
Vol.:(0123456789)1 3

Aging Clinical and Experimental Research (2022) 34:1429–1438 
https://doi.org/10.1007/s40520-022-02087-y

ORIGINAL ARTICLE

Predictors and prognostic impact of left ventricular ejection fraction 
trajectories in patients with ST‑segment elevation myocardial 
infarction

Zhijun Lei1  · Bingyu Li1 · Bo Li1 · Wenhui Peng1

Received: 8 January 2022 / Accepted: 27 January 2022 / Published online: 11 February 2022 
© The Author(s) 2022

Abstract
Background There is little evidence on left ventricular ejection fraction (LVEF) trajectories after ST-segment elevation 
myocardial infarction (STEMI).
Aim We aim to identify the LVEF trajectories after STEMI and explore their predictors and association with prognosis.
Methods This is a retrospective, observational study of STEMI patients. The LVEF trajectories were identified by the latent 
class trajectory model in patients with baseline LVEF < 50%. We used logistic regression analysis to investigate the predictors 
for LVEF trajectories. The Cox proportional hazard model was used to assess the impact of LVEF trajectories on prognosis. 
The primary outcomes were cardiovascular mortality and heart failure (HF) rehospitalization.
Results 572 of 1179 patients presented with baseline normal LVEF (≥ 50%) and 607 with baseline reduced LVEF (< 50%). 
Two distinct LVEF trajectories were identified in patients with baseline reduced LVEF: recovered LVEF group and persistently 
reduced LVEF group. Higher baseline LVEF, lower peak troponin T, non-anterior MI, and lower heart rates were all found 
to be independently associated with LVEF recovery. After multivariate adjustments, patients with persistently reduced LVEF 
experienced an increased risk of cardiovascular mortality (HR 7.49, 95% CI 1.94–28.87, P = 0.003) and HF rehospitalization 
(HR 3.54, 95% CI 1.56–8.06 P = 0.003) compared to patients with baseline normal LVEF. Patients with recovered LVEF, on 
the other hand, showed no significant risk of cardiovascular mortality and HF rehospitalization.
Conclusion Our study indicated two distinct LVEF trajectories after STEMI and that the persistently reduced LVEF trajectory 
was related to poor prognosis. In addition, several baseline characteristics can predict LVEF recovery.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD) remains the 
leading cause of mortality and morbidity worldwide with 
an aging population. And ST-segment elevation myocardial 
infarction (STEMI) is the most severe type [1, 2]. Despite 
rapid advances in pharmacological and interventional treat-
ment strategies, STEMI remains the leading cause of mor-
tality and heart failure (HF) [1]. Previous data showed that 
decreased left ventricular ejection fraction (LVEF) is usually 

recognized in the acute phase of STEMI, and STEMI patients 
with decreased LVEF are at an increased risk of death [3, 4] 
and HF [5–7]. Nearly half of STEMI patients with baseline 
decreased LVEF can improve their LVEF within the first 
months [8, 9]. The recovery of stunned myocardium follow-
ing acute occlusions determines the degree of LVEF recovery 
in the early phase (days–weeks) [10]. In contrast, the long-
term improvement in LVEF is related to the left ventricular 
(LV) remodeling triggered by necrosis, hypertrophy, inflam-
mation, and fibrosis in the infarct zone [11, 12]. Although 
the current clinical guidelines have recommended repeating 
echocardiography within 6–12 weeks after discharge to eval-
uate the need for implantable cardioverter-defibrillator (ICD) 
[13, 14], studies have shown that the LVEF recovery fol-
lowing acute myocardial infarction (MI) is associated with a 
reduced risk of cardiac arrest, all-cause mortality, cardiovas-
cular mortality and HF rehospitalization [15–18]. However, 
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current studies of LVEF recovery after MI have only reas-
sessed LVEF one time, with intervals ranging from weeks to 
a year [15, 17], ignoring the dynamic trajectories of LVEF 
after STEMI in the reperfusion era. So far, there is a lack of 
study on the LVEF trajectories in STEMI patients undergoing 
primary percutaneous coronary intervention (PCI).

Given this knowledge gap, this study aimed to identify 
the LVEF trajectories over a 3-year follow-up among STEMI 
patients undergoing primary PCI and explore their predictors 
and association with long-term cardiovascular mortality and 
HF rehospitalization.

Methods

Study population

A retrospective, observational study was performed for all 
patients admitted between January 2015 and April 2019 with 
a diagnosis of STEMI in Shanghai Tenth People’s Hospital. 
Both baseline and follow-up LVEF were measured by modi-
fied Simpson on echocardiography. The baseline LVEF value 
was measured within 72 h after admission. The follow-up 
LVEF values were obtained at 1 month, 3 months, 6 months, 
9 months, 12 months, 18 months, 24 months, 30 months, 
and 36 months after discharge. The main inclusion criteria 
were having had ≥ 2 LVEF values, one at baseline and the 
other during the follow-up. Exclusion criteria were patients 
who died in the hospital, without undergoing primary PCI, 
with previous MI, or without available baseline LVEF value. 

As shown in the flowchart of patients (Fig. 1), 572 of 1179 
eligible patients presented with baseline normal LVEF 
(≥ 50%) and 607 with baseline reduced LVEF (< 50%). The 
final cohort consisted of 553 individuals after excluding 54 
patients from the latter group who did not follow-up LVEF 
values. Data on demographics, cardiovascular risk factors, 
angiographic information, laboratory test, and discharge 
medications were collected. This study was approved by the 
Shanghai Tenth People’s Hospital’s Ethics Committee and 
was carried out following the Declaration of Helsinki.

Left ventricular ejection fraction assessment

Patients were categorized according to the baseline LVEF: 
baseline normal LVEF (≥ 50%) and baseline reduced LVEF 
(< 50%). Patients with a baseline reduced LVEF were further 
divided into recovered LVEF group and persistently reduced 
LVEF group according to the latent class trajectory model 
(LCTM). In summary, patients were stratified into three 
groups: baseline normal LVEF group (LVEF ≥ 50% at base-
line), recovered LVEF group (LVEF < 50% at baseline and 
recovered over time) and persistently reduced LVEF group 
(LVEF < 50% at baseline and without recovered over time).

Study endpoints

The primary endpoints were cardiovascular mortality and 
HF rehospitalization. Cardiovascular mortality was defined 
as death attributable to myocardial ischemia and infarction, 
heart failure, cardiac arrest because of other or unknown 

Fig. 1  The study flowchart of 
patients with STEMI undergo-
ing primary PCI. STEMI ST-
segment elevation myocardial 
infarction, PCI Percutaneous 
coronary intervention, LVEF 
Left ventricular ejection fraction
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cause, or cerebrovascular accident. HF rehospitalization 
was defined as readmission for HF symptoms requiring an 
intravenous injecting diuretics, inotropes, vasodilators, or 
recombinant human brain natriuretic peptide.

Statistical analysis

According to different types of distribution, continuous vari-
ables were displayed as mean ± standard deviation (SD) or 
median [25th–75th]. Categorical variables were displayed as 
frequencies and percentages. As appropriate, comparisons for 
continuous variables were performed by one-way ANOVA, 
Mann–Whitney U test or Kruskal–Wallis test, while compari-
sons for categorical variables were performed by chi-square 
or Fisher exact tests.

We used LCTM to differentiate trajectories of LVEF over 
time in patients with a baseline reduced LVEF. The LCTM 
can identify latent classes of individuals following similar 
trends of a determinant over time [19]. Our models adopt 
second-order polynomials. We calculated the posterior prob-
abilities for each trajectory for every patient to determine the 
goodness of fit and the proportion of individuals categorized 
into each class with a posterior probability greater than 0.7, 
indicating the proportion of individuals categorized in each 
latent class. We selected the best-fitting number of trajecto-
ries among the models with two to five based on a minimum 
Bayesian Information Criterion (BIC) and a maximum pos-
terior probability [20]. As shown in Supplementary Table 1, 
two trajectories were selected as the optimum model owing 
to minimum BIC value and maximum mean posterior prob-
ability. The locally weighted error sum of squares (Loess) 
curves was plotted for each trajectory to show the trend of 
LVEF over time [21]. We assigned labels to the trajectories 
(recovered LVEF and persistently reduced LVEF) based on 
their patterns over time to facilitate interpretability.

We included variates in the univariate logistic regression 
analysis to evaluate the factors associated with LVEF recov-
ery in patients with a baseline reduced LVEF. Then variates 
with P < 0.05 were entered in a multivariate logistic regres-
sion model to identify independent factors of LVEF recovery. 
Event-free survival curves were plotted by the Kaplan–Meier 
method and the log-rank test was used for comparisons. The 
multivariate Cox proportional hazards model was used to 
calculate hazard ratio (HR) and 95% confidence interval (CI).

Despite the model with two latent classes was the opti-
mum one, we still performed a sensitivity analysis using the 
model with 3 latent classes to further elucidate our findings 
owning to its lower BIC and higher mean posterior probabil-
ity (Supplementary Table 1). We assigned labels to the tra-
jectories (greatly recovered LVEF, mildly recovered LVEF, 
and persistently reduced LVEF) according to their trend over 
time.

All tests were two-sided and P value < 0.05 was consid-
ered significant. All statistical analyses were completed by 
R software (Version 4.0.5). The LCTM was conducted by 
packages “lcmm” and “nlme”. The Loess curves were plotted 
by package “ggplot2”. The survival curves were plotted and 
analyzed by packages “survival” and “survminer”.

Results

LVEF trajectories

A total of 553 patients were included in the final cohort, and 
1567 LVEF values were measured. The mean LVEF meas-
urements per patient was 2.8 ± 1.1 and the distribution of the 
number of LVEF measurements performed per patient was 
showed in Supplementary Fig. 1. As illustrated in the Loess 
curves (Fig. 2), 553 patients with a baseline reduced LVEF 
were assigned into two different LVEF trajectories over a 
3-year follow-up based upon the LCTM. They were named 
the recovered LVEF group (45.9%) and the persistently 
reduced LVEF group (54.1%) based on their trend over time. 
In patients with recovered LVEF, the LVEF value increased 
gradually throughout the first 9 months and reached the pla-
teau (P for trajectory < 0.001). In contrast, the LVEF value 
remained nearly unchanged at a lower level in patients with 
persistently reduced LVEF (P for trajectory = 0.057).

Baseline characteristics

The baseline characteristics of patients among the 3 groups 
are shown in Table  1. The baseline LVEF was 57.0% 
(53.0–60.0%) in patients with baseline normal LVEF, 43.0% 
(40.0–48.0%) in patients with recovered LVEF and 38.0% 
(34.0–43.0%) in patients with persistently reduced LVEF 
(P < 0.001). Compared to patients with recovered LVEF, 
patients with persistently reduced LVEF were older, more 
likely to have diabetes mellitus, more presented with anterior 
MI, higher Killip class, and higher heart rates. Angiographic 
characteristics indicated that the worse TIMI flow before PCI 
and the usage of intra-aortic balloon pump (IABP) was more 
common in patients presenting with persistently reduced 
LVEF. Compared with patients with recovered LVEF, initial 
creatinine and peak troponin T were lower in patients with 
baseline normal LVEF and higher in patients with persis-
tently reduced LVEF. Considering the treatment at discharge, 
patients with persistently reduced LVEF received a signifi-
cantly higher proportion of β-receptor blockers, but with no 
difference in the other medications. Supplementary Table 2 
displayed that no difference in baseline characteristics was 
observed in baseline reduced LVEF patients with and without 
follow-up LVEF.
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Predictors of LVEF recovery

The predictors of LVEF recovery in patients with a baseline 
reduced LVEF are displayed in Table 2. In univariate analy-
sis, factors including anterior MI, heart rates, baseline LVEF, 
peak troponin T, and prescription with β-receptor blockers 
were associated with LVEF recovery in patients with a base-
line reduced LVEF. After using multivariate logistic regres-
sion analysis, anterior MI (OR 0.55, 95% CI 0.36–0.84, 
P = 0.006), heart rates (OR 0.88 per 10 bpm increase, 95% 
CI 0.79–0.98, P = 0.021), baseline LVEF (OR 1.71 per 5% 
increase, 95% CI 1.45–2.02, P < 0.001) and peak troponin T 
(OR 0.85, 95% CI 0.81–0.90, P < 0.001) were independently 
associated with LVEF recovery.

LVEF trajectories and outcomes

During a median follow-up of 37.5(19.9–50.1) months, 38 
cases of cardiovascular mortality occurred. Of which, 13 
(2.3%) patients with baseline normal LVEF, 5 (2.0%) patients 
with recovered LVEF, and 20 (6.7%) patients with persis-
tently reduced LVEF (Fig. 3A, Log-rank P < 0.001). When 
using the baseline normal LVEF group as reference, patients 
with recovered LVEF had no relationship with cardiovascu-
lar mortality (HR 1.10, 95% CI 0.39–3.08, P = 0.863), while 
patients with persistently reduced LVEF had an increased 
risk of cardiovascular mortality (HR 3.89, 95% CI 1.93–7.85, 
P < 0.001). The increased risk remained significant in 
patients with persistently reduced LVEF after fully adjusting 

for confounders (HR 7.49, 95% CI 1.94–28.87, P = 0.003). 
(Table 3).

A similar pattern was observed for HF rehospitalization. 
During the follow-up, 111 cases of HF rehospitalization 

Fig. 2  Comparison of long-term LVEF trajectories between patients 
with recovered LVEF (green) and persistently reduced LVEF (red). 
P = 0.057 for LVEF trajectory changes for patients with persistently 
reduced LVEF, P < 0.001 for LVEF trajectory changes for patients 
with recovered LVEF; P < 0.001 for comparison between the two 
groups. Shaded regions represent 95% confidence interval. The table 
shows the number of LVEF values at each time points

Fig. 3  Kaplan–Meier curves for cardiovascular mortality (A) and HF rehospitalization (B) among baseline normal LVEF group, recovered 
LVEF group and persistently reduced LVEF group. HF heart failure, LVEF Left ventricular ejection fraction
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occurred. Among them, 22 (3.8%) patients in the baseline 
normal LVEF group, 12 (4.7%) patients in the recovered 
LVEF group, and 77 (25.8%) patients in the persistently 
reduced LVEF group (Fig. 3B, Log-rank P < 0.001). Com-
pared to patients with baseline normal LVEF, the HR for 
HF rehospitalization was not significantly increased in 
patients with recovered LVEF (HR 1.62, 95% CI 0.80–3.30, 
P = 0.180), while the HR for HF rehospitalization was sig-
nificantly increased in patients with persistently reduced 
LVEF (HR 9.66, 95% CI 5.97–15.64, P < 0.001). Patients 
with persistently reduced LVEF remained at an increased risk 
of HF rehospitalization after full adjustment (HR 3.54, 95% 
CI 1.56–8.06 P = 0.003) (Table 3).

Sensitivity analysis

In this sensitivity analysis, we used a model with 3 latent 
classes to better elucidate our findings. As displayed in the 
Supplementary Fig. 2, patients were assigned into three 

trajectories based on the LCTM and they were labeled as 
greatly recovered LVEF, mildly recovered LVEF, and per-
sistently reduced LVEF, respectively. After full adjustment, 
patients with persistently reduced LVEF had an increased 
risk of cardiovascular mortality (adjusted HR 7.93, 95% CI 
1.53–41.79, P = 0.014) and HF rehospitalization (adjusted 
HR 7.05, 95% CI 2.79–17.80, P < 0.001) when utilizing 
baseline normal LVEF as a reference. While mildly recov-
ered LVEF also identified patients at a heightened risk of 
cardiovascular mortality (fully adjusted HR 5.49, 95% CI 
1.36–22.19, P = 0.017) compared with patients with baseline 
normal LVEF (Supplementary Fig. 3).

Discussion

In this study, throughout a 3-year follow-up, we identified 
two distinct LVEF trajectories in 553 patients with a baseline 
reduced LVEF after STEMI, with 45.9% experiencing LVEF 

Table 1  Demographic, clinical, and therapeutic characteristics of patients

LVEF left ventricular ejection fraction, BMI body mass index, PCI percutaneous coronary intervention, MI myocardial infarction, SBP systolic 
blood pressure, TIMI thrombolysis in myocardial infarction, IABP intra-aortic balloon pump, ACEIs angiotensin-converting enzyme inhibitors, 
ARBs angiotensin II receptor blockers

Baseline normal
LVEF group (N = 572)

Recovered LVEF
group (N = 254)

Persistently reduced
LVEF group (N = 299)

P value

Age, years 61.7 ± 11.3 63.6 ± 11.5 64.8 ± 11.2  < 0.001
Male 478 (83.6%) 206 (81.1%) 252 (84.3%) 0.576
BMI, kg/m2 24.5 (22.6–26.6) 24.3 (22.8–26.1) 24.4 (22.8–26.6) 0.895
Hypertension 343 (60.0%) 158 (62.2%) 187 (62.5%) 0.704
Diabetes 181 (31.6%) 90 (35.4%) 123 (41.1%) 0.020
Chronic kidney disease 37 (6.5%) 9 (3.5%) 18 (6.0%) 0.236
Prior stroke 45 (7.9%) 17 (6.7%) 24 (8.0%) 0.807
Prior PCI 29 (5.1%) 6 (2.4%) 8 (2.7%) 0.084
Smoking 358 (62.6%) 154 (60.6%) 180 (60.2%) 0.748
Anterior MI 192 (33.6%) 142 (55.9%) 232 (77.6%)  < 0.001
Killip class II–IV 57 (10.0%) 34 (13.4%) 53 (17.7%) 0.005
SBP, mmHg 133.9 ± 23.2 136.3 ± 24.5 137.2 ± 26.2 0.132
Heart rate, beats/min 75.7 ± 15.1 79.7 ± 20.0 85.8 ± 18.7  < 0.001
Out-of-hospital cardiac arrest 16 (2.8%) 12 (4.7%) 7 (2.3%) 0.227
Multivessel disease 311 (54.4%) 153 (60.2%) 172 (57.7%) 0.262
TIMI flow 0–1 before PCI 330 (57.7%) 168 (66.1%) 217 (72.6%)  < 0.001
Usage of IABP 7 (1.2%) 20 (7.9%) 33 (11.0%)  < 0.001
Baseline LVEF, % 57.0 (53.0–60.0) 43.0 (40.0–48.0) 38.0 (34.0–43.0)  < 0.001
Initial creatinine, umol/L 77.2 (66.7–89.2) 78.4 (65.9–90.2) 79.8 (67.8–97.1) 0.028
Peak troponin T, ng/mL 4.56 (2.04–8.53) 5.76 (3.00–9.93) 10.00 (5.21–10.00)  < 0.001
Medication at discharge
 Aspirin 542 (94.8%) 248 (97.6%) 284 (95.0%) 0.166
 Anti-P2Y12 receptors 553 (96.7%) 251 (98.8%) 295 (98.7%) 0.071
 Statins 549 (96.0%) 245 (96.5%) 292 (97.7%) 0.436
 ACEIs/ARBs 319 (55.8%) 158 (62.2%) 172 (57.5%) 0.224
 β-receptor blockers 403 (70.5%) 201 (79.1%) 259 (86.6%)  < 0.001
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Table 2  Predictors of LVEF 
recovery in patients with 
baseline reduced LVEF

OR odds ratio, 95% CI 95% confidence interval, LVEF Left ventricular ejection fraction, PCI Percutane-
ous coronary intervention, MI myocardial infarction, SBP Systolic blood pressure, TIMI Thrombolysis in 
Myocardial Infarction, IABP Intra-aortic balloon pump, ACEIs Angiotensin-converting enzyme inhibitors, 
ARBs Angiotensin II receptor blockers

Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age, years 0.99 (0.98–1.01) 0.222
Male 0.80 (0.51–1.25) 0.324
Hypertension 0.99 (0.70–1.39) 0.935
Diabetes 0.79 (0.56–1.11) 0.170
Prior PCI 0.88 (0.30–2.57) 0.815
Smoking 1.02 (0.72–1.43) 0.918
Anterior MI 0.37 (0.25–0.53)  < 0.001 0.55 (0.36–0.84) 0.006
Killip class II–IV 0.72 (0.45–1.15) 0.164
SBP (per 10 mmHg increase) 0.99 (0.92–1.05) 0.689
Heart rate (per 10 bpm increase) 0.84 (0.77–0.92)  < 0.001 0.88 (0.79–0.98) 0.021
Out-of-hospital cardiac arrest 2.07 (0.80–5.34) 0.133
Multivessel disease 1.11 (0.79–1.56) 0.549
TIMI flow 0–1 before PCI 0.74 (0.51–1.06) 0.102
Usage of IABP 0.69 (0.39–1.23) 0.210
Baseline LVEF (per 5% increase) 1.88 (1.60–2.20)  < 0.001 1.71 (1.45–2.02)  < 0.001
Initial creatinine, umol/L 1.00 (0.99–1.00) 0.122
Peak Troponin T, ng/mL 0.86 (0.82–0.90)  < 0.001 0.85 (0.81–0.90)  < 0.001
ACEIs/ARBs 1.22 (0.86–1.71) 0.264
β-receptor blockers 0.59 (0.38–0.92) 0.020 0.79 (0.47–1.33) 0.378

Table 3  Univariate and 
multivariate hazard ratio for 
outcomes

Baseline normal LVEF was treated as reference. Multivariate adjusted for age, sex, hypertension, diabetes, 
chronic kidney disease, prior PCI, prior stroke, smoking, heart rate, SBP, Killip class II–IV, out-of-hospital 
cardiac arrest, peak troponin T, initial creatinine, multivessel disease, usage of IABP, TIMI flow 0–1 before 
PCI, baseline LVEF, ACEIs/ARBs at discharge, and β-blockers at discharge
HR hazards ratio, 95% CI 95% confidence interval, LVEF Left ventricular ejection fraction, HF heart 
failure, PCI Percutaneous coronary intervention, SBP Systolic blood pressure, IABP Intra-aortic balloon 
pump, TIMI Thrombolysis in Myocardial Infarction, ACEIs Angiotensin-converting enzyme inhibitors, 
ARBs Angiotensin II receptor blockers

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Cardiovascular mortality
 Baseline normal LVEF 1.00 – 1.00 –
 Recovered LVEF 1.10 (0.39–3.08) 0.863 1.95 (0.52–7.34) 0.325
 Persistently Reduced LVEF 3.89 (1.93–7.85)  < 0.001 7.49 (1.94–28.87) 0.003

HF rehospitalization
 Baseline normal LVEF 1.00 – 1.00 –
 Recovered LVEF 1.62 (0.80–3.30) 0.180 0.79 (0.34–1.86) 0.793
 Persistently Reduced LVEF 9.66 (5.97–15.64)  < 0.001 3.54 (1.56–8.06) 0.003
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recovery and 54.1% suffering persistent LVEF reduction. We 
also demonstrated that lower peak troponin T, higher baseline 
LVEF, non-anterior MI and lower heart rates were indepen-
dently associated with LVEF recovery. After adjusting for 
confounders, patients with persistently reduced LVEF had a 
higher risk of cardiovascular mortality and HF rehospitaliza-
tion than patients with baseline normal LVEF, but patients 
with recovered LVEF had no such risk.

Few studies to date explored the long-term LVEF tra-
jectories after MI. This study identified two distinct LVEF 
trajectories over a 3-year follow-up in 553 patients with a 
baseline reduced LVEF after STEMI by LCTM. 45.9% of 
patients experienced LVEF recovery, presenting with a grad-
ual increase in LVEF during the first 9 months and reach-
ing a plateau after that, and the rest of the patients suffered 
from persistent LVEF reduction at a lower level. Our result 
was consistent with the previous studies on LVEF recovery 
after MI. Wu et al. found that 42% of patients recovered 
their EF to ≥ 50% within 180 days post-MI in young patients 
aged ≤ 50 years [22]. A retrospective, single-center study of 
554 STEMI patients with a baseline reduced LVEF (< 50%) 
reported that 54.0% of patients presented with complete 
recovery LVEF (≥ 50%) at 1-year follow-up[23]. Similar 
number was also observed in a recent study on LVEF recov-
ery in patients with STEMI, with 47% of patients experienc-
ing LVEF recovery after 3 months [16].

The change of LVEF post-MI is a dynamic process that 
depends on reversible myocardial stunning, irreversible 
necrosis and medication modification. Previous studies have 
shown that myocardial stunning is a phenomenon in which 
myocardial contractile function remains depressed but recov-
ered within weeks after revascularization [10, 24]. Contrary, 
LV remodeling triggered by irreversible necrosis in the core 
of the infarct zone affected the long-term LVEF recovery [25, 
26]. Besides, the current guidelines recommended that medi-
cation including angiotensin-converting enzyme inhibitors 
(ACEIs)/angiotensin II receptor blockers (ARBs), β-receptor 
blockers and mineralocorticoid receptor antagonist (MRA) 
can be used to improve myocardial remodeling after MI. 
However, most studies of LVEF recovery after MI report 
only a single LVEF reassessment, generally obtained at vari-
ous time points (such as 3 months, 6 months or 1 year after 
MI), and the definition of LVEF recovery post-MI is unclear. 
Besides, no precise recommendations are provided regarding 
the timing of reassessment of LVEF in the current guidelines. 
Our study found that patients with recovered LVEF reached 
a plateau around 9 months after discharge. This suggests that 
reassessment of LVEF in the early phase after MI may mis-
classify patients who are in the stage of increasing LVEF 
but have relatively low LVEF at that point. Of note, in our 
study, patients with persistently reduced LVEF had a higher 
frequency of prescription of β-receptor blockers, which may 
be due to higher heart rates in these patients.

Predictors including lower peak troponin T, higher base-
line LVEF, non-anterior MI and lower heart rates were asso-
ciated with increased probability of LVEF recovery in our 
study. Consistent with prior evidence [16, 18, 27, 28], we 
found that patients with lower peak troponin T are more likely 
to experience LVEF recovery. Henning Steen et al. proved 
that higher peak cardiac troponin T represents a bigger infarct 
size in MI [29], which means more irreversible necrosis in 
the core of the infarct zone. Most studies also confirmed that 
higher baseline LVEF enhances the probability of recovery 
[16, 23], though some studies considered that patients with 
a lower baseline LVEF showed a more significant improve-
ment in LV function [18, 30]. These differences may be due 
to participants' heterogeneity, inconsistent LVEF assessment 
methods, and non-uniform definitions of LVEF recovery. Our 
study also found that higher baseline LVEF was another pre-
dictor of LVEF recovery. Toronto et al. reported an inverse 
relationship between LVEF and infarct size determined by 
radionuclide measurement [31]. Based on this, we would like 
to speculate that patients with a higher baseline LVEF had 
smaller infarct size, a lower extent of myocardial ischemia, 
and a higher proportion of stunning myocardial in the infarct 
zone. So, these patients increased the possibility to experi-
ence LVEF recovery. Both LVEF and troponin T can reflect 
the extent of infarct size, but we still found they had differ-
ent predictive values in our study because echocardiography 
could not distinguish myocardial stunning from myocardial 
necrosis. We thought that higher peak troponin T, instead 
of troponin T from other time points, reflected more irre-
versible myocardial necrosis in the core of the infarct zone, 
while higher baseline LVEF represented a higher proportion 
of reversible stunning myocardial. We also found that non-
anterior MI was associated with LVEF recovery. Prior studies 
indicated that the involvement of the LMCA and/or LAD was 
a poor predictor of LVEF recovery [23] and the anterior loca-
tion of MI was an independent predictor of LV remodeling 
[18]. This phenomenon can be explained by the greater mag-
nitude of irreversible ischemic damage in anterior MI [32] 
and patients with anterior MI experienced more adverse LV 
remodeling than non-anterior MI patients [33, 34]. Though 
heart rates at admission and β-blockers at discharge showed 
significant statistical relation to LEVF recovery in univari-
ate analysis, only heart rates at admission were related to 
LVEF recovery in the multivariate model. The DANAMI-3 
trial determined that elevated heart rates are the independ-
ent correlate of infarct size and decreased LVEF [35]. The 
potential mechanisms of association between LV remodeling 
and elevated heart rates are as follows: higher heart rates 
lead to more oxygen demand, shorter coronary diastolic per-
fusion time, and indicate enhanced sympathetic excitation, 
thus exacerbating myocardial ischemia and hypoxia, finally 
promoting LV remodeling after MI [35–37].
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It is well accepted that depressed LVEF is a predictor of 
poor prognosis in MI patients over the past decades [4, 38]. 
Furthermore, more and more data prove that LVEF recovery 
is associated with a better prognosis. A prospective study that 
enrolled 228 patients with AMI and LV dysfunction deter-
mined that patients who recovered their LVEF had lower 
rates of 5-year cardiac mortality and HF rehospitalization 
[9]. A real-world study confirmed that patients with no LVEF 
recovery (△LVEF ≤ 0%) had a higher risk of death com-
pared with a modest (0% < △LVEF ≤ 10%) or large recov-
ery (△LVEF > 10%) in LVEF[18]. Oscar et al. found that 
patients with LVEF recovery (LVEF ≥ 50%) 1-year post-MI 
decreased their risk of all-cause and cardiovascular mortality 
compared with patients who did not [23]. Similar results were 
also observed in patients who experienced their first MI at a 
young age (< 50 years)[22]. In addition, Jeroen Dauw et al. 
reported that patients with recovered LVEF shared an equal 
risk of all-cause mortality and HF hospitalization compared 
with patients with baseline normal LVEF; on the other hand, 
patients with persistent LVEF reduction remained at higher 
risk [16]. So far, few studies on the association between 
long-term LVEF trajectories after STEMI and prognosis 
have been reported. Interestingly, our study indicated that 
patients showing persistently reduced LVEF trajectory had a 
higher risk of cardiovascular mortality and HF rehospitaliza-
tion than patients with baseline normal LVEF. In contrast, 
patients presenting with recovered LVEF trajectory reduced 
their risk of cardiovascular mortality and HF rehospitaliza-
tion to the level of patients with baseline normal LVEF. The 
current guidelines provided no exact recommendations for 
reevaluation of LVEF in MI after discharge. Our findings 
implied that reevaluating LVEF after discharge in STEMI 
can provide information on risk stratification and is a benefit 
of early recognizing the need to apply anti-remodeling thera-
pies, including ACEIs, ARBs, ARNIs, β-blockers, or MRA.

This study should be interpreted carefully because of some 
limitations. First, this is a retrospective, observational, single-
center research, though the sample size is considerable. Sec-
ond, our LCTM only identified two trajectories (recovered 
LVEF and persistently reduced LVEF) based on minimum 
BIC and the highest mean posterior probability. Although 
the sensitivity analysis using a model with three latent classes 
revealed three different trajectories (greatly recovered LVEF, 
mildly recovered LVEF and persistently reduced LVEF), and 
patients with persistently reduced LVEF had worse outcomes, 
which was consistent with the primary analysis. The other 
possible trajectories (like a trajectory that LVEF first rises 
and then reduces, or a trajectory that LVEF first reduces first 
then rises) still exists in the real world. The following are 

two possible explanations: on the one hand, we believe that 
recovered (greatly or mildly) and persistently reduced trajec-
tories are predominant in clinical practice, on the other hand, 
many follow-up LVEF values were missing at each time point 
due to the observational design of the present study. This 
indicates that a study with bigger sample size, prospective 
design, and time-scheduled LVEF measurements should 
be conducted in the future. Fourth, we did not analyze the 
LVEF in patients with baseline normal LVEF, though a pre-
vious study showed most of these patients remained normal 
LVEF at follow-up [39]. Finally, some patients with base-
line reduced LVEF were excluded due to inaccessible LVEF 
after discharge. Despite the baseline characteristics of these 
patients were comparable to those of patients included, the 
selection bias may still exist.

Conclusion

In summary, two distinct LVEF trajectories over a 3-year 
follow-up were identified. Patients with persistently reduced 
LVEF had a higher risk of cardiovascular mortality and HF 
rehospitalization than those with baseline normal LVEF, 
while the association was not pronounced in patients with 
recovered LVEF. In addition, several baseline characteris-
tics, including lower peak troponin T, higher baseline LVEF, 
non-anterior MI and lower heart rates, can be used to pre-
dict long-term LVEF recovery. These findings suggest that 
repeated LVEF evaluation after discharge can help stratifica-
tion in STEMI patients, especially patients with a higher risk 
of persistent LVEF reduction.
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