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Abstract

:

Objectives: Coronary microvascular dysfunction (CMD) is associated with many heart diseases, including heart failure (HF) with preserved ejection fraction (HFpEF). Invasive examinations for CMD detection are difficult in older patients with HFpEF, and the decision criteria for noninvasive CMD measurements are unclear. We aimed to identify alternative factors in the possible involvement of CMD in the progression and prognosis of HFpEF. Methods: We analyzed 607 patients with HFpEF who were hospitalized for acute decompensated HF without a history of coronary artery disease (CAD). Blood tests and transthoracic echocardiography were performed. We focused on left ventricular hypertrophy (LVH) and coronary perfusion pressure (diastolic blood pressure, dBP). Results: The patients with LVH showed reduced diastolic function (E/e’) and a lower incidence of atrial fibrillation (AF) compared with those without LVH, with no differences in age or dBP. No differences were observed in all-cause mortality between patients with low and high dBP without LVH. In the patients with LVH, the incidence of all-cause mortality was significantly higher, with a lower incidence of AF, reduced renal function, and higher C-reactive protein levels in those with low dBP than in those with high dBP. The comprehensive diastolic functional index, diastolic elastance/arterial elastance, was markedly higher in the patients with LVH, especially in those with all-cause mortality. This index, but not E/e’, was a significant prognostic index in the multivariate Cox hazard analysis when adjusting for age, sex and N-terminal pro-brain natriuretic peptide levels. Conclusions: LVH and dBP were clinically important factors in elderly HFpEF patients without a history of CAD.
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1. Introduction


The new ESC Guidelines on the management of chronic coronary syndromes include a focus on both larger and smaller coronary arteries, and prompt cardiologists to reconsider these syndromes as caused not only by obstruction of large arteries but also by dysfunction of microvascular arteries [1]. Coronary microvascular dysfunction (CMD) is associated with many heart diseases, including heart failure (HF) with preserved ejection fraction (HFpEF) [2,3]. It was found to play an important role as an endotype of HFpEF [4,5,6,7], in addition to its relationship with the outcome of HFpEF [8], although the participants in these studies were relatively young. However, in a significantly aging society, invasive examinations for CMD detection are performed in a small number of patients with HFpEF, because those admitted with HFpEF are markedly old in real-world practice [9]. Furthermore, noninvasive measurements of CMD, such as positron emission tomography [10] and cardiac magnetic resonance [11], are limited to certain hospitals, and the decision criteria for their use in CMD detection are unclear [2]. Therefore, we aimed to detect alternative factors in the possible involvement of CMD in patients with HFpEF, by using general data obtained from older patients admitted with HFpEF. Considering the structural and functional mechanisms of CMD, we focused on left ventricular (LV) hypertrophy (LVH) and coronary perfusion pressure (diastolic blood pressure [dBP]) in relation to LV diastolic function and the prognosis of HFpEF. As a comprehensive index of LV diastolic function, we used a novel echocardiographic parameter that is useful for evaluating the prognosis of HFpEF [12,13]: the ratio of LV diastolic elastance (Ed) to arterial elastance (Ea), which is the relative ratio of LV filling pressure to LV end-systolic blood pressure [14].




2. Methods


2.1. Study Subjects


We enrolled 607 patients (male/female, 250/357; mean age, 81 years (30–101 years)) with prognostic data from the PURSUIT HFpEF registry [15] from between June 2016 and February 2020 at discharge during index hospitalization for acute decompensated HF. Patients were enrolled based on the previously reported Framingham and LV ejection fraction (LVEF) criteria. The PURSUIT HFpEF study has a prospective, multicenter, observational design in the Osaka region of Japan and includes demographic, clinical, and outcome data from patients hospitalized for HFpEF [15,16]. In the present study, we excluded patients with severe aortic stenosis, aortic regurgitation, mitral stenosis, or mitral regurgitation due to structural changes in the valves; those with a history of coronary artery disease (CAD); and those without data regarding LV mass index (LVMI) and diastolic function (E/e’) detected by transthoracic echocardiography (TTE).




2.2. Data Collection and Follow-Up/Clinical Outcome


The methods used for data collection and follow-up/clinical outcome determination, including survival data, have been previously reported [15,16]. The primary end point of this study was all-cause mortality. Collaborating hospitals were encouraged to enroll consecutive patients with HFpEF, irrespective of treatment.




2.3. Patient Laboratory Data and Echocardiography Examination


Laboratory data and TTE indices were examined before discharge. Blood pressure and heart rate were measured along with echocardiographic examinations, which were recorded according to the American Society of Echocardiography or European Society of Echocardiography guidelines [17,18]. As a comprehensive index of LV diastolic function, we examined vascular-resistance-independent Ed/Ea ((E/e’)/(0.9 × systolic blood pressure))12. We focused on LVH (LVMI: male > 115 g/m2, female > 95 g/m2) and dBP, and the association with LV diastolic function and prognosis.




2.4. Patient and Public Involvement


The PURSUIT HFpEF registry was established according to the principles of the Declaration of Helsinki. The study protocol was approved by the ethics committee of each participating hospital (Osaka University Clinical Research Review Committee, R000024414; Yao Municipal Hospital 2016-0006). All participants provided written informed consent regarding the design and conduct of the study during index hospitalization. We only performed usual examinations in routine clinical practice.




2.5. Statistical Analysis


Continuous variables are expressed as mean ± standard deviation, whereas categorical variables are presented as frequencies and percentages. Differences in categorical variables between the groups were assessed using the chi-squared test, whereas those for continuous variables were assessed using Student’s t-test. Survival curves were estimated using Kaplan–Meier survival analysis, and the groups were compared using a log-rank test. Multivariable Cox proportional hazards regression analysis was performed after adjusting for age, sex, and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels. Statistical significance was set at p < 0.05. All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan).





3. Results


3.1. Clinical and Laboratory Characteristics of Patients with HFpEF with and without LVH


Table 1 shows a comparison of the clinical and laboratory characteristics and medications between patients with (n = 284) and without (n = 323) LVH for all the patients and for those with all-cause mortality. No differences were observed in age and dBP; however, body mass index (BMI), systolic blood pressure (sBP), the incidence of female sex, hypertension, dyslipidemia, and atrial fibrillation (AF) were significantly different between those with and those without LVH. In the patients with all-cause mortality, a significant difference was observed in dBP in association with differences in BMI and the incidence of female sex and AF between patients with and without LVH.



In terms of the echocardiographic parameters, the left atrial volume index (LAVI), LV volume index, LVMI, and E/e’ values were significantly higher in the patients with LVH than in those without LVH (Table 2). In cases of all-cause mortality, the LAVI, LVMI, and E/e’ values were significantly different between patients with and without LVH. The E-wave deceleration time, E/A, and LVEF did not differ significantly between the two groups.




3.2. Differences in Clinical Characteristics of Patients with HFpEF between Low and High dBP


There were significant differences in age, male sex, sBP, and heart rate between the patients with low and high dBP (Table 3). In the patients without LVH, no significant differences were observed in age, incidence of male sex, or AF between those with low and high dBP. However, in the patients with LVH, there were significant differences in age and the incidence of male sex and AF, which were associated with significant differences in the levels of C-reactive protein (CRP) and estimated glomerular filtration rate (eGFR) between those with low and high dBP (Table 3). No significant correlations were observed between LVMI and dBP in any of the patients (r = −0.032, p = 0.43). However, there was a significant positive correlation between dBP and hematocrit (Hct) levels in all the patients with HFpEF (r = 0.208, p < 0.001), especially in those with LVH (r = 0.276, p < 0.001).



Regarding the echocardiographic data, no differences were observed between patients with low and high dBP or those with or without LVH (Supplemental Table S1).




3.3. Significance of a Comprehensive Diastolic Index, Ed/Ea, in Patients with HFpEF


The Ed/Ea levels were significantly higher in the patients with LVH than in those without LVH (Table 4). The Ed/Ea levels were also significantly different between the patients with and without all-cause mortality, both for all the patients and for those with and without LVH. This relationship was also observed between patients with and without LVH, and with low or high dBP. Ed/Ea levels were significantly higher in the patients with LVH than in those without LVH, in patients with both low and high dBP. Furthermore, the Ed/Ea levels in the patients with low dBP were markedly higher than those in the patients with high dBP, both with and without LVH. The highest Ed/Ea values were observed in the patients with LVH with all-cause mortality (Table 4).




3.4. Prognostic Analysis for All-Cause Mortality


During the mean follow-up period of 660 days, the number of people who died of any cause was 123 (20%, male/female: 51/72) (Table 1). No significant differences were observed in all-cause mortality between the patients with (59/284, 21%) and without (64/323, 20%) LVH (p = 0.423). Between the patients with and without all-cause mortality, there were significant differences in age (p < 0.001) and BMI (p < 0.001) in those without LVH; however, there were significant differences in age (p < 0.001) and dBP (p = 0.001) in those with LVH (Supplemental Table S2). Only in the patients with LVH were there significant differences in E/e’ and tricuspid regurgitation pressure gradient between those with and without all-cause mortality (Supplemental Table S3).



There was a significant difference in the incidence of all-cause mortality between the patients with low and high dBP (Table 3). In the patients without LVH, no difference was observed in the incidence of all-cause mortality between those with low and high dBP levels. However, in the patients with LVH, there was a significant difference in the incidence of all-cause mortality between the two groups (Table 3).



The dBP was a significant factor for all-cause mortality in the Kaplan–Meier survival curve analysis (log-rank test, p = 0.016) in patients with LVH but not in those without LVH (Figure 1). In the univariate Cox hazard analysis, age and levels of albumin, NT-proBNP, and Ed/Ea were significant prognostic factors in patients without LVH. These four factors were also significantly associated with prognosis in the multivariate Cox hazard analysis of these patients (Table 5A). Although the dBP and E/e’ were also significant as prognostic factors associated with the above four factors in the univariable Cox hazard analysis in patients with LVH, only the same four factors were significant in prognosis in the multivariate Cox hazard analysis of the patients with LVH (Table 5B). When E/e’ was used in place of Ed/Ea in the multivariate model for those with LVH, E/e’ was not significant in prognosis (p = 0.107).





4. Discussion


4.1. Involvement of LVH


Chronic coronary syndromes, possibly involving CMD, are a health problem all over the world because a damaged heart caused by malfunctional coronary circulation can cause reduced heart pump function.1 Most patients with HFpEF have a history of hypertension resulting in LVH. It is currently believed that patients with LVH generally exhibit CMD, and the degree of CMD is related to the prognosis [19,20]. In this study, patients with HFpEF with LVH showed significant enlargement of the left atrium and ventricle, reduced LV diastolic function and renal function (eGFR), a low incidence of AF and male sex, and a high incidence of hypertension and dyslipidemia compared to those without LVH, although there were no differences in age, dBP, LVEF, or the incidence of all-cause mortality. However, in the patients with all-cause mortality, dBP was significantly lower and BMI was significantly higher in those with LVH than in those without LVH, although no difference was observed in age. Reduced diastolic function has been observed in patients with all-cause mortality, particularly those with LVH. According to these findings, the causes of death may be different between older patients with HFpEF with and without LVH. Large-scale prospective studies are required to investigate differences in the precise causes of death in older patients with HFpEF with and without LVH in real-world practice. However, establishing the causes is quite difficult in older patients.




4.2. Involvement of dBP


When the patients were divided into two groups according to dBP, no differences were observed in all-cause mortality between the patients with low and high dBP and those without LVH. In contrast, in the patients with LVH, the incidence of all-cause mortality was significantly higher when associated with older age, reduced renal function, higher CRP levels, and a lower incidence of AF in those with low dBP than in those with high dBP. The mechanisms of CMD are reported to be related to reduced renal function, increased inflammatory response, and AF associated with elevations in E/e’ [2,3,6,21]. According to this evidence, the degree of involvement of renal function, inflammatory reactions, and AF in CMD may differ between patients with LVH with low and high dBP. Renal function and inflammatory reactions may be related to CMD in patients with low dBP. Cardiac microvascular endothelial function is impaired by inflammation and restored by sodium glucose cotransporter 2 inhibitors (SGLT2is) [22,23]. In the present study, we observed a positive correlation between Hct and dBP. The patients treated with SGLT2i exhibited elevations in Hct levels [24,25]. The use of SGLT2is may be a more appropriate therapy for patients with HFpEF with LVH and low dBP. Patients with HF treated with SGLT2i previously showed a significant reduction in sBP, but not in dBP [26]. In contrast, AF may be associated with CMD, particularly in patients with high dBP. There were no differences in the structure of the left atrium and ventricle, nor in the levels of E/e’ and NT-proBNP, between the patients with LVH with low and high dBP.




4.3. Comprehensive Diastolic Function


The comprehensive diastolic functional index Ed/Ea = (E/e’)/(0.9 × sBP), was markedly higher in the patients with LVH, especially in those with all-cause mortality. Ed/Ea is an LV diastolic pressure index showing a relative ratio of LV filling pressure (filling pressure from left atrium) to LV end-systolic pressure, but not the slope of LV pressure during the diastolic phase (Figure 2). Ed/Ea, but not E/e’, was a significant prognostic index in the multivariable Cox hazard analysis of these patients. These findings indicate that elderly patients with HFpEF with LVH and low cardiac perfusion pressure exhibit reduced LV diastolic function, which is associated with poor prognosis. In patients with LVH, the hemodynamic state associated with low dBP and without high sBP may be notable in elderly patients with HFpEF. The high dBP observed in young patients with HFpEF may explain secure coronary perfusion pressure, resulting in the mitigation of CMD. Interventions to preserve dBP with no additional load may lead to a new target for improving the prognosis in older patients with HFpEF showing LVH with reduced diastolic function.




4.4. Limitations


In elderly patients, all-cause mortality, rather than cardiac death, was examined because the precise determination of cardiac death is challenging, as half of the causes of cardiac death may be sudden death in patients with HF [27]. We did not obtain results regarding the role of LVH and dBP in LV diastolic function and prognosis in young patients with HFpEF, who are typical individuals for interventional studies. We measured the mean value of E/e’ among several beats, because E/e’ can become similar to blood pressure. We also measured blood pressure, along with TTE examination. A large fluctuation in Ed/Ea, the ratio of E/e’ to sBP, does not emerge under stable conditions. We excluded patients with CAD to avoid the possible effects of an obstructed epicardial coronary artery, as in the PROMISE-HFpEF study [5].





5. Conclusions


In patients with HFpEF with LVH and low dBP, comprehensive diastolic function was severely depressed in association with poor prognosis compared to those with high dBP, irrespective of NT-proBNP levels. LVH and dBP were clinically important factors, possibly involving CMD, in elderly HFpEF patients without a history of CAD.
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Figure 1. Kaplan–Meier survival curve analysis of all-cause mortality in patients with heart failure with preserved ejection fraction with no left ventricular hypertrophy (LVH) (A) and with LVH (B). The patients were divided into two groups according to their diastolic blood pressure (dBP) < 65 mmHg (low) or ≥65 mmHg (high) around the examination of transthoracic echocardiography. Low dBP was a significant prognostic factor for all-cause mortality in patients with LVH (Figure 1B, p = 0.016). 
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Figure 2. Ratio of left ventricular diastolic elastance (Ed) to arterial elastance (Ea) nearly matches that of filling pressure of left ventricle (filling pressure from left atrium) to end-systolic pressure of left ventricle (modified from [14]). AoP (red), aortic pressure; EDP, end-diastolic pressure; LA, left atrium; LAP (dark blue), left atrial pressure; LV, left ventricle; LVP (green), left ventricular pressure; SBP, systolic blood pressure. 






Figure 2. Ratio of left ventricular diastolic elastance (Ed) to arterial elastance (Ea) nearly matches that of filling pressure of left ventricle (filling pressure from left atrium) to end-systolic pressure of left ventricle (modified from [14]). AoP (red), aortic pressure; EDP, end-diastolic pressure; LA, left atrium; LAP (dark blue), left atrial pressure; LV, left ventricle; LVP (green), left ventricular pressure; SBP, systolic blood pressure.



[image: Jcm 13 05911 g002]







 





Table 1. Differences in patient characteristics before discharge between patients with and without LVH in all patients and in those with all-cause mortality.






Table 1. Differences in patient characteristics before discharge between patients with and without LVH in all patients and in those with all-cause mortality.





	

	

	
All

	

	
All-Cause Mortality+

	




	

	
All (n = 607)

	
LVH− (n = 323)

	
LVH+ (n = 284)

	
p-Value (− vs. +)

	
LVH− (n = 64)

	
LVH+ (n = 59)

	
p-Value (− vs. +)






	
Age, years

	
81.2 ± 9.4

	
81.5 ± 9.2

	
80.9 ± 9.6

	
0.425

	
84.9 ± 7.6

	
87.0 ± 6.5

	
0.116




	
Male, n (%)

	
250 (41)

	
160 (50)

	
90 (32)

	
<0.001

	
33 (52)

	
18 (31)

	
0.014




	
Body mass index, Kg/m2

	
21.8 ± 4.3

	
21.3 ± 4.0

	
22.3 ± 4.5

	
0.003

	
19.8 ± 3.6

	
21.6 ± 4.3

	
0.012




	
Systolic blood pressure, mmHg

	
121 ± 20

	
119 ± 20

	
123 ± 19

	
0.004

	
115 ± 21

	
120 ± 20

	
0.191




	
Diastolic blood pressure, mmHg

	
66 ± 12

	
66 ± 12

	
66 ± 12

	
0.855

	
65 ± 12

	
61 ± 9

	
0.038




	
Heart rate, bpm

	
70 ± 15

	
72 ± 15

	
68 ± 13

	
<0.001

	
71 ± 15

	
71 ± 16

	
0.961




	
Albumin, g/dL

	
3.4 ± 0.4

	
3.4 ± 0.4

	
3.4 ± 0.5

	
0.129

	
3.2 ± 0.5

	
3.2 ± 0.4

	
0.405




	
CRP, mg/dL

	
0.78 ± 1.45

	
0.70 ± 1.27

	
0.87 ± 1.63

	
0.136

	
0.71 ± 1.12

	
1.17 ± 1.59

	
0.065




	
eGFR, mL/min/1.73m2

	
44.2 ± 19.1

	
47.4 ± 17.3

	
40.6 ± 19.7

	
<0.001

	
44.6 ± 20.5

	
38.5 ± 23.1

	
0.130




	
log (NT-proBNP)

	
3.02 ± 0.51

	
2.95 ± 0.46

	
3.10 ± 0.54

	
<0.001

	
3.21 ± 0.42

	
3.29 ± 0.50

	
0.333




	
Atrial fibrillation, n (%)

	
289 (48)

	
172 (53)

	
117 (49)

	
0.001

	
35 (55)

	
21 (36)

	
0.026




	
Diabetes mellitus, n (%)

	
184 (31)

	
94 (30)

	
90 (32)

	
0.273

	
18 (29)

	
22 (37)

	
0.186




	
Dyslipidemia, n (%)

	
222 (37)

	
102 (33)

	
120 (42)

	
0.004

	
14 (23)

	
19 (32)

	
0.138




	
Hypertension, n (%)

	
512 (85)

	
257 (80)

	
255 (90)

	
<0.001

	
48 (75)

	
52 (88)

	
0.051




	
Medications




	
Beta blockers, n (%)

	
315 (52)

	
161 (50)

	
154 (54)

	
0.159

	
33 (52)

	
26 (44)

	
0.257




	
Calcium channel

blockers, n (%)

	
304 (50)

	
131 (41)

	
173 (61)

	
<0.001

	
28 (44)

	
29 (49)

	
0.337




	
Diuretics, n (%)

	
498 (82)

	
267 (83)

	
231 (81)

	
0.375

	
54 (84)

	
54 (92)

	
0.174




	
RAAS inhibitors, n (%)

	
435 (72)

	
234 (72)

	
201 (71)

	
0.357

	
46 (72)

	
37 (63)

	
0.186




	
Statins, n (%)

	
168 (28)

	
72 (22)

	
96 (34)

	
0.001

	
12 (19)

	
18 (31)

	
0.095








Values are mean ± standard deviation or number (%). CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; LVH, left ventricular hypertrophy; NT-proBNP, N-terminal pro-brain natriuretic peptide; RAAS, renin–angiotensin–aldosterone system.













 





Table 2. Differences in echocardiographic data before discharge between patients with and without LVH in all patients and in those with all-cause mortality.
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All

	

	
All-Cause Mortality

	




	

	
All

	
LVH−

	
LVH+

	
p-Value (− vs. +)

	
LVH−

	
LVH+

	
p-Value (− vs. +)






	
LAVI, mL/m2

	
55.1 ± 36.7

	
49.9 ± 24.7

	
61.2 ± 35.6

	
<0.001

	
54.2 ± 28.5

	
64.9 ± 27.2

	
0.049




	
LVEDVI, mL/m2

	
54.9 ± 20.6

	
50.0 ± 17.9

	
60.2 ± 22.0

	
<0.001

	
49.6 ± 16.2

	
57.1 ± 18.6

	
0.024




	
LVESVI, mL/m2

	
21.9 ± 10.7

	
19.9 ± 9.5

	
24.0 ± 11.6

	
<0.001

	
20.0 ± 8.3

	
22.3 ± 8.8

	
0.167




	
LVEF, %

	
60.8 ± 7.7

	
60.9 ± 7.9

	
60.7 ± 7.4

	
0.836

	
59.5 ± 6.8

	
61.4 ± 6.4

	
0.127




	
LVMI, g/m2

	
106.1 ± 34.2

	
83.2 ± 16.5

	
132.2 ± 30.3

	
<0.001

	
82.6 ± 16.5

	
130.0 ± 25.8

	
<0.001




	
TRPG, mmHg

	
28.4 ± 9.5

	
28.1 ± 9.2

	
28.6 ± 9.8

	
0.510

	
29.6 ± 9.5

	
31.7 ± 11.6

	
0.289




	
E/A

	
1.0 ± 0.6

	
1.0 ± 0.7

	
1.0 ± 0.5

	
0.674

	
1.0 ± 0.6

	
0.9 ± 0.4

	
0.671




	
DcT of E wave

	
0.21 ± 0.06

	
0.21 ± 0.06

	
0.21 ± 0.06

	
0.288

	
0.21 ± 0.06

	
0.22 ± 0.05

	
0.166




	
E/e’

	
13.5 ± 5.7

	
12.4 ± 5.1

	
14.7 ± 6.2

	
<0.001

	
13.3 ± 4.8

	
16.6 ± 5.9

	
0.008








Values are mean ± standard deviation. LAVI, left atrial volume index; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; TRPG, tricuspid regurgitation pressure gradient; DcT, deceleration time; E, early transmitral flow velocity; e’, onset of early diastolic mitral annular velocity.













 





Table 3. Differences in characteristics before discharge between patients with low and high diastolic blood pressure in those with and without LVH.
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Diastolic Blood Pressure

	
p-Value (− vs. +)

	
LVH− (n = 323)

	
p-Value (− vs. +)

	
LVH+ (n = 284)

	
p-Value (− vs. +)




	

	
Diastolic Blood Pressure

	
Diastolic Blood Pressure




	

	
Low (n = 295)

	
High (n = 312)

	
Low (n = 154)

	
High (n = 169)

	
Low (n = 141)

	
High (n = 143)






	
All-cause mortality, n (%)

	
69 (23)

	
54 (17)

	
0.039

	
32 (21)

	
32 (19)

	
0.391

	
37 (26)

	
22 (15)

	
0.017




	
Age, years

	
82.4 ± 8.1

	
80.1 ± 10.3

	
0.001

	
82.0 ± 8.7

	
81.1 ± 9.5

	
0.372

	
82.9 ± 7.4

	
78.9 ± 11.0

	
<0.001




	
Male, n (%)

	
136 (46)

	
114 (37)

	
0.010

	
84 (55)

	
76 (45)

	
0.053

	
52 (37)

	
38 (27)

	
0.041




	
Body mass index, Kg/m2

	
21.6 ± 4.1

	
21.9 ± 4.5

	
0.445

	
21.0 ± 3.7

	
21.5 ± 4.2

	
0.250

	
22.3 ± 4.3

	
22.3 ± 4.7

	
0.960




	
Systolic blood pressure, mmHg

	
113 ± 18

	
128 ± 18

	
<0.001

	
111 ± 17

	
126 ± 19

	
<0.001

	
115 ± 18

	
131 ± 17

	
<0.001




	
Diastolic blood pressure,

mmHg

	
56 ± 6

	
75 ± 8

	
<0.001

	
56 ± 6

	
75 ± 8

	
<0.001

	
56 ± 6

	
75 ± 9

	
<0.001




	
Heart rate, bpm

	
68 ± 14

	
72 ± 15

	
<0.001

	
70 ± 16

	
74 ± 15

	
0.007

	
67 ± 12

	
70 ± 15

	
0.041




	
Albumin, g/dL

	
3.4 ± 0.5

	
3.4 ± 0.4

	
0.366

	
3.4 ± 0.5

	
3.4 ± 0.4

	
0.968

	
3.3 ± 0.4

	
3.4 ± 0.5

	
0.232




	
CRP, mg/dL

	
0.89 ± 1.66

	
0.67 ± 1.22

	
0.065

	
0.66 ± 1.09

	
0.73 ± 1.41

	
0.616

	
1.14 ± 2.08

	
0.60 ± 0.93

	
0.005




	
eGFR, mL/min/1.73 m2

	
43.2 ± 18.6

	
45.6 ± 19.6

	
0.234

	
48.0 ± 18.0

	
46.8 ± 18.1

	
0.552

	
38.0 ± 17.8

	
43.2 ± 21.1

	
0.027




	
log (NT-proBNP)

	
3.05 ± 0.51

	
2.99 ± 0.50

	
0.149

	
2.96 ± 0.44

	
2.94 ± 0.47

	
0.662

	
3.15 ± 0.55

	
3.05 ± 0.53

	
0.159




	
Atrial fibrillation, n (%)

	
131 (44)

	
158 (51)

	
0.072

	
86 (56)

	
86 (51)

	
0.217

	
45 (32)

	
72 (50)

	
0.001




	
Diabetes mellitus, n (%)

	
93 (32)

	
91 (30)

	
0.293

	
47 (31)

	
47 (29)

	
0.339

	
46 (33)

	
44 (31)

	
0.417




	
Dyslipidemia, n (%)

	
103 (35)

	
119 (39)

	
0.229

	
42 (27)

	
60 (36)

	
0.071

	
61 (43)

	
59 (42)

	
0.412




	
Hypertension, n (%)

	
245 (83)

	
267 (86)

	
0.228

	
119 (77)

	
138 (83)

	
0.201

	
126 (89)

	
129 (90)

	
0.484




	
Medications




	
Beta blockers, n (%)

	
149 (51)

	
166 (53)

	
0.279

	
76 (49)

	
85 (51)

	
0.476

	
73 (52)

	
81 (57)

	
0.241




	
Calcium channel blockers, n (%)

	
152 (52)

	
152 (49)

	
0.271

	
63 (41)

	
68 (40)

	
0.496

	
89 (63)

	
84 (59)

	
0.262




	
Diuretics, n (%)

	
243 (82)

	
255 (82)

	
0.460

	
124 (81)

	
143 (85)

	
0.204

	
119 (84)

	
112 (73)

	
0.122




	
RAAS inhibitors, n (%)

	
215 (73)

	
220 (71)

	
0.288

	
115 (75)

	
119 (70)

	
0.232

	
100 (71)

	
101 (71)

	
0.530




	
Statins, n (%)

	
89 (30)

	
79 (25)

	
0.106

	
37 (24)

	
35 (21)

	
0.281

	
52 (37)

	
44 (31)

	
0.167








Values are mean ± standard deviation or number (%). CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; LVH, left ventricular hypertrophy; NT-proBNP, N-terminal pro-brain natriuretic peptide; RAAS, renin–angiotensin–aldosterone system.













 





Table 4. Differences in Ed/Ea, an index of echocardiographic diastolic function, before discharge between patients with and without all-cause mortality, in those with and without LVH.
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All-Cause Mortality

	
p-Value (− vs. +)

	
Diastolic Blood Pressure

	
p-Value (Low vs. High)




	

	
Ed/Ea

	
−

	
+

	
Low

	
High






	
All

	
0.127 ± 0.057

	
0.122 ± 0.055

	
0.146 ± 0.061

	
<