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Abstract 

Background  The determinants of pulmonary hypertension (PH) due to heart failure with preserved ejection fraction (HFpEF) have 

been poorly investigated in patients with cardiovascular diseases (CVD). Methods  From July 1 2017 to March 31 2019, a total of 149 

consecutive HFpEF patients hospitalized with CVD were enrolled in this prospective cross-sectional study. A systolic pulmonary artery 

pressure (PASP) > 35 mmHg estimated by echocardiography was defined as PH-HFpEF. Logistic regression was performed to establish 

predictors of PH in HFpEF patients. Results  Overall, the mean age of participants was 72 ± 11 years, and 74 (49.7%) patients were females. 

A total of 59 (39.6%) patients were diagnosed with PH-HFpEF by echocardiography. The left atrial diameter (LAD) was related to the ratio 

of the transmitral flow velocities/mitral annulus tissue velocities in early diastole (E/E') and the left ventricular diameter in systole (LVDs). 

N-Terminal pro B-type natriuretic peptide (NT-proBNP) was not found to be associated with LAD and impaired diastolic or systolic function 

of the left ventricle. Multivariable logistic regression showed that atrial fibrillation (AF) increased the risk of PH-HFpEF incidence 3.46-fold 

with a 95% confidence interval (CI) of 1.44–8.32, P = 0.005. Meanwhile, LAD ≥ 45 mm resulted in a 3.43-fold increased risk, 95% CI: 

1.51–7.75, P = 0.003. However, the significance levels of NT-proBNP, age and LVEF were underpowered in the regression model. Two 

variables, AF and LAD ≥ 45 mm, predicted the PH-HFpEF incidence (C-statistic = 0.773, 95% CI: 0.695–0.852, P < 0.001). Conclusions  

Two parameters associated with electrical and anatomical remodelling of the left atrium were related to the incidence of PH in HFpEF pa-

tients with CVD. 
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1  Introduction 

Heart failure is an end-stage syndrome with a high mor-
tality rate owing to deterioration caused by a variety of car-
diac structural and functional abnormalities. In heart failure 
with preserved ejection fraction (HFpEF), systolic function 
assessed by the left ventricular ejection fraction (LVEF) is 
preserved, whereas diastolic function is compromised. The 
disturbed diastolic function increases the left ventricular 
filling pressures and the left atrial (LA) pressure, leading to 
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pulmonary venous congestion.[1,2] Thus, pulmonary hyper-
tension (PH) is a common complication in HFpEF patients.  

PH could be estimated by echocardiography or right 
heart catheterization (RHC).[3] Nevertheless, RHC is inva-
sive and cannot be performed in all the patients given its 
cost and procedural complications. Systolic pulmonary ar-
tery pressure (PASP) appraised by echocardiography could 
be comparable with that obtained by catheterization using 
the method described by Currie, et al.[4] Therefore, echocar-
diography is currently the mainstay method in the evalua-
tion of PH.[5] In an updated classification, PH associated 
with left heart diseases (LHD) belongs to group 2 PH, 
which has been categorized into four types: PH due to heart 
failure with reduced ejection fraction (HFrEF), PH due to 
left-sided valvular heart disease, PH related to left heart 
inflow/outflow tract obstruction and PH due to HFpEF 
(PH-HFpEF).[6] 

Relative to the other three types of PH associated with 
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LHD, the determinants for PH-HFpEF were not fully un-
derstood. There are several interesting questions concerning 
PH development in patients with HFpEF. The first question 
is the role of LA on PH formation in HFpEF patients, given 
recent reports about stiff LA syndrome with increased risk 
of PH incidence after catheter ablation for atrial fibrillation 
(AF)[7,8] and LA appendage closure to prevent ischaemic 
stroke.[9] Thus, whether LA remodelling is an independent 
risk factor for PH-HFpEF needs to be clarified. The second 
question is about B-type natriuretic peptide (BNP) or 
N-Terminal pro B-type natriuretic peptide (NT-proBNP), 
the peptides secreted by the cardiac ventricles in response to 
volume expansion and pressure load.[10] Despite the fact that 
BNP confers the risk information in patients with HFpEF, it 
remains unknown whether bioactive BNP is an active player 
that contributes to PH development.[11,12] Comorbidities such 
as cardiovascular diseases (CVD) and metabolic disorders 
are highly prevalent in HFpEF patients. Whether CVD in-
creases the risk of PH formation in HFpEF patients is elu-
sive. It is worth mentioning that a recent study examined the 
clinical and echocardiographic parameters related to pre-
capillary PH.[13] Therefore, it is worth exploring the deter-
minants of PH formation via analysing clinical traits and 
NT-pro BNP and echocardiographic parameters in HFpEF 
patients with CVD in this prospective study. 

2  Methods 

2.1  Study design and population 

This is a prospective, single-centre, cross-sectional, hos-
pital-based study designed to assess the predictors for 
PH-HFpEF incidence in Chinese CVD patients. Subjects 
were consecutively enrolled from Nanjing First Hospital, a 
public tertiary care university hospital in Nanjing, China. 
Patients were recruited in this study if they were (1) ≥ 18 
years old; (2) with CVD, defined as with at least one of the 
diagnosis of hypertension, coronary heart diseases and type 
2 diabetes; and (3) left ventricular ejection fraction (LVEF) 
≥ 50% by echocardiography. The exclusion criteria were 
elaborated in a previous report of HFpEF study.[14,15] The 
definition of type 2 diabetes was fasting blood glucose ≥ 7.0 
mmol/L, random blood glucose ≥ 11.1 mmol/L and HbA1c 
> 6.5% or the use of hypoglycaemic medications. The defi-
nition of coronary heart disease was stenosis of main coro-
nary arteries ≥ 50% detected by percutaneous coronary an-
giography or coronary computed tomography angiography. 
The definition of hypertension was office blood pressure ≥ 
140 mmHg systolic and/or ≥ 90 mmHg diastolic or receiv-
ing pharmacological treatment. The definition of HFpEF 
was based on criteria as previously described:[14,15] (1) pa- 

tients have at least one symptom or sign of dyspnoea, fa-
tigue, rales or ankle swelling; (2) LVEF ≥ 50%; (3) 
NT-proBNP ≥ 280 pg/mL; and (4) LAD > 40 mm, E/E' ≥13, 
E'/A' < 1 or concurrently with AF. AF was diagnosed if 
patients had paroxysmal (≥ 2 episodes recurrent AF, termi-
nates spontaneously within 7 days), persistent (sustained 
beyond 7 days, or lasting less than 7 days but necessitating 
pharmacologic or electrical cardioversion) or longstanding 
persistent AF (continuous AF of greater than 1-year dura-
tion). The study protocol and informed consent were ap-
proved by the Institutional Review Board of Nanjing First 
Hospital. Written informed consent for participation was 
obtained from all enrolled patients.   

2.2  Echocardiography and PH definition 

The collection and processing of echocardiographic data 
have been previously described.[14] Briefly, transthoracic 
echocardiography (TTE) was performed according to the 
international accepted guidelines[16] by board-certified car-
diologists trained in echocardiography. To allow compari-
sons among individuals with different body sizes, chamber 
measurements of patients were indexed by body surface 
area (BSA) as recommended guideline. All measurements 
were performed by averaging three beats in patients with 
sinus rhythm or five beats in patients with AF. LAD was 
evaluated by LA anteroposterior (AP) measurement in the 
parasternal long-axis view using M-mode or 2-dimensional 
echocardiography. A typical case of echocardiographic mea-
surement of LAD was shown in Figure 1A. To appraise 
left ventricular (LV) structure changes, LV diameter in di-
astole (LVDd) or in systole (LVDs) were examined. To 
assess the systolic function of LV, LVEF (biplane Simpson 
assessment), stroke volume (SV), and fractional shortening 
(FS) were measured. To evaluate the diastolic function of 
LV, peak transmitral flow velocities of early (E) and late (A) 
in diastole were obtained by colour flow Doppler mode. 
Furthermore, myocardial tissue velocities of early (E') and 
late (A') diastole were obtained by tissue Doppler mode. 
The ratios of E/A, E'/A' and E/E' were calculated accord-
ingly.  

Tricuspid regurgitant (TR) jet velocity and maximal TR 
velocity were measured using continuous wave Doppler. 
Parasternal long- and short-axis or RV-modified apical 
four-chamber views were applied to measure maximal TR 
jet velocity. PASP was calculated from the maximal right 
ventricular (RV) – right atrial pressure (RAP) gradient using 
the modified Bernoulli equation.[5] PASP = 4 × (maximal 
TR jet velocity)2 + RAP. In patients with AF, the third beat 
after two consecutive relatively equal RR intervals was used 
as described in the ‘index-beat method’.[17] RAP was esti- 
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Figure 1.  A representative case of echocardiographic measurement of systolic PASP. A 76-year-old woman with history of hyperten-
sion, diabetes and paroxysmal atrial fibrillation was admitted for heart failure with preserved ejection fraction. Her NT-proBNP was 661.9 
pg/mL. (A): Left atrial diameter was evaluated by left atrial anteroposterior measurement in the parasternal long-axis view using 
2-dimensional echocardiography; (B): right ventricular modified apical four-chamber views showed severe tricuspid regurgitation; (C): 
maximal tricuspid regurgitant velocity measured by continuous wave Doppler was 3.42 m/s; (D-F): in the subcostal view, the RAP was esti-
mated at 10 mmHg given that the inferior vena cava was between 15 and 21 mm and collapsed between 10% and 50%. Using the modified 
Bernoulli equation: PASP = 4 × (maximal tricuspid regurgitant jet velocity)2 +RAP; therefore, PASP was estimated to be 57 mmHg. PASP: 
pulmonary artery pressure; RAP: right atrial pressure. 

mated in the subcostal view according to the inferior vena 
cava (IVC) size and collapsibility as follows: 3 mmHg if 
IVC < 15 mm and collapse ≥ 50%, 5 mmHg if IVC between 
15 and 21 mm and collapse ≥ 50%, 15 mmHg if IVC ≥ 21 

mm and collapse between 10% and 50%, 20 mmHg if IVC 
≥ 21 mm and collapse < 10%, and 10 mmHg in all other 
cases. PH was defined as echocardiographic PASP > 35 
mmHg.[18] 
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2.3  Biochemical analyses 

Patients’ fasting blood samples were collected on the 
morning of the next day within 24 h after admission for 
routine measurements of haematology, clinical chemistry, 
biomarkers of heart failure and myocardial injuries. The 
serum NT pro-BNP assay was described at length previ-
ously.[14] 

2.4  Statistics 

We performed baseline descriptive statistics according to 
incidence of PH-HFpEF. Continuous values are expressed 
as the mean ± SD for normal distribution or medians and 
25th to 75th interquartile ranges (IQRs) for non-normal dis-
tribution. Categorical variables are expressed as numbers 
and percentages. Statistical significance was a two-sided 
significance level of 0.05. Numerical variables were ana-
lysed by Student’s t test for normal data and Wilcoxon 
rank-sum scores for non-normally distributed data; cate-
gorical variables were analysed by the Chi-square test or 
Fisher’s exact test when necessary. Pearson correlation with 
the Sidak test was used to explore the collinearity of covari-
ates.  

Variables that were significantly associated with PH- 
HFpEF in univariate analysis (P < 0.05) were included in 
‘forward conditional’ fashion in multivariate logistic regres-
sion using P < 0.1 as an entry threshold and PH-HFpEF as 
the dependent variable. Continuous data were dichotomized 
according to the cut-off value of the receiver operating 
characteristic curve (ROC). The cut-off values of age, NT- 

pro BNP, LAD and LVEF for predicting PH-HFpEF were 
72 years, 800 pg/mL, 45 mm and 64%, respectively. LAD 
and AF were fitted for model discrimination to predict pa-
tients to be diagnosed with HFpEF using C-statistics. Model 
calibration (agreement between observed and expected cases) 
was tested using the Hosmer-Lemeshow goodness-of-fit test. 
All statistical analyses were performed with Stata 12 (Sta-
taCorp, College Station, Texas, USA). 

3  Results 

Following the pre-specified inclusion and exclusion cri-
teria, a final cohort 149 patients with CVD and HFpEF were 
enrolled in Nanjing First Hospital from July 1 2017 to 
March 31 2019. Among them, 59 (39.6%) patients were 
adjudicated as PH-HFpEF by echocardiography (Figure 2). 
Figure 1B-F shows a typical case of echocardiographic 
measurement of PASP for a patient who was classified as a 
PH-HFpEF patient. Overall, the mean age of participants 
was 72 ± 11 years, and 74 (49.7%) patients were females.   

3.1  Baseline characteristics of PH-HFpEF vs. non-PH- 
HFpEF patients 

Clinical characteristics of the PH-HFpEF group (n = 59) 
and the non-PH-HFpEF control (n = 90) are summarized in 
Table 1. Between the PH-HFpEF and non-PH-HFpEF 
groups, those with PH were older (75 ± 9 vs. 70 ± 11 years, 
P = 0.009), and the prevalence of AF was higher (57.6% vs. 
15.6%, P < 0.001). However, there was no statistically sig-
nificant difference between PH-HFpEF and non-PH-HFpEF 

 

Figure 2.  Flow chart of patient inclusion and exclusion in our study. Graphic displays how PH-HFpEF and non-PH-HFpEF groups 
were derived. Abbreviations: CVD: cardiovascular diseases; HFrEF: heart failure with reduced ejection fraction; HFpEF: heart failure with 
preserved ejection fraction; PH: pulmonary hypertension. 
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Table 1.  Baseline characteristics of PH-HFpEF vs. non PH-HFpEF patients. 

Variables Total subjects (n = 149) PH HFpEF patients (n = 59) non-PH HFpEF patients (n = 90) P value 

Age, yrs 72 (11) 75 (9) 70 (11) 0.009 

Sex (female) 74 (49.7) 33 (55.9) 41 (45.6) 0.22 

Coronary heart diseases 103 (69.1) 39 (66.1) 64 (71.1) 0.52 

Diabetes 48 (32.2) 16 (27.1) 32 (35.6) 0.28 

Hypertension 122 (81.9) 47 (79.7) 75 (83.3) 0.57 

Atrial fibrillation 48 (32.2) 34 (57.6) 14 (15.6) < 0.001 

Stroke 46 (30.9） 19 (32.2) 27 (30.0) 0.78 

Alcohol habit 14 (9.4) 4 (6.8) 10 (11.1) 0.38 

Smoking 26 (17.4) 9 (15.3) 17 (18.9) 0.57 

NT-proBNP, pg/mL 716 (433–1492) 1134 (573–2751) 535 (394–1127) 0.016 

CPK,U/L 81 (56–127) 90 (55–131) 79 (58–106) 0.61 

CPK-MB,U/L 14 (7–19) 14 (7–20) 14 (7–19) 0.44 

HbA1C, % 6.1 (5.6–7.0) 6.1 (5.6–7.3) 6.0 (5.7–7.0) 0.76 

ALT, U/L 17 (13–25) 18 (12–33) 17 (13–25) 0.47 

AST, U/L 21 (17–29) 24 (17–31) 20 (16–26) 0.56 

Urea nitrogen, mmol/L 6.0 (5.0–7.9) 6.3 (4.7–8.3) 5.9 (5.1–7.3) 0.22 

Creatinine, μmol/L 78 (65–96) 78 (70–95) 79 (61–96) 0.86 

TC, mmol/L 3.73 (3.21–4.59) 3.60 (3.06–4.53) 3.80 (3.29–4.61) 0.25 

Triglycerides, mmol/L 1.25 (0.90–1.70) 1.20 (0.84–1.51) 1.33 (0.93–1.78) 0.07 

LDL-C, mmol/L 2.06 (1.65–2.73) 2.11 (1.62–2.75) 2.06 (1.65–2.71) 0.66 

HDL-C, mmol/L 1.04 (0.87–1.17) 0.97 (0.88–1.11) 1.06 (0.84–1.06) 0.38 

Uric acid, μmol/L 352 (280–442) 355 (282–488) 341 (277–425) 0.19 

Leukocytes,109/L 6.08 (5.19–7.21) 5.91 (5.16–7.55) 6.19 (5.24–7.18) 0.56 

Hemoglobin, g/L 128 (112–139) 128 (110–140) 128 (114–139) 0.88 

Diuretics administration 43 (28.9) 22 (37.3) 21 (23.3) 0.12 

Normally distributed data presented as mean (SD), and non-normally distributed data presented as median (interquartile range). ALT: alanine aminotransferase; 

AST: aspartate aminotransferase; CPK: creatine phosphokinase; CPK-MB: MB isoenzyme of creatine phosphokinase; HDL-C: high-density lipoprotein cho-

lesterol; HbA1C: Glycosylated haemoglobin; HFpEF: heart failure with preserved ejection fraction; LDL-C: low-density lipoprotein-cholesterol; NT-proBNP: 

N-Terminal pro B-type natriuretic peptide; PH: pulmonary hypertension; TC: total-cholesterol. 

 
patients regarding sex and lifestyle exposures (alcohol habit 
and smoking). The prevalence rates of coronary heart dis-
eases, diabetes, hypertension, and stroke were similar be-
tween groups. 

The cardiac biomarker level of NT-proBNP was higher 
in PH-HFpEF patients compared to non-PH-HFpEF patients 
(1134 vs. 535 pg/mL, P = 0.016), whereas no significant 
differences were noted regarding creatine phosphokinase 
(CPK), MB isoenzyme of CPK (CPK-MB), glycosylated 
haemoglobin, renal function, liver function, lipids, leuko-
cytes and haemoglobin levels. And the diuretics were not 
frequently used in PH-HFpEF group.  

3.2  Echocardiographic changes in patients with PH- 
HFpEF vs. non-PH-HFpEF patients 

We further studied echocardiographic changes in HFpEF 
patients with or without PH. PH-HFpEF patients had larger 

LAD, 47 vs. 42 mm, P < 0.001. Peak E velocity signifi-
cantly increased in PH-HFpEF patients, 81 vs. 66 cm/s, P = 
0.003, resulting in a promoted E/A ratio, 0.83 vs. 0.71, P = 
0.002. Peak A' velocity significantly reduced in PH-HFpEF 
patients, 8 vs. 9 cm/s, P = 0.002, leading to a higher E'/A' 
ratio, 0.67 vs. 0.60, P = 0.008. However, the trend of in-
creased E/E' ratio in PH-HFpEF patients was not statisti-
cally significant when compared to that in non-PH-HFpEF 
patients, 14.8 vs. 11.9, P = 0.08, Table 2. 

The reduction of LV systolic function was observed be-
tween PH-HFpEF and non-PH-HFpEF patients. As shown 
in Table 2, the median LVEF in the PH-HFpEF vs. non-PH- 
HFpEF groups was 63% vs. 64%, P = 0.047. Congruously, 
enlargement of LVDs, 33 vs. 31 mm, P = 0.022, was noted 
between PH-HFpEF and non-PH-HFpEF patients. However, 
FS and SV were not significantly reduced in PH-HFpEF 
patients, Table 2. 
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Table 2.  Echocardiographic characteristics of PH-HFpEF vs. non-PH-HFpEF patients. 

Variables Total subjects (n = 149) PH-HFpEF patients (n = 59) non-PH-HFpEF patients (n = 90) P value 

LAD, mm 45 (39–48) 47 (45–53) 42 (38–45) < 0.001 

LVDd, mm 48 (45–51) 49 (45–53) 47 (45–50) 0.06 

LVDs, mm 32 (30–34) 33 (29–35) 31 (30–33) 0.022 

LVEF, % 64 (61–65) 62 (60-64) 64 (61–65) 0.047 

SV, mL 67 (59–80) 69 (58–84) 67 (59–77) 0.1 

FS, % 35 (33–36) 34 (33–35) 35 (33–36) 0.08 

Peak E velocity, cm/s 72 (57–85) 81 (59–103) 66 (57–80) 0.003 

Peak A velocity,cm/s 92 (77–107) 92 (74–104) 92 (77–109) 0.45 

Peak E' velocity, cm/s 5 (4–7) 6 (4–7) 5 (5–7) 0.74 

Peak A' velocity, cm/s 9 (7–10) 8 (7–9) 9 (8–10) 0.002 

E/A ratio 0.74 (0.64–0.87) 0.83 (0.68–1.25) 0.71 (0.63–0.82) 0.002 

E'/A' ratio 0.63 (0.56–0.75) 0.67 (0.57-0.80) 0.60 (0.50–0.71) 0.008 

E/E' ratio 13.2 (10.8–15.6) 14.8 (11.5–17.4) 11.9 (10.0–14.5) 0.08 

Data are presented as median (interquartile range). FS: fractional shortening; HFpEF: heart failure with preserved ejection fraction; LAD: left atrial diameter; 

LVDd: left ventricular diameter in diastole; LVDs: left ventricular diameter in systole; LVEF: left ventricular ejection fraction; Peak A: the maximum early 

transmitral flow velocity in atrial systole; Peak A': the maximum  myocardial tissue velocity measured at the mitral annulus in atrial systole; Peak E: the 

maximum early transmitral flow velocity; Peak E': myocardial tissue velocity measured at the septal and/or lateral mitral annulus; PH: pulmonary hypertension; 

SV: stroke volume. 

 

Figure 3.  Matrix of correlation for echocardiographic predictors of LA enlargement. (A): LAD was associated with E/E' ratio (r = 
0.28, P = 0.02) but not with E'/A'or E/A ratio. E'/A' and E/A ratios were correlated in HFpEF patients. LAD was related to LVDs, r = 0.42, P 
< 0.001. (B): LVDs were negatively related to LVEF and FS. LVEF and FS were closely correlated. A: transmitral flow velocitiesin late 
diastole; A': mitral annulus tissue velocities in late diastole; E: transmitral flow velocities in earlydiastole; E': mitral annulus tissue velocities 
in early diastole; FS: fractional shortening; HFpEF: heart failure with preserved ejection fraction; LA: left atrium; LAD: left atrial diameter; 
LVDs: left ventricular diameter in systole; LVEF: left ventricular ejection fraction. 

3.3  Echocardiographic predictors for LA enlargement 

Then, we explored the relationship between LAD and 
LV diastolic dysfunction in HFpEF patients. LAD was sig-
nificantly associated with E/E1 ratio (r = 0.28, P = 0.02). 
The E1/A1 and E/A ratios were correlated in HFpEF pa-
tients, whereas the associations of LAD with E1/A1 and 
E/A ratio were not significant, Figure 3A.  

The LV systolic function of HFpEF was preserved com-
pared to HFrEF, whereas it was impaired compared to nor-
mal controls.[19] Therefore, we also explored the relationship 
of LAD with LV systolic function in HFpEF patients. LAD 
was closely related to LVDs, r = 0.42, P < 0.001. LVDs 
were negatively related to LVEF and FS, Figure 3B. 

Considering the existence of collinearities of echocar-
diographic parameters and the high incidence of AF in this 
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cohort, we chose LAD and LVEF as candidate echocardio-
graphic covariates for multivariable logistic regression. 

3.4  Relationship of NT-proBNP with LA and LV 
changes in HFpEF patients with or without PH 

Next, we evaluated the relationship of elevated NT- 

proBNP with LA and LV changes in HFpEF patients with 
or without PH. The correlations of NT-proBNP with LAD 
and E'/A' ratio assumed opposite trends between PH-HFpEF 
and non-PH-HFpEF patients, even though not statistically 
significant, indicating the possibly indiscrete pathophysiol-
ogy of PH-HFpEF and non-PH-HFpEF patients, Figure 4A  

 

Figure 4.  Relationship of NT-proBNP with LA and LV changes in HFpEF patients with or without PH. The correlation of NT- 
proBNP with LAD (A) and E'/A' ratio (B) took an opposite trend between PH-HFpEF and non-PH-HFpEF patients, though the trend was not 
statistically significant. A correlation was not found between NT-proBNP and E/E' ratio (C). Neither LVEF (D) nor LVDs (E) was observed 
to statistically correlate to NT-proBNP. A': mitral annulus tissue velocities in late diastole; E: transmitral flow velocities in early diastole; E': 
mitral annulus tissue velocities in early diastole; FS: fractional shortening; HFpEF: heart failure with preserved ejection fraction; LA: left 
atrium; LAD: left atrial diameter; LV: left ventricle; LVDs: left ventricular diameter in systole; LVEF: left ventricular ejection fraction; 
NT-proBNP: N-terminal pro B-type natriuretic peptide. 
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Table 3.  Association of clinical, NT-proBNP and echocardiographic traits with incident PH-HFpEF. 

 Univariate analysis Multivariable-adjusted 

 OR 95% CI for EXP(B) Wald score P-value 
OR 95% CI for 

EXP(B) 
Wald score P-value 

Age (≥ 72 yrs) 2.58 (1.28, 5.20) 7.1 0.008 1.50 (0.66, 3.40) 0.95 0.33 

Atrial fibrillation 7.38 (3.42, 15.93) 30 < 0.001 3.12 (1.27, 7.45) 6.2 0.013 

NT-proBNP (≥ 800 pg/mL) 4.01 (2.00, 8.03) 15.3 < 0.001 1.88 (0.82, 4.35) 2.2 0.14 

LAD (≥ 45 mm) 5.83 (2.78, 12.20) 21.9 < 0.001 3.22 (1.40, 7.39) 7.6 0.006 

LVEF (≥ 64%) 0.35 (0.18, 0.70) 9 0.003 0.58 (0.26, 1.29) 1.78 0.18 

HFpEF: heart failure with preserved ejection fraction; LAD: left atrial diameter; LVEF: left ventricular ejection fraction; NT-proBNP: N-Terminal pro B-type 

natriuretic peptide; PH: pulmonary hypertension. 

 

 

Figure 5.  ROC curve to predict PH-HFpEF. AF and LAD ≥ 
45 mm predicted good PH development in HFpEF patients. The 
C-statistic was 0.773 (95% CI: 0.695 to 0.852), P < 0.001. AF: 
atrial fibrillation; HFpEF: heart failure with preserved ejection 
fraction; LAD: left atrial diameter; PH: pulmonary hypertension; 
ROC: receiver operating characteristic. 

& B. A correlation was not found between NT-proBNP 
with E/E' (Figure 4C), which was incongruous with a pre-
vious small sample size study.[20] Similarly, neither LVEF 
nor LVDs were observed to statistically correlate to NT- 
proBNP, Figure 4D&E. 

3.5  Multivariable logistic regression for predicting 
PH-HFpEF  

After univariate analysis, age, AF, NT-proBNP, LAD 
and LVEF, which were found to be associated with PH de-
velopment in HFpEF patients, were included in the multi-
variable regression analysis. Multivariable logistic regres-
sion showed that AF increased the risk for PH-HFpEF inci-
dence 3.46-fold, with a 95% CI: 1.44–8.32, P = 0.005. 
Meanwhile, LAD ≥ 45 mm had a 3.43-fold increased risk, 

95% CI: 1.51–7.75, P = 0.003, as shown in Table 3. Using 
AF and LAD ≥ 45 mm could predict PH incidence in Chi-
nese CVD patients with HFpEF, and the C-statistic was 
0.773 (95% CI: 0.6950.852), P < 0.001, Figure 5. The 
Hosmer- Leme show test showed good fitness of the model 
(χ2 = 0.049, P = 0.976). 

4  Discussion 

PH, which occurs frequently in HFpEF patients, is asso-
ciated with increased mortality in this population.[21] How-
ever, data on the combined values of clinical predictors and 
echocardiographic parameters on incident PH-HFpEF are 
scarce. In this study, we examined the clinical, biochemical 
and echocardiographic predictors of PH development in 
HFpEF patients hospitalized with CVD. We found that two 
simple variables indicating electric and anatomic remodel-
ling of LA, as shown by AF and LAD, were associated with 
PH formation in HFpEF patients.  

Risk factors are a variety of exposures that contribute to 
the susceptibility to the incidence of diseases. They can be 
demographic, environmental, genetic or related-disease states. 
It was demonstrated that the prevalence of hypertension and 
diabetes mellitus increased in patients with pulmonary ve-
nous hypertension compared to patients with pulmonary 
arterial hypertension.[22] However, in our study, AF was 
associated with an increased risk of PH-HFpEF and should 
be deemed as a risk factor for it, whereas the correlations of 
CVD, stroke, alcohol habit and smoking with PH-HFpEF 
incidence were not found.  

The atrium assumes reservoir, conduit and active empty-
ing functions during cardiac cycles.[23] In patients with pul-
monary arterial hypertension, right atrial dysfunction inde-
pendently predicts mortality and hospitalization.[24] LA en-
largement in HFpEF patients impairs atrial compliance and 
reduces atrial pump function, especially during exercise 
stress.[25–28] Impaired LA global systolic function correlates 
with increased pulmonary vascular resistance and reduced 
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pulmonary arterial compliance, as measured by cardiac 
catheterization in HFpEF and HFrEF patients.[29] Neverthe-
less, clinical predictors were not included when evaluating 
the association of LA size or function with PH-HFpEF oc-
currence. In this study, we found that enlarged LAD (LAD 
≥ 45 mm) predicted the incidence of PH in HFpEF patients, 
even in the presence of clinical predictors. 

In our study, we found that both LV diastolic and systolic 
dysfunctions were related to LAD but not related to the ele-
vated PASP in HFpEF patients. The E/E' ratio is the most 
established echocardiographic predictor of elevated LV 
filling pressures and diastolic dysfunction. E/E' ratio > 15 
was likely to increase the LV diastolic pressure[30] and pos-
sibly raised pulmonary venous pressure, even though these 
findings were not reaffirmed in another investigation.[31] 
However, our study did not discern the association of the 
E/E' ratio with elevated PASP in HFpEF patients. Our re-
sults once again underscored the importance of LA remod-
elling, other than LV diastolic dysfunction in PH formation 
in HFpEF patients. 

Biomarkers of heart failure have incremental predictive 
or diagnostic value over traditional risk factors or tests. 
NT-pro BNP or BNP was found to have comparable prog-
nostic impact among HFpEF and HFrEF patients in a 
CHART-2 study.[32] However, others found that the BNP 
level was an independent predictor of adverse events solely 
in HFrEF patients, but not in HFpEF patients.[33] Moreover, 
in a previous study, a correlation was found between 
NT-proBNP and E/E'.[20] Therefore, we explored the rela-
tionship of NT-proBNP level with echocardiographic pa-
rameters. In our study, however, NT-proBNP was neither 
associated with LA and LV echocardiographic parameters 
nor predicted PH incidence in HFpEF patients. Therefore, 
the predictive or diagnostic value of NT-proBNP in HFpEF 
patients needs to be thoroughly investigated in the future. 

There are some limitations of our study. First, Doppler- 
based estimations of PASP do not agree perfectly with in-
vasive measurements using RHC.[34] Second, we used LAD 
instead of LA volume as the LA size to predict PH devel-
opment in HFpEF patients. Nevertheless, in clinical reality 
other than for research purposes, LAD is the most widely 
adopted LA size index. The conclusion drawn in our study 
is easily generalized in clinical practice. Third, there was an 
obviously opposite trend of correlation of NT-proBNP and 
LAD between PH-HFpEF and non-PH-HFpEF patients, 
even though the statistical significance was not reached. If a 
correlation truly exists, it might explain why, in the multi-
variate analysis, the significance of NT-proBNP was under-
powered when LAD was adopted as a covariate in predict-
ing PH-HFpEF. Furthermore, if a correlation truly exists, 

studies with larger sample sizes are warranted to confirm 
whether NT-proBNP is an independent risk factor for LA 
remodelling in PH-HFpEF patients.  

In conclusion, there are prominent differences of AF in-
cidence and LAD among PH-HFpEF vs. non-PH-HFpEF 
patients. Our data show that electrical and anatomical re-
modelling of LA plays an important role in PH development 
in HFpEF patients with CVD. 

Acknowledgement 

We thank Xiao-Fei GAO (Nanjing First Hospital) for the 
consultation of statistics. This research is funded by the Na-
tional Natural Science Foundation of China (Grant No. 
81700398, No. 81970309 and No. 81770441), the Natural 
Science Foundation of Guangdong Province No. 2016A030 
313430 and Nanjing Municipal Healthcare Grant YKK16127. 
The authors declare they have no conflicts of interest. 

 
References 

1  O'Connor C. HFpEF. From Early observations to worldwide 
awareness. JACC Heart Fail 2018; 6: 718–719. 

2  Lam CSP, Voors AA, de Boer RA, et al. Heart failure with 
preserved ejection fraction: from mechanisms to therapies. 
Eur Heart J 2018; 39: 2780–2792. 

3  D'Alto M, Dimopoulos K, Coghlan JG, et al. Right heart 
catheterization for the diagnosis of pulmonary hypertension: 
controversies and practical issues. Heart Fail Clin 2018; 14: 
467–477. 

4  Currie PJ, Seward JB, Chan KL, et al. Continuous wave dop-
pler determination of right ventricular pressure: a simulta-
neous doppler-catheterization study in 127 patients. J Am Coll 
Cardiol 1985; 6: 750–756. 

5  Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the 
echocardiographic assessment of the right heart in adults: a 
report from the American Society of Echocardiography en-
dorsed by the European Association of Echocardiography, a 
registered branch of the European Society of Cardiology, and 
the Canadian Society of Echocardiography. J Am Soc Echo-
cardiogr 2010; 23: 685–713. 

6  Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical 
classification of pulmonary hypertension. J Am Coll Cardiol 
2013; 62: D34–D41. 

7  Gibson DN, Di Biase L, Mohanty P, et al. Stiff left atrial syn-
drome after catheter ablation for atrial fibrillation: clinical 
characterization, prevalence, and predictors. Heart Rhythm 
2011; 8: 1364–1371. 

8  Verma I, Tripathi H, Sikachi RR, et al. Pulmonary hyperten-
sion due to Radiofrequency Catheter Ablation (RFCA) for 
atrial fibrillation: the lungs, the atrium or the ventricle? Heart 
Lung Circ 2016; 25: 1177–1183. 

9  Hrabia JB, Pogue EPL, Zayachkowski AG, et al. Left atrial 



LIU YX, et al. Left atrial diameter and atrial fibrillation predict PH-HFpEF 409 

  

http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology  

compliance: an overlooked predictor of clinical outcome in 
patients with mitral stenosis or atrial fibrillation undergoing 
invasive management. Postepy Kardiol Interwencyjnej 2018; 
14: 120–127. 

10  Gluba A, Bielecka-Dabrowa A, Mikhailidis DP, et al. An 
update on biomarkers of heart failure in hypertensive patients. 
J Hypertens 2012; 30: 1681–1689. 

11  Salah K, Stienen S, Pinto YM, et al. Prognosis and NT-pro-
BNP in heart failure patients with preserved versus reduced 
ejection fraction. Heart 2019; 105: 1182–1189. 

12  Savarese G, Orsini N, Hage C, et al. Associations with and 
prognostic and discriminatory role of N-terminal Pro-B-type 
natriuretic peptide in heart failure with preserved versus 
mid-range versus reduced ejection fraction. J Card Fail 2018; 
24: 365–374. 

13  Siddiqui I, Rajagopal S, Brucker A, et al. Clinical and echo-
cardiographic predictors of outcomes in patients with pulmo-
nary hypertension. Am J Cardiol 2018; 122: 872–878. 

14  Xia CL, Chu P, Liu YX, et al. ALDH2 rs671 polymorphism 
and the risk of heart failure with preserved ejection fraction 
(HFpEF) in patients with cardiovascular diseases. J Hum Hy-
pertens 2020; 34: 16–23.   

15  Zhang JX, Liu YX, Xia CL, et al. Risks of incident heart fail-
ure with preserved ejection fraction in Chinese patients hospi-
talized for cardiovascular diseases. J Geriatr Cardiol 2019; 16: 
885–893. 

16  Lang RM, Badano LP, Mor-Avi V, et al. Recommendations 
for cardiac chamber quantification by echocardiography in 
adults: an update from the American Society of Echocardi-
ography and the European Association of Cardiovascular Im-
aging. Eur Heart J Cardiovasc Imaging 2015; 16: 233–270. 

17  Kusunose K, Yamada H, Nishio S, et al. Index-beat assess-
ment of left ventricular systolic and diastolic function during 
atrial fibrillation using myocardial strain and strain rate. J Am 
Soc Echocardiogr 2012; 25: 953–959. 

18  Lam CS, Roger VL, Rodeheffer RJ, et al. Pulmonary hyper-
tension in heart failure with preserved ejection fraction: a com-
munity-based study. J Am Coll Cardiol 2009; 53: 1119–1126. 

19  Kraigher-Krainer E, Shah AM, Gupta DK, et al. Impaired 
systolic function by strain imaging in heart failure with pre-
served ejection fraction. J Am Coll Cardiol 2014; 63: 447–456. 

20  Dokainish H, Zoghbi WA, Lakkis NM, et al. Optimal nonin-
vasive assessment of left ventricular filling pressures: a com-
parison of tissue Doppler echocardiography and B-type natri-
uretic peptide in patients with pulmonary artery catheters. 
Circulation 2004; 109: 2432–2439. 

21  Lam CS, Borlaug BA, Kane GC, et al. Age-associated in-
creases in pulmonary artery systolic pressure in the general 
population. Circulation 2009; 119: 2663–2670. 

22  Robbins IM, Newman JH, Johnson RF, et al. Association of 
the metabolic syndrome with pulmonary venous hypertension. 
Chest 2009; 136: 31–36. 

23  Blume GG, McLeod CJ, Barnes ME, et al. Left atrial function: 
physiology, assessment, and clinical implications. Eur J 
Echocardiogr 2011; 12: 421–430. 

24  Alenezi F, Mandawat A, Il'Giovine ZJ, et al. Clinical utility 
and prognostic value of right atrial function in pulmonary hy-
pertension. Circ Cardiovasc Imaging 2018; 11: e006984. 

25  Fang F, Lee AP, Yu CM. Left atrial function in heart failure 
with impaired and preserved ejection fraction. Curr Opin 
Cardiol 2014; 29: 430–436. 

26  Gottdiener JS, Kitzman DW, Aurigemma GP, et al. Left atrial 
volume, geometry, and function in systolic and diastolic heart 
failure of persons > or = 65 years of age (the cardiovascular 
health study). Am J Cardiol 2006; 97: 83–89. 

27  Kurt M, Wang J, Torre-Amione G, et al. Left atrial function in 
diastolic heart failure. Circ Cardiovasc Imaging 2009; 2: 
10–15. 

28  Triposkiadis F, Harbas C, Kelepeshis G, et al. Left atrial re-
modeling in patients younger than 70 years with diastolic 
and systolic heart failure. J Am Soc Echocardiogr 2007; 20: 
177–185. 

29  Melenovsky V, Hwang SJ, Redfield MM, et al. Left atrial 
remodeling and function in advanced heart failure with pre-
served or reduced ejection fraction. Circ Heart Fail 2015; 8: 
295–303. 

30  Ommen SR, Nishimura RA, Appleton CP, et al. Clinical util-
ity of Doppler echocardiography and tissue Doppler imaging 
in the estimation of left ventricular filling pressures: A com-
parative simultaneous Doppler-catheterization study. Circula-
tion 2000; 102: 1788–1794. 

31  Hummel YM, Liu LCY, Lam CSP, et al. Echocardiographic 
estimation of left ventricular and pulmonary pressures in pa-
tients with heart failure and preserved ejection fraction: a 
study utilizing simultaneous echocardiography and invasive 
measurements. Eur J Heart Fail 2017; 19: 1651–1660. 

32  Kasahara S, Sakata Y, Nochioka K, et al. Comparable prog-
nostic impact of BNP levels among HFpEF, Borderline 
HFpEF and HFrEF: a report from the CHART-2 Study. Heart 
Vessels 2018; 33: 997–1007. 

33  Kitada S, Kikuchi S, Tsujino T, et al. The prognostic value of 
brain natriuretic peptide in patients with heart failure and left 
ventricular ejection fraction higher than 60%: a sub-analysis 
of the J-MELODIC study. ESC Heart Fail 2018; 5: 36–45. 

34  Fisher MR, Forfia PR, Chamera E, et al. Accuracy of Doppler 
echocardiography in the hemodynamic assessment of pulmo-
nary hypertension. Am J Respir Crit Care Med 2009; 179: 
615–621. 

 


