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a b s t r a c t

Objectives: The different etiology of HF has different prognostic risk factors. Prognosis assessment of ICM
and NICM has important clinical value. This study is aimed to explore the predicting factors for ICM and
NICM.
Methods: 1082 HFrEF patients were retrospectively enrolled from Jan. 01, 2016 to Dec. 31, 2017. On Jan.
31, 2019, 873 patients were enrolled for analysis excluding incomplete, unfollowed, and unexplained
data. The patients were divided into ischemic and non-ischemic group. The differences in clinical
characteristics and long-term prognosis between the two groups were analyzed, and multivariate Cox
analysis was used to predict the respective all-cause mortality, SCD and rehospitalization of CHF.
Results: 873 patients aged 64(53,73) were divided into two groups: ICM (403, 46.16%) and NICM. At the
end, 203 died (111 in ICM, 54.68%), of whom 87 had SCD (53 in ICM, 60.92%) and 269 had rehospitali-
zation for HF(134 in ICM, 49.81%). Independent risk factors affecting all-cause mortality in ICM: DM,
previous hospitalization of HF, age, eGFR, LVEF; for SCD: PVB, eGFR, Hb, revascularization; for read-
mission of HF: low T3 syndrome, PVB, DM, previous hospitalization of HF, eGFR. Otherwise; factors
affecting all-cause mortality in NICM: NYHA III-IV, paroxysmal AF/AFL, previous hospitalization of HF, b-
blocker; for SCD: low T3 syndrome, PVB, nitrates, sodium, b-blocker; for rehospitalization of HF:
paroxysmal AF/AFL, previous admission of HF, LVEF.
Conclusions: Both all-cause mortality and SCD in ICM is higher than that in NICM. Different etiologies of
CHF have different risk factors affecting the prognosis.
© 2020 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Chronic heart failure (CHF) is still a problem affecting public
health in China and even the world. Epidemiological investigation
shows that the prevalence of CHF is about 2% in the world, and the
morbidity is still 1/100 per year in people over 65 years old.1 With
the progress of medical technology, the survival of CHF has been
improved, but the 5-year livability is still only around 50%,2,3 and
themortality and rehospitalization are still high.4 The prevalence of
adult HF is about 0.9%5 in China according to the sample survey in
the First Affiliated Hospital,
anjing, 210029, China. Fax:

ehalf of Cardiological Society of
2003, and the overall incidence is increasing year by year.6 The
majority of deadly patients with heart failure died of malignant
ventricular arrhythmia caused by the sudden cardiac death (SCD),
the rest died of pump failure.7 At present, some European studies
have found that different etiology of heart failure has different
prognosis.8 Among the heart failure with reduced ejection fraction
(HFrEF) patients, about 30%e40% of the patients are non-ischemic,9

and data from BREATHE indicates that 70% of hospitalized patients
are also non-ischemic.10

Given the above reasons, it is urgent to identify risk factors
associated with the high mortality of HF, thus helping us to further
closely monitor and cure these factors. At present, several risk
models affecting the prognosis of heart failure have emerged.11e17

However, in clinical practice, they all have their own limitations.
Some models need get peak oxygen consumption (PVO2) during
hospitalization, some require electrophysiology study (EPS), and
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others use any invasive examination. Moreover, most of these
models failed to incorporate the treatment targets supported by the
existing evidence-based medical theories, such as angiotensin-
converting enzyme inhibitors (ACEI) or angiotensin receptor
blocker (ARB), beta-blockers, and mineralocorticoid receptor
antagonist (MRA). At the same time, the derivation of these models
was not respectively modeled for the different etiology.

At present, the status of domestic treatment and long-term
prognosis are still unclear. In our study, CHF was classified into
ischemic cardiomyopathy (ICM) and non-ischemic cardiomyopathy
(NICM). We aim to reveal the current treatment status of heart
failure in China and the prognosis of different etiology.

2. Methods

1082 patients with HFrEF were enrolled from three level A of the
tertiary hospital (the first affiliated hospital of nanjing medical
university, xiamen university affiliated hospital of cardiovascular
disease, huai'an first people's hospital) from Jan. 1, 2016 to Dec. 31,
2017. All of themwere from cardiology department, 411 cases were
from nanjing, 531 cases were from xiamen, and the rest were from
huai'an.

2.1. Inclusion criteria

To participate in this study, patients must comply with all of the
following.

1. Diagnosis of heart failure with reduced EF according to the 2016
European Society of Cardiology (ESC) HF guideline.18

2. LVEF＜50% (measured by Simpson's method) after optimised
medication including ACEI or ARB, beta-blocker and MRA if
available and not contraindicated at least 3 months.
2.2. Exclusion criteria

Hypertrophic cardiomyopathy;
Rheumatic valvular disease;
Congenital heart disease;
Pulmonary heart disease;
Various types of pericardial diseases;
Acute myocardial infarction within the last 3 months, including

ST-segment elevated myocardial infarction (STEMI) and NSTEMI;
Aortic dissection;
Leukemia, lymphoma, aplastic anemia and other serious blood

diseases; Autoimmune diseases;
Malignant tumors;
Hormone replacement therapy;
Whether the patient is participating in other interventional

clinical trials;
Pregnancy;
Patients who have received cardiac resynchronization therapy

with or without implantable cardioverter-defibrillator (CRT-P/D) or
ICD, surgical ventricular aneurysm resection, left ventricular
reconstruction, heart transplantation or other non-
pharmacological treatment to improve cardiac function;

Criteria for the diagnosis of ICM19:

1. Previous history of myocardial infarction;
2. Coronary angiography (CAG) confirmed proximal stenosis of left

main or left anterior descending (LAD) �75%;
3. CAG confirmed that the stenosis of two or more major coronary

arteries was �75%;
4. History of coronary artery bypass grafting (CABG) or percuta-
neous transluminal coronary intervention (PCI) for the above
three reasons;

Criteria for NICM: meet at least one of the following 1e2
criteria:

1. Failure to meet the diagnostic criteria for ICM;
2. Coronary dual-source CT examination or myocardial nuclide

imaging (ECT) examination excluded coronary heart disease
(CHD);
2.3. Data collection

Each patient had a profile that included relevant baseline ma-
terials, such as Age, Sex, Smoking, Drinking, Blood pressure, Heart
rate, NYHA classification, Etiology of heart failure, History of CHF
hospitalization; History of syncope; History of sudden death/
cardio-pulmonary resuscitation(SCD/CPR); Hypertension; Dia-
betes mellitus(DM); Chronic obstructive pulmonary disease
(COPD);

Auxiliary examination:

(1) Electrocardiogram: LVEF; Left atrial diameter (LAd); Left
ventricular diastolic-end diameter (LVDd);

(2) Holter: Left branch bundle block (LBBB); Right branch bundle
block (RBBB); QRS duration; Paroxysmalatrial fibrillation or
atrial flutter (AF/AFL); PersistentAF/AFL; Frequent premature
ventricular beats (PVB); Non-sustained ventricular tachy-
cardia (NSVT);

(3) Laboratory examination: hemoglobin (Hb, unit: g/l); Serum
creatine (Scr, unit: mmol/l); Urea nitrogen (BUN, unit: mmol/
l); Subclinical hypothyroidism; Low T3 syndrome; Serum
sodium (Naþ, unit: mmol/l);

(5) Medical treatment: Diuretics; MRA; ACEI/ARB; Beta-
blockers; Digoxin. Antiplatelet agents; Anticoagulants; Ni-
trates; Statins; Calcium antagonist (CCB); Antiarrhythmia
drugs

(6) Device implantation and other novel therapy: pacemaker;
ICD; CRT/D; Heart transplantation.
2.4. Follow-up and study endpoints

The follow-up visits were conducted on an outpatient basis
every 3 months. We got the following information through three
ways: regular outpatient visits, telephone visits and family
inquiries.

Primary outcome is all-cause mortality and SCD; Secondary
endpoint is rehospitalization due to HF. SCD is that occurs within
1 hour of the onset of acute symptoms and is characterized by SCD
from cardiac causes or the patient's previous history of no more
than cardiac disease occurred within 24 h from the last time hewas
seen.20

2.5. Statistical analysis

All data were performed with a statistical analysis software
package (SPSS 21.0 IBM SPSS Inc. Chicago, Illinois, USA). Continuous
variables do not conform to the normal distribution by KeS test, so
they are expressed as median and quartile, and compared by Non-
parametric test. Categorical variables were expressed as absolute
numbers and percentages and analyzed by Chi-square tests. Cox
regression analysis was used to evaluate the independent
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predictors of study outcomes. All variables with a P＜0.05 in uni-
variate analysis were entered into a multivariate backwards step-
wise regression analysis. Hazard ratios (HR) and 95% confidence
intervals (CI) across etiology categories were also estimated in
separate group. The K-M curve was used with the log-rank test to
test for survival differences between groups. P < 0.05 was statisti-
cally significant.
3. Result

3.1. Clinical features

Among the 1082 HFrEF patients, 123 were of unknown etiol-
ogy, the remaining was 429 in ICM and 530 in NICM. Detailed
baseline characteristics of the population are summarized in
Table 1. During the follow-up, 75 patients received non-drug
intervention measures within 3 months, 11 was completely lost,
and 873 patients were actually enrolled. Among of them, 403
(46.16%) in ICM and 470 (53.84%) in NICM group. The attempt was
made to determine the nature of death in every case. 675(77.32%)
males, 682(78.12%) NYHAIII-IV, mean LVEF 34(28,40)%, with an
average age of 64(53,73) (range:15~92) were actually included in
the study.

We can see that the two groups in age, smoking, COPD, hyper-
tension, DM, vital signs (blood pressure, heart rate), AF/AFL, PVB,
LBBB, RBBB, NSVT, Scr, Hb, thyroid function and related ultrasonic
Table 1
Clinical characteristics in patients with CHF.

Variables Unclear etiology group(n ¼ 123) etiolo

ICM (

Age (years) 70(53,78) 69(61
Male gender, n (%) 74(60.2) 344(8
Medical history, n (%)
Smoking 56(45.5) 228(5
Alcohol abuse 47(38.2) 220(5
COPD 9(7.3) 45(10
Hypertension 60(48.8) 263(6
DM 32(26.0) 162(3

Previous HF hospitalization 54(43.9) 226(5
Syncope 6(4.9) 17(4.0
SCD/PCR 2(1.6) 8(1.9)
CAG þ CTCA 6(4.9) 372(8

Vital signs on admission
SBP (mmHg) 130(116,145) 130(1
DBP (mmHg) 82(72,93) 77(68
HR (bpm) 89(75,101) 80(70
NYHA III-IV 113(91.9) 325(7

Holter, n (%)
AF/AFL 39(31.7) 79(18
PVB 41(33.3) 107(2
NSVT 33(26.8) 104(2
LBBB 14(11.4) 49(11
RBBB 12(9.8) 35(8.2
QRS duration (ms) 110(86,140) 110(9

Echocardiography data
LVEF (%) 32(27,38) 37(31
LVEF�35%(%) 44(9.9) 187(3
LAd (mm) 46(42,50) 42(39
LVDd (mm) 64(59,68) 60(56

Laboratory data
BUN (mmol/l) 7.18(5.84,9.75) 7.01(5
Scr (umol/l) 95.90(76.65,122.92) 94.40
Naþ (mmol/l) 140.22(137.29,142.00) 140.0
Hb(g/l) 137(119,153) 131(1

Subclinical hypothyroidism 4(3.3) 8(1.9)
Low T3 syndrome 8(6.5) 33(7.7

P indicates unclear etiology group vs. etiology group; P0 indicates ICM vs. NICM. < 0.05 h
parameters all have statistical differences (P< 0.05); the rest in-
dicators have no medical significance.
3.2. Prognosis of heart failure with different etiology

A total of 873 patients with systolic heart failure were enrolled,
425 were from xiamen cardiovascular hospital, 328 were enrolled
in jiangsu provincial people's hospital, and 120 were from huai'an
first people's hospital. By the end of follow-up on January 31, 2019,
a total of 203(23.25%, ICM 111, NICM 92) patients died, including
87(9.97%, ICM 53, NICM 34) were SCD and 269(30.81%, ICM 134,
NICM 135) were rehospitalized for HF. In the two different modes of
death, all-cause death and SCD, ICMwas higher than NICM(P＜0.05,
see Fig. 1).
3.3. Treatment of patients with different etiology of ICM and NICM

As can be seen from the figure, ACEI/ARB, anticoagulant drug
dabigatran and heart transplantation showed no significant dif-
ference between the two groups, and the remaining drug treat-
ments such as Diuretics; MRA; Beta-blockers; Digoxin; Warfarin;
Nitrates; Statins; CCB and Antiarrhythmia drugs were signifi-
cantly different(P< 0.05). Throughout the follow-up, 7 patients
with completely lost follow-up were excluded in ICM, leaving 422
patients, 3(0.7%) patients with heart transplantation; 14(3.3%)
with CRT/CRTD; 8(1.9%) with other non-drug treatments such as
valve replacement, ICD, pacemaker, CABG, RFCA, left ventricular
gy groups P P0

n ¼ 429) NICM (n ¼ 530)

,77) 60(48,68) 0.004 0.000
0.2) 401(75.7) 0.000 0.055

3.1) 244(46.0) 0.445 0.032
1.3) 275(51.9) 0.005 0.897
.5) 30(5.7) 1.000 0.007
1.3) 207(39.1) 1.000 0.000
7.8) 78(14.7) 0.444 0.000
2.7) 291(54.9) 0.044 0.515
) 16(3.0) 0.437 0.478

3(0.6) 0.652 0.072
6.7) 316(59.6) 0.000 0.000

17,145) 121(109,137) 0.051 0.000
,86) 80(70,89) 0.006 0.010
,91) 86(73,100) 0.007 0.000
5.8) 422(79.6) 0.000 0.159

.4) 178(33.6) 0.282 0.000
4.9) 190(35.8) 0.606 0.000
4.2) 210(39.6) 0.218 0.000
.4) 85(16.0) 0.488 0.049
) 22(4.2) 0.115 0.013
1,132) 115(99,130) 0.347 0.114

,42) 31(26,37) 0.038 0.000
3.5) 371(66.5) 0.207 0.000
,46) 45(41,50) 0.004 0.000
,66) 67(62,73) 0.810 0.000

.56,8.93) 6.92(5.57,8.75) 0.177 0.608
(77.00,119.20) 89.80(75.10,107.65) 0.160 0.002
2(137.73,141.91) 140.10(137.98,142.48) 0.673 0.131
18,142) 139(129,150) 0.705 0.000

8(1.5) 0.201 0.013
) 26(4.9) 0.201 0.013

as significance.



Fig. 1. KaplaneMeier curves for the probability of all-cause mortality and SCD in patients with CHF-REF according to etiology. Patients of ICM were more susceptible to all-cause
mortality and SCD compared those with NICM. Log-rank test, P<0.001. Abbreviations: ICM, ischemic cardiomyopathy; NICM, non-ischemic cardiomyopathy.
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shunt and ventricular aneurysm resection. In NICM, excluding 4
patients with lost follow-up, the remaining 526 patients, 5(1%)
patients with heart transplantation; 51(9.7%) with CRT/CRTD;
10(1.9%) other non-drug treatments. Meanwhile, DCM of whom is
483(91.8%), the other cause for the rest patients is high alcoholic
cardiomyopathy; arrhythmia cardiomyopathy; Hypertensive car-
diomyopathy; anemic cardiomyopathy; hyperthyroidism cardio-
myopathy, etc. Based on a small number of these cases, we are
temporarily unable to further analysis the prognosis. Because the
etiology is clear, they can be through rectifying causes such as
correction of anemia, hyperthyroidism, stop drinking, control of
blood pressure and heart rate, further improving its prognosis.
Existed research has shown that in patients with alcoholic car-
diomyopathy after six months of absence from alcohol, can make
the heart cavity narrow, cardiac function improved significantly.
(see Fig. 2)
3.4. Independent predictors of all-cause mortality of heart failure
with different etiology

Significant predictors for all-cause mortality, combining LVEF,
people-accepted commonly predictive variable on prognosis of
CHF, were all entered into multivariate regression analysis, the re-
sults showed sorting by strength as follows: In ICM, DM, previous
HF hospitalization, age, eGFR, LVEF; In NICM, NYHA class III-IV,
paroxysmal AF/AFL, isosorbide mononitrate, previous HF hospital-
ization, beta-blockers; As shown in Table 2.
Fig. 2. Treatment of patients with different etiology of NICM and ICM: Note that th
3.5. Independent predictors of SCD in CHF with different etiology

In our study, we find that in ICM, heart rate, NYHA class III-IV,
frequent PVB, revascularization, LVEF, eGFR, Hb, digoxin were sta-
tistical significance in single-variable analysis, after a multi-factor
regression PVB and renal insufficiency will increase the incidence
of SCD, and revascularization and Hb can reduce the occurrence of
SCD. In NICM, low T3 syndrome increased the risk of SCD by more
than three times, and PVB and nitrates increased two times.
However, beta-blockers and Naþ reduced the risk of SCD(P < 0.05).
Results are shown in Table 3.

3.6. Independent predictors of heart failure rehospitalization in ICM
and NICM

Independent predictors of rehospitalization due to HF with
different etiology were also different. In ICM group, independent
risk factors for heart failure rehospitalization: low T3 syndrome,
frequent PVB, DM, Previous HF hospitalization, eGFR. Meanwhile,
In NICM patients, Independent risk factors that affect heart failure
rehospitalization: paroxysmal AF/AFL, previous hospitalization of
HF, LVEF. The results are shown in Table 4.

3.7. Independent predictors of all-cause mortality and SCD

Using the same method, according to the strength role of pre-
dictors for all-cause mortality in order, our results show: NYHA
class III-IV (HR ¼ 2.154), low T3 syndrome (HR ¼ 1.842), previous
e significant differences at discharge drug therapies between the two groups.



Table 2
Predictors of all-cause mortality across etiology categories-results of separate COX analysis.

ICM NICM

Variables Univariable P Multivariable P Variables Univariable P Multivariable P

HR(95%CI) HR (95%CI) HR (95%CI) HR (95%CI)

Age (years) 1.039 (1.019e1.059) <0.0001 1.036 (1.014e1.059) 0.001 Age (years) 1.024 (1.010e1.040) 0.001
Advanced NYHA class III-IV 2.931 (1.610e5.335) <0.0001 SBP (mmHg) 0.989 (0.979e0.998) 0.020
Previous HF hospitalization 1.803 (1.227e2.648) 0.003 1.664 (1.120e2.473) 0.012 Advanced NYHA class III-IV 4.593 (1.864e11.316) 0.001 2.603 (0.999e6.782) 0.05
Revascularization 0.596 (0.410e0.866) 0.007 Previous HF hospitalization 3.115 (1.896e5.118) <0.0001 1.834 (1.010e3.329) 0.046
Diabetes mellitus 1.474 (1.015e2.139) 0.041 1.776 (1.180e2.673) 0.006 Af/AFL
LVEF 0.977 (0.953e1.002) 0.070 0.968 (0.944e0.993) 0.014 Paroxysmal 3.314 (1.763e6.227) <0.0001 2.124 (1.000e4.509) 0.05
eGFR 0.983 (0.976e0.989) <0.0001 0.987 (0.979e0.994) 0.001 Persistent 1.467 (0.927e2.319) 0.101
Naþ (mmol/l) 0.952 (0.910e0.995) 0.030 Frequent PVB 1.583 (1.029e2.433) 0.036
Hemoglobin (g/l) 0.990 (0.981e0.999) 0.024 Non-sustained VT 1.655 (1.090e2.512) 0.018
Low T3 syndrome 2.093 (1.141e3.841) 0.017 Hypertension 0.619 (0.394e0.973) 0.038
Diuretics 1.951 (1.131e3.365) 0.016 COPD 2.808 (1.491e5.286) 0.001
Beta-blocker 0.619 (0.396e0.966) 0.035 LVEF 0.990 (0.963e1.018) 0.469
ACEI/ARB 0.605 (0.407e0.900) 0.013 eGFR 0.989 (0.982e0.996) 0.002

Hemoglobin (g/l) 0.986 (0.976e0.996) 0.005
Low T3 syndrome 3.737 (1.912e7.303) <0.0001
Beta-blocker 0.300 (0.179e0.503) <0.0001 0.395 (0.195e0.799) 0.01
ACEI/ARB 0.438 (0.271e0.707) 0.001
Digoxin 1.658 (1.096e2.508) 0.017
Isosorbide mononitrate 1.930 (1.222e3.049) 0.005 1.872 (1.109e3.162) 0.019

Note: the MDRD formula calculated eGFR ¼ 186*(Scr)-1.154*(age)-0.203*(0.742 female). eGFR was the estimated glomerular filtration rate. Scr was serum creatinine in mg/dl. Age is measured in years.

Table 3
Predictors of sudden cardiac death across etiology categories-results of separate COX analysis.

ICM NICM

Variables Univariable P Multivariable P Variables Univariable P Multivariable P

HR(95%CI) HR (95%CI) HR (95%CI) HR(95%CI)

Heart rate (bpm) 1.019 (1.004e1.034) 0.015 DBP (mmHg) 0.973 (0.949e0.998) 0.033
Advanced NYHA class III-IV 5.635 (1.756e18.087) 0.004 Previous HF hospitalization 3.678 (1.502e9.005) 0.004
Revascularization 0.473 (0.277e0.806) 0.006 0.515 (0.293e0.907) 0.021 Af/AFL
Frequent PVB 2.180 (1.246e3.815) 0.006 2.023 (1.131e3.616) 0.017 paroxysmal 5.063 (1.992e12.866) 0.001
LVEF 0.962 (0.929e0.997) 0.032 persistent 1.092 (0.453e2.634) 0.844
eGFR (ml/min) 0.983 (0.973e0.992) <0.0001 0.989 (0.978e1.000) 0.047 Frequent PVB 2.955 (1.441e6.058) 0.003 2.694 (1.034e7.017) 0.043
Hemoglobin (g/l) 0.985 (0.972e0.997) 0.016 0.987 (0.974e1.000) 0.048 Non-sustained VT 3.340 (1.609e6.935) 0.001
Digoxin 2.114 (1.170e3.821) 0.013 LVEF 0.961 (0.915e1.010) 0.119

eGFR(ml/min) 0.978 (0.965e0.991) 0.001
Naþ 0.873 (0.806e0.944) 0.001 0.874 (0.783e0.974) 0.015
Low T3 syndrome 5.577 (2.100e14.809) 0.001 3.541 (1.105e11.349) 0.033
b-blockers 0.291 (0.119e0.713) 0.007 0.347 (0.122e0.982) 0.046
COPD 3.117 (1.086e8.950) 0.035
Isosorbide mononitrate 2.694 (1.282e5.662) 0.009 2.381 (1.066e5.321) 0.034
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hospitalization history of heart failure (HR ¼ 1.771), DM
(HR ¼ 1.556), frequent PVB (HR ¼ 1.406), age (HR ¼ 1.020), eGFR
(HR¼ 0.988), beta-blockers (HR¼ 0.623) are shown in Supplement
Table 1. Independent risk factors for SCD: frequent PVB
(HR ¼ 2.103), nitrates (HR ¼ 1.851), DM (HR ¼ 1.801), eGFR
(HR ¼ 0.990), and LVEF (HR ¼ 0.967) were shown in Supplement
Table 2.

3.8. Independent predictors of heart failure rehospitalization

The same way was used to analyze risk factors affecting heart
failure rehospitalization, the order is as follows: Dabigatran
(HR ¼ 2.127), low T3 syndrome (HR ¼ 2.081), subclinical hypo-
thyroidism (HR ¼ 1.572), frequent PVB (HR ¼ 1.480), previous
hospitalization history of HF (HR ¼ 1.414), eGFR (HR ¼ 0.993), and
LVEF (HR ¼ 0.983), as shown in Supplement Table 3.

4. Discussion

Our study was a multicenter, retrospective, observational clin-
ical study involving nearly 900 inpatients. According to our clinical
experience, we collected risk variables that may affect the prog-
nosis of HF, including drug therapy and the variables in previous
models, to explore the predictive factors for all-cause death, SCD,
and rehospitalization of CHF. Compared with previous research
models,21e23 our study has the following characteristics: first, the
selected patients were all from Asian, including all NYHA grades
and ages HFrEF patients, which truly represented the “real world”
in China; Secondly, we enrolled more than 40 risk variables, and
even further refined factors to better understand the critical cutoff;
Thirdly, all variables included were non-invasive and easy to obtain
data in clinical practice. In addition, drug treatments were all from
the discharge medication of inpatients after stable condition, so it
was less disturbed by the other medical institutions. Finally, our
research explored the prognosis of different etiology of heart
failure.

Our study showed that ICM group were older than NICM and
had more risk factors for atherosclerosis, such as smoking, COPD,
hypertension and DM. On the other hand, NICM patients showed
faster heart rate, AF/AFL, NSVT, LBBB and PVB in Holter. Compared
with ICM, diameter of each cardiac cavity was higher in echocar-
diography, accompanied by lower LVEF and SBP at admission in
NICM. In laboratory examination, eGFR, low T3 syndrome and Hb
all had statistical significances (P < 0.05).

In terms of drug therapy, patients with CHF all received stan-
dardized therapy, 768 (80.1%) of which received ACEI/ARB, 851
(88.7%) received beta-blockers and 823 (85.8%) administratedMRA.
In NICM, diuretics, MRA, beta-blockers, digoxin and warfarin ac-
count for a larger proportion than ICM, respectively, 87.4%, 92.3%,
92.3%, 39.1% and 21.5%. All the drugs mentioned above had signif-
icant differences in medical statistics between groups. Considering
the following factors: with larger cardiac cavity, lower EF and more
AF/AFL patient in NICM, water and sodium storage were severe, so
diuretics and MRA were used frequently. Moreover, the usage rate
of controlling the HR and anticoagulant was also higher. We also
found that ICMwas higher in the comparison of all-cause mortality
and SCD. The prognostic factors of HF were different between two
groups.

Age, NYHA III-IV, previous HF hospitalization history, parox-
ysmal AF/AFL, DM, and renal function index (BUN, eGFR) were
candidate variables in previous prognostic models of heart fail-
ure.21e30 Our results showed that all these variables could increase
the risk for all-cause mortality(HR>1), which was consistent with
the previous models. At the same time, we found that the parox-
ysmal AF/AFL can increase the risk for all-cause
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mortality(HR¼ 2.063), but not for persistent, the phenomenonwas
considered connecting with unstable cardiac electrical activity. In
paroxysmal AF/AFL patients, heart rhythmwas shifted between the
sinus rhythm and AF/AFL, easily induced atrial thrombosis embo-
lism occurs even in death. Existing study31 have found that about
13%e30% of patients with heart failure who have no previous
thyroid disease will show low T3, normal T4 and TSH levels, which
we call “low T3 syndrome”. This study suggested that low T3 syn-
drome is associated with worsening cardiac function, myocardial
remodeling, and cardiovascular outcomes. This was also demon-
strated in our study, low T3 syndrome was shown to increase the
risk of all-cause death and heart failure rehospitalization
(HR ¼ 1.842 vs. 2.081), consistent with previous study.32

In previous studies,33,34 LVEF reductionwas considered to be the
major risk factor for all-cause mortality and SCD, and European
guidelines also considered LVEF�35% as the main indication for
ICD/CRT-D implantation for primary prevention of heart failure.35

Although the patients with LVEF�35% is currently considered to
be an important risk factor for predicting SCD, we also found in
other study34 that LVEF >35% also had a higher incidence of SCD. In
our study, it showed that LVEF had no predictive value for all-cause
mortality in the total population of heart failure, but showed pos-
itive results in the occurrence of SCD and rehospitalization due to
HF. Subsequently, we further refined the LVEF, namely �35% and
>35%, and obtained the same result as that without stratification
through regression analysis. According to the classification of eti-
ology, COX regression analysis was respectively conducted for the
corresponding study endpoints, and the results showed that LVEF
had the probability of increasing the risk of all-cause mortality in
ICM, but in readmission for heart failure in NICM.

In the study, we also found that complete or partial revascu-
larization was predictive of SCD in ICM(HR ¼ 0.515), which could
reduce the risk of SCD. This variable is relatively rare in previous
research models. Our study included it and showed that it has in-
dependent predictive value. It was considered to be related to the
opening of coronary vessels to increase myocardial oxygen supply.
Previous study have found that ICM patients have a high incidence
of SCD,36 revascularization can save more dying myocardium and
reduce scar formation, thereby reducing the occurrence of SCD.

Another positive research variable is the nitrate drugs, we found
that it can make all-cause mortality and SCD in NICM significantly
increased (HR ¼ 1.872 vs. 2.381). However, the prediction value is
not reflected in ICM, and the mechanism is still unclear, but it
provided a basis for us to weigh the advantages and disadvantages
and make further decisions when using the drug in future.

Consistent with previous studies, renal function is also an
important predictor of mortality.37e40 We used eGFR, corrected for
age and gender, more objective, to replace creatinine level. The
results showed that renal deterioration significantly increased the
risk of all-cause mortality, SCD, and heart failure rehospitalization
for ICM (0.987, 0.989, 0.989).

Age is another important risk variable associated with study
outcome, and previous studies15,16,41,42 have reported that
advanced age is an important risk predictor in patients with HFrEF.
We also concluded that the risk of all-cause mortality increases
with the advanced age in ICM group.

DM is also associated with the prognosis of CHF. Previous
studies have found that patients with HFrEF associated with DM
have poor prognosis,25,43,44 especially in the patients with a high
proportion of ICM. Our research also revealed a significant increase
in ICM in all-cause mortality and rehospitalization due to HF with
diabetes (HR ¼ 1.776 vs. 1.615), which may be associated with
diabetes-related complications.

Among the ECG-related indicators, QRS duration showed posi-
tive results in single-variable COX analysis of study endpoints in
NICM, but the prediction value disappeared after multi-variable
regression. In the study of DEFINITE,45 it was also concluded that
the QRS duration had no correlation with the total mortality in
NICM. Meanwhile, the study manifested QRS morphology such as
LBBB or RBBB has significant differences between the two groups.
LBBB is higher and RBBB is lower in NICM compared with ICM.
Besides, further analysis concluded it has no impact on MACE
outcomes. In addition, Brembilla46 also found no association be-
tween bundle branch block and the occurrence of SCD in patients
with heart failure, which is consistent with our results.

5. Conclusions

Both all-cause mortality and SCD in ICM group is higher than
that in NICM group. Different etiology of heart failure has different
risk factors affecting the prognosis.

6. Limitations

The research also has the following limitations. First, the sample
size of the study was small and the follow-up time was short (873
patients were followed up for 22 months in the middle stage);
Secondly, some other important indicators, such as BMI, troponin T,
and late gadolinium enhancement(LGE) technique in cardiac nu-
clear magnetic resonance, are missing to assess the degree of
myocardial fibrosis; Third, the study was limited to Asia, exactly,
China; Fourthly, risk stratification and modeling of positive pre-
dictors were not carried out; Fifth, HF is limited to patient with
reduced left ventricular ejection fraction, and further research is
needed on EF retention. Finally, since a large part of our follow-up
was obtained through telephone interviews and family inquiries,
there was no doubt at the end-point of all-cause mortality, but
there may be difference in the judgment of SCD and rehospitali-
zation of heart failure.
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