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Background: Identifying the long-term predictors of recurrent cardiovascular events may help improve the quality of care and 
prevent subsequent events. We aimed to investigate the predictors of 1-year major cardiovascular events (MACE) in patients 
discharged after ST-elevation myocardial infarction (STEMI) in a tertiary hospital in Iran.

Methods: This registry-based cohort study included consecutive STEMI patients between 2016 and 2019 in Imam-Ali 
Hospital, Kermanshah, Iran. All patients discharged alive from STEMI hospitalization were followed up for 1 year for 
MACE, consisting of all-cause mortality, nonfatal MI, and nonfatal stroke. We estimated the hazard ratio (HR) and the 95% 
confidence interval (95% CI) using Cox proportional-hazard models to evaluate potential predictors, including demographic 
characteristics, medical history, cardiovascular risk factors, laboratory tests, reperfusion therapy, and medications.

Results: During 2187.2 person-years, 21 patients were lost to follow-up (success rate =99.1%). Of 2274 post-discharge STEMI 
patients (mean age =60.26 y; 21.9% female), 151 (6.6%) experienced MACE, including, all-cause mortality (n=115, 5.1%), 
nonfatal MI (n=20, 0.9%), and nonfatal stroke (n=16, 0.7%). Independent predictors of MACE were age (HR:1.02; 95% CI: 
1.00–1.04), no education vs ≥12 years of formal schooling (HR: 2.07; 95% CI: 1.17–3.67), stroke history (HR: 2.37; 95% CI: 
1.48–3.81), the glomerular filtration rate (HR: 0.98; 95% CI: 0.97–1.00), the body mass index (HR: 0.94; 95% CI:, 0.89–0.99), 
peak creatine kinase-MB (HR: 1.00; 95% CI: 1.00–1.002), thrombolysis vs primary percutaneous coronary intervention (HR: 
1.85; 95% CI: 1.21–2.81), and left ventricular ejection fraction <35% vs ≥50% (HR: 2.82; 95% CI: 1.46–5.47).  

Conclusion: Age, education, stroke history, the glomerular filtration rate, the body mass index, peak creatine kinase-MB, 
reperfusion therapy, and left ventricular function can be independently associated with 1-year MACE.
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Introduction
Patients who survive ST-segment–elevation myocardial 

infarction (STEMI) are at an elevated risk of morbidity and 
mortality.1, 2 For instance, in the United States, about one-
quarter of annual MI cases are due to recurrent events.2 

The risk of subsequent cardiac events is highest in the 
first year after MI events, a crucial period for clinical care 
and secondary prevention.3 Previous studies, mainly from 
high-income countries, have indicated that age, diabetes, 
hypertension, stroke history, reduced renal function, and no 
revascularization history are among the significant predictors 
of subsequent fatal and nonfatal cardiovascular events in 
STEMI patients.3, 4 The identification of cardiovascular 
event predictors following MI can help health systems to 
improve the quality of care and to prevent subsequent events 
in STEMI patients.5 

The majority of prior studies are focused on the short-term 
outcomes of MI3 or only mortality.1 Long-term mortality is 
an important outcome among surviving STEMI patients; 
however, other nonfatal recurrent cardiovascular events 
are also crucial because of their high incidence rate and 
significant impact on patients’ quality of life and economic 
consequences.2, 6

In recent years, the burden of ischemic heart disease 
has declined strikingly in high-income countries,7 mainly 
because of advances in health-system infrastructure and 
guideline-based therapies, including systematic secondary 
prevention programs.8, 9 Nonetheless, in low- and middle-
income countries (LMICs), accounting for 80% of the world’s 
population,7 the optimal guideline-based management is 
unfeasible,10 and the burden of morbidity and mortality 
remains elevated.7 These conditions notwithstanding, data 
are scarce regarding the management and predictors of the 
clinical outcomes of STEMI in LMICs.10 Therefore, in the 
present study, we aimed to evaluate the predictors of 1-year 
major cardiovascular events (MACE) of STEMI survivors in 
Imam-Ali Hospital, western Iran.

Methods

Kermanshah Province in the west of Iran had almost 2 
million inhabitants in the 2016 census.11 The eponymous 
capital city of the province is Kermanshah. Imam-Ali 
Hospital, affiliated with Kermanshah University of 
Medical Sciences, is the only specialized tertiary university 
cardiovascular hospital in the province.

Launched on July 1, 2016, the current registry-based 
cohort study with a 1-year follow-up enrolled all consecutive 
STEMI patients (>18 y) admitted to Imam-Ali Hospital and 
diagnosed by cardiologists based on the fourth universal 
definition of MI.12

This study included all patients discharged alive 

from STEMI hospitalization between July 1, 2016, and 
September 19, 2019. The Ethics Committee of Kermanshah 
University of Medical Sciences approved the study protocol 
(ethics registration code: KUMS.REC.1395.252). All the 
participants in the registry signed written informed consent.

In this registry, trained nurses, using a standard 
questionnaire, collected data about demographic information, 
medical history, laboratory test findings, electrocardiography 
data, reperfusion therapy, and medications at discharge. 
Demographic data, MI history, stroke history, coronary 
artery bypass surgery (CABG), smoking, diabetes, and 
hypertension were recorded based on self-report. These 
data were obtained by interviewing the patients and/or their 
first-degree relatives and using medical records. The place 
of residence was categorized as the city of Kermanshah and 
other cities or villages of the province. Laboratory findings 
were measured during the first 24 hours of admission; they 
included hemoglobin, low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and 
serum creatinine. Also recorded were reperfusion therapies, 
including primary percutaneous coronary intervention (PCI), 
pharmaco-invasive strategies (ie, thrombolysis followed by 
angiography and PCI if indicated), thrombolysis alone, and 
CABG. The body mass index (BMI) was calculated as weight 
in kilograms divided by the square of height in meters. The 
glomerular filtration rate (GFR) on admission was estimated 
using the chronic kidney disease epidemiology collaboration 
formula,13 based on age, sex, and baseline serum creatinine. 
The left ventricular ejection fraction (LVEF) was measured 
before discharge from the hospital and categorized into 3 
groups: ≤35%, 35%–50%, and ≥50%. Information about 
medication at discharge, including aspirin, P2Y12 inhibitors, 
β-blockers, angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (ACE-Is/ARBs), and statins, 
was obtained from medical records. The quality of the data 
was rechecked and confirmed by trained physicians.

The outcome of this study was MACE, considered a 
composite of all-cause mortality, nonfatal MI, and nonfatal 
stroke, during a 1-year follow-up. During admission, the 
patients’ mobile and home phones, as well as 2 phone 
numbers of their first-degree relatives, were recorded. Twelve 
months after discharge, the registry’s trained nurses collected 
follow-up data regarding the date of death, MI, and stroke 
of each patient via in-person interviews or telephone calls. 
The occurrence of MI and stroke was ascertained through 
the reviews of the patients’ hospitalization documents by 
trained physicians. The follow-up time was extended from 
the date of discharge until the date of MACE occurrence, 
loss to follow-up, or 1 year after discharge, whichever 
occurred first. For patients with more than 1 incidence of 
the individual components of MACE, the first event was 
considered in the analysis.

Continuous variables were expressed as the mean with 
the standard deviation (SD), and categorical variables were 
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reported as frequencies (percentages). Cox proportional-
hazard modeling was conducted to determine the predictors 
of the composite of all-cause mortality, nonfatal MI, and 
nonfatal stroke. The proportionality of hazards was verified 
by plotting the Schoenfeld residuals versus time and the 
Schoenfeld global test (P=0.511). Candidate variables for 
inclusion in statistical models were chosen according to 
previous studies3, 5 and variables of interest. These variables 
were age, sex (female/male), years of formal schooling 
(0, <12, and ≥12 y), place of residence (Kermanshah city/
others), MI history, prior stroke, prior CABG, ever smoking, 
diabetes, hypertension, LDL-C, HDL-C, GFR, hemoglobin, 
BMI, MI type (anterior wall or left bundle branch block/
others), the highest level of CK-MB, reperfusion therapy 
(primary PCI, pharmaco-invasive strategies, thrombolysis, 
CABG, and no-reperfusion), LVEF(≤35%, 35%–50%, 
and ≥50%), and medications at discharge (aspirin, P2Y2 
inhibitors, β-blockers, ACE-Is/ARBs, and statins). We 
reported the hazard ratio (HR) with the 95% confidence 
interval (95% CI) using univariable and fully-adjusted 
Cox models. In the final model, the strategy of change-
in-estimate with a cutoff of 10% was used to identify the 
independent predictors of the composite outcome,14 which 
was validated via stepwise selection methods. In a sensitivity 
analysis, we evaluated the predictors of all-cause mortality. 
All the statistical analyses were conducted by using the Stata 
statistical software (Stata Corp, Release 12, College Station, 
TX). A statistical significance level of 0.05 was considered 
(2-tailed).

Results

A total of 2295 STEMI patients were discharged alive from 
Imam-Ali Hospital between July 1, 2016, and September 19, 
2019. We excluded 21 patients from the study due to loss 
to follow-up, resulting in the availability of 2274 patients 
for analysis. The rates of missing data among the covariates 
were low; they consisted of years of schooling in 96 patients 
(4.2%), the place of residence in 20 (0.9%), LDL-C in 78 
(3.4%), HDL-C in 119 (5.2%), hemoglobin levels in 2 
(0.1%), and LVEF in 37 (1.6%).

The mean age of the patients was 60.26±12.25 years, and 
21.9% were female. In the present study, 71.7% (n=1562) of 
the patients had low levels of formal schooling: 30.9% had 
no formal education and 40.9% had less than 12 years of 
schooling. Moreover, 11.0% of the patients did not receive any 
reperfusion therapies, and 16.9% received only thrombolysis 
without subsequent coronary angiography or PCI during the 
index hospitalization. The baseline characteristics of the 
patients are presented in Table 1. Patients with the incidence 
of MACE were more likely to be women and older. 

During 798 330 person-days of follow-up, 151 of the 2274 
patients (6.6%) experienced MACE: 115 all-cause deaths 
(5.1%), 20 MIs (0.9%), and 16 strokes (0.7%). Figure 1 
shows the association between the categorized independent 
variables and MACE occurrence.

The results of the unadjusted and fully adjusted models 
are presented in Table 2. In the unadjusted analyses, older 
age, the female sex, diabetes, hypertension, LVEF below 

Figure 1. MACE-free survival using the final Cox model  based on categorized independent variables, including a; age (<55, 55-74, and  ≥75 years), b; 
years of formal schooling (0, <12, and ≥12 years), c; history of stroke,d; GFR (<60, 60-89, and ≥90 ml/min per 1.73m2), e;BMI (18.5-24.9, 25-29.9,and ≥30 
kg/m2),f; peak CK-MB (<median /≥median IU/L), g; reperfusion therapy, and h; LVEF (≤35%,35-50%, and≥50%). MACE, major adverse cardiovascular 
events; GFR, glomerular filtration rate; BMI, body mass index; CK-MB, creatine kinase-MB; LVEF, left ventricular ejection fraction.

Parisa Janjani et al. 
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35%, low GFR, a history of stroke, low hemoglobin levels, 
no formal schooling, and thrombolytic and no reperfusion 
therapies vs primary PCI increased the incidence of MACE 
significantly. Ever smoking and a high BMI were protective 

factors of MACE in the unadjusted analyses; however, after 
adjustments for all the variables, the significant association 
of ever smoking disappeared.

Table 3 shows the independent predictors of MACE and 

Table 1. Baseline characteristics of STEMI patients according to MACE status*

All (n=2274) MACE (+) (n=151) MACE (-) (n=2123)

Age (y) 60.26±12.25 67.61±13.86 59.74±11.96
Peak CK-MB (IU/L) 128.73±121.20 142.16±130.80 127.77±120.47
Hemoglobin (g/dL) 14.76±1.77 14.22±1.99 14.80±1.75
LDL-C (mg/dL) 105.33±31.22 104.59±36.15 105.38±30.85
HDL-C (mg/dL) 41.38±9.13 40.75±9.87 41.42±9.07
GFR (mL/min per 1.73m2) 69.12±17.43 58.72±18.73 69.86±17.10
Body mass index (kg/m2) 26.22±4.02 24.94±3.87 26.31±4.02
Sex (female) 497 (21.9) 54 (35.8) 443 (20.9)
Years of Schooling

0 672 (30.9) 78 (55.7) 594 (29.2)
<12 (y) 890 (40.9) 44 (31.4) 846 (41.5)
≥12 (y) 616 (28.3) 18 (12.9) 598 (29.3)

 Place of Residence
Kermanshah city 1750 (77.6) 105 (72.9) 1645 (77.1)
Others 504 (22.4) 39 (27.1) 465 (22.0)

History of MI 265 (11.7) 21 (13.9) 244 (11.5)
History of stroke 112 (4.9) 23 (15.2) 89 (4.2)
History of CABG 270 (11.9) 15 (9.9) 255 (12.0)
Ever smoking 1127 (49.6) 63 (41.7) 1064 (50.1)
Diabetes mellitus 447 (19.7) 43 (28.5) 404 (19.0)
Hypertension 929 (40.9) 88 (58.3) 841 (39.6)
Anterior MI/ LBBB 1195 (52.6) 90 (59.6) 1105 (52.1)
Reperfusion Therapy**

Primary PCI 1355 (61.5) 70 (47.1) 1285 (62.4)
Pharmaco-invasive approach 234 (10.6) 7 (4.8) 227 (11.0)
Thrombolysis alone 372(16.9) 38 (26.0) 334 (16.2)
CABG 199 (8.8) 192 (9.0) 7 (4.6)
No reperfusion 243 (11.0) 31 (21.2) 212 (10.3)

LVEF
<35% 964 (43.1) 96 (64.9) 868 (41.6)
35-50% 893 (39.9) 41 (27.7) 852 (40.8)
≥50% 380 (16.1) 11 (7.4) 369 (17.7)

Medication at Discharge
Aspirin 2246 (98.8) 148 (98.0) 2098 (98.8)
P2Y12 inhibitors 2199 (96.7) 143 (94.7) 2056 (96.8)
β-blockers 1868 (82.2) 121 (80.1) 1747 (82.3)
ACE-Is/ARBs 1694 (74.5) 117 (77.5) 1577 (74.3)
Statins 2208 (97.1) 145 (96.0) 2063 (97.2)

*Data are presented as mean±SD or numbers (%).
STEMI, ST-segment–elevation myocardial infarction; MACE, Major adverse cardiovascular events; CK-MB, Creatine kinase-MB; LDL-C, Low-density 
lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; GFR, Glomerular filtration rate; MI, Myocardial infarction; CABG, Coronary artery 
bypass surgery; LBBB, Left bundle branch block; PCI, Percutaneous coronary intervention; LVEF, Left ventricular ejection fraction; ACE–Is/ARBs, 
Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. 
**Seventy-three patients with primary PCI, 29 patients with pharmaco-invasive strategies, and 27 patients with thrombolysis alone finally received CABG 
during the index hospitalization.
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all-cause mortality based on the multivariable analysis. 
In this model, age, a history of stroke, LVEF, GFR, peak 
CK-MB, BMI, education, and types of reperfusion were 
associated with the occurrence of MACE. In addition, 
LVEF <35% versus ≥50% was associated with an almost 
3-fold higher risk for MACE (HR: 2.82, 95% CI: 1.46–5.47; 
P=0.002). BMI per 1 kg/m2 was an independent predictor 
for the low incidence of MACE (HR: 0.94, 95% CI: 0.89–
0.99; P=0.012). In the sensitivity analysis, the independent 
predictors of all-cause mortality were similar to those in our 
main analysis.

Discussion

In the present study, we investigated the risk factors 
associated with 1-year MACE among STEMI survivors, 
which is essential for identifying high-risk patients and 
secondary prevention. The results indicated that older age, no 
formal schooling, stroke history, peak CK-MB, thrombolytic 
therapy vs primary PCI, and LVEF <35% vs ≥50% were 
associated with the increased incidence of MACE, while 
a high GFR and a high BMI were predictors of a reduced 
incidence rate of MACE.

Parisa Janjani et al. 

Table 2. Risk factors associated with 1-year MACE of STEMI patients

Crude Model
HR (95% CI) P Fully Adjusted

HR (95% CI) P

Age (y) 1.05 (1.04-1.07) <0.001 1.02 (1.00-1.05) 0.018
Female sex 2.05 (1.47-2.86) <0.001 1.04 (0.64-1.68) 0.878
Years of schooling (Reference: 12 y) 1 1

<12 y 1.70 (0.98-2.95) 0.057 1.37 (0.74-2.53) 0.317
0 4.16 (2.49-6.95) <0.001 1.88 (0.99-3.57) 0.055

Place of residence (others) 1.29 (0.90-1.87) 0.167 1.12 (0.75-1.68) 0.565
History of MI 1.22 (0.77-1.94) 0.395 0.86(0.50-1.49) 0.594
History of stroke 3.78 (2.42-5.89) <0.001 2.12 (1.28-3.53) 0.004
History of CABG 0.82 (0.48-1.39) 0.461 0.75 (0.36-1.58) 0.451
Ever Smoker 0.72 (0.52-0.99) 0.045 0.99 (0.66-1.49) 0.978
Diabetes mellitus 1.65 (1.16-2.35) 0.005 1.32 (0.87-2.00) 0.199
Hypertension 2.08 (1.51-2.88) <0.001 1.36 (0.91-2.03) 0.131
LDL-C 1.00 (0.99-1.00) 0.753 1.00 (1.00-1.01) 0.340
HDL-C 0.99 (0.97-1.01) 0.403 0.98 (0.96-1.00) 0.122
GFR 0.97 (0.96-0.97) <0.001 0.99 (0.98-1.00) 0.057
Hemoglobin 0.84 (0.77-0.91) <0.001 0.96 (0.86-1.08) 0.514
Body mass index 0.91(0.88-0.95) <0.001 0.94 (0.89-0.99) 0.017
Anterior MI/ LBBB 1.36 (0.98-1.88) 0.065 1.06(0.70-1.60) 0.799
Peak CK-MB 1.00 (1.00-1.002) 0.147 1.00 (1.00-1.002) 0.047
Reperfusion therapy (Reference: Primary PCI) 1 1

Pharmaco-invasive approach 0.57 (0.26-1.24) 0.158 0.74 (0.34-1.64) 0.462
Thrombolysis 2.03 (1.37-3.01) <0.001 1.89 (1.21-2.95) 0.005
CABG 1.40 (0.56-3.47) 0.468 1.85 (0.58-5.91) 0.302
No reperfusion 2.58 (1.69-3.93) <0.001 1.65 (0.99-2.76) 0.053

LVEF (Reference: 50%) 1 1
35-50% 1.61 (0.83-3.12) 0.163 1.63(0.78-3.44) 0.197
<35% 3.59 (1.92-6.70) <0.001 2.94(1.39-6.19) 0.005

 Medication at Discharge
Aspirin 0.60(0.19-1.87) 0.375 0.89 (0.23-3.44) 0.861
P2Y12 inhibitors 0.59(0.29-1.21) 0.152 0.58 (0.26-1.33) 0.198
β-blockers 0.87(0.58-1.30) 0.501 0.68 (0.44-1.05) 0.085
ACE–Is/ARBs 1.18(0.81-1.73) 0.387 1.07 (0.70-1.63) 0.759
Statins 0.71 (0.31-1.61) 0.416 0.68 (0.28-1.63) 0.385

MACE, Major adverse cardiovascular events; STEMI, ST-segment–elevation myocardial infarction; HR: Hazard ratio; CI, Confidence interval; MI, 
Myocardial infarction; CABG, Coronary artery bypass surgery; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; 
GFR, Glomerular filtration rate; LBBB, Left bundle branch block; CK-MB, Creatine kinase-MB; PCI, Percutaneous coronary intervention; LVEF, Left 
ventricular ejection fraction; ACE–Is/ARBs, Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers 
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Survivors of MI are at an elevated risk of death and 
nonfatal recurrent cardiovascular events in the future.1, 2 A 
systematic review of post-MI patients showed that the risk 
of subsequent events was at least 30% higher than that of 
the general population in the long term.4 In our study, the 
1-year post-discharge MACE and all-cause mortality rates 
among hospital survivors of STEMI were 6.6% and 5.1%, 
respectively. In line with our results, the 1-year STEMI 
mortality rate after hospital discharge was 5.2% in a 
prospective multicenter registry from 5 major cities in Iran.15 
Other studies have also indicated a high incidence rate of 
recurrent cardiovascular events,3, 5 although this rate varies 
considerably between high-income countries and LMICs, 
based on their health system infrastructure.16

In our adjusted analyses, patients with fewer years of 
formal education had a higher risk of MACE incidence. 
Several studies have revealed associations between 
education and mortality and morbidity after cardiac events.5, 

17 By way of example, Yusuf et al,18 in a large international 
study (n=155 722), showed that low education was the single 
largest risk factor compared with other risk factors such 
as tobacco smoking, hypertension, and diabetes, with the 
highest population attributable fraction for mortality. A study 
in China using data from a large-scale nationwide cohort 
of MI patients showed that lower educational attainment 
was associated with a 68% increase in the risk of 1-year 
cardiovascular events.17 Some studies have shown that lower 
education levels are accompanied by a high occurrence rate 
of cardiovascular risk factors such as diabetes, hypertension, 
and smoking.19, 20 Education level as a substitute for economic 

status9 affects diverse domains of life, including exposure 
to healthier social and working environments, better access 
to health services, and social support.18 Moreover, poorly 
educated patients are less likely to have a deep understanding 
of their disease, clinicians’ recommendations,21 and good 
adherence to medications.9

Obesity is known as an important risk factor for 
cardiovascular disease and death.22 However, there are 
conflicting data on the association between BMI and adverse 
cardiovascular events among MI patients.23, 24 Some studies 
have indicated that obesity is associated with poor survival 
among MI patients.23 By contrast, some post-MI studies, 
in line with our results, have reported that a high BMI has 
a protective effect on short- and long-term mortality (a 
phenomenon often termed “the obesity paradox”).24, 25 Our 
study showed that a high BMI was related to a decreased 
incidence of MACE and all-cause mortality, even after 
adjusting for other covariates and excluding patients with a 
BMI value below 18.5 kg/m2. These findings chime in with 
a study by Plakht et al,25 who showed that after adjustments 
for age, LVEF, reperfusion therapy, renal dysfunction, and 
anemia, the obesity paradox persisted. In a large-scale cohort 
study of the Iranian population, BMI was a poor predictor 
of cardiovascular mortality.26 Researchers argued that BMI 
could not differentiate between fat mass, muscle, or bone 
density and could not reflect fat distribution in the body.26

Our results showed that appropriate reperfusion therapy 
was an independent predictor of the incidence of MACE 
and mortality. According to guidelines, primary PCI, when 
implemented in a timely manner (<120 min), is the best 

Table 3. Multivariable analysis of factors associated with 1-year MACE and all-cause mortality in STEMI patients

MACE All-Cause Mortality
HR (95% CI) P HR (95% CI) P

Age (y) 1.02 (1.00-1.04)   0.032 1.03 (1.01-1.05)   0.011
Years of schooling (Reference: 12 [y]) 1 1

<12 (y) 1.32 (0.75-2.34)   0.336 1.04 (0.52-2.08)   0.918
0 2.07 (1.17-3.67)   0.013 2.12 (1.08-4.15)   0.028

History of stroke 2.37 (1.48-3.81) <0.001 2.61 (1.56-4.40) <0.001
GFR 0.98 (0.97-1.00)   0.009 0.98 (0.97-1.00)   0.013
Body mass index 0.94 (0.89-0.99)   0.012 0.94 (0.88-0.99)   0.019
Peak CK-MB 1.00 (1.00-1.002)   0.038 1.00 (1.00-1.002)   0.035
Reperfusion therapy (Reference: Primary PCI) 1 1

Pharmaco-invasive approach 0.68 (0.31-1.48)   0.330 0.84 (0.36-1.97)   0.682
Thrombolysis 1.85 (1.21-2.81)   0.004 1.75 (1.06-2.90)   0.030
CABG 1.34 (0.54-3.33)   0.533 1.09 (0.34-3.50)   0.889
No reperfusion 1.58 (0.98-2.56)   0.061 1.78 (1.05-3.03)   0.033

LVEF (Reference: ≥50%) 1 1
35-50% 1.55 (0.77-3.13)   0.218 1.49 (0.68-3.27)   0.322
<35% 2.82 (1.46-5.47)   0.002 2.41 (1.14-5.07)   0.021

MACE, Major adverse cardiovascular events; STEMI, ST-segment–elevation myocardial infarction; HR: Hazard ratio; CI, Confidence interval; GFR, 
Glomerular filtration rate; CK-MB, Creatine kinase-MB; PCI, Percutaneous coronary intervention; CABG Coronary artery bypass surgery; LVEF, Left 
ventricular ejection fraction 
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strategy in the treatment of STEMI patients and is associated 
with lower risks of death and adverse outcomes.27 However, 
in LMICs, inadequate infrastructure is a major barrier to the 
optimal treatment of STEMI patients, and a small proportion 
of these patients receive primary PCI.16 Multiple studies 
have suggested that the pharmaco-invasive approach may 
be a realistic alternative when it is not possible to perform 
a timely primary PCI.28 In our study, among 919 patients 
without primary PCI, only 25.5% received pharmaco-
invasive therapy, whereas in some high-income countries, 
using well-organized STEMI networks, almost all non-
primary PCI-treated patients undergo pharmaco-invasive 
therapy.29 We found that the pharmaco-invasive approach 
had a lower rate of MACE incidence than primary PCI, 
although the difference was statistically nonsignificant. 
Similar findings concerning the incidence of MACE and 
mortality in the pharmaco-invasive approach compared with 
primary PCI have been reported in some other studies.28 

We showed that old age, stroke history, a low GFR, 
peak CK-MB, and left ventricular dysfunction also had 
significant associations with the incidence of MACE, which 
is similar to the findings of other studies.3-5 We found that 
a lower LVEF (<35% vs ≥50%), with a risk ratio of nearly 
3.0, was the strongest independent predictor of adverse 
events. In agreement with our study, some studies have 
reported that a lower LVEF is one of the most powerful 
predictors of mortality and morbidity.5 In addition, in our 
final model, peak CK-MB, independent of LVEF, was 
significantly associated with the incidence of MACE, 
indicating the significance of the extent of infarction in 
recurrent cardiovascular events. Our results demonstrated 
that an increased GFR was independently associated with a 
low incidence rate of MACE, which is consistent with prior 
findings among STEMI patients.30 Some other studies have 
indicated that renal dysfunction is a major risk factor for 
adverse cardiovascular events.5, 31

To our knowledge, this is the first large registry-based study 
with a 1-year follow-up of STEMI patients to rigorously 
adjudicate predictors of fatal and nonfatal recurrent 
cardiovascular events in western Iran. Our findings should 
be interpreted in the context of the following limitations. 
Although participation in secondary prevention programs 
such as cardiac rehabilitation and lifestyle modification 
programs could improve the survival rate and quality of life 
of STEMI patients, we did not have data on such programs 
in this study. Given that our study is observational, the 
findings may be influenced by unmeasured confounding 
variables. In addition, similar to any observational study, 
there is a possibility of information bias, especially in self-
reported variables. Our results are based on data from a 
tertiary cardiovascular hospital with primary PCI capability; 
therefore, they cannot be generalized to the entire province 
or country. Finally, small numbers of nonfatal MI and 
stroke events precluded separate analyses of the individual 

components of MACE.

Conclusion

In the present study, among ST-segment–elevation 
myocardial infarction survivors, age, formal schooling, 
stroke history, glomerular filtration rate, body mass index, 
peak CK-MB, reperfusion therapy, and left ventricular 
ejection fraction were associated with the occurrence of 
major cardiovascular events during a 1-year follow-up. Our 
findings highlight the importance of reperfusion therapy, 
especially the pharmaco-invasive approach, in the incidence 
of cardiovascular events in our population. These results 
also indicate that investment in education can improve the 
long-term health conditions of these patients. Identifying the 
long-term predictors of recurrent cardiovascular events can 
improve the quality of clinical care and secondary prevention 
programs. 
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