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INTRODUCTION

Progression of Left  Ventricular (LV) remodeling aft er Myocardial 

Infarction (MI) may lead to higher mortality rates and likelihood of 

developing Heart Failure (HF) [1,2]. In order to reduce rates of re-

hospitalization and death due to HF aft er hospital discharge, ongoing 

disease management guidance should be provided to patients with 

Coronary Artery Disease (CAD). For this purpose, Physical Activity 

(PA) management serves as a cornerstone of secondary prevention 

and an integral part of a multifaceted, evidence-based approach to 

post-MI risk reduction. In particular, meta-analysis and randomized 

controlled trials have found that aerobic training is benefi cial in 

post-MI or HF patients with LV remodeling [3-5]. Th erefore, We 

hypothesized that daily habitual PA would eff ectively contribute to 

LV reverse remodeling in patients with post-MI. If specifi c target 

values could be set for PA levels to enable patients to achieve LV 

reverse remodeling, this would represent an extremely eff ective 

clinical educational method that could be used to maintain and 

improve patient motivation and adherence to disease management. 

Several studies have assessed predictors and cut-off  values for LV 

reverse remodeling. However, to the best of our knowledge, no one 

has collected much insight on LV reverse remodeling within the 

chronic clinical settings. Th e present study was performed to evaluate 

whether or not PA level could serve as a predictor of LV reverse 

remodeling in post-MI patients.

METHODS

We conducted a single-center, retrospective observational 

study, enrolling a total of 851 post-MI outpatients who underwent 

comprehensive risk management for the secondary prevention of 

Cardiovascular Disease (CVD) in as part of the Kitasato Registry for 

Cardiovascular Disease Prevention (KRCDP) from December 2002 

to March 2014. Patients who have (1) any previous coronary artery 

bypass surgery, (2) severe congestive Heart failure (3) hemodialysis 

(4) severe peripheral artery disease, and (5) limited walking ability 

(i.e., dementia, low vision or blindness, orthopedic abnormalities, 

and paralysis due to stroke) were excluded. At the time of registration 

in the KRCDP program and at every annual visit, vital signs, body 

weight, blood sample analyses, Ankle Brachial Index (ABI), and 

Brachial Ankle Pulse Wave Velocity (baPWV) were examined in 

CAD patients. We also provided comprehensive guidance concerning 

exercise and diet based on these results, and stored those data in the 

database for KRCDP programs. Our study protocol required an 

investigation of clinical background factors including blood pressure, 

Heart Rate (HR), ABI, baPWV, blood sampling, and PA level at 

baseline. Myocardial perfusion Single-Photon Emission Computed 

Tomography (SPECT) was used to measure myocardial perfusion 

and LV function at baseline and 12 months later (follow-up). All 

patients gave informed consent before participating in the study. 

Th e present study design was approved by the Ethics Committee of 

Kitasato University Medical Ethics Organization.

We assessed clinical characteristics including age, sex, Body Mass 

Index (BMI), peak creatine kinase, peak creatine kinase-MB, coronary 

risk factors (hypertension, diabetes mellitus, and dyslipidemia), and 

medications. Hypertension was defi ned as Systolic Blood Pressure 

(SBP) ≥ 140 mmHg, Diastolic Blood Pressure (DBP) ≥ 90 mmHg, 

or current use of antihypertensive medications [6]. Diabetes mellitus 

was defi ned as fasting plasma glucose ≥ 126 mg/dL, hemoglobin A1c 

(HbA1c) ≥ 6.5%, or current use of medications for diabetes mellitus 

[7]. Dyslipidemia was defi ned as low-density lipoprotein cholesterol 

(LDL-C) ≥ 140 mg/dL, high-density lipoprotein cholesterol (HDL-C) 

< 40 mg/dL, or current use of medication for dyslipidemia [8]. 

Obesity was defi ned as BMI ≥ 25 kg/m2, according to the criteria of 

the Japan Society for the study of Obesity [9]. Chronic Kidney Disease 

(CKD) was defi ned either as a kidney disorder (proteinuria, etc.) or 

as decreased kidney function with glomerular filtration rate (GFR) 

< 60 mL/min/1.73 m2 lasting for 3 months or longer [10]. Estimated 

GFR (eGFR) is calculated using the following formula: eGFR (mL/

min/1.73 m2) = 194×Cr-1.094 × Age-0.287 (multiply by an additional 0.739 

for women).

PA index was measured with a Kens Lifecorder uniaxial 

accelerometer (LC; SUZUKEN CO., LTD., Nagoya, Japan). We used 

average daily number of steps, as well as the times for light-intensity, 

moderate-intensity, and vigorous-intensity activities performed 

per day over 7 days as the PA index [11,12]. Based on body weight 

and acceleration pattern, this device determines the time spent 

performing PA (min/day) of light (< 3 METs), moderate (3-6 METs), 

and vigorous (> 6 METs) intensity, as well as the step count (steps/

day) [13]. All patients wore the accelerometer on a belt at waist level 

just above either leg for 24 hours a day for 8 days except while bathing 

and sleeping.

Based on electrocardiography-gated SPECT by 99mTc-

tetrofosmin, LV function was analyzed using common nuclear 

  ABSTRACT

Left Ventricular (LV) reverse remodeling after ST-Segment Elevation Myocardial Infraction (STEMI) reduces the incidence of 
re-hospitalization or death from heart failure or cardiovascular disease. The present study aimed to clarify whether Physical Activity 
(PA) level may serve as a predictor of LV reverse remodeling in post-STEMI out patients. Subjects were stable 113 patients with old 
myocardial infarction who had successful reperfusion following STEMI. PA was assessed by an accelerometer, which measured average 
step count and light-moderate and vigorous-intensity activity time per day for 1 week at baseline. Single Photon Emission Computed 
Tomography (SPECT) was used to measure myocardial perfusion and LV function at baseline and at 12 months. LV reverse remodeling 
was defi ned as a >10% reduction in LV end-systolic volume at 12 months relative to baseline SPECT. Patients were divided into LV 
reverse remodeling group (n = 57) and no-LV reverse remodeling group (n = 56). After adjusting for age, PA index, and baseline LV 
function, logistic regression analysis showed that moderate-intensity activity time was a signifi cant and independent predictor of LV 
reverse remodeling (odds ratio, 2.091; 95% Confi dence Interval [CI]: 1.476-2.967; p = 0.0001). Receiver operating characteristic curve 
analysis identifi ed a cut-off value of moderate-intensity activity for 29 minutes per day as a predictor of LV reverse remodeling, with 
a sensitivity of 74% and specifi city of 89% (area under the curve, 0.860; 95% CI: 0.789-0.931; p = 0.0001). In conclusion, time spent 
performing moderate-intensity activity as measured by accelerometer was found to be an independent predictor of LV reverse remodeling 
in post-STEMI patients with maintenance phase.
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cardiology soft ware. Th e Quantitative Gated SPECT (QGS) algorithm 

was used to measure LV Ejection Fraction (LVEF), LV End-Systolic 

Volume (LVESV), and LV End-Diastolic Volume (LVEDV). LV 

reverse remodeling was defi ned as a >10% reduction in LVESV at 

follow-up compared with baseline SPECT [14]. 

Blood samples were collected aft er an overnight fast. Biochemical 

markers such as Hemoglobin (Hb), Creatinine (Cr), eGFR, 

Triglycerides (TG), LDL-C, HDL-C, HbA1c, and Brain Natriuretic 

Peptide (BNP) levels were measured. 

Data are expressed as means ± standard deviation or as 

proportions. Student’s t test was used to compare continuous variables, 

and the Chi square test or Fisher’s exact test was used for categorical 

variables between groups at baseline. Furthermore, all follow-up 

data were analyzed by comparing them to baseline data. Diff erences 

between the groups and changes over time within each group (time 

eff ect), as well as any interaction (diff erent trends over time between 

groups) and LV function were assessed by repeated measures 2-way 

ANOVA. To test the hypothesis that PA level serves as a predictor 

of LV reverse remodeling, all variables with a univariate association 

of P < 0.10 were included in the model for the multivariate analysis. 

Receiver operating characteristic (ROC) curves were constructed by 

plotting sensitivity and specifi city to determine the best cut-off  value 

for diff erences in these values between LV reverse remodeling and no 

LV reverse remodeling groups. Area Under Th e Curve (AUC) and 

95% Confi dence Intervals (CI) were also calculated. Th e cut-off  value 

according to the ROC curves also allowed for a comparison of the rate 

of change in LVESV between the groups. All statistical analyses were 

performed using SPSS version 21.0 (SPSS, Japan, Tokyo, Japan). P< 

0.05 was considered statistically signifi cant. 

RESULTS

As shown in [Figure 1], among 851 patients, 578 patients fulfi lled 

the excluded criteria. During the analysis, 273 patients were excluded 

because of insuffi  cient data to evaluate clinical characteristics, PA, 

and/or LV function. Finally, 113 patients were included in the study.

Clinical characteristics of the study population are shown in [Table 

1]. Patients were categorized into 2 groups: LV reverse remodeling 

group (n = 57) and no LV reverse remodeling group (n = 56). Th e 

patients in the LV reverse remodeling group were signifi cantly 

younger than those in the no LV reverse remodeling group. PA data 

are shown in [Table 2]. Step counts and times spent performing 

moderate- and vigorous-intensity PA were higher in the LV reverse 

remodeling group than tin those of the no LV reverse remodeling 

group. [Figure 2], shows changes in LV function by SPECT. At 

baseline, LVEF, LVESV, and LVEDV were similar in the LV reverse 

remodeling and no-LV reverse remodeling groups. At the point of 

the 1-year follow-up, LVEF was signifi cantly higher in the LV reverse 

remodeling group than in the no LV reverse remodeling group. Both 

LVESV and LVEDV were lower in the LV reverse remodeling group 

than in those of the no LV reverse remodeling group.

Blood pressure, vascular function, and biochemical marker data 

are shown in [Table 3]. At the follow-up visit, SBP, DBP, HbA1c, 

HR, baPWV, and BNP were signifi cantly lower in the LV reverse 

remodeling group than in those of the no LV reverse remodeling 

group.

[Table 4] shows the results of the multivariate logistic regression 

analysis for LV reverse remodeling. Univariate predictors of LV 

reverse remodeling were age, step count, moderate- and vigorous-

intensity activity times, and baseline LVEF, LVESV, and LVEDV. 

Th e multivariate model that included these variables identifi ed 

moderate-intensity activity time as the strongest predictor of LV 

reverse remodeling. Th e ROC curve for moderate-intensity activity 

time as a predictor of LV reverse remodeling is shown in [Figure 3]. 

ROC curve analysis identifi ed a cut-off  value of 29 minutes/day as a 

predictor of LV reverse remodeling (74% sensitivity, 89% specifi city; 

AUC = 0.860; 95% CI: 0.789-0.931; p = 0.0001). Rate of change in 

LVESV divided by the cut-off  value is shown in [Figure 4]. Patients 

who achieved the targeted level of moderate-intensity activity time 

(29 minutes/day) had signifi cantly lower rates of change in LVESV.

DISCUSSION

Th e major fi nding of the present study was that moderate-

intensity activity time was a strong independent predictor of LV 

reverse remodeling among post-STEMI patients with chronic stable 

phase undergoing total risk management for secondary prevention 

of CVD. 

Other studies have found that PA was an independent predictor 

of HF and CVD death [15,16]. High levels of PA associated with 

lower morbidity and mortality from CVD [17,18]. Th erefore, PA 

management strategies can serve as a cornerstone for secondary 

prevention and an integral part of a multifaceted, evidence-based 

approach to reduce post-MI risks. It is also known that HF is caused 

by ventricular remodeling. However, few reports have investigated 

the association between PA and LV remodeling aft er MI. To the best 

of our knowledge, the present study was the fi rst to show that PA at 

one time could be a predictor of 1-year later LV reverse remodeling 

in patients with post-STEMI in choronic phase of stable conditions.

Th e potential mechanism underlying the association between PA 

and LV reverse remodeling in post-STEMI patients remains unclear. 

Figure 1: Flow diagram of the patient selection and exclusion process. CVD: 
Cardiovascular disease, KRCDP: Kitasato registry for cardiovascular disease 
prevention, LV: Left ventricular, MI: myocardial infarction, NYHA: New York 
Heart Association, PA: Physical activity.
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limit the deleterious eff ects on LV structure and function over time. 

Th is seems to be supported by the fact that BNP had declined at the 

time of follow-up only in the LV reverse remodeling group. We think 

that drug-related eff ects can be excluded, because drug treatment did 

not change in any of the patients during the study period.

Several studies of PA management have targeted HF patients and 

secondary prevention of CVD [15,16,22]. However, the target value 

of LV reverse remodeling for HF prevention was not clear. In the 

present study, ROC analysis identifi ed a cut-off  value of 29 minutes as 

the predictor of LV reverse remodeling post-STEMI. A meta-analysis 

and randomized controlled trials have found that aerobic training 

helped to prevent LV remodeling in post-MI and HF patients [3-5]. 

In those studies, subjects performed approximately 30 minutes of 

moderate-intensity aerobic training. Our study results are consistent 

with those from previous studies on both exercise intensity and time. 

Figure 2: Time course of left ventricular function in the left ventricular reverse 
remodeling group (squares) and the no left ventricular reverse remodeling 
group (triangles). Data are expressed as mean ± SD. *p < 0.05 versus 
baseline (time effect within group), †p < 0.001 versus baseline (time effect 
within group), ‡p < 0.001 interaction. LVEDV: Left ventricular end-diastolic 
volume, LVEF: Left ventricular ejection fraction, LVESV: Left ventricular end-
systolic volume.

Figure 3: ROC analysis of moderate-intensity physical activity time for 
predicting left ventricular reverse remodeling. Cut-off values with the greatest 
sensitivity and specifi city: 29 minutes of moderate-intensity activity (74% 
sensitivity, 89% specifi city). The AUC was 0.860 (95% CI: 0.789-0.931; p 
= 0.0001).

Several studies have found that moderate-intensity aerobic training 

can eff ectively promote LV reverse remodeling aft er MI through 

distinct mechanisms, including improvements in coronary and 

peripheral vascular endothelial function, myocardial contractility, 

reduced systemic vascular resistance, reduced preload, adjustments 

in autonomic system function, reduction in HR and blood pressure 

at rest and in submaximal loads, and reduction in the LV systolic 

and diastolic wall stress [19-21]. Furthermore, moderate-intensity 

physical activity is also associated with increased vascular endothelial 

function and decreased blood pressure. Indeed, baPWV, SBP and HR 

were decreased at 1-year follow-up only in the LV reverse remodeling 

group. Th ese phenomena favorably aff ect LV wall tension and may 

Figure 4: Changes in left ventricular end-systolic volume according to 
the time spent on moderate-intensity activity (≥ 29 minutes, squares; < 29 
minutes, triangles). Changes in LVESV detected at follow-up are expressed 
as percentages. LVESV: Left ventricular end-systolic volume.
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Table 1: Clinical Characteristics of Left ventricular reverse remodeling and No Left ventricular reverse remodeling groups.

Variable Overall Population (n = 113)
Reverse Remodeling

p Value
Yes (n = 57) No (n = 56)

Age (years) 71.1 ±8.1 69.5 ± 8.9 72.8 ± 6.9 0.030

Men 92 (81%) 49 (86%) 43 (77%) 0.210

Body mass index (kg/m2) 24.0 ±3.4 24.1 ± 3.8 23.9 ± 3.0 0.826

Peak serum creatine kinase (U/L) 3795.4 ± 2786.7 3629.5 ± 2694.7 3964.3 ± 2892 0.525

Peak serum creatine kinase-MB (mg/mL) 286.1 ± 205.8 268 ± 187.5 304.6 ± 223 0.346

Anterior wall infarct 65 (58%) 34 (60%) 31 (55%) 0.644

Initial reperfusion therapy

Primary percutaneous coronary intervention 62 (55%) 28 (49%) 34 (60%) 0.216

Thrombolysis 17 (15%) 9 (16%) 8 (14%) 0.823

Primary percutaneous coronary intervention 
plus thrombolysis 34 (30%) 20 (35%) 14 (25%) 0.242

Multivessel coronary disease 51 (45%) 24 (42%) 27 (48%) 0.514

Hypertension 89 (79%) 44 (77%) 45 (80%) 0.681

Diabetes mellitus 43 (38%) 25 (44%) 18 (32%) 0.200

Dyslipidemia 97 (86%) 46 (81%) 51 (91%) 0.114

Current smoker 87 (77%) 45 (79%) 42 (75%) 0.681

Obesity 42 (37%) 21 (37%) 21 (38%) 0.942

Previous angina pectoris 27 (24%) 13 (23%) 14 (25%) 0.785

Previous stroke 4 (4%) 1 (2%) 3 (5%) 0.302

Chronic kidney disease 47 (42%) 21 (37%) 26 (46%) 0.301

Medications at baseline

Angiotensin-converting enzyme inhibitor 53 (47%) 27 (47%) 26 (46%) 0.920

Angiotensin receptor blocker 46 (41%) 22 (39%) 24 (43%) 0.645

Beta blocker 76 (67%) 40 (70%) 36 (64%) 0.505

Calcium blocker 39 (35%) 17 (30%) 22 (39%) 0.290

Diuretic 26 (23%) 16 (28%) 10 (18%) 0.197

Statin 96 (85%) 48 (84%) 48 (86%) 0.283

Antiplatelet drug 107 (95%) 54 (95%) 53 (95%) 0.652

Nitrate 23 (20%) 10 (18%) 13 (23%) 0.454

Data are expressed as mean ± SD or as number (percentage) 

Table 2: Step counts and physical activity times.

Variable Overall Population
(n = 113)

Reverse Remodeling
p Value

Yes (n = 57) No (n = 56)

Step count (steps) 6503.1 ± 2858.7 8070.5 ± 2576.1 4907.7 ± 2178.6 0.0001 

Light-intensity activity time (minutes) 42.6 ± 18.8 45.4 ± 18.0 39.8 ± 19.2 0.117 

Moderate-intensity activity time (minutes) 28.2 ± 14.8 36.3 ± 15.9 20.0 ± 7.2 0.0001 

Vigorous-intensity activity time (minutes) 0.4 ± 0.4 0.5 ± 0.4 0.2 ± 0.3 0.0001 

Data are expressed as mean ± SD or as number (percentage). 
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Th e American College of Sports Medicine and the European 

Society of Cardiology have stated that adults must perform moderate-

intensity exercise for at least 30 minutes per day, 5 days per week in 

order to maintain optimal health.23,24 Th e physical activity intensity 

and time for achieving the LV reverse remodeling found by this study 

are considered to be safe as they comply with the prescribed exercise 

regimen specifi ed in the guidelines. Furthermore, the PA index for 

the present study was measured with a uniaxial accelerometer. Th e 

pedometer with an accelerometer we used is easy to use and has a 

high reliability [25-27]. Th erefore, the cut-off  value determined 

here can be considered appropriate as a management target value to 

achieve LV reverse remodeling.

Th e present study has some limitations. First, because of the 

small sample size and retrospective observational study design, we 

were unable to match the patient backgrounds completely. Second, 

we could not investigate moderate-intensity activity time at 1-year 

follow-up, and thus were unable to examine the relationship between 

moderate-intensity activity time and LV reverse remodeling. 

In conclusion, time spent performing moderate-intensity activity 

as measured by accelerometer was found to be an independent 

predictor of LV reverse remodeling in post-STEMI patients with 

chronic stable phase.
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