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Background: Heart failure (HF) most commonly occurs due to ischemic heart disease from stenotic coronary artery disease
(CAD). HF is classified into 3 groups based on the percentage of the ejection fraction (EF): reduced (HFrEF), mid-
range (HFmrEF), and preserved (HFpEF). This retrospective study included 573 patients who presented with HF
based on the evaluation of EF and were evaluated for CAD by coronary angiography before undergoing coro-
nary angioplasty at a single center in Toulouse, France.

Material/Methods: This retrospective observational study included patients recently diagnosed with HF or acute decompensation
of chronic HF and referred for coronary angiography at Toulouse University Hospital between January 2019
and May 2020.

Results: Significant CAD was found in 55.8%, 55%, and 55% of the whole population, HFpEF, and HFrEF groups, respec-
tively. Older age, male sex, and diabetes mellitus were the main risk factors for ischemic HF. Except for age
and sex, patients with ischemic HFpEF were comparable to those with non-ischemic HFpEF, unlike the isch-
emic HFrEF group, which had more common cardiovascular risk factors than the non-ischemic HFrEF group.
The ischemic HFpEF group had an older age and higher rate of dyslipidemia than the ischemic HFrEF group.

Conclusions: At our center, CAD was diagnosed in more than half of patients who presented with heart failure with pre-
served or reduced EF. Older age and male sex were the common risk factors in patients with HFpEF and HFrEF.
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Background

Heart failure (HF) is a major medical concern accounting for a
huge number of hospitalizations, emergency department vis-
its, and cardiovascular deaths [1,2]. The growing prevalence
of HF is the consequence of increased life expectancy, hyper-
tension, obesity, aging of the population, prolonged HF sur-
vival, and advancement in diagnostic and therapeutic strate-
gies [3,4]. Neuro-humoral activation is the cornerstone of the
complex pathophysiology of HF syndrome. HF is currently clas-
sified into 3 categories based on the percentage of left ventric-
ular ejection fraction (LVEF): reduced (HFrEF, LVEF <40%), mid-
range (HFmrEF, 40%< LVEF <50%), and preserved (HFpEF, LVEF
>50%) [5]. Unlike HFpEF, for which medical therapy is limited
to diuretics, the treatment of HFrEF has been extensively in-
vestigated in research studies and clinical trials. Treatment in-
cludes different drug classes (B-blockers, angiotensin convert-
ing enzyme inhibitor/angiotensin Il receptor blocker, angiotensin
receptor-neprilysin inhibitor, mineralocorticoid receptor antag-
onist, ivabradine, SGLT2 inhibitors, and vericiguat), devices (im-
plantable cardiac defibrillator), stem cell transplantation, and
gene therapy [6,7].

While coronary artery disease (CAD) has been long recognized
as a major cause and therapeutic target of HF, the beneficial
role of percutaneous intervention for coronary revascularization
in patients with HF remains controversial [8]. Indeed, the pres-
ence of hibernating myocardium is crucial to predict improve-
ment in cardiac function after coronary revascularization [9].
The role of CAD is not limited to HFrEF but is also implicated in
HFpEF [10], and a prevalence of 80% of significant CAD in pa-
tients with HFpEF was reported in a study using the coronary
angiography approach [11]. Moreover, CAD and HFpEF share sev-
eral common risk factors, such as age and hypertension [12].
It is worth mentioning that HFpEF is more common in women,
and HFrEF is more common in men [12,13], which is explained
by the fact that much HF in men is provoked by myocardial in-
farction [12,13]. Guidelines recommend the careful search of
CAD in patients with HF [5], but in general, the prevalence of
CAD is underestimated in patients with HF because noninva-
sive tests are commonly used for screening. Therefore, this
retrospective study conducted at a single center in Toulouse,
France, included 573 patients who presented with HF based on
the evaluation of reduced EF and were evaluated for CAD by
coronary angiography before undergoing coronary angioplasty.

Material and Methods

Study Design and Population

This observational retrospective study included 573 patients
with HF who presented for coronary angiography at the
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HF-population undergoing
coronary angiography

N=573
HFrEF-population HFpEF-population
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N=214 N=270 N=39 N=50

Ischemic HF population

No ischemic HF population
3 N=320

Figure 1. Study flowchart.

Interventional Cardiology Department at the University Hospital
of Toulouse, France, between January 2019 and May 2020. The
indications of coronary angiography in the included patients
were a recent diagnosis of HF or acute decompensation of
chronic HF. Then, patients were divided into 2 groups, HFpEF
and HFrEF, which were subsequently divided into 2 subgroups
of those with ischemic HF (IHF) and those without IHF, accord-
ing to the presence or absence of significant CAD (Figure 1).
All patients were informed at admission that their clinical data
could be used for research purposes and gave their informed
consent. The cohort was registered by the Ministry of Research
and the Regional Health Agency Occitanie (no. DC-2017-298).

Data Collection and Endpoints

The baseline and demographic characteristics of the study par-
ticipants, including age, sex, cardiovascular risk factors, medical
treatment, prior medical history, and concomitant comorbidi-
ties, were collected by the study investigators. Also, transtho-
racic echocardiography parameters (left ventricular EF and val-
vulopathies), biological markers (troponin and NT-proBNP), and
coronary angiography results were collected. All of these data
were collected from the Orbis and Hemolia database used in
our center. Significant CAD was defined as a >50% reduction
in luminal coronary diameter. The purpose of this retrospec-
tive study was to assess the prevalence of significant CAD in
the 573 patients who presented with HF and underwent cor-
onary angiography at our center.

Statistical Analyses
Numbers and percentages were used to describe categori-

cal variables, while meanststandard deviations were used
to describe continuous variables. Continuous variables were
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Table 1. Characteristics of the studied population stratified by type of heart failure.

Studied population HFpEF HFrEF

N=573 N=89 N=484 B lue
Age 68.28+12.25 72.5349.72 67.50+12.51 <0.05
e 48 (7644%) 63 (078%) 375 (748%) 0171
CBMI 2780418104 276546565 2793419501 0893
Coronaryarterydisease 320 (5584%) 50 (5618%) 270 (5578%) 0945
Awialfibrilaion 174 (G037%) 25 (2809%) 149 (3078%) 0611
el G
Chronic kidney disease | 266 (4642%) 45 (5056%) 221 @566%) 0500
Dyslipidemia 164 (2862%) 39 @382%) 125 (2583%) 0001
Diabetes mellitus 171 (984%) 20 (G258%) 142 (934%) o711
Hypertenson 300 (5393%) 61 (68.54%) 248 (51.24%) 0006
Csmoking 144 (2513%) 11 (1236%) 133 (2748%) 0001
e 89 (1553%) 11 (1236%) 78 (1612%) 0289
Eedmedlepeeees
CVaWuopathy 224 (3900%) 29 (3258%) 195 4029%) 0181
Rightventricular dysfunction 110 (1920%) 6 (674% 104 (2149%) 0535
Ctapse 16774445 l645:3488 1678£450 0811
CPAPSE 413841330 406241026 41464363 0829
eededs
BeemEer noo1e% 6 674% 35 (7.23%) 0858
Defibrilatr 38 663%) e 37 (64%) 0023
CNYHACass
"""" T 23 @o o 4 os2m
"""" > 143 (496%) 17 (1910% 126 (2603%)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0433

3 149 (26.00%) 20 (22.47%) 129 (26.65%)

"""" s a7 2% 4 (4% 43 (888%)
CEBrdieborgmads
B 12886£2280 1377262243 1273762255 0001
Diastolicblood pressure 752741584 729242056 756741490 0197
CHeartrate 820742079 779141795 827622116 0081
Cememmlbeeetes
eem 14387454308 213821221 14921458079 0726
NT-ProBNP 5535.15+8523.84 4073.8147245.54 5770.14+8697.02 0.140
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Table 1 continued. Characteristics of the studied population stratified by type of heart failure.

Studied population HFpEF HFrEF

N=573 N=89 N=484 fialue

Baseline treatment

CBblockers 324 (5654%) M @e06%) 283 (847%) 0030
CDiwetics 328 (5724%) 50 (56.18%) 278 (5744%) 0809
Mineralocorticoids 95 (1658%) 11 (1236%) 84 (735%) 0277
CACE/ARA 289 (5044%) 51 (57.30%) 238 (@917%) oles
am T 3 @3 2 @es% 0087
wabradine 7 o@2% o 7 (4s%) 0603
st 7 oo 36 (4045%) 136 (2810%) 0041
ot a7 @20% 8 (©00% 39 (805% 0893
poAceK 165 (879%) 27 (3033%) 138 (851%) 0799
mpsoAC 3 1% 6 ©674% 29 (600% 0893
Discharge treatment
Bblockers 480 (8377%) 58 6517%) 022 @719%) wos
Diweties 839 G661%) 62 (69.66%) 377 (17.89%) 0067
Mineralocorticoids 231 (4031%) 19 QL35%) 212 (4380%) w0os
CAcE/ARA 33 (57.94%) 65 (73.03%) 267 (5516%) 0002
CaRMC 137 390w 4 @asw) 133 Q748%) w0os
wabradine 19 (33%) 2 Q2% 17 @S1%) o752
st 120 094w 3 (37.08%) 87 (797%) w0os
ot 215 @75 29 (3258%) 186 (3843%) 025
CpoAcenK o7 @R 31 (3483%) 186 (3843%) 0480
Capsoac 82 (1431%) 11 (1236%) 71 (467% 0569

BMI — body mass index; APT — single anti-platelet therapy; DAPT — dual anti-platelet therapy; DOAC — direct oral anti-coagulant;
AP+OAC - anti-platelet +oral anti-coagulant.

Table 2. The distribution of significant coronary artery disease.

Ischemic heart failure IHFrEF group IHFpEF group
population (N=320) (N=270) (N=50)

Left anterior descending coronary artery 214 (66.88%) 182 (67.40%) 32 (64.00%)
Rightcoomayatey [ 169 (281% 146 (5407%) 23 (4600%)
Cireunflex coronary artery [ 179 (504w 152 (5630% 27 (s400%)
[ p——— 145 @s31%) 118 @370% 27 (5400%)
Twovesselcoronarydisease [N 06 (313%) 2 (407%) 14 (800%)
Trplevessel coronary disease 68 (125% 59 (185%) o (800%
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Table 3. Characteristics of heart failure with preserved ejection fraction (HFpEF) group stratified by the presence of coronary artery

disease.
HFpEF population Significant CAD
N=89 N=50
Age 72.53+9.722 70.59+10.43 74.04+8.95 0.097
Cmalesex 63 (Go78% 2 Gassw 2 @400%) 0002
emi 2765656 2799766 27391563 0668
Atalfibrilaton 25 (2809%) 14 (589% 11 (2200% 0148

Chronic kidney disease 45 (50.56%) 18 (46.15%) 27 (54.00%) 0.538
Dyslipidemia 39 @382% 14 (3589%) 2% (5000% 0237
Diabetes melltus 29 (3258% 10 (2564% 19 (3800% 0267
Wypertension 61 (6854%) 2% 6110% 3 (72009  05%
Csmoking o1 o(23e%) 3 geow 8 (1600% 0338
CRamiyhisory 11 (5s3%) 4 (025%) 7 (400% o751

Valvopathy 29 (32.58%) 12 (30.77%) 17 (34.00%) 0.697
Mgienielrdasuen 6 ©74% 3 oeo% 3 (600% o182
s l64ss34s 672231 17885270 0016
CPAPSE a06241026 414341029 39674111 0772

Pacemaker 6 (6.74%) 0 6 (12.00%) 0.033
Defibrillator 1 (1.12%) 0 1 (2.00%) 1
NYHA class

1

2 17 (19.10%) 4 (10.26%) 13 (26.00%)

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.115
3 20 (22.47%) 6 (15.38%) 14 (28.00%)
4 4 (4.49%) 3 (7.69%) 1 (2.00%)

Systolic blood pressure 137.72+22.43 134.52+24.00 139.73+£21.45 0.367
Diastolic blood pressure 72.92420.56 71.48+29.31 73.83+12.76 0.658
Heart rate 77.91+17.95 83.48+14.39 74.43+19.21 0.047
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Table 3 continued. Characteristics of heart failure with preserved ejection fraction (HFpEF) group stratified by the presence of coronary

artery disease.

HFpEF population

Significant CAD

N=89

Baseline treatment

B-blockers 41 (46.07%)
Diuetis 50 (56.18%)
 Mineralocorticoids 11 (1236%)
CAcEARA 51 (57.30%)
AN 3 GI%)
T 36 (4045%)
ot 8 (898%)
poacsAK 27 (3034%)
CapsoAC 6 (674%

B-blockers 58 (65.17%)
Diuetis 62 (69.66%)
 Mineralocorticoids 19 (135%)
CaceaRA 65 (713.03%)
N 4 @a9%)
wabradine 2 Q2%
R 3 (37.08%)
omr 29 (3258%)
poacsAK 31 G7.87%)
CAAPROAC 11 (a31%)

N=50

17 (43.59%) 24 (48.00%) 0.679
""""" 2 (5385%) 29 (5800%) 0695
"""""" 4 (1026%) 7 (1400%) 0749
""""" 2 (6154%) 27 (400%) 0476
"""""" 3 e o 0080
11 @s2tw) 25 (5000%) 0031
"""""" 1 o@sew 7 (400% 0075
11 @s21% 16 (32009 0699
"""""" 1 o@se% 5 (1000% 025
""""" 26 (6666%) 32 (6400%) 0894
""""" 25 (6410%) 37 (7400%) 0314
"""""" 9 (307% 10 000%) 0725
""""" 2 (7179% 37 (400%) 0816
"""""" 3 (6% 1 @oow) 0315
"""""" 1o@sew 1 @oow 1
11 @s2tw) 2 @400%) 0126
"""""" 2 (13%) 27 (A00%) <005
16 (3483 15 (3843%) 0279
"""""" 2 (1236%) 9 (1467% 0103

BMI — body mass index; APT — single anti-platelet therapy; DAPT — dual anti-platelet therapy; DOAC — direct oral anti-coagulant;

AP+OAC - anti-platelet +oral anti-coagulant.

analyzed with the t test, as appropriate, and categorical vari-
ables were analyzed with the x? or Fisher’s exact test, as ap-
propriate. Stepwise logistic regression analyses were used on
all variables with a P value <0.2 in the bivariate analysis com-
paring the IHFrEF subgroup with the non-IHFrEF subgroup,
IHFpEF subgroup with the non-IHFpEF subgroup, and the IHF
group with the non-IHF group. Comparisons were conducted
to assess the baseline characteristics associated with IHFrEF,
IHFpEF, and IHF. A 2-sided P value <0.05 was considered sta-
tistically significant. All statistical analyses were carried out
using SPSS version 20 (IBM Corp, Armonk, NY, USA).

Results

The mean age of the 573 study participants was 68.3+12 years.
HFrEF was significantly more prevalent than HFpEF (84.5% vs
15.5%). Patients with HFpEF were older and had more cardio-
vascular risk factors than the other groups; there was no dif-
ference in smoking. Significant CAD was detected in 55.8%
of patients, and 76.4% of patients were men. Tables 1 and 2
show the characteristics of the study population.

Compared with the non-IHFpEF subgroup (n=39), patients with
IHFpEF (n=50) were older (74 vs 70.5 years), predominantly
men (84% vs 53.8%), and had a lower mean baseline heart
rate (74 vs 83 beats/min), New York Heart Association class,
prevalence of associated atrial fibrillation (22% vs 35.9%),
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Table 4. Characteristics of heart failure with reduced ejection fraction (HFrEF) group stratified by the presence of coronary artery

disease.
HFrEF population Significant CAD
N=484 N=270
Age 67.50+12.51 63.86+£13.79 70.38+10.57 <0.05
CMaesex 375 (748%) 148 (6916%) 227 (8441%) 005
e o7someso 302742872 2608t469 0036
Atralfibrilaton 149 (078%) 65 G037%) 84 GL11%  ose1l

Chronic kidney disease 221 (45.66%) 66 (30.84%) 155 (57.41%) <0.05
CDyslpidemia 125 (582%) a4 Qosew 81 (3000% 0080
CDisbetes 142 (934%) 8 243%) o4 (481% 0020
CHypertension 248 (5124%) 86 4018%) 162 (60.00%) 0001
CSmoking 133 Q748%) 56 @617%) 77 (852% 0906
CRamilyhisory 8 (612%) B 776% w0 (1481%  ole4

Valvopathy 195 (40.29%) 81 (37.85%) 114 (42.22%) 0.317
RO 104 Quasw) a9 (289% 55 (2037% 0244
ks 16781450 1615:436 17261455 0053
CeAPSE 414611363 415311275 414141430 0963

Pacemaker 35 (7.23%) 15 (7.10%) 20 (7.41%) 0.860
Cvefbrlator y e 12 6w 25 2% o1
NHA
”””” L 3 o@sw 10 @ee 13 @sw
”””” 2 16 @03 56 (617%) 70 2593%)

”””” s s gsesw s e 73 roswm
”””” s a3 o@ssw 19 @8 24 (@88%)

Systolic blood pressure 127.37+22.55 126.62+22.02 127.95+22.99 0.566
Diastolic blood pressure 75.67+14.90 77.02415.53 74.62+14.35 0.118
Heart rate 82.76+21.16 86.13+20.99 80.13+20.97 0.005
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Table 4 continued. Characteristics of heart failure with reduced ejection fraction (HFrEF) group stratified by the presence of coronary

artery disease.

HFrEF population

Significant CAD

N=484

Baseline treatment

B-blockers 283 (58.47%)
Diwetis 278 (57.44%)
 Mineralocorticoids 84 (17.35%)
CACEARA 238 (@9a7%)
M 2 @67%
wabradine 7 oas%)
CsAT 136 (810%)
omT 39 (806%)
DOAGRAVK 138 (851%)
CmpsoAC 29 (599%)

B-blockers 422 (87.19%)
Diwetis 377 (7789%)
 Mineralocorticoids 212 (4380%)
CACEARA 267 (55.16%)
CaRNC 133 (rasw)
wabradine 17 (351%)
CsT 87 (17.97%)
ComT 186 (3843%)
CDOAGRAVK 191 (3946%)
CmpsonC 71 (467%)

N=270

113 (52.80%) 170 (62.96%) 0.024
"""" 116 (5420% 162 (6000%) 0184
""""" 36 (1682%) 48 (17.77%) 0783
""""" 90 (4205%) 148 (5481%) 0006
o1 @A) 24 (®89%) 0853
"""""" 2 ©09%) 5 (8% o4t
""""" 3 (1542% 103 (815%) <005
"""""" 3 (40%) 36 (1333%) <005
s @rste 79 (926%) 0683
"""""" 4 8% 25 (026%) 0001
"""" 187 (87.38%) 235 (@703%) 0748
"""" 169 (7897%) 208 (7704%) 0837
"""" 105 (49.06%) 107 (3963%) 0047
"""" 122 (5701% 145 (5370%) 0545
""""" 68 (3177%) 65 (407%) 0064
"""""" 7 Ga% 10 @7o%) 074
""""" 0 (1402% 57 @Lu%) 0037
1 Gew 174 (6444 w005
""""" 9 (206%) 101 G741%) 0299
"""""" 3 (140%) 68 (25.18%) <005

and right ventricular dysfunction (6% vs 7.7%). Except for the
anti-thrombotic regimen, there were no differences in the re-
ceived medical treatments (diuretics, B-blockers, mineralo-
corticoid, and ACEi/ARAII) (Table 3). Positive correlations be-
tween age (odds ratio [OR] 1.1, 95%Cl 1.01-1.2, P=0.02), male
sex (OR 26.9, 95%Cl 4.7-152.8, P<0.001), and IHFpEF were re-
vealed by the adjusted multivariate analysis.

Compared with the non-IHFrEF subgroup (n=214), the IHFrEF
subgroup (n=270) had significantly higher age (70.3 vs 63.8
years), male sex (84.1% vs 69.2%) cardiovascular risk factors
(chronic kidney disease [59.4% vs 31.9%)], dyslipidemia [32.5%
vs 24.7%], arterial hypertension [65.1% vs 48.3%], and dia-
betes mellitus [37.8% vs 27%]), implantable cardiac devices
(7.4% vs 4.2%), and prescribed medical treatment (diuretics,

B-blockers, ACEi/ARAIl, and anti-thrombotic regimen). By con-
trast, mean baseline heart rate (80 vs 86 beats/min), diastolic
blood pressure (74 vs 77 mmHg), and body mass index (BMI)
(26.1 vs 30.3 kg/m?) were lower in IHFrEF subgroup (Table 4).
The adjusted multivariate logistic regression on the previous-
ly cited confounding variables showed that IHFrEF was pos-
itively correlated with age (OR 1.02, 95%Cl 1-1.05, P=0.02),
male sex (OR 2.7, 95%Cl 1.4-5.2, P=0.002), chronic kidney dis-
ease (OR 2.3, 95%Cl 1.2-4.3, P=0.006), diabetes mellitus (OR
1.9, 95%Cl 1.1-3.4, P=0.01), and arterial hypertension (OR 1.7,
95%Cl 1.02-2.9, P=0.04), while it was inversely correlated with
BMI (OR 0.9, 95%Cl 0.88-0.99, P=0.04).

Male sex was more common in IHF (n=320) than in non-IHF
(n=253) groups. The following were also more common in
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Table 5. Characteristics of the study population stratified by the presence of coronary artery disease.

Studied population Significant CAD

N=573 N=320 ERSlue
Age 68.28+12.25 64.90+13.532 70.95+10.404 <0.05
e 438 (7644%) 169 (6680%) 269 (8406%) 0171
BMI 2780418104 2992426581  2628+4864 0033
Aialfibrilaion 174 (G037%) 79 G123%) o5 (2969% 0691
CWeEF 484 (8447%) 214 (8458%) 270 (8437%) 0945

Chronic kidney disease 266 (46.42%) 84 (33.20%) 182 (56.87%) <0.05
CDyslpidemia 164 @862%) 58 2292%) 106 (33.13%) 0041
CDiabetes 171 984w 58 2292%) 113 3531% 0010
CWypertension 309 (5393%) 111 (4387%) 18 (6187%) 0001
Csmoking 14 @sazw) 59 (23.32%) 85 (2656%) 0802
CRamilyhistory 89 (1553%) 2 (660% a7 (1a69%) 0261

Valvulopathy 224 (39.09%) 93 (36.76%) 131 (40.93%) 0.284
RO o110 @o20%) 52 (2055%) 58 (18.13%) 0535
At 16774445 16054435 17204448 0026
eapst aissaz0 160514347 172914472 0026

Pacemaker 41  (7.16%) 15  (5.93%) 26  (8.13%) 0.307
Defibrillator 38  (6.63%) 12 (4.74%) 26 (8.13%) 0.106
NYHA class

1 23 (4.01%) 10 (3.95%) 14 (4.38%)

2 143 (24.96%) 60 (23.72%) 83 (25.94%)
**************************************************************************************************************************** 0.964

3 149 (26%) 62 (24.51%) 87 (27.19%)

4 47  (8.20%) 22 (8.70%) 25 (7.81%)

Systolic blood pressure 128.86+22.80 127.64+22.37 129.77+23.12 0.325
Diastolic blood pressure 75.27+15.84 76.30+£17.90 74.50+14.09 0.233
Heart rate 82.07+20.79 85.79+20.26 79.25+20.78 0.001
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Table 5 continued. Characteristics of the study population stratified by the presence of coronary artery disease.

Studied population

N=573

Significant CAD

N=320 P-value

Baseline treatment

B-blockers 324 (56.54%)

CDiwetis 38 (57.24%)
 Mineralocorticoids 95 (1658%)
CACEARA 289 (5044%)
M a5 (785%
wabradine 7 02%
CsAT 172 (002%)
omT a7 820%
CDOAGRAVK 164 (862%)
CmbsoaC 35 (611%)

B-blockers 480 (83.77%)
Diuretis 139 (7661%)
 Mineralocorticoids 231 (4031%)
CACEARA 33 (57.94%)
AN 137 (390%)
wabradine 19 (332%)
CsaT 10 (094%)
ComT 215 (752%)
CDOAGRAVK 217 (GrsTH)
CmpsonC 82 (1431%)

130 (51.38%) 194 (60.63%) 0.027
17 1% 191 (5969%) 0169
""""" 40 (581% 84 (17.19%) 0663
114 @506%) 175 (s469%) 0025
""""" 2 ®30% 24 (750% o724
"""""" 2 ©79% 5 (56w 042
""""" 44 (1739%) 128 @000%) <005
"""""" 4 (sse) 43 (1344%) <005
""""" 70 @1.67% 9% @937%) 0637
"""""" 5 (977%) 30 (038%) 005
213 (8a19%) 267 (8344%) 0851
194 (7668%) 245 (7656%) 0810
114 @s06%) 117 G656%) 0048
150 (59.29%) 182 (56.88%) 0643
""""" 71 (806%) 66 (2062%) 0041
"""""" 8 (i6% 11 (M%) 0833
""""" M (1620% 79 @aesw) 0011
14 Gsw 201 281%) 005
106 (4189%) 111 (3469%) 0480
"""""" 5 (198%) 77 (2406%) <005

the IHF than in the non-IHF groups: implantable cardiac de-
vices (8.1% vs 4.7%) and cardiovascular risk factors, includ-
ing chronic kidney disease (58.5% vs 34.3%), dyslipidemia
(35.8% vs 27.2%), diabetes mellitus (38.2% vs 27.2%), and ar-
terial hypertension (66.9% vs 52.1%). Also, diuretics, B-block-
ers, ACEi/ARAIl, and anti-thrombotic agents were used more
often in patients with IHF. However, the prevalence of asso-
ciated RVD (47.3% vs 38.4%), mean baseline heart rate (85.8
vs 79.2 bpm/min), and BMI (29.9 vs 26.3 kg/cm?) were higher
in the non-IHF than IHF groups (Table 5). Lastly, the adjusted
multivariate logistic regression showed a positive correlation
between age (OR 1.05, 95%Cl 1.02-1.09, P=0.003), male sex
(OR 3, 95%Cl 1.2-7.2, P=0.01), and diabetes mellitus (OR 2.4,
95%Cl 1.06-5.37, P=0.03) and IHF, which was inversely asso-
ciated with BMI (OR 0.9, 95%Cl 0.85-0.98, P=0.02).

Lastly, patients with IHFpEF were older (74 vs 70.4 years) with a
lower mean baseline heart rate (74 vs 80 beats/min) and high-
er systolic blood pressure (139.7 vs 127.9 mmHg), BMI (27.4 vs
26.1 kg/cm?), and rate of cardiovascular risk factors, including
dyslipidemia (50% vs 30%) and arterial hypertension (72% vs
60%) than those with IHFrEF, which had more smokers (28.5%
vs 16%) and higher NT-proBNP levels (6135 vs 3724) (Table 6).
Compared with IHFrEF, the multivariate analysis showed that
age and dyslipidemia were associated to IHFpEF (Figure 2).

Discussion

This study showed that more than half of patients referred for
coronary angiography for a recent diagnosis of HF or acute de-
compensation of chronic HF presented with significant CAD. Age,
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Table 6. Characteristics of ischemic heart failure (IHF) group stratified by type of heart failure.

CAD-population
N=320

P-value

Age 70.95+£10.404 74.041£8.949 70.38+£10.567 0.022

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.339

Systolic blood pressure 129.77+23.12 139.73+21.452 127.954£22.99 0.003
Diastolic blood pressure 74.50+14.09 73.83119.76 74.62+14.35 0.742
Heart rate 79.25+20.78) 74.43+£19.21 80.13+£20.97 0.110
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Table 6 continued. Characteristics of ischemic heart failure (IHF) group stratified by type of heart failure.

CAD-population

N=320

P-value

Baseline treatment

B-blockers 194 (60.63%)

Diwetis 101 (5969%)
 Mineralocorticoids 55 (17.19%)
CACEARA 175 (5469%)
M 2% 750%)
wabradine 5 (L56%)
CsAT 128 @000%)
omT 43 (13494%
poasAK 1 031%
CmbsoaC 0 ©3%)
 Discharge treatment
Bblockes 267 (8343%)
CDiwetis 245 (7656%)
Mineralocorticoids 117 (3656%)
CACEARA 182 (5687%)
Cam 66 (2062%)
wabradine 11 (343%)
CsT 79 469%)
ComT 01 @281%)
CDOAGRAVK 111 (469%)
CmpsorC 77 (2406%)

24 (48.00%) 170 (62.96%) 0.047
""""" 29 (5800%) 162 (60.00%) 0768
"""""" 7 (1400%) 48 (17.78%) 0552
""""" 27 (5400%) 148 (481%) 0915
"""""" o 24 @8 0016
"""""" o s asw 1
""""" 25 (5000%) 103 (G815%) 0189
"""""" 7 (1400% 36 (1333%) 0958
"""""" o1 ew® 1
"""""" 5 (1000%) 25 (026%) 0677
""""" 32 (6400%) 235 (87.04%) <005
""""" 37 (7400%) 208 (77.04%) 0514
10 000% 107 (3963%) 0007
""""" 37 (7400%) 145 (5370% 0011
"""""" 1 @oow 65 (407%) <005
"""""" 1 @oow 10 @7ow 1
""""" 2 @a00%) 57 @Lu%) 0001
""""" 27 (5400%) 174 (6444%) 0115
15 oo0%) % (3555%) 0398
"""""" 9 (1800%) 68 @5.18%) 0281

BMI — body mass index; APT — single anti-platelet therapy; DAPT — dual anti-platelet therapy; DOAC — direct oral anti-coagulant;

AP+OAC - anti-platelet +oral anti-coagulant.

male sex, and diabetes mellitus were independent predictors
of IHF. Aside from age and sex, there were no differences be-
tween the IHFpEF and non-IHFpEF groups, unlike patients with
IHFrEF, who had more cardiovascular risk factors, such as arte-
rial hypertension, diabetes mellitus, and chronic kidney disease,
than those with patent coronary arteries. Regardless, age and
dyslipidemia, which were baseline characteristics of patients
with HFpEF, were comparable to patients with HFrEF with CAD.

The literature has reported a similar rate of CAD in patients
with HF after a systematic angiography approach, especially in
those presenting with HFpEF [14-16]. Despite the known im-
plications of CAD in the pathophysiology and development of
HF, the effect of coronary revascularization on lowering the

associated mortality and morbidity remains controversial [8].
Indeed, the co-existence of CAD in patients with HF was linked
with poor long-term prognosis. CAD is usually underestimat-
ed in patients with HF, particularly in patients with HFpEF, in
whom the role of CAD is under-recognized [17]. In agreement
with our study result, Hwang et al showed that patients with
HFpEF and those without CAD are comparable in medical treat-
ment, laboratory markers, echocardiographic parameters, and
baseline characteristics except for age and sex [10]. By con-
trast, cardiovascular risk factors in addition to older age and
male sex were significantly more expressed in patients with
IHFrEF compared with those with normal or near-normal cor-
onary arteries. Regardless, this finding was included in a study
conducted by Drissa et al [18]. It is well known that women
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« Older age (x1.1)
- Male sex (x26.9)

« Older age (x1.02)

« Male sex (x2.7)

« Chronic kidney
disease (x2.3)

« Diabetes mellitus (x1.9)

« Hypertension (x1.7)

CAD was detected in 55.8%
of HF popualtion

+ Older age (x1.05)
- Male sex (x3)
- Diabetes mellitus (x2.4)

«Older age (x1.08)
« Dyslipidemia (x4.7)

Figure 2. Illustration of the independent predictors of ischemic
heart failure with preserved ejection fraction (IHFpEF),
ischemic heart failure with reduced ejection fraction
(IHFrEF), and ischemic heart failure (IHF).

are more predisposed to HFpEF, while men are more predis-
posed to HFrEF [12,19]. However, the present study showed
that these sex differences vanished when comparing IHFpEF
and IHFrEF. In view of the high prevalence of CAD in patients
with HFpEF, absence of a difference in the distribution of car-
diovascular risk factors, and poor outcomes attributed to the
presence of CAD, searching for CAD in older men with HFpEF
may improve prognosis and patient quality of life by prevent-
ing future ischemic heart events.

Compared with studies of HF in patients with non-obstructive
CAD, the present study revealed that IHFpEF and IHFrEF share
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just 2 risk factors: older age and male sex. The relationship
of sex and the development of ischemic cardiac diseases dur-
ing the whole lifetime are well established in the literature.
Furthermore, a recently published study investigated the role
of sex in affecting the importance of risk factors for CAD [20].
Prospective trials based on the angiographic approach to screen
and manage CAD in patients with HF and to evaluate the long-
term impact on survival and quality of life are needed.

The main limitations of this study were the retrospective ob-
servational design and the lack of long-term follow-up data.
Also, data concerning revascularization were not provided be-
cause we were interested in assessing the differences between
various categories of HF according to the presence of signif-
icant CAD. The mean age of our study population was lower
than that of the large registries of patients with HF, therefore
explaining the ratio of HFrEF to HFpEF in these study partici-
pants from a tertiary referral hospital.

Conclusions

At our center, CAD was diagnosed in more than half of pa-
tients who presented with HF with preserved or reduced EF.
Older age and male sex were the common risk factors in pa-
tients with HFpEF and HFrEF. Therefore, screening for CAD in
patients recently diagnosed with HF or presenting with acute
decompensation of HF is warranted. Future prospective stud-
ies investigating the impact of revascularization on long-term
prognosis in patients with ischemic HFrEF and HFpEF com-
pared with those without CAD are needed.
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