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Abstract
Background  Left ventricular (LV) global longitudinal strain (GLS) has emerged as a more sensitive index than LV ejection 
fraction (LVEF) for detecting subclinical LV dysfunction. We examined whether changes in GLS values are associated with 
the long-term prognosis of patients with a preserved LVEF and acute decompensated heart failure (HF).
Methods  We studied 100 consecutive patients (mean age: 71 years) who were hospitalized for HF with preserved ejection 
fraction (HFpEF) and had a preserved LVEF (≥ 50%) in both the acute and stable phases. We performed two-dimensional 
speckle-tracking echocardiography in the acute (GLS-acute) and stable (GLS-stable) phases at a median of 2 and 347 days 
after admission, respectively, and calculated the rate of change of the absolute value of GLS-stable with respect to that of 
GLS-acute. An improved GLS was defined as a rate of change in GLS ≥ 16%, and a non-improved GLS was a rate of change 
< 16%. The primary endpoint was the occurrence of major cardiovascular events (MACE).
Results  During a mean follow-up period of 1218 days, MACE occurred in 26 patients, including 8 all-cause deaths and 18 
readmissions for HF. The rate of change in GLS for patients with MACE was lower than compared to those without MACE 
(10.6% vs 26.0%, p < 0.001). Multivariate Cox regression analyses indicated the rate of change in GLS was an independent 
predictor of MACE (p < 0.001). A non-improved GLS was correlated with a high risk of MACE.
Conclusion  Changes in GLS values could be useful for the long-term risk stratification of patients hospitalized for HFpEF 
and persistently preserved LVEF.

Keywords  Global longitudinal strain · Heart failure with preserved ejection fraction · Long-term prognosis · Risk 
stratification

Introduction

Heart failure (HF) with preserved ejection fraction (HFpEF) 
comprises about half of all HF hospitalizations [1]. Further-
more, the prognosis of patients with HFpEF is reported to 
be as poor as that of patients with HF with reduced ejec-
tion fraction (HFrEF) [2, 3]. An assessment of the left ven-
tricular (LV) global longitudinal strain (GLS) has emerged 
as a more sensitive modality than an evaluation of the LV 
ejection fraction (LVEF) to quantify LV contractile perfor-
mance for HFpEF [1, 4] and has a greater prognostic value 
compared to LVEF [5]. An abnormal GLS on admission was 
associated with poor short-term outcomes in patients with 
HFpEF and acute decompensated HF [4]. GLS in the chronic 
setting was an independent predictor of HF-related hospi-
talization and cardiovascular death in patients with HFpEF 
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[6, 7]. However, the prognostic value of a change in GLS 
among patients with HFpEF remains unclear. The purpose 
of this study was to investigate the association of changes in 
GLS values with the long-term prognosis of patients with 
HFpEF and acute decompensated HF.

Materials and methods

Study design

Of 2346 patients who were hospitalized for worsening HF 
from January 2013 through April 2021 at Fujita Health 
University Coronary Care Unit, 172 patients had a pre-
served LVEF (≥ 50%) in both the acute and stable phases. 
We excluded 72 patients who had any one of the follow-
ing: atrial fibrillation (AF), severe valvular heart disease, 
an inadequate echocardiographic image quality for strain 
analyses, or undergoing dialysis. A total of 100 patients 
were included in the final analysis (Fig. 1). HF on admis-
sion was diagnosed according to the Framingham criteria 
[8]. Physicians independently selected the appropriate ther-
apy and managed the patients following standard protocols 
using outcome measurements, such as an improvement in 
symptoms, physical examination findings, pulmonary con-
gestion on chest radiographs, and echocardiographic find-
ings. We performed speckle-tracking echocardiography and 
measurements of serum N-terminal pro-B-type natriuretic 
peptide (NT-proBNP) levels on the same day in the acute 
phase (interval between admission and echocardiography; 

median, 2 days [interquartile range (IQR), 1–2 days]) and 
in the stable phase (interval between admission and echo-
cardiography; median, 347 days [IQR, 51–872 days]). All 
patients were clinically stable (i.e., unchanged New York 
Heart Association [NYHA] functional class, no significant 
changes in the hemodynamic status, and receiving medical 
therapy) in the stable phase. The primary endpoint was the 
occurrence of major cardiovascular events (MACE): all-
cause death and readmission for HF. The ethics committee 
of Fujita Health University approved this study (study proto-
col number HM19-230), which was conducted in accordance 
with the Declaration of Helsinki. All patients individually 
provided written informed consent.

Echocardiographic analysis

An echocardiographic examination was performed using the 
commercially available Vivid 7, Vivid E9 or Vivid E95 sys-
tems (GE Vingmed, Horton, Norway). All data were stored 
digitally for off-line analysis on EchoPAC PC (GE Vingmed, 
Horton, Norway).

Standard echocardiographic measurements were obtained 
using two-dimensional (2D) and Doppler measurements, in 
accordance with the American Society of Echocardiography 
guidelines [9, 10]. LVEF and left atrial volume were calcu-
lated by the biplane Simpson’s method from apical 4- and 
2-chamber views.

Longitudinal strain was assessed from the three apical views 
(4-, 2-, and 3-chamber). For speckle tracking, endocardial 
border was manually traced at end-systole, and the integrity 

Fig. 1   Flow chart of study population to illustrate inclusion (left col-
umns) and exclusion criteria (right columns). HFrEF heart failure 
with reduced ejection fraction, HFmrEF heart failure with midrange 

ejection fraction, HFpEF heart failure with preserved ejection frac-
tion, AF atrial fibrillation
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was visually confirmed. In the cases of insufficient tracking, 
manual correction of the endocardial tracking was attempted; 
if the results were still unsatisfactory, then the entire study 
was excluded from the analysis. GLS was obtained by averag-
ing the peak strain values from the 17 regional longitudinal 
strains. Peak GLS was computed automatically. All analyses 
were performed by a single experienced operator blinded to 
other patient characteristics and outcomes.

Study variables and definitions

Because GLS is a negative value, we adopted the absolute 
value |X| for a simpler interpretation. We calculated the rate 
of change of the absolute value of GLS in the stable phase 
(GLS-stable) with respect to that in the acute phase (GLS-
acute). Patients were divided into two groups based on the 
rate of change in GLS: (1) improved GLS, a rate of change 
in GLS ≥ 16%; and (2) non-improved GLS, a rate of change 
in GLS < 16%. We calculated the serum creatinine-based 
estimated glomerular filtration rate (eGFR) using the Modi-
fication of Diet in Renal Disease Study equation, as recom-
mended by the Japan Chronic Kidney Disease Initiative [11].

Statistical methods

JMP version Pro 15 (SAS Institute Inc., Cary, NC, USA) 
software was used for all statistical analyses. Data are pre-
sented as number and frequency for categorical variables 
and mean ± SD or median with IQR for continuous vari-
ables. Considering that the serum NT-proBNP data were 
irregularly distributed, analyses were performed after log 
transformation to meet the criteria for use in normalized 
statistical approaches, after statistical confirmation. The 
clinical and echocardiographic characteristics were com-
pared by chi-square analysis for categorical variables and 
by Mann–Whitney U test and Student’s t test for continuous 
variables. Receiver operating characteristic (ROC) curve 
analysis was used to determine the optimal cut-off values 
of continuous variables. Kaplan–Meier curves were plot-
ted and compared using the log-rank test. Hazard ratios and 
95% confidence intervals were calculated for each factor via 
the Cox proportional hazards analysis. All baseline vari-
ables with p < 0.05 in univariate analyses were integrated 
into the Cox multivariate model to determine the independ-
ent predictors of MACE. A p-value < 0.05 was considered 
significant.

Results

We enrolled 100 patients with a mean age of 71  years 
(22–94 years). Baseline patient characteristics are sum-
marized in Table 1. During a mean follow-up period of 

1218 days, MACE occurred in 26 patients (26%), including 
8 all-cause deaths and 18 readmissions for HF. Patients who 
experienced MACE had higher levels of NT-proBNP in the 
stable phase, and lower levels of hemoglobin in the stable 
phase and eGFR in the acute and stable phases. Between 
patients with and without MACE, there were no significant 
differences in the systolic blood pressure and heart rate in 
the acute and stable phases. In addition, there were no sig-
nificant differences in medications at discharge between the 
two groups. Echocardiographic parameters are presented in 
Table 2. Compared to patients without MACE, those with 
MACE had lower levels of GLS-stable. The rate of change 
in GLS for patients who experienced MACE was lower than 
that for those who did not (10.6% vs 26.0%, p < 0.001).

Univariate Cox regression analyses showed that the NT-
proBNP level in the stable phase, GLS-stable, eGFR in the 
stable phase, and the rate of change in GLS were significant 
predictors of MACE, while LVEF in the acute and stable 
phases, the NT-proBNP level in the acute phase, and GLS-
acute were not significant predictors of MACE. All baseline 
variables with p < 0.05 in univariate analyses were integrated 
into the Cox multivariate model. As revealed in the Cox 
multivariate analysis, the rate of change in GLS, eGFR in the 
stable phase, and the NT-proBNP level in the stable phase 
were significant independent predictors of MACE (Table 3). 
Patients with a non-improved GLS had a higher risk of 
MACE compared to those with an improved GLS (p < 0.001; 
Fig. 2). In ROC analyses, the optimal cut-off values of a rate 
of change in GLS for predicting MACE, determined as the 
level with the largest sum of sensitivity plus specificity, were 
16% (sensitivity 0.77, specificity 0.74, AUC 0.81) (Fig. 3).

Discussion

The main results of this study were as follows: First, the 
rate of change in GLS for patients with MACE was lower 
than that for those without. Second, after adjusting for con-
founding variables, the rate of change in GLS, not GLS-
stable, was a potent prognostic indicator in patients with 
HFpEF and acute decompensated HF. Finally, having a non-
improved GLS (a rate of change in GLS < 16%) was corre-
lated with the high risk of MACE. Therefore, the changes in 
GLS could be useful for the long-term risk stratification in 
patients hospitalized for HFpEF and persistently preserved 
LVEF.

Buggey et al. showed abnormal GLS values on admission 
were associated with poor outcomes at 30 days but not by 
1 year in patients hospitalized for HFpEF [4]. Several stud-
ies have found GLS in the chronic setting is a predictor of 
HF-related hospitalization and cardiac death among patients 
with HFpEF [6, 7]. Generally, echocardiographic param-
eters in patients with HF are not static but are changeable 
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by disease progression or with treatment during follow-
up. Therefore, it may be more informative to evaluate the 
changes in several clinical parameters. A previous study 
showed that the measurements of serial changes in LVEF 
provided additional prognostic information in patients with 
acute decompensated HF [12]. In addition, we previously 
reported the clinical utility of changes in the left atrial vol-
ume index during hospitalization among patients with a first 
acute myocardial infraction [13]. The present study demon-
strated the first evidence of the usefulness of acute-to-stable 
phase changes in GLS as long-term prognostic indicators in 

patients hospitalized for HFpEF, especially those with an 
LVEF ≥ 50% in both the acute and stable phases.

GLS has been reported to be a sensitive marker of early 
subtle abnormalities of LV myocardial performance, which 
is helpful for predicting outcomes for various cardiac dis-
eases [14–18]. For 447 patients with HFpEF enrolled in 
the Treatment of Preserved Cardiac Function Heart Fail-
ure With an Aldosterone Antagonist (TOPCAT) trial, 
Shah et al. found an association between treatment with 
spironolactone and a trend toward improvement of GLS 
[7]. Tanaka et al. showed that dapagliflozin significantly 

Table 1   Baseline characteristics of study population according to MACE

Data are presented as number (%), mean ± standard deviation, or median (interquartile range)
MACE major cardiovascular events, BMI body mass index, NYHA New York Heart Association, bpm beats per minute, eGFR creatinine-based 
estimated glomerular filtration rate, NT-proBNP N-terminal pro-B-type natriuretic peptide, Tn-I troponin I, ARB angiotensin receptor blocker, 
ACE angiotensin-converting enzyme, HMG-CoA hydroxyl-3-methylglutaryl CoA, MRA mineralocorticoid receptor antagonist, SGLT-2 sodium 
glucose cotransporter 2

All MACE (−) MACE ( +) p-value

Clinical data
Patients 100 74 26
Age (years) 71.2 ± 15.4 71.1 ± 1.8 71.6 ± 3.0 0.88
Male 46 (46) 32 (43) 14 (54) 0.35
BMI (kg/m2) 23.1 ± 5.6 23.5 ± 0.7 21.7 ± 1.1 0.16
Hypertension 62 (62) 49 (66) 13 (50) 0.15
Dyslipidemia 41 (41) 34 (46) 7 (27) 0.08
Diabetes mellitus 35 (35) 24 (32) 11 (42) 0.37
Ischemic heart disease 42 (42) 33 (45) 9 (35) 0.37
NYHA functional class on admission 4 (3–4) 4 (3–4) 4 (3–4) 0.52
NYHA functional class at discharge 1 (1–2) 1 (1–2) 2 (1–2) 0.10
Acute phase
Systolic blood pressure (mmHg) 140 ± 36 142 ± 4 135 ± 7 0.35
Heart rate (bpm) 87 ± 24 89 ± 3 81 ± 5 0.16
Hemoglobin (g/dL) 11.3 ± 2.1 11.4 ± 0.2 10.8 ± 0.4 0.23
eGFR (mL/min/1.73 m2) 56.8 ± 25.8 62.9 ± 2.8 39.4 ± 4.7  < 0.001
NT-proBNP (pg/mL) 2064 (1216–4577) 1938 (1158–3477) 3197 (1650–7578) 0.18
Tn-I (ng/mL) 0.12 (0.03–0.68) 0.13 (0.03–0.68) 0.10 (0.03–0.67) 0.67
Stable phase
Systolic blood pressure (mmHg) 125 ± 26 127 ± 3 120 ± 5 0.24
Heart rate (bpm) 77 ± 15 76 ± 2 81 ± 3 0.15
Hemoglobin (g/dL) 11.6 ± 2.1 11.9 ± 0.2 10.9 ± 0.4 0.04
eGFR (mL/min/1.73 m2) 55.7 ± 28.1 61.0 ± 3.1 40.7 ± 5.2 0.001
NT-proBNP (pg/mL) 661

(253–1691)
531
(196–1520)

1217
(534–3373)

0.005

Treatment at discharge
ARBs or ACE inhibitors 52 (52) 39 (53) 13 (50) 0.81
Ca-blocker 30 (30) 19 (26) 11 (42) 0.12
Beta-blocker 53 (53) 42 (57) 11 (42) 0.20
HMG-CoA reductase inhibitors 42 (42) 31 (42) 11 (42) 0.97
MRA 35 (35) 26 (35) 9 (35) 0.96
Other diuretic 61 (61) 45 (61) 16 (62) 0.95
SGLT-2 inhibitors 5 (5) 4 (5) 1 (4) 0.75
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improved GLS 6 months after administration in type 2 dia-
betes mellitus patients with stable HF [19]. A recent study 
reported that empagliflozin reduced the combined risk 
of cardiovascular death or hospitalization for heart fail-
ure in HFpEF patients [20]. Some studies recommended 
to use several cardio-protective drugs for HFpEF, such 
as sodium glucose cotransporter 2 (SGLT2) inhibitors, 

mineralocorticoid receptor antagonists (MRA) and 
renin–angiotensin system inhibition with angiotensin-con-
verting enzyme (ACE) inhibitors or angiotensin receptor 
blockers (ARBs) or angiotensin receptor-neprilysin inhibi-
tor (ARNI), to decrease the risk of cardiovascular death or 
hospitalization for HF [21–24]. Considering our results, 

Table 2   Echocardiographic 
parameters according to MACE

Data are presented as number (%) or mean ± standard deviation
MACE major cardiovascular events, LVEF left ventricular ejection fraction, IVST interventricular septum 
thickness, PWT posterior wall thickness, LVMI left ventricular mass index, E early mitral inflow E-wave, A 
late mitral inflow A-wave, DcT deceleration time, e′ early diastolic mitral annular tissue velocity, LAVI left 
atrial volume index, GLS-acute left ventricular global longitudinal strain in the acute phase, GLS-stable left 
ventricular global longitudinal strain in the stable phase

All MACE (−) MACE ( +) p-value

Acute phase
LVEF (%) 57.2 ± 4.8 57.3 ± 0.6 56.8 ± 0.9 0.65
IVST (mm) 10.2 ± 2.4 10.3 ± 0.3 10.1 ± 0.5 0.75
PWT (mm) 9.9 ± 2.0 9.9 ± 0.2 10.1 ± 0.4 0.68
LVMI (g/m2) 117.0 ± 42.5 118.0 ± 5.0 114.2 ± 8.4 0.69
E (cm/s) 84.8 ± 30.1 83.0 ± 3.5 90.2 ± 5.9 0.29
A (cm/s) 90.9 ± 35.4 88.3 ± 4.1 99.1 ± 7.2 0.20
DcT (ms) 211 ± 69 209 ± 8 217 ± 14 0.66
e′ 5.6 ± 2.0 5.6 ± 0.2 5.7 ± 0.4 0.85
E/e′ 17.3 ± 9.6 17.1 ± 1.1 17.8 ± 1.9 0.74
LAVI (mL/m2) 38.8 ± 17.6 38.5 ± 2.1 39.7 ± 3.5 0.77
GLS-acute (%) 13.2 ± 2.8 13.0 ± 0.3 13.5 ± 0.6 0.48
Stable phase
LVEF (%) 59.3 ± 4.9 59.8 ± 0.6 57.9 ± 0.9 0.09
IVST (mm) 10.3 ± 2.3 10.4 ± 0.3 10.0 ± 0.5 0.48
PWT (mm) 10.1 ± 1.9 10.0 ± 0.2 10.2 ± 0.4 0.74
LVMI (g/m2) 97.9 ± 30.5 96.9 ± 3.6 100.8 ± 6.0 0.58
E (cm/s) 82.0 ± 28.6 81.0 ± 3.3 84.9 ± 5.6 0.55
A (cm/s) 90.6 ± 32.1 92.2 ± 3.8 85.7 ± 6.7 0.40
DcT (ms) 233 ± 80 240 ± 9 213 ± 16 0.14
e′ 6.7 ± 2.9 6.9 ± 0.3 6.3 ± 0.6 0.38
E/e′ 14.6 ± 7.8 14.1 ± 0.9 15.9 ± 1.5 0.33
LAVI (mL/m2) 37.6 ± 16.0 36.3 ± 1.9 41.2 ± 3.1 0.18
GLS-stable (%) 15.9 ± 3.0 16.2 ± 0.3 14.9 ± 0.6 0.05
Rate of change in GLS (%) 22.0 ± 15.9 26.0 ± 1.7 10.6 ± 2.8  < 0.001

Table 3   Multivariate cox 
regression analysis of predictors 
of MACE

The multivariable model was adjusted for all baseline variables with p < 0.05 in univariate analyses
MACE major cardiovascular events, CI confidence interval, NT-proBNP N-terminal pro-B-type natriuretic 
peptide, eGFR creatinine-based estimated glomerular filtration rate, GLS-stable left ventricular global lon-
gitudinal strain in the stable phase

Variables Hazard ratio (95% CI) p-value

NT-proBNP in the stable phase (per 10-fold increment) 2.43 (1.18–5.20) 0.02
eGFR in the stable phase (per 1 mL/min/1.73 m2 increment) 0.98 (0.96–1.00) 0.01
GLS-stable (per 1% increment) 0.95 (0.82–1.09) 0.46
Rate of change in GLS (per 1% increment) 0.90 (0.85–0.94)  < 0.001
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patients with a non-improved GLS may be recommended 
for more aggressive treatment with these drugs.

NT-proBNP level in patients with MACE was signifi-
cantly higher than that in patients without MACE, and left 
ventricular end-diastolic pressure (LVEDP) was expected 
to be high even in the stable phase. Wu et al. reported that 
LVEDP was positively correlated with GLS [25]. In the 
MACE group, there may have been less improvement in 
the longitudinal contractility from acute to stable phase 
along with GLS. On the other hand, patients with non-
MACE have improved the contractility shown as GLS 
improvement. Reduced LVEDP may have contributed to 
the improvement of GLS.

Multivariable logistic regression models including 
systolic blood pressure, E/e′, left ventricular mass index 
(LVMI), and NT-proBNP in the acute and stable phase 

revealed that only systolic blood pressure in the acute phase 
was an independent predictor of improved GLS. As Soufi 
et al. reported that hypertension is associated with a reduced 
GLS [26], systolic blood pressure in the acute phase might 
have affected GLS value. However, there was no correla-
tion between a rate of change in GLS and that in systolic 
blood pressure from acute to stable phase (data not shown). 
Therefore, improvement of GLS might be caused not only 
by decreased blood pressure but also other factors.

Tadic et al. reported that LV hypertrophy is known to 
be an important morphological change in HFpEF and asso-
ciated with a reduced GLS [27]. However, on univariate 
analysis, interventricular septum thickness (IVST), poste-
rior wall thickness (PWT) and LVMI in the acute and stable 
phase were not associated with MACE. In addition, LVMI 
in the both acute and stable phase were not correlated with 
improved GLS. In our study, LV hypertrophy was relatively 
mild, which may have led to the result that these parameters 
were not associated with prognosis and improved GLS.

Previous study showed abnormal GLS values on admis-
sion were associated with poor outcomes at 30 days. How-
ever, they were not predictors of longer outcomes in hospi-
talized patients with HFpEF [4], which may be consistent 
with our study. We examined not short-term but long-term 
outcomes, which may have led to the result that baseline 
GLS was not a prognostic factor.

Clinical implications

To the best of our knowledge, there have been no prior 
studies specifically evaluating the association between the 
changes in GLS values and clinical outcomes in patients 
hospitalized for HFpEF and persistently preserved LVEF. 
Our data showed the rate of change in GLS, not GLS in 
acute and stable phase alone, was significant predictor of 

Fig. 2   Kaplan–Meier curves for 
MACE according to the rate of 
change in GLS. An improved 
GLS indicates the rate of 
change of the absolute value of 
GLS in the stable phase (GLS-
stable) with respect to that of 
GLS in the acute phase (GLS-
acute) ≥ 16%; a non-improved 
GLS indicates the rate of 
change of the absolute value of 
GLS-stable with respect to that 
of GLS-acute < 16%. MACE 
major cardiovascular events, 
GLS global longitudinal strain

Rate of change 
Improved  GLS (n=62) > 16%
Non-Improved GLS (n=38) < 16%

Log-rank
p < 0.001
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MACE, suggesting that serial measurements of GLS is use-
ful to stratify the risk of patients with HFpEF. In addition, 
patients with low rate of change in GLS had poor prognosis, 
even if the patients had preserved LVEF. Therefore, patients 
with a non-improved GLS may be recommended for more 
careful follow-up and aggressive treatment with agents, 
such as MRA, SGLT2 inhibitors, ACE inhibitors or ARBs 
or ARIN, regardless of LVEF. Tanaka proposed that GLS, 
in conjunction with HF stage classification, was more use-
ful for HF patient management as compared to conventional 
echocardiographic parameters [14]. A GLS-guided strategy 
using the rate of change in GLS values may thus have the 
potential for the better management of patients with HFpEF.

Study limitations

Our study has several limitations. First, it was conducted 
with retrospective analyses at a single-center, resulting in a 
relatively small number of study subjects. Second, AF is a 
common complication in HFpEF, but we excluded patients 
with AF because they were not suitable for strain analysis 
due to beat-to-beat variability of ventricular cycle length. 
Brookes et  al. reported that myocardial contractility is 
constantly changing from beat to beat in atrial fibrillation 
because of the influence of the force-interval relationships 
[28]. While joint guidelines published by the American 
Society of Echocardiography and the European Association 
of Cardiovascular Imaging suggest a minimum of 5 beats 
in AF patients for strain analysis [29], it is not very practi-
cal and we did not store enough echocardiographic images 
including 5 or more cardiac cycles. Appropriate strain meas-
urement in AF remains to be a challenge to be solved in the 
further studies. Third, echocardiographic data in the acute 
phase may have been affected by treatments received prior 
to hospitalization. Treatments at discharge were not rand-
omized in the present study, making it difficult to evaluate 
their effects on outcomes. However, there were no signifi-
cant differences in medications between patients with and 
without MACE. Thus, it is reasonable to presume that the 
medications did not significantly affect our results.

Conclusion

The changes in GLS could be useful to stratify the long-
term risk in patients hospitalized for HFpEF and persistently 
preserved LVEF.
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