1JC Heart & Vasculature 44 (2023) 101176

Contents lists available at ScienceDirect

‘‘‘‘‘‘‘‘ el of
CARDIOLOGY
IE %

EART &
VASCULATURE

IJC Heart & Vasculature

journal homepage: www.sciencedirect.com/journal/ijc-heart-and-vasculature

ELSEVIER

L)

Check for

Extent of coronary atherosclerosis is associated with deterioration of left e
ventricular global longitudinal strain in patients with preserved ejection
fraction undergoing coronary computed tomography angiography

a,b a,1
)

Hirotoshi Ishikawa ™!, Kenichiro Otsuka ™", Yasushi Kono®', Kana Hojo
Hiroki Yamaura®', Kumiko Hirata ', Noriaki Kasayuki®', Yasuhiro Izumiya ™,
Daiju Fukuda ™'

@ Department of Cardiovascular Medicine, Fujiikai Kashibaseiki Hospital, Kashiba, Japan

b Department of Cardiovascular Medicine, Osaka Metropolitan University Graduate School of Medicine, Osaka, Japan
¢ Department of Medical Science, Osaka Educational University, Kashihara, Japan

ARTICLE INFO ABSTRACT

Keywords:

Coronary atherosclerosis

Epicardial adipose tissue

Coronary computed tomography angiography
Heart failure

Longitudinal strain

Background: This study aimed to investigate the association between the extent and severity of coronary
atherosclerosis, epicardial adipose tissue (EAT) accumulation, and left ventricular (LV) global longitudinal strain
(GLS) in patients with preserved LV ejection fraction (LVEF) and without LV regional wall motion abnormalities.
Methods: This study included 169 preserved LVEF patients without LV wall motion abnormalities who underwent
coronary computed tomography (CT) angiography for the assessment of suspected coronary artery disease
(CAD). The segment stenosis score (SSS) and segment involvement score (SIS) were calculated to evaluate CAD
extent. The EAT volume was defined as CT attenuation values ranging from —250 to —30 HU within the peri-
cardial sac. LVGLS was measured using echocardiography to assess subclinical LV dysfunction.

Results: All patients had preserved LVEF of >50%, and the mean LVGLS was —18.7% (—20.5% to —16.9%). Mean
SSS and SIS were 2.0 (0-5) and 4.0 (0-36), respectively, while mean EAT volume was 116.1 mL (22.9-282.5 mL).
Multivariate analysis using linear regression model demonstrated that LVEF (8, —17.0; 95% CI, —20.9 — -13.1),
LV mass index (B, 0.03; 95% CI, 0.01-0.06), and EAT volume (B, 0.010; 95% CI, 0.0020-0.0195) were inde-
pendently associated with LVGLS; however, obstructive CAD was not. The multivariate models demonstrated
that SSS (I, 0.12; 95% CI, 0.05-0.18) and SIS (i, 0.27; 95% CI, 0.10-0.44) were correlated with deterioration of
LVGLS, independent of other parameters.

Conclusion: This study demonstrates that EAT volume and CAD extent are associated with the deterioration of
LVGLS in this population.

1. Introduction

Coronary artery disease (CAD) is a progressive disease that contrib-
utes to the development of acute coronary syndrome (ACS) and heart
failure [1]. CAD is the most common cause of heart failure, both with
preserved and reduced ejection fractions, in the US adult population
[2-4]. The importance of coronary atherosclerosis in relevant underly-
ing conditions, such as left ventricular (LV) dysfunction, is increasingly
being recognized [5,6]. CAD is a risk factor for incident heart failure

with preserved ejection fraction (HFpEF) after adjusting for common
cardiovascular comorbidities, and this risk is partially explained by left
ventricular diastolic dysfunction [7]. Left ventricular global longitudinal
strain (LVGLS), assessed using echocardiography, is a sensitive marker
of subclinical LV dysfunction which precedes the deterioration of LV
function and heart failure [8,9]. Furthermore, the presence of regional
asynergy can cause deterioration of the LVGLS, which also allows the
assessment of LV wall motion abnormalities [10]. Nevertheless, there is
limited knowledge on the relationship between CAD extent and severity
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and subclinical LV dysfunction in preserved LVEF patients without LV
wall motion abnormalities (see Fig. 1).

Coronary computed tomography angiography (CCTA) is widely used
in clinical practice as a first-line test for symptomatic or asymptomatic
patients at risk of obstructive CAD, allowing noninvasive assessment of
CAD severity and extent [11]. In addition, CCTA enables the quantifi-
cation of epicardial adipose tissue (EAT) volume, which is closely
related to the development of CAD, atrial fibrillation, and heart failure,
with or without preserved LV ejection fraction (LVEF) [12-16]. Recent
clinical studies have demonstrated that EAT volume is associated with
CAD severity and coronary microvascular dysfunction (CMD) [17].
These findings suggest that the EAT may play a pivotal role in the
development of subclinical LV dysfunction in patients with CAD. In this
CCTA study, we aimed to investigate the association between structural
features, including CAD severity and extent, and EAT volume with
LVGLS in patients with preserved LVEF without LV wall motion
abnormalities.

2. Methods
2.1. Study population

The ethics committee of Kashibaseiki Hospital approved the study
protocol (2021-F), and each patient provided written informed consent
before the CCTA examination, which was conducted in compliance with
the protocol and the Declaration of Helsinki. This study was a
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retrospective analysis from our database, consisting of patients with
suspected CAD who underwent CCTA examination between April 2017
and December 2019. We identified consecutive symptomatic patients
who underwent CCTA and two-dimensional transthoracic Doppler
echocardiography (TTDE) (n = 402). The exclusion criteria for this
study were as follows: (1) ACS (n = 19), (2) previous history of
myocardial infarction (n = 10) or coronary revascularization (n = 79),
(3) LVEF < 50% or abnormal LV wall motion abnormality (n = 105), (4)
atrial fibrillation (n = 15), and (5) poor image quality (n = 5). The final
study population included 169 patients with preserved LVEF but
without focal LV wall motion abnormalities or known CAD.

2.2. Echocardiography and global longitudinal strain

TTDE examination was performed before CCTA examination in all
study patients. All TTDE examinations were performed in a standard
manner by experienced cardiac echo sonographers using the Vivid S70
(General Electric, Milwaukee, WI, USA) under continuous ECG moni-
toring [18]. LVEF was calculated using apical 2-chamber and 4-chamber
views. Mitral inflow was assessed using pulse-wave Doppler to measure
the early (E) and late (A) peak velocities. Early diastolic mitral annular
velocity (e') was also measured using tissue Doppler imaging in the
septal wall, providing the ratio of E to €’ (E/€’).

Measurements of the longitudinal strain at the peak systolic phase
were obtained using grayscale images recorded in the apical 4-chamber,
2-chamber, and long-axis views. The LVGLS was analyzed offline using a

longitudinal strain, %

Fig. 1. A representative case of increased EAT volume with coronary atherosclerosis and impaired LVGLS. A 61-year male with obstructive CAD and
increased EAT volume (A) and CAD extent (B) showing impaired LVGLS (C). (A) EAT volume, 194 mL; (B) nonobstructive CAD with a CACS of 440.6 Agatston units;
(C) impaired LVGLS, —14.8%; LVGLS was calculated by averaging the negative peak strain from 18 ventricular segments from the apical 4-chamber, 2-chamber, and

long-axis views.
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dedicated software. For the accurate evaluation of LVGLS, sonographers
ensured that TTDE images clearly detected the endocardial border
throughout the cardiac cycle. The LV endocardial border was manually
traced, and the software algorithm automatically divided the LV apical
view into six segments for speckle tracking throughout the cardiac cycle.
The LVGLS was obtained by averaging all segmental strain values from
the apical 4-chamber, 2-chamber, and long-axis views [9]. All echo-
cardiographic measurements were performed based on the recommen-
dations of the American Society of Echocardiography by two
independent cardiologists (Y.K. and K.H.) who were blinded to the pa-
tient demographics or CCTA results.

2.3. CCTA image acquisition and analysis

All CCTA examinations were performed using 320-raw multidetector
computed tomography (Aquilion ONE/NATURE Edition; Canon Medical
Systems, Inc., Japan) [19]. The scan parameters were detector colli-
mation of 0.5 x 320 mm, gantry rotation time of 0.35 sec, tube voltage
of 120 kV, and tube current of 130-600 mA. An electrocardiogram-
triggered prospective gating method was used for CCTA imaging.

The Agatston method was used to assess coronary artery calcium
score (CACS) at a fixed thickness of 3 mm [20]. A bolus tracking method
was used for image acquisition, in which a nonionic contrast medium of
270 mg I/kg was administered using a power injector. A region of in-
terest (ROI) was placed in the ascending aorta at the bronchial bifur-
cation level. When the computed tomography (CT) value of the ROI
exceeded 150 Hounsfield units (HU), ECG-synchronized scans were
performed within a single breath-hold. Images were reconstructed for
coronary artery analysis with a cross-sectional thickness of 0.5 mm and
reconstruction increment of 0.25 mm.

All CCTA image analyses were performed using a dedicated software
(VINCENT, Fuyjifilm Inc., Tokyo, Japan). CACS was categorized into four
categories as follows: 0, 1-99, 100-399, and >400 Agatston units [21].
Coronary luminal stenosis was reported based on a 16-segment AHA
model by 2 observers (K.O. and H.L.). To evaluate the extent and severity
of CAD, segment stenosis score (SSS) and segment involvement score
(SIS) were calculated [20]. Briefly, using 16 segments, we measured the
percentage of luminal stenosis in images with plaques on CPR short-axis
images and classified luminal stenosis as grade 1 to grade 5. The SIS
score ranged from O to 16 points, whereas the SSS ranged from 0 to 80
points. Obstructive CAD was defined as the presence of coronary plaques
with >50% luminal stenosis of one or more major epicardial vessels
and/or >50% luminal stenosis of the left main coronary segment. Non-
obstructive CAD was defined as patients with <50% luminal stenosis of
the epicardial coronary arteries. Otherwise, the patients were catego-
rized as not having CAD.

2.4. EAT volume measurement

EAT volume was measured from contrast-enhanced CT images using
Synapse Vincent software (Fujifilm Inc.) [19]. To measure EAT volume,
we extracted multiple equidistant axial planes according to the size of
each heart. The upper limit of the slice was at the bifurcation of the
pulmonary artery trunk and the lower slice contained any structure of
the heart. In each plane, the software automatically detected a smooth,
closed pericardial contour as the region of interest, where the software
automatically identified adipose tissue with CT attenuation values
ranging from —250 to —30 HU within the pericardial sac. The EAT
volume was calculated as the sum of the EAT areas.

2.5. Statistical analysis

Statistical analysis was performed using R software package (version
3.2.1; R Foundation for Statistical Computing, Vienna, Austria). Cate-
gorical variables were reported as counts (percentage), and continuous
variables were reported as mean (SD) or median (interquartile range,
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IQR). Statistical significance was assessed using the chi-square test,
Fisher’s exact test, Student’s t-test, Kruskal-Wallis test, or Mann-
Whitney U test, as appropriate. A one-way analysis of variance
(ANOVA) was used for multiple group comparisons. Correlations be-
tween variables were analyzed using Pearson’s correlation test. Uni-
variate and multivariate linear regression analyses were performed to
investigate the association between echocardiographic and CCTA find-
ings and the LVGLS. After adjusting for age, LVEF, LV mass index, and
EAT volume, the parameters included in the models were obstructive
CAD, CACS, SIS, and SSS. The CACS was log-transformed for the anal-
ysis. Statistical significance was set at a 2-sided P value of < 0.05.

3. Results

All patients had preserved LVEF of > 50%, but without LV regional
wall motion abnormalities. Table 1 shows the characteristics of all the
study patients (n = 169). The mean age of the study patients was 67 +
13.6 years and 59% were male. Approximately 70% of the patients had
hypertension and dyslipidemia and 25% had diabetes mellitus.

The TTDE parameters are listed in Table 2. All patients had a pre-
served LVEF > 50%, and the mean LVEF was 61% (53-67%). Mean
LVGLS was —18.7% (-20.5% — —16.9%). The CCTA results are listed in
Table 2. On CCTA, 53 patients (31.3 %) had no visible CAD. For the
remaining patients, non-obstructive CAD (1% to 49% stenosis) was
present in 66 patients (39.0%), whereas obstructive CAD, defined as the
presence of > 50% diameter stenosis, was detected in 50 patients
(29.6%). Among the patients with obstructive CAD, 10 (5.9%) exhibited
> 50% stenosis in multivessel CAD. Mean SSS and SIS were 2.0 (0-5) and
4.0 (0-36), respectively, while mean EAT volume was 116.1 mL
(22.9-282.5 mL).

Fig. 2 shows the LVGLS values stratified by CAD categories. LVGLS

Table 1
Baseline characteristics.
n =169
Age, n (%) 67 (53-75)
Male, n (%) 100 (59%)
Smoking, n (%) 36 (21%)

23.2 (21.4-25.6)
139 (127-155)
78 (70-89)

73 (66-82)

Body mass index, kg/m?
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Heart rate, bpm

Comorbidity
Hypertension, n (%)
Diabetes, n (%)
Dyslipidemia, n (%)

121 (72%)
42 (25%)
120 (71%)

Medication at index CCTA examination

Calcium channel blocker, n (%) 58 (34%)
ACE inhibitor or ARB, n (%) 38 (23%)
p-blocker, n (%) 7 (4.1%)
Statin, n (%) 44 (26%)
Laboratory tests

Hemoglobin, g/dl 13.9+23
eGFR, ml/min/1.73 m® 50.6 £ 20.8
hs-CRP, g/dl 0.03 £+ 0.68
hs-Troponin T, pg/ml 2.0 (1.0-4.8)
LDL-cholesterol, mg/dl 123 (100-141)
HDL-cholesterol, mg/dl 65 (51-73)

Triglyceride, mg/dl 134 (81-161)

Values are presented mean + standard deviation, or median (inter-quartile range), or
n (%).
ACE; angiotensin convert enzyme,
ARB; angiotensin typel receptor blocker,
eGFR; estimated glomerular filtration rate
LDL; Low Density Lipoprotein
HDL; High Density Lipoprotein
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Table 2
Echocardiography and CCTA findings.

TTDE findings

LVEF, % 61 (53-67)

LVEDD, mm 45.6 (34.3-56.1)
LVESD, mm 28.6 (15.7-39.0)
IVSWT, mm 8.3(7.6-9.1)
LVPWT, mm 8.4 (7.5-9.0)

LA, mm 36.1 (32.7-39.7)
LVMI, g/mm? 61 (53-67)

Dct, msec 209.5 (175.4-242.7)
E/A ratio 0.91 (0.74-1.2)

E/e’ ratio 9.93 (8.25-11.9)
TRPG, mmHg 20.6 (15.7-25.0))
LVGLS, % —18.7 (-20.5 - —16.9)

CCTA and abdominal CT findings

CACS 23,2 (0-4020)
0, n (%) 70 (41%)
1-99, n (%) 46 (27%)
100-399, n (%) 30 (18%)
>400, n (%) 23 (14%)
Non obstructive CAD, n (%) 85 (50%)
Obstructive CAD, n (%) 44 (26%)
LMCA, n (%) 7 (4.1%)
LAD, n (%) 34 (20%)
LCX, n (%) 17 (10%)
RCA, n (%) 12 (7.1%)
Multi-vessel CAD 10 (5.9)
SSS 2.0 (0-5)
SIS 4.0 (0-36)

EAT volume (ml)
Visceral adipose tissue area (ml)
Subcutaneous adipose tissue area (ml)

116.1 (22.9-282.5)
93.7 (9.4-244.5)
137.8 (3.6-709.0)

Values are presented mean + standard deviation, or median (inter-quartile range), or
n (%).
LVEF; left ventricular ejection fraction
LVEDd; left ventricular end-diastolic diameter
LVESD; left ventricular end-systolic diameter
IVSWT; Interventricular septum wall thickness
LVPWT; left ventricular posterior wall thickness
LA; Left Atrial
LVMI; Left ventricular mass index
Dct; Deceleration time
TRPG; tricuspid regurgitant pressure gradient
GLS; Global longitudinal strain
CAD; coronary artery disease
SSS; stenosis severity score
SIS; segment involvement score
EATV; Epicardial adipose tissue volume

tended to be higher in obstructive CAD (-17.9 + 2.7 %) and even in
nonobstructive CAD (-18.4 + 2.6%) as compared to that of no CAD
patients (-19.3 + 2.4%) (p = 0.050, one-way ANOVA). We evaluated the
correlations between the LVGLS and SSS, SIS, and EAT volumes (Fig. 3).
Pearson’s correlation analysis showed that there was a significant cor-
relation between LVGLS and SSS (r = 0.25, p =0.001), SIS (r=0.24,p =
0.002), and EAT volume (r = 0.19, p = 0.017). There were no significant
correlations between the location of obstructive CAD and LVGLS.
Univariate linear regression analysis demonstrated that there was no
significant association of hypertension (f, 0.28; 95% confidence interval
[CI], —0.69-1.25; p = 0.57), diabetes mellitus (B, 0.91; 95%CI,
—0.01-1.83; p = 0.054), dyslipidemia (B, 0.79; 95%CI, —0.11-1.70; p =
0.08) or chronic kidney disease (8, —0.09; 95%CI, —1.01-0.81; p = 0.83)
with LVGLS. Table 3 shows the univariate and multivariate linear
regression analyses for the relationship between LVGLS and clinical
parameters, TTDE, and CCTA findings. In the multivariable model,
LVEF, LV mass index, and EAT volume were independently associated
with LVGLS; however, obstructive CAD was not (Model 1 in Table 3). In
contrast, the multivariable models demonstrated that SSS (model 3) and
SIS (model 4) were positively correlated with LVGLS, independent of
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Fig. 2. Association of LVGLS with patients with CAD stratified by
CAD categories.

other parameters.
4. Discussion

In this study, using CCTA and TTDE, we found a significant associ-
ation between EAT volume and LVGLS assessed using speckle echocar-
diography in patients with preserved LVEF without LV regional wall
motion abnormalities. Furthermore, semi-quantification of CAD extent
or severity was significantly associated with LVGLS, even after adjusting
for age, EAT volume, LVEF, and LV mass index. Our observations indi-
cate that assessment of both the extent of CAD and EAT volume is crucial
for risk stratification of patients at a higher risk of LV dysfunction in this
population.

4.1. CAD as a cause of LV dysfunction

The mechanisms mediating the increased risk of subclinical LV
dysfunction are multifactorial. It has been well established that CAD is
an underlying cause of not only heart failure with reduced ejection
fraction (HFrEF) but also heart failure with preserved ejection fraction
(HFpEF) [5,6,22]. Hwong et al. demonstrated that patients with HFpEF
with angiographically proven CAD exhibited a higher risk of LV function
deterioration than those without [22]. However, there is limited
knowledge regarding whether CAD is associated with subclinical LV
dysfunction.

Several potential mechanisms have been proposed to explain the
association between CAD and subclinical LV dysfunctions [7]. A recent
study conducted by Rush et al. demonstrated that the majority of pa-
tients with HFpEF exhibited epicardial obstructive CAD, CMD, or both
[23]. Stankovic et al. demonstrated that critical coronary stenosis can
cause LVGLS deterioration [10]. In line with this, our findings expand
previous knowledge of the association between CAD, even in non-
obstructive CAD, and subclinical LV dysfunction by highlighting the
importance of the extent and severity of CAD. Impairment of LVGLS in
patients with nonobstructive CAD may be explained by CMD, which is
well correlated with LVGLS [24,25]. Identifying patients with non-
obstructive CAD who are at a higher risk of cardiovascular events and
heart failure has attracted attention. Nakanishi et al. demonstrated that
impairment of the coronary flow reserve, a marker of CMD, provides
prognostic value for ACS and heart failure in patients without obstruc-
tive CAD in the left ascending coronary artery on CCTA [26]. Given the
technical limitations of noninvasive assessment of CMD and the
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Fig. 3. Correlations between CAD extent or EAT volume and LVGLS. Spearman correlation demonstrated a significant correlation between SSS and LVGLS (A),

between SIS and LVGLS (B), and between EAT volume and LVGLS (C).

Table 3
Linear regression models for determinants of LVGLS.
Univariate model Multivariable model 1 Multivariable model 2 Multivariable model 3 Multivariable
model 4
Variable Beta ( 95%CI ) P Beta ( 95%CI) P Beta ( 95% P Beta ( 95% P Beta (95% P
CI) CI) CI)
LVEF, per 1% —7.04 (-12.34— 0.009 —17.0 (—20.9 — 0.015 -6.50 0.017  —6.04 (-11.21 0.022 —6.08 0.022
increase 1.75) -13.1) (-11.87-1.13) —-0.87) (11.2-0.87)
Age, per 1 year —0.030 0.050 —-0.02 0.103  —0.04 (-0.07 — 0.029  —0.04 (-0.07 — 0.006 —0.04 0.007
increase (-0.061— (-0.05-0.005) -0.004) -0.012) (-0.07-0.01)
0.0002)
Male 1.696 <0.001  1.06 (0.20-1.92) 0.016  0.99 0.024  0.68 0.112 0.74 0.085
(0.88-2.51) (0.13-1.85) (0.16-1.53) (-0.10-1.60)
LVMI, per 1 g/ 0.042 0.001 0.03 (0.01-0.06)  0.002  0.034 0.005  0.03 0.003 0.03 0.003
m2 increase (0.0168-0.067) (0.01-0.05) (0.01-0.05) (0.01-0.05)
EAT volume, 0.011 0.015 0.010 0.021  0.01 0.024  0.009 0.039 0.009 0.039
per 1 mL (0.002-0.019) (0.002-0.0195) (0.001-0.019) (0.0005-0.01) (0.0004-0.01)
increase
Obstructive 0.368 0.430 0.54 0.224
CAD (-0.552-1.288) (-0.33-1.42)
Log (CACS + 1) 0.230 0.220 0.35 0.097
(-0.139-0.600) (—0.06-0.76)
SSS, per 1 0.115 <0.001 0.12 <0.001
increase (0.054-0.176) (0.05-0.18)
SIS, per 1 0.297 <0.001 0.27 0.001

increase (0.137-0.457)
CAD; Coronary artery disease
SSS; stenosis severity score
SIS; segment involvement score
EATV; Epicardial adipose tissue volume
LVMI; Left ventricular mass index

(0.10-0.44)

advantages of widespread CCTA imaging in daily clinical practice, CAD
extent may offer an explanation for subclinical LV dysfunction in the
pre-heart failure population.

4.2. Markers in identifying subclinical LV dysfunction

Numerous studies have shown that EAT plays a key role in the
pathophysiology of cardiovascular diseases [12,19]. Maimaituxun et al.
demonstrated that increased EAT volume is associated with LVGLS
impairment (<18%) [27]. Although the underlying mechanisms be-
tween EAT accumulation and LV dysfunction remain unclear, increased
inflammation, fibrosis, and autonomic dysregulation have been impli-
cated as potential mechanisms linking EAT to LV dysfunction [28].
LVGLS assessed by speckle-tracking echocardiography is a marker of
subclinical LV dysfunction, with diagnostic and prognostic implications
for pre-heart failure [8,9].

A key challenge is the identification of patients at a higher risk of
developing LV dysfunction leading to heart failure. In our study,
comorbidities were not found to be associated with LVGLS deterioration.

The biomarker or imaging marker approach is an interesting perspective
for understanding the potential mechanisms of epicardial fat accumu-
lation and myocardial fibrosis and the risk stratification of patients with
HFpEF [12-14]. Seo et al. demonstrated that HFpEF patients with CAD
had greater deterioration in left ventricular ejection fraction and mitral
annulus early diastolic velocity (e’), indicating that myocardial ischemia
with a positive stress test may contribute to greater deterioration of
diastolic dysfunction [29]. Harada et al. have shown that levels of serum
fatty-acid binding protein 4, which is highly expressed in adipocytes and
secreted in response to lipolytic signals, correlate with cardiac structural
and functional abnormalities in patients with HFpEF, providing prog-
nostic implications [30]. Further studies are required to investigate the
clinical significance of LVGLS in association with biomarkers in patients
with CAD leading to HFpEF.

4.3. Therapeutic implication for identification of subclinical LV
dysfunction

Over the past few decades, large clinical studies have shown that
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pharmacological therapies, including renin-angiotensin system in-
hibitors, p-blockers, sodium-glucose co-transporter (SGLT)-2 inhibitors,
mineral corticoid receptor antagonists, and angiotensin receptor-
neprilysin inhibitors, are effective in the treatment of patients with
HFrEF. However, pharmacological therapeutic strategies for HFpEF are
limited [31]. Sato et al. demonstrated that SGLT2 inhibitors can reduce
EAT volume with a correlation between EAT volume, body weight, and
inflammatory biomarkers [32]. Considering the significant associations
between EAT, CAD extent and severity, and subclinical LV dysfunction,
our observations suggest that EAT could serve as a potential therapeutic
target to prevent subclinical LV dysfunction leading to cardiovascular
events. Further studies are necessary to investigate whether medical
therapy targeting the EAT can prevent the deterioration of LV function
and cardiovascular events in this population.

4.4. Study limitations

This study had some limitations. First, there may have been selection
bias because this was an observational study consisting of a relatively
small number of patients who underwent CCTA and TTDE. Previous
studies have demonstrated that HFpEF includes multiple etiologies of
heart failure. Phenotyping of the disease according to etiology can
provide further insights into the pathophysiology and management of
HFpEF [16]. Furthermore, our study consisted of patients with normal
weight/overweight rather than obese patients who are well known to
have HFpEF [33]. Second, this study did not include patients with atrial
fibrillation who were not suitable for LVGLS assessment using speckle-
tracking echocardiography. In addition, focal LV wall motion abnor-
malities contribute to the impairment of LVGLS, and this study did not
include patients with focal asynergy of the LV [10]. Therefore, our ob-
servations cannot be generalized to patients with atrial fibrillation or
regional wall motion abnormalities caused by severe coronary luminal
stenosis. Finally, CMD, especially HFpEF, was not assessed as a potent
cause of subclinical HF in the present study. CMD can account for up to
two-thirds of symptomatic ischemic heart disease patients without
epicardial coronary artery stenosis [16]. Loffler et al. demonstrated that
HFpEF patients had a higher prevalence of CMD and diffuse fibrosis with
decreased exercise tolerance than healthy controls, although LVGLS
tended to be higher in the latter [34]. Further prospective studies are
warranted to comprehensively assess the causal effects of CAD extent,
EAT accumulation, and CMD on heart failure development.

5. Conclusion

The present study demonstrates that EAT volume and CAD extent,
even in the less advanced stage of atherosclerosis, can influence sub-
clinical LV function. CCTA may help to investigate the underlying causes
of subclinical LV dysfunction in patients with preserved LVEF without
LV wall motion abnormalities.
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