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Abstract

Pulmonary hypertension secondary to heart failure (HF‐PH) combined with

pulmonary vascular remodeling has a high mortality rate. Apolipoprotein A1

(ApoA1) has been shown to adversely affect outcomes in patients with HF. A

prospective follow‐up study was performed on 239 consecutive patients with

HF‐PH who underwent right heart catheterization. Proteomics technology was

used to analyze different proteins in plasma between post‐ and precapillary

pulmonary hypertension (CpcPH) and isolated postcapillary pulmonary

hypertension (IpcPH) filtered by propensity score matching. Ultimately, 175

patients were enrolled and followed for an average of 4.4 years. Lipoprotein

components in plasma were measured, and the following clinical events were

tracked. Proteomics data showed that lipid metabolism and inflammation were

different between CpcPH and IpcPH. ApoA1 levels in HF‐PH patients with

CpcPH were lower than those in HF‐PH patients with IpcPH. The patients with

lower ApoA1 levels (≤1.025 g/L) were in a higher New York Heart Association

class and had high levels of NT‐proBNP, mean pulmonary artery pressure, PVR,

and diastolic pressure gradient. Besides, HF‐PH patients with lower ApoA1

levels had a 2.836‐fold higher relative risk of comorbid CpcPH compared with

patients with higher ApoA1 levels. Moreover, patients with lower ApoA1 levels

had a lower survival rate after adjusting for CpcPH. In conclusion, ApoA1 levels

were negatively correlated with PVR levels. Lower ApoA1 levels were an

independent risk factor for pulmonary vascular remodeling in HF‐PH patients.

The survival of HF‐PH patients with lower ApoA1 levels was reduced.
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INTRODUCTION

Heart failure (HF) is a complex clinical syndrome
resulting from abnormal changes in the structure and/
or function of the heart for a variety of reasons.1 As the
symptoms of HF worsen, pulmonary venous return is
blocked, pulmonary venous pressure rises, and secondary
pulmonary hypertension (PH) occurs.2,3 HF‐PH com-
bined with pulmonary vascular resistance (PVR) ≥3
wood units (WU) is defined as combined post‐ and
precapillary pulmonary hypertension (CpcPH), and the
opposite is defined as isolated postcapillary pulmonary
hypertension (IpcPH).4 CpcPH manifests as pulmonary
vascular remodeling in patients with HF‐PH.5 Recent
advances have clarified that CpcPH indicates poor
clinical prognosis in HF‐PH patients.2,4,6 However,
monitoring PVR and diastolic pressure gradient (DPG)
is difficult in routine clinical practice. Therefore,
hematological indicators are very meaningful for evalu-
ating CpcPH in patients with HF‐PH to identify
pulmonary vascular remodeling.

Apolipoprotein A1 (ApoA1) is a major constituent of
high‐density lipoprotein (HDL) and plays a prognostic
role in chronic HF.7,8 ApoA1 gene transfer was able to
reverse heart abnormalities, reduce diastolic resistance
and improve cardiac metabolism.9 Several reports have
shown that ApoA1 adversely affects outcomes in patients
with HF,10,11 even those with nonischemic HF.12 Low
levels of ApoA1 might reflect high inflammation and
oxidation states, which are associated with the deteriora-
tion of heart function.13 High levels of ApoA1 have
protective effects in pulmonary arterial hypertension and
acute lung injury, a cause of aggravating HF.14,15

Based on the above evidence and considerations, we
hypothesized that an interaction exists between pulmo-
nary hemodynamics and ApoA1 in HF‐PH patients. By
analyzing the relationship between ApoA1 and CpcPH,
we further clarified the predictive value of ApoA1 in
pulmonary vascular remodeling in patients with HF‐PH.

METHOD

Study patients

The study included 239 consecutive patients with HF
(2016 ESC HF Guideline16) whose pulmonary artery
systolic pressure ≥50mmHg by echocardiographic and
followed by right heart catheterization (RHC) confirmed
mean pulmonary artery pressure (mPAP) ≥25mmHg at
Nanjing First Hospital from November 2014 to December
2019. Subjects with acute myocardial infarction, neo-
plasm, or PH (Groups I, III, IV, and V) were excluded. All

hematology indicators, including HDL, low‐density lipo-
protein cholesterol (LDL‐C), apolipoprotein B (ApoB),
ApoA1 and lipoprotein a (Lp(a)), were measured using
PUZS‐300 Automatic Biochemical Analyzer on blood
collected between 6 and 8 a.m. on the second day of
admission after 8 h of fasting. Fasting blood samples were
collected in tubes coated with ethylenediaminetetraacetic
acid and then centrifuged at 1500g for 15min. The
plasma was separated from the blood cells and stored
frozen at −80°C until the analysis was carried out. On
the day of admission, echocardiography was performed
with GE Vivi7. At the time of the patient's first
admission, clinical characteristics were collected. For
all subjects, the composite clinical event of death and
rehospitalization were followed up at 1 year by telephone
and verified through the Electronic Information Platform
of Heart Failure Special Disease at our hospital.
Continued follow‐up was performed after 1 year until
March 31, 2021, and the average follow‐up time was
4.4 years. Fifty‐eight subjects were excluded due to any
one of the following treatments during hospitalization:
19 patients with cardiac resynchronization therapy
defibrillator (CTR‐D), 14 patients with implantable
cardioverter defibrillator, 22 patients with valve replace-
ment and 3 patients with heart transplant. Six subjects
were lost to follow‐up, of whom 1 had an incorrect phone
registration. All patients provided written informed
consent, and institutional review board.

Hemodynamic protocol

A 7.5‐Fr Swan‐Ganz thermodilution catheter (model
774F75; Edwards Lifesciences) was advanced via the
right jugular vein into the pulmonary artery wedge
position. Cardiac output was measured using the
thermodilution method (Vigilance II; Edwards Life-
sciences). In patients with atrial fibrillation, at least five
cardiac cycles were used to assess mPAP and mPAWP.
Derived hemodynamic variables were calculated by
standard formulas.

Proteomic analysis

We assembled 1:1 propensity score‐matched pairs of
patients between the CpcPH group and IpcPH group to
balance the differences in baseline variables among the
239 patients with HF‐PH. Age, Sex, body mass index,
hypertension, diabetes, atrial fibrillation, cause of dis-
ease, New York Heart Association (NYHA) as baseline
characteristics were used for propensity matched analy-
sis. The match tolerance was 0.02. Fuzzy matching
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obtained 23 pairs of cases, a total of 46 patients. We
selected blood samples from the first 30 patients for
omics analysis. According to the matching method, 30
blood samples from patients with HF‐PH with reduced
ejection fraction were selected from each of the two
groups, and then 5 samples of equal volume were mixed.
To reduce intergroup differences, we also matched
baseline variables in each group. Finally, 3 mixed blood
samples were obtained for each of the two groups.

Proteins were labeled with isobaric tags for relative
and absolute quantitation (iTRAQ) reagent after extrac-
tion from mixed blood samples. TripleTOF 5600 + LC‐
MS/MS was used to collect and analyze peptide signals.
Protein identification was performed by using ProteinPi-
lot TM V4.5. Blast2GO software was used to obtain the
protein Gene Ontology (GO) annotation. An expected
value <0.001 was used as the cut‐off value for BLAST
results. The Student t test and p< 0.05 were used to
identify differential proteins.

Statistical analysis

Data are expressed as the mean± standard deviation and
as frequency (%). The cutoff values of ApoA1 for the
prediction of HF‐PH patients with CpcPH were analyzed
by receiver operating characteristic (ROC) analysis. The
mean value and frequency between the two groups were
compared using the Student unpaired t test and Chi‐square
analysis, respectively. For skewed variables, the

Kolmogorov–Smirnov test was used. The association of
various factors with CpcPH in HF‐PH patients was assessed
by univariate and multivariate logistic regression. We
incorporated variables with p< 0.2 in the univariate logistic
regression analysis into the multivariate logistic regression
analysis. Chi‐square analysis was used to analyze clinical
events between the two groups. Log‐rank test was
performed to compare the survival curves between lower
and higher ApoA1 levels after adjustment for CpcPH. SPSS
version 24.0 (IBM) was used for statistical analyses.
Statistical significance was defined as a p value <0.05.

RESULT

Proteomic analysis in PH secondary to HF

The demographics of the patients whose blood was
included in each of the six mixed samples are summa-
rized in Table S1. The clinical variables were not
significantly different among the groups except for the
left ventricular ejection fractions and 6MWD (6min walk
distance), which were lower in the IpcPH group than in
the CpcPH group.

Mass spectrometry identified 544 proteins, of which
83 were found to be significantly different between the
IpcPH group and the CpcPH group, screened according
to up_regulate ≥1.5 or down_regulate ≤0.67, p_value
≤0.05. The top 20 molecular functions and biological
processes are shown in Figure 1A,B by comparing

FIGURE 1 Top 20 classification of identified proteins based on their functional annotations using gene ontology
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differential protein GO functional enrichment results.
Lipid transport, metabolic processes, and inflammation
involved in lipoproteins play an important role in the
biological processes and molecular functions of differen-
tial proteins.

Next, we examined all lipoproteins among the 544
identified proteins and listed them in Table S2. The levels
of 12 plasma lipoproteins, including ApoA1, in the
CpcPH group were lower than those in the IpcPH group,
and the levels of three plasma lipoproteins in the CpcPH
group were higher than those in the IpcPH group. We
further verified the levels of lipoprotein components by
biochemical testing of the serum of all HF‐PH patients.
Only ApoA1 levels in HF‐PH patients with CpcPH were
lower than those in HF‐PH patients with IpcPH
(1.11 ± 0.26 g/L vs. 1.23 ± 0.25 g/L, p< 0.01), and 59.4%
of HF‐PH patients had ApoA1 levels below the normal
range (1.2–1.76 g/L). There were no differences in the
levels of other lipoprotein components between the two
groups (Table 1).

Comparisons of basic clinical
characteristics in patients with
HF‐PH according to ApoA1 levels

The cutoff value of ApoA1 levels (1.025 g/L, AUC=
0.783) determined by ROC analysis had a sensitivity of
63.2% and specificity of 81.3% for the prediction of PVR
≥3 WU. The patients with lower ApoA1 levels (≤1.025 g/
L) were in a higher NYHA class and had high levels of
NT‐proBNP, mPAP, PVR, and DPG (p< 0.05) (Table 2).
Consistent with the “cholesterol paradox” reported in
previous studies, patients with high ApoA1 levels also
had better heart function and higher levels of total
cholesterol and HDL.

TABLE 1 Lipoprotein components of biochemical testing and
baseline characteristics of Cpc‐PH and Ipc‐PH

Ipc‐PH
(n= 80)

Cpc‐PH
(n= 95) p value

Age (years) 61 ± 13 62 ± 15 0.648

Male (%) 53 (66.3%) 54 (56.8%) 0.203

BMI (kg/m2) 24.8 ± 3.9 25.2 ± 5.3 0.602

Hypertension (%) 37 (46.3%) 48 (50.5%) 0.573

Diabetes (%) 18 (22.5%) 17 (17.9%) 0.448

MI (%) 4 (5.0%) 9 (9.5%) 0.261

PCI (%) 8 (10.0%) 19 (20.0%) 0.068

Atrial
fibrillation (%)

32 (40.0%) 39 (41.1%) 0.888

Uric acid
(μmol/L)

414.1 ± 165.3 455.7 ± 160.0 0.093

SCr (μmol/L) 86.8 ± 33.4 91.6 ± 44.9 0.426

eGFR ml/(min.
1.73 m2)

79.5 ± 30.2 76.5 ± 33.5 0.546

NT‐proBNP
(pg/ml)

1245.0 (1535.6) 1939.0 (2708.6) 0.01

EF (%) 49.2 ± 15.1 47.8 ± 15.8 0.553

mPAP (mmHg) 27.9 ± 9.5 40.1 ± 12.2 0.000

PCWP (mmHg) 19.7 ± 9.0 19.7 ± 8.8 0.969

CO (L/min) 4.8 ± 1.4 3.7 ± 1.4 0.000

PVR (Wood
units)

1.8 ± 0.8 6.3 ± 4.3 0.000

TABLE 1 (Continued)

Ipc‐PH
(n= 80)

Cpc‐PH
(n= 95) p value

DPG (mmHg) 1.0 (6.8) 7.1 (11.2) 0.000

NYHA

I, II (%) 31 (38.8%) 21 (22.1%) 0.025

III, IV (%) 49 (61.3%) 74 (77.9%) 0.025

Cause of heart failure

ICM (%) 8 (10.0%) 13 (13.7%) 0.445

DCM (%) 28 (35.0%) 22 (26.9%) 0.084

Valvular
disease (%)

9 (11.3%) 15 (23.2%) 0.384

HCM (%) 6 (7.5%) 9 (9.5%) 0.642

HHD (%) 3 (3.8%) 3 (3.2%) 0.830

ApoA1 (g/L) 1.23 ± 0.25 1.11 ± 0.26 0.002

ApoB (g/L) 0.78 ± 0.24 0.74 ± 0.25 0.380

Lp(a) (mg/L) 120.0 (168.8) 138.6 (173.3) 0.354

HDL (mmol/L) 1.1 ± 0.4 1.0 ± 0.3 0.183

LDL‐C (mmol/L) 2.4 ± 0.9 2.2 ± 0.8 0.205

TC (mmol/L) 4.0 ± 1.1 3.7 ± 1.0 0.110

TG (mmol/L) 1.5 ± 1.3 1.3 ± 0.7 0.264

Abbreviations: ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; CO,
cardiac output; Cpc‐PH, combined post‐ and precapillary pulmonary
hypertension; DPG, diastolic pressure gradient; EF, left ventricular ejection
fraction; eGFR, estimated glomerular filtration rate; HDL, high‐density
lipoprotein; Ipc‐PH, isolated postcapillary pulmonary hypertension; LDL‐C,
low‐density lipoprotein cholesterol; Lp(a), lipoprotein a; MI, myocardial
infarction; mPAP, mean pulmonary artery pressure; NT‐proBNP, N‐
terminal‐pro B‐type natriuretic peptide; NYHA, New York Heart
Association class; PCI, percutaneous coronary intervention; PCWP,
pulmonary capillaries wedge pressure; RVR, pulmonary vascular
resistance; SCr, serum creatinine; TC, total cholesterol; TG, total
triglycerides.

4 of 9 | YU ET AL.



TABLE 2 Characteristics of the subgroups patients with lower or higher ApoAI level than optimal ROC

All patients
(n= 175)

ApoA1 ≤1.025 g/L
(n= 56)

ApoA1 >1.025 g/L
(n= 119) p value

Age (years) 61 ± 14 58 ± 16 63 ± 13 0.051

Male (%) 107 (61.1%) 39 (69.6%) 68 (57.1%) 0.114

BMI (kg/m2) 25.0 ± 4.7 25.5 ± 5.7 24.8 ± 4.2 0.447

Hypertension (%) 85 (48.6%) 30 (53.6%) 55 (46.2%) 0.364

Diabetes (%) 35 (20.0%) 12 (21.4%) 23 (19.3%) 0.746

MI (%) 13 (7.4%) 5 (8.9%) 8 (6.7%) 0.604

PCI (%) 27 (15.4%) 8 (14.3%) 19 (16.0%) 0.774

Atrial fibrillation (%) 71 (40.6%) 23 (41.1%) 48 (40.3%) 0.926

Uric acid (μmol/L) 436.6 ± 163.3 473.9 ± 173.7 419.1 ± 155.8 0.038

SCr (μmol/L) 89.4 ± 40.0 97.9 ± 40.6 85.4 ± 39.2 0.054

eGFR ml/(min.
1.73 m2)

77.9 ± 32.0 78.3 ± 33.3 77.6 ± 31.5 0.911

NT‐proBNP (pg/ml) 1600.9 (1933.0) 2103.2 (2955.0) 1334.5 (1756.8) 0.005

EF (%) 48.4 ± 15.5 45.7 ± 16.6 49.7 ± 14.8 0.121

mPAP (mmHg) 34.5 ± 12.6 40.5 ± 12.0 32.3 ± 7.8 0.000

PCWP (mmHg) 19.7 ± 8.9 21.9 ± 8.3 22.9 ± 8.4 0.211

CO (L/min) 4.2 ± 1.5 4.2 ± 1.6 4.2 ± 1.4 0.527

PVR (Wood units) 4.2 ± 3.9 4.8 ± 4.6 3.5 ± 2.7 0.002

DPG (mmHg) 4.0 (9.0) 7.0 (12.0) 7.8 (3.0) 0.000

NYHA

I, II (%) 52 (29.7%) 10 (17.7%) 42 (35.3%) 0.025

III, IV (%) 123 (70.3%) 45 (80.3%) 77 (64.7%) 0.025

TC (mmol/L) 3.9 ± 1.1 3.4 ± 1.0 4.1 ± 1.0 <0.001

TG (mmol/L) 1.4 ± 1.0 1.4 ± 0.8 1.4 ± 1.1 0.970

HDL (mmol/L) 1.0 ± 0.4 0.9 ± 0.4 1.2 ± 0.3 <0.001

LDL‐C (mmol/L) 2.3 ± 0.9 2.2 ± 0.8 2.4 ± 0.9 0.178

Lp(a) (mg/L) 126.0 (169.5) 105.0 (135.4) 138.0 (186.8) 0.965

ApoB (g/L) 0.76 ± 0.25 0.75 ± 0.25 0.76 ± 0.25 0.699

Cause of heart failure

ICM (%) 21 (12.0%) 7 (12.5%) 14 (11.8%) 0.889

DCM (%) 50 (28.6%) 18 (32.1%) 32 (26.9%) 0.473

Valvular disease (%) 24 (13.7%) 7 (12.5%) 17 (14.3%) 0.794

HCM (%) 15 (8.6%) 8 (14.3%) 7 (5.9%) 0.064

HHD (%) 6 (3.4%) 0 6 (5.0%) 0.087

RHD (%) 7 (4.0%) 1 (1.8%) 6 (5.0%) 0.305

Other (%) 52 (29.7%) 15 (26.8%) 37 (31.1%) 0.561

Medication

AECI/ARB/ARNI (%) 87 (49.7%) 26 (46.4%) 61 (51.2%) 0.551

β‐block (%) 110 (62.9%) 37 (66.1%) 73 (61.3%) 0.546

(Continues)
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Association between ApoA1 and PVR in
patients with HF‐PH

Multiple linear regression analysis revealed that ApoA1 was
significantly associated with PVR after adjustment for
potential confounding variables. Then, a model including
logNT‐proBNP, ApoA1 was constructed to predict PVR
levels of patients with HF‐PH (Table 3). Univariate logistic
regression analysis showed that lower ApoA1 levels and
NT‐proBNP were significantly associated with CpcPH in
HF‐PH patients. Multivariate logistic regression analysis
showed that HF‐PH patients with lower ApoA1 levels had a
2.836‐fold risk of comorbid CpcPH compared with patients
with higher ApoA1 levels (Table 4).

Association between ApoA1 and outcomes
of patients with HF‐PH

During the 1‐year follow‐up period, 54 (31%) patients had
composite clinical events. The patients with lower
ApoA1 levels had 23 (41.1%) events during follow‐up,
whereas the patients without lower ApoA1 levels had 31
(26.1%) events (p< 0.005, by Chi‐square test) (Table 5).

However, there were no significant differences in HF
hospitalization or cardiac death between the two groups
of patients. Finally, we analyzed the all‐cause death of
the two groups of patients by log‐rank test during the
continued follow‐up. Lower ApoA1 levels had a lower
survival rate during follow‐up than patients with higher
ApoA1 levels (Figure 2).

DISCUSSION

The present prospective study demonstrated that lipid
metabolism and inflammation are the main differences
in the biological activity of plasma proteins between
CpcPH patients and IpcPH patients. Levels of ApoA1, a
lipoprotein, were lower in CpcPH patients than in IpcPH
patients. Furthermore, we first reported that ApoA1
levels were negatively correlated with PVR in patients
with HF‐PH. In addition, lower ApoA1 levels were an
effective predictor of pulmonary vascular remodeling and
adverse outcomes in patients with HF‐PH.

Inflammation plays an important role in promoting
HF‐PH and pulmonary vascular remodeling.17,18 The
reasons include pulmonary vascular endothelial cell
injury and pulmonary arterial muscle cell proliferation
caused by inflammation.19 On the other hand, myocar-
dial damage related to inflammation results in deteriora-
tion of heart function and subsequent backward trans-
mission of pressure. Our plasma proteomics data also
showed that CpcPH patients have more proteins that are
involved in inflammation than do IpcPH patients. ApoA1
exerts a cardioprotective effect by inhibiting interleukin‐1
and tumor necrosis factor‐alpha (TNFa).20 Lower ApoA1
levels were strongly associated with adverse outcomes in
congestive HF patients in a TNFa‐308 polymorphism‐
dependent manner.13 However, there was no difference
in pulmonary capillary wedge pressure (PCWP) levels

TABLE 2 (Continued)

All patients
(n= 175)

ApoA1 ≤1.025 g/L
(n= 56)

ApoA1 >1.025 g/L
(n= 119) p value

Digoxin (%) 58 (33.1%) 34 (35.8%) 24 (30.0%) 0.418

Ivabradine (%) 16 (9.1%) 6 (10.7%) 10 (8.4%) 0.621

Diuetic (%) 140 (80%) 74 (77.9%) 64 (80.0%) 0.556

statins (%) 57 (32.6) 19 (33.9%) 38 (31.9%) 0.793

Abbreviations: ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMI, body mass index; CO, cardiac output; DCM, dilated cardiomyopathy; DPG, diastolic
pressure gradient; EF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; HCM, hypertrophic cardiomyopathy; HDL, high‐density
lipoprotein; HHD, hypertensive heart disease; ICM, ischemic cardiomyopathy; LDL‐C, low‐density lipoprotein cholesterol; Lp(a), lipoprotein a; MI, myocardial
infarction; mPAP, mean pulmonary artery pressure; NT‐proBNP, N‐terminal‐pro B‐type natriuretic peptide; NYHA, New York Heart Association class; PCI,
percutaneous coronary intervention; PCWP, pulmonary capillaries wedge pressure; RHD, rheumatic heart disease; ROC, receiver operating characteristic;
RVR, pulmonary vascular resistance; SCr, serum creatinine; TC, total cholesterol; TG, total triglycerides.

TABLE 3 Multiple linear regression model for evaluating PVR
level in patients with heart failure

B 95% CI for B t p value

Constant −2.27 −4.876 to 4.422 −0.097 0.923

logNT‐proBNP
(pg/ml)

2.306 1.123 to 3.489 3.850 0.000

ApoA1 (g/L) −2.590 −4.540 to −0.639 −2.630 0.010

Note: Model: logNT‐proBNP, ApoA1, SCr, Uric acid, sex, age, BMI, EF
ApoB, Lp(a).

Abbreviations: BMI, body mass index; CI, confidence interval; PVR,
pulmonary vascular resistance.
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between patients with lower ApoA1 levels and patients
with higher ApoA1 levels. In addition, lower ApoA1
levels were an independent factor impacting CpcPH.
Therefore, we believe that ApoA1 has a direct relation-
ship with pulmonary vascular remodeling in the course
of HF‐PH. Previous studies have shown that apo-
lipoprotein A1 mimetic peptides attenuate inflammatory
and oxidant levels in lung disease21–23 and have
protective effects against PH.15 Similar to previous
studies, this study revealed that HF‐PH patients with
lower ApoA1 levels (≤1.025 g/L) usually had higher PVR
and DPG levels, which indicates severe pulmonary
vascular remodeling.

ApoA1 is an important component of HDL that
facilitates the transport of cholesterol, triglycerides, and
phospholipids between plasma and cells.24 Higher
cholesterol levels were associated with better survival
in advanced HF patients, which is called the “cholesterol
paradox”.25 The possible mechanism of this phenomenon
is cardiogenic cachexia combined with more severe
catabolism and inflammation and intestinal edema.26 In
our study, HF‐PH patients with lower ApoA1 levels had
lower cholesterol levels, meaning a higher probability of
pulmonary vascular remodeling and a worse prognosis.

PH is an independent risk factor for adverse clinical
outcomes in patients with HF. If combined with

TABLE 4 Univariate and multivariate logistic regression
analysis of HF patients with Cpc‐pH

Hazard ratio 95% CI p value

Univariate logistic regression analysis

Male gender 0.671 0.362–1.242 0.204

Age 1.005 0.984–1.026 0.646

BMI 1.017 0.954–1.085 0.600

Hypertension 1.187 0.654–2.153 0.573

Diabetes 1.332 0.634–2.798 0.449

NT‐proBNP 1.000 1.000–1.000 0.004

SCr 1.002 1.000–1.003 0.095

Uric acid 1.003 0.995–1.011 0.427

eGFR 0.997 0.988–1.006 0.544

EF 0.994 0.974–1.014 0.550

NYHA (I, II) 0.507 0.266–0.965 0.039

ApoA1 (≤1.025 g/L) 3.290 1.646–6.578 0.001

ApoB 0.580 0.172–1.949 0.378

TG 0.791 0.595–1.053 0.108

TC 0.841 0.618–1.146 0.273

HDL 0.572 0.247–1.325 0.193

LDL‐C 0.795 0.559–1.131 0.202

Lp(a) 0.999 0.998–1.001 0.358

Multivariate logistic regression analysis

Constant 0.563 0.017

ApoA1 (≤1.025 g/L) 2.836 1.393–5.775 0.004

NT‐proBNP 1.000 1.000–1.000 0.013

Abbreviations: ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMI,
body mass index; CO, cardiac output; DCM, dilated cardiomyopathy; DPG,
diastolic pressure gradient; EF, left ventricular ejection fraction; eGFR,
estimated glomerular filtration rate; HCM, hypertrophic cardiomyopathy;
HDL, high‐density lipoprotein; HHD, hypertensive heart disease; ICM,
ischemic cardiomyopathy; LDL‐C, low‐density lipoprotein cholesterol; Lp
(a), lipoprotein a; MI, myocardial infarction; mPAP, mean pulmonary artery
pressure; NT‐proBNP, N‐terminal‐pro B‐type natriuretic peptide; NYHA,
New York Heart Association class; PCI, percutaneous coronary intervention;
PCWP, pulmonary capillaries wedge pressure; RHD, rheumatic heart
disease; ROC, receiver operating characteristic; RVR, pulmonary vascular
resistance; SCr, serum creatinine; TC, total cholesterol; TG, total
triglycerides.

TABLE 5 Frequency of heart failure hospitalization, cardiac death and composed clinical events according to ApoA1 levels

ApoA‐I ≤1.025mmol/L (n= 56) ApoA‐I >1.025mmol/L (n= 119) p value

Rehospitalization with heart failure 23 (41.1%) 31 (26.1%) 0.045

Cardiac death 20 (35.7%) 30 (25.2%) 0.151

Composed clinical events 8 (14.3%) 10 (8.4%) 0.232

Abbreviations: ApoA1, apolipoprotein A1; ApoB, apolipoprotein B.

FIGURE 2 Log‐rank test for death by subgroups with lower or
higher ApoA1 level. ApoA1, apolipoprotein A1
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pulmonary vascular remodeling, HF has an increased
mortality rate.27 However, there is a lack of optimal
indicators for assessing pulmonary vascular remodeling
in patients with HF, other than PVR and DPG obtained
by RHC. RHC is invasive and therefore used only in
selected patients with severe disease. In the present
research, lower ApoA1 levels were an independent risk
factor for CpcPH and even affected the prognosis of HF‐
PH patients after adjusting for CpcPH. The ApoA1 level
can be easily obtained, and incorporating it as a
biomarker of pulmonary vascular remodeling to evaluate
the prognosis of HF‐PH patients may be a good choice.
This study is preliminary and is considerably limited by
the small number of study patients, which may lead to a
lack of power for statistical analyses. Further analyses are
needed in HF‐PH patients to confirm the prognostic role
of ApoA1.

In conclusion, according to our results, lower ApoA1
levels appear to be associated with higher PVR and
adverse outcomes in patients with HF‐PH, which
correlate with activating inflammation. ApoA1 is a better
biomarker for evaluating pulmonary vascular remodeling
in HF patients.
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