 16.5) 9.6 (7.4, 12.1) <0.001
TRPG, mmHg 23.0 (20.0, 28.0) 28.0 (23.0, 36.0) 22.0 (18.0, 25.0) <0.001

All values are expressed as medians (interquartile ranges) or numbers (%).
A, late transmitral flow velocity; CACS, coronary artery calcification score; CCTA, coronary computed tomography; E, early diastolic
transmitral flow velocity; e′, early diastolic mitral annular velocity; EAT, epicardial adipose tissue; HFpEF, heart failure with preserved ejec-
tion fraction; LAD, left atrial dimension; LAVI, left atrial volume index; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular
end-systolic diameter; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular
end-systolic volume; LVMI, left ventricular mass index; TRPG, tricuspid regurgitation peak gradient.
aHigh-risk plaque is defined as the presence of two or more features (positive remodelling, spotty calcification, and low-attenuation
plaque).
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Correlation between echocardiographic findings
and pericoronary adipose tissue attenuation

We assessed the association between echocardiographic
findings and the PCATA in each coronary artery. As presented
in Table 4, LVMI and LAVI were significantly correlated with
LAD-PCATA and LCX-PCATA, whereas only LAVI was corre-
lated with RCA-PCATA. In addition, the tricuspid regurgitation
peak gradient significantly correlated with the PCATA of all
three coronary arteries.

Discussion

This study revealed that a high PCATA score was associated
with the presence of HFpEF. Notably, LAD- and LCX-PCATAs
were significantly correlated with echocardiographic parame-
ters, including LVMI and LAVI. These findings imply that in-
flammation in the PCAT may be involved in the pathogenesis
of HFpEF.

In HFpEF, microvascular dysfunction has been proposed as
a central mediator linking chronic systemic low-grade inflam-
mation with myocardial dysfunction.5 A systemic
pro-inflammatory status causes endothelial damage to the
coronary microvessels. In turn, coronary microvascular dys-
function causes an increase in reactive oxygen species and a
decrease in nitric oxide production. Consequently, reduced

nitric oxide bioavailability leads to impaired nitric oxide/cyclic
guanosine monophosphate/protein kinase G signalling,
causing vascular endothelial dysfunction, cardiomyocyte
hypertrophy, and stiffening.20 Several clinical studies have
demonstrated that PCATA levels are significantly higher in
patients with coronary microvascular dysfunction,8,9

suggesting a strong association between PCATA and coronary
endothelial dysfunction. Recently, we demonstrated a signifi-
cant association between increased PCATA levels and periph-
eral endothelial dysfunction, as assessed by flow-mediated
dilation of the brachial artery.21 Although flow-mediated
dilation of the brachial artery does not allow for the direct
assessment of coronary artery endothelial function, previous
studies have revealed a significant correlation between
flow-mediated dilation-assessed peripheral endothelial
function and coronary artery endothelial function.22,23

Therefore, when high PCATA scores are combined, they
may reflect coronary microvascular dysfunction, a potential
key driver of HFpEF.

Systemic chronic low-grade inflammation has also been
proposed to contribute to HFpEF, independent of microvas-
cular dysfunction.3 Patients with HFpEF have systemic
complications or dysfunctions that cause chronic low-grade
inflammation, including ageing, obesity, diabetes, hyperten-
sion, and CKD.4 Furthermore, patients with HFpEF have
higher blood inflammatory cytokine levels, including inter-
leukin (IL)-6 and tumour necrosis factor-α.24 PCATA repre-
sents early and chronic inflammation in PCAT,6 indicating

Figure 3 Comparison of pericoronary adipose tissue attenuation (PCATA) between patients who had heart failure with preserved ejection fraction
(HFpEF) and control. (A) Comparison of the left anterior descending artery (LAD)-PCATA between the two groups. LAD-PCATA in the number of pa-
tients with HFpEF (indicated with pink dots) was higher than that in the control (indicated with blue dots). (B) Comparison of the left circumflex cor-
onary artery (LCX)-PCATA between the two groups. LCX-PCATA in patients with HFpEF is higher than that in the control. (C) Comparison of the right
coronary artery (RCA)-PCATA between the two groups. RCA-PCATA in patients with HFpEF is higher than that in the control.

Association of perivascular fat attenuation on computed tomography and heart failure with preserved ejection fraction 2453

ESC Heart Failure 2023; 10: 2447–2457
DOI: 10.1002/ehf2.14419



Ta
b
le

3
Fa
ct
or
s
as
so
ci
at
ed

w
it
h
H
Fp

EF

U
ni
va
ri
at
e

M
ul
ti
va
ri
at
e
1

M
ul
ti
va
ri
at
e
2

M
ul
ti
va
ri
at
e
3

O
dd

s
ra
ti
o
(9
5%

C
I)

P-
va
lu
e

O
dd

s
ra
ti
o
(9
5%

C
I)

P-
va
lu
e

O
dd

s
ra
ti
o
(9
5%

C
I)

P-
va
lu
e

O
dd

s
ra
ti
o
(9
5%

C
I)

P-
va
lu
e

A
ge

,p
er

1
ye
ar

1.
05

1
(1
.0
35

–
1.
06

7)
<
0.
00

1
1.
03

9
(1
.0
19

–
1.
06

0)
<
0.
00

1
1.
03

6
(1
.0
16

–
1.
05

7)
<
0.
00

1
1.
04

1
(1
.0
21

–
1.
06

2)
<
0.
00

1
M
al
e
se
x
(y
es
,n

o)
0.
81

3
(0
.5
73

–
1.
15

2)
0.
24

4
0.
59

8
(0
.3
67

–
0.
97

5)
0.
03

9
0.
50

15
(0
.3
11

–
0.
85

3)
0.
01

0
0.
66

9
(0
.4
13

–
1.
08

4)
0.
10

3
BM

I
0.
96

9
(0
.9
27

–
1.
01

3)
0.
16

6
0.
96

3
(0
.8
98

–
1.
03

3)
0.
29

5
0.
96

6
(0
.9
01

–
1.
03

5)
0.
32

8
0.
95

3
(0
.8
90

–
1.
02

2)
0.
17

6
H
yp

er
te
ns
io
n
(y
es
,n

o)
1.
86

1
(1
.3
02

–
2.
65

9)
<
0.
00

1
0.
96

2
(0
.5
39

–
1.
71

7)
0.
89

6
0.
99

1
(0
.5
55

–
1.
76

9)
0.
97

6
1.
02

0
(0
.5
72

–
1.
82

0)
0.
94

6
D
ys
lip

id
ae

m
ia

(y
es
,n

o)
0.
69

7
(0
.4
84

–
1.
00

2)
0.
05

1
0.
65

7
(0
.3
77

–
1.
11

4)
0.
13

8
0.
67

1
(0
.3
83

–
1.
17

6)
0.
16

4
0.
65

5
(0
.3
76

–
1.
13

9)
0.
13

4
D
ia
be

te
s
m
el
lit
us

(y
es
,n

o)
0.
74

2
(0
.4
90

–
1.
12

2)
0.
15

7
0.
98

3
(0
.5
11

–
1.
89

2)
0.
96

0
1.
14

2
(0
.5
90

–
2.
20

9)
0.
69

4
0.
99

5
(0
.5
15

–
1.
92

0)
0.
98

7
C
KD

(y
es
,n

o)
2.
57

2
(1
.7
45

–
3.
79

0)
<
0.
00

1
1.
50

1
(0
.9
29

–
2.
42

7)
0.
09

7
1.
50

2
(0
.9
25

–
2.
43

9)
0.
10

0
1.
52

2
(0
.9
43

–
2.
45

6)
0.
08

6
C
ur
re
nt

sm
ok

er
(y
es
,n

o)
0.
63

2
(0
.3
93

–
1.
01

8)
0.
05

9
0.
77

3
(0
.4
18

–
1.
42

8)
0.
41

1
0.
80

9
(0
.4
39

–
1.
49

0)
0.
49

5
0.
82

5
(0
.4
46

–
1.
52

3)
0.
53

8
Rh

yt
hm

,A
f
(y
es
,n

o)
7.
79

6
(3
.0
41

–
19

.9
89

)
<
0.
00

1
4.
37

5
(1
.4
96

–
12

.7
96

)
0.
00

7
5.
26

5
(1
.7
91

–
15

.4
76

)
0.
00

3
4.
74

1
(1
.6
08

–
13

.9
75

)
0.
00

5
Be

ta
-b
lo
ck
er

(y
es
,n

o)
7.
01

8
(4
.4
21

–
11

.1
40

)
<
0.
00

1
5.
47

2
(3
.1
85

–
9.
40

1)
<
0.
00

1
6.
08

2
(3
.5
15

–
10

.5
22

)
<
0.
00

1
5.
92

2
(3
.4
42

–
10

.1
87

)
<
0.
00

1
C
al
ci
um

ch
an

ne
lb

lo
ck
er

(y
es
,n

o)
1.
53

3
(1
.0
50

–
2.
23

8)
0.
02

7
0.
93

4
(0
.5
49

–
1.
59

0)
0.
80

2
0.
88

6
(0
.5
20

–
1.
51

1)
0.
65

7
0.
94

3
(0
.5
54

–
1.
60

3)
0.
82

7
A
C
E-
Io

r
A
RB

(y
es
,n

o)
1.
89

3
(1
.3
14

–
2.
72

6)
<
0.
00

1
1.
11

9
(0
.6
54

–
1.
91

5)
0.
68

2
1.
10

6
(0
.6
47

–
1.
89

2)
0.
71

2
1.
07

7
(0
.6
30

–
1.
84

1)
0.
78

6
St
at
in

(y
es
,n

o)
1.
02

2
(0
.6
83

–
1.
52

9)
0.
91

5
0.
88

7
(0
.4
69

–
1.
67

8)
0.
71

2
0.
85

0
(0
.4
47

–
1.
61

9)
0.
62

2
0.
90

3
(0
.4
79

–
1.
70

1)
0.
75

2
O
ra
la

nt
ih
yp

er
gl
yc
ae

m
ic

dr
ug

s
(y
es
,n

o)
0.
69

3
(0
.3
96

–
1.
21

2)
0.
19

9
0.
89

0
(0
.3
82

–
2.
07

3)
0.
78

7
0.
79

8(
0.
33

9–
1.
87

6)
0.
60

5
0.
85

3
(0
.3
66

–
1.
98

8)
0.
71

2

In
su
lin

(y
es
,n

o)
0.
33

0
(0
.1
27

–
0.
85

9)
0.
02

3
0.
56

5
(0
.1
84

–
1.
73

3)
0.
31

8
0.
50

7
(0
.1
65

–
1.
56

2)
0.
23

7
0.
56

1
(0
.1
83

–
1.
72

5)
0.
31

3
EA

T,
pe

r
m
m

3
1.
00

4
(1
.0
01

–
1.
00

8)
0.
01

6
1.
00

4
(0
.9
98

–
1.
00

9)
0.
19

3
1.
00

5
(0
.9
99

–
1.
01

1)
0.
08

2
1.
00

4
(0
.9
99

–
1.
01

0)
0.
12

4
C
A
CS

,p
er

1
in
de

x
1.
18

4
(1
.0
95

–
1.
28

0)
<
0.
00

1
0.
96

3
(0
.8
83

–
1.
05

1)
0.
39

8
0.
97

0
(0
.8
88

–
1.
05

8)
0.
49

0
0.
96

1
(0
.8
81

–
1.
04

8)
0.
37

0
H
ig
h-
ri
sk

pl
aq

ue
(y
es
,n

o)
0.
90

9
(0
.5
72

–
1.
44

5)
0.
68

7
0.
69

6
(0
.3
93

–
1.
23

3)
0.
21

4
0.
66

9
(0
.3
73

–
1.
19

9)
0.
17

7
0.
65

9
(0
.3
72

–
1.
16

9)
0.
15

4
SI
S,

pe
r
1
sc
or
e

1.
09

1
(0
.9
73

–
1.
22

4)
0.
13

4
1.
08

9
(0
.9
66

–
1.
22

7)
0.
16

2
1.
09

4
(0
.9
70

–
1.
23

4)
0.
14

4
1.
07

8
(0
.9
55

–
1.
21

7)
0.
22

4
PC

A
TA

(L
A
D
),
pe

r
SD

1.
57

9
(1
.3
09

–
1.
90

5)
<
0.
00

1
1.
42

7
(1
.1
32

–
1.
79

8)
0.
00

3
PC

A
TA

(L
C
X
),
pe

r
SD

1.
51

4
(1
.2
57

–
1.
82

3)
<
0.
00

1
1.
61

9
(1
.2
70

–
2.
06

5)
<
0.
00

1
PC

A
TA

(R
C
A
),
pe

r
SD

1.
27

4
(1
.0
67

–
1.
52

1)
0.
00

7
1.
37

2
(1
.0
91

–
1.
72

5)
0.
00

7

A
C
E-
I,
an

gi
ot
en

si
n-
co

nv
er
ti
ng

en
zy
m
e
in
hi
bi
to
r;
A
F,

at
ri
al

fi
br
ill
at
io
n;

A
RB

,a
ng

io
te
ns
in
-r
ec
ep

to
r
bl
oc

ke
r;
BM

I,
bo

dy
m
as
s
in
de

x;
C
A
C
S,

co
ro
na

ry
ar
te
ry

ca
lc
ifi
ca
ti
on

sc
or
e;

C
KD

,c
hr
on

ic
ki
dn

ey
di
se
as
e;

EA
T,

ep
ic
ar
di
al

ad
ip
os
e
ti
ss
ue

;E
A
T,

ep
ic
ar
di
al

ad
ip
os
e
ti
ss
ue

;H
Fp

EF
,h

ea
rt
fa
ilu

re
w
it
h
pr
es
er
ve
d
ej
ec
ti
on

fr
ac
ti
on

;L
A
D
,l
ef
t
an

te
ri
or

de
sc
en

di
ng

ar
te
ry
;L
C
X
,l
ef
t
ci
rc
um

-
fl
ex

co
ro
na

ry
ar
te
ry
;P

C
A
TA

,p
er
ic
or
on

ar
y
ad

ip
os
e
ti
ss
ue

at
te
nu

at
io
n;

RC
A
,r
ig
ht

co
ro
na

ry
ar
te
ry
;S

D
,s
ta
nd

ar
d
de

vi
at
io
n;

SI
S,

se
gm

en
t
in
vo

lv
em

en
t
sc
or
e.

2454 T. Nishihara et al.

ESC Heart Failure 2023; 10: 2447–2457
DOI: 10.1002/ehf2.14419



its role as a surrogate measure of coronary focal inflamma-
tion. However, a recent study demonstrated a positive asso-
ciation between PCATA and the serum levels of systemic
pro-inflammatory mediators and inflammatory disease ac-
tivity. In addition, a prospective cohort study showed that
biological therapy was associated with decreased PCATA
scores in patients with psoriasis.25 These results suggest
that PCATA represents both coronary focal and systemic
inflammation.

In our study, LAD- and LCX-PCATAs were associated with
LVMI and LAVI, whereas no relationship was observed be-
tween RCA-PCATA and LVMI. Therefore, these findings are
reasonable considering the effects of local microvascular dys-
function and local inflammation on the left ventricle. In addi-
tion, a previous study demonstrated that in patients without
severely obstructive CAD, LAD-PCATA was inversely associ-
ated with coronary flow velocity reserve on the LAD during
stress echocardiography.9 However, the impact of the PCATA

Figure 4 The association of pericoronary adipose tissue attenuation (PCATA) in those who had heart failure with preserved ejection fraction (HFpEF)
between subgroups. Patients were categorised into two groups based on the cutoff value of LAD-PCATA of �70.4 HU for discriminating between pa-
tients with and without HFpEF. ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; BMI, body mass index; LAD, left
anterior descending artery.

Table 4 Correlation between PCATA and echocardiographic data

PCATA (LAD) PCATA (LCX) PCATA (RCA)

ρ P-value ρ P-value ρ P-value

Left atrial diameter 0.103 0.011 0.071 0.083 0.001 0.977
LVDd �0.005 0.904 0.094 0.021 �0.055 0.176
LVDs 0.010 0.803 0.066 0.102 0.003 0.936
LVMI 0.126 0.002 0.160 <0.001 �0.026 0.530
Relative wall thickness 0.057 0.174 �0.052 0.217 �0.063 0.131
LVEDV �0.005 0.904 0.094 0.021 �0.055 0.176
LVESV 0.010 0.800 0.066 0.103 0.003 0.935
LVEF (Simpson) �0.026 0.598 �0.029 0.545 �0.065 0.182
Left atrial volume index 0.243 <0.001 0.234 <0.001 0.132 0.002
E/A 0.025 0.556 0.071 0.089 0.151 <0.001
E/e′ 0.079 0.053 0.040 0.327 �0.043 0.295
TRPG 0.205 <0.001 0.126 0.003 0.195 <0.001

A, late transmitral flow velocity; E, early diastolic transmitral flow velocity; e′, early diastolic mitral annular velocity; LAD, left anterior de-
scending artery; LCX, left circumflex coronary artery; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diam-
eter; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVMI,
left ventricular mass index; PCATA, pericoronary adipose tissue attenuation; RCA, right coronary artery; TRPG, tricuspid regurgitation peak
gradient.
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and each major coronary artery on left ventricular function is
yet to be evaluated. Therefore, further studies are required
to clarify the association and impact of PCATA on the devel-
opment of HFpEF.

Recent studies showed that increased volume of EAT was
involved in myocardial circulatory derangements such as
myocardial fibrosis and impairments of diastolic filling that
are typically seen in HFpEF.26 However, previous studies have
not directly characterised the quantity of EAT in patients with
HFpEF. Our study presents a novel finding that inflammation
of PCAT is associated with structural and functional derange-
ments of ventricular myocardium in patients with HFpEF. This
finding is supported by the fact that the mild systolic dysfunc-
tion, which is often observed in patients with HFpEF may be
related to the quantity of the EAT.27 However, because of a
significant overlap of the PCATA values between patients
with or without HFpEF, the diagnostic value of PCATA in
HFpEF is not strong enough to be directly translated into clin-
ical practice without further research.

Many researchers have attempted to develop treatments
targeting chronic inflammation; however, anti-inflammatory
therapy is yet to be established as the standard treatment
for chronic heart failure. Anakinra, an IL-1 receptor antago-
nist, improved maximal oxygen uptake in a pilot study in pa-
tients who had HFpEF with increased high-sensitivity C-reac-
tive protein.28 Furthermore, a canakinumab
anti-inflammatory thrombosis outcomes (CANTOS)
sub-study examining the effect of canakinumab on heart fail-
ure showed improved maximal oxygen uptake and LVEF after
3 and 12 months, respectively, compared with placebo.29

However, the number of patients was small; therefore, a
larger study is required. Meanwhile, statins,
eicosapentaenoic acid, and biological therapies, including

anti-tumour necrosis factor α, anti-IL 12/23, and anti-IL-17,
have been shown to lower PCATA.25,30,31 In contrast, the im-
pact of changes in PCATA on heart failure is yet to be evalu-
ated. Therefore, further studies are required to assess the as-
sociation between changes in PCATA and physiological and
morphological changes in HFpEF.

This study has certain limitations. First, we could not dem-
onstrate a causal relationship because this was a
cross-sectional study. Second, these results cannot be applied
to the general population because all patients in this study
were Asian and underwent CCTA for suspected CAD. There-
fore, ethnic diversity and its prognostic implications should
be investigated in future studies. Finally, this study was con-
ducted retrospectively at a single centre with a limited num-
ber of patients.

In conclusion, our study revealed that high PCATA in each
major coronary artery was associated with the presence of
HFpEF. However, further studies are required to investigate
whether the reduction in PCAT inflammation leads to the pre-
vention of HFpEF or the improvement of the condition in
HFpEF.
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