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ABSTRACT
Background Incidence, predictors, and prognostic 
impact of recurrent acute myocardial infarction (AMI) 
after initial AMI remain poorly understood. Data on 
recurrent AMI in China is unknown.
Methods Using the China Patient- centred Evaluative 
Assessment of Cardiac Events (PEACE)- Prospective 
AMI Study, we studied 3387 patients admitted to 53 
hospitals for AMI and discharged alive. The association of 
recurrent AMI with 1- year mortality was evaluated using 
time- dependent Cox regression. Recurrent AMI events 
were classified as early (1–30 days), late (31–180 days), 
and very late (181–365 days). Their impacts on 1- year 
mortality were estimated by Kaplan- Meier methodology 
and compared by the log- rank test. Multivariable 
modelling was used to identify factors associated with 
recurrent AMI.
Results The mean (SD) age was 60.7 (11.9) years 
and 783 (23.1%) were women. The observed 1- year 
recurrent AMI rate was 2.5% (95% CI 2.00 to 3.07) 
with 35.7% events occurring within the first 30 days. 
Recurrent AMI was associated with 1- year mortality with 
an adjusted HR of 25.42 (95% CI 15.27 to 42.34). Early 
recurrent AMI was associated with the highest 1- year 
mortality rate of 53.3% (log- rank p<0.001). Predictors 
of recurrent AMI included age 75–84, in- hospital 
percutaneous coronary intervention, heart rate >90 min/
beats at initial admission, renal dysfunction, and not 
being prescribed any of guideline- based medications at 
discharge.
Conclusions One- third of recurrent AMI events 
occurred early. Recurrent AMI is strongly associated 
with 1- year mortality, particularly if early. Heightened 
surveillance during this early period and improving 
prescription of recommended discharge medications may 
reduce recurrent AMI in China.

INTRODUCTION
Patients who survive acute myocardial infarction 
(AMI) in the acute phase remain at risk for recur-
rent AMI after discharge. Although recurrent AMI 
rates have declined over time,1–4 mortality rates 
after recurrent AMI remain high, with one- third of 
patients dying within 1 year after a recurrent AMI.2 
Comprehensively characterising the timing, predic-
tors, and prognostic effect of recurrent AMI can 
help develop effective strategies to prevent these 
events of consequence and improve overall survival 
rates of patients.

Prior studies using data from clinical trials to 
assess the predictors and prognostic impact of 

recurrent AMI have yielded valuable insights on this 
topic.5–9 However, these results may not generalis-
able to real- world populations. On the other hand, 
studies using administrative claims1–4 are more 
representative of the population providing reliable 
incidence estimates, but unable to assess predic-
tors of recurrent AMI in detail. Further, although 
previous studies highlight that a large proportion of 
recurrent AMI events occur relatively soon within 
30 days of hospital discharge from initial AMI,10 11 
we lack a deeper understanding of the extent to 
which the risk for these events change with time 
beyond the 30- day period.

Studying recurrent AMI is especially important 
for countries such as China which are facing an 
epidemic of cardiovascular disease. By 2030, 
the number of individuals with AMI in China is 
expected to reach 23 million,12 which translates 
to a large population vulnerable to recurrent AMI 
events. Developing a deeper understanding of the 
factors associated with recurrent AMI, the period 
of heightened vulnerability, and the extent to which 
recurrent AMI and the timing of recurrent AMI 
impacts postdischarge mortality in China can help 
devise strategies to reduce the burden of recurrent 
AMI.

Accordingly, in this study we use data from the 
China Patient- centered Evaluative Assessment of 
Cardiac Events (PEACE)- Prospective AMI Study13 
to evaluate the timing and frequency of recur-
rent AMI, the association between recurrent AMI 
and 1- year mortality, and the prognostic impact 
of the timing of recurrent AMI on mortality. We 
then study predictors of recurrent AMI events—
including patient characteristics and treatments at 
discharge.

METHODS
Study design and study population
The China PEACE- Prospective AMI Study has 
been previously described in detail.13 In brief, it is 
a large prospective cohort study that consecutively 
recruited patients from 53 hospitals (35 tertiary and 
18 secondary hospitals) located in 21 of 31 prov-
inces in China between December 2012 and May 
2014. Patients were eligible if they were aged 18 
years or older and hospitalised for AMI within 24 
hours of onset of symptoms. The diagnosis of AMI 
was consistent with the third universal definition.14 
Among the 3447 patients who agreed to be enrolled 
in this study and followed prospectively, we 
excluded patients who were transferred to another 
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facility (n=13), died prior to discharge or were withdrawn from 
treatment during hospitalisation (n=19), were lost to follow- up 
at 1 year after discharge (n=25), or had conflicting or missing 
information on the days to last follow- up (n=3). Finally, 3387 
(99.2%) eligible patients were included in this study.

All patients provided written informed consent. The study is 
registered at www. clinicaltrials. gov (NCT01624909).

Patient and public involvement
Patients and/or the public were not involved in the design, 
conduct, reporting or dissemination plans of this research.

Data collection and variable definitions
Sociodemographic and clinical characteristics, as well as treat-
ments and outcomes were obtained by central medical record 
abstraction and were supplemented with information from 
patient interviews. Patients completed a baseline interview 
during the index hospitalisation for AMI and were followed up 
at 1, 6, and 12 months following discharge. Site investigators 
completed the electronic questionnaires on a tablet computer 
during the interview, which allowed real- time check to ensure 
the accuracy and completeness of data. Copies of medical 
records of all hospitalisations during follow- up were collected 
for outcome event adjudication. Additionally, the abstraction 
quality was monitored by random auditing of 5% of the medical 
records, with overall variable accuracy exceeding 98%.

Patient characteristics included demographics, socioeconomic 
factors, cardiac history, cardiovascular risk factors, comorbidi-
ties, time between onset of symptoms and admission, prehospital 
emergency medical services, in- hospital diagnoses, vital signs at 
admission, diagnostic tests, in- hospital treatments and discharge 
medications, and in- hospital complications. Renal dysfunction 
was defined as blood urea nitrogen >40 mg/dL or creatinine 
>2.5 mg/dL.

To assess the baseline risk during the index AMI hospitalisa-
tion, we calculated a risk score for 1- year all- cause mortality for 
each patient. The risk score was based on a risk model that was 
reported in a previous study.15 We stratified patients into three 
risk groups based on the distribution of the baseline risk scores 
for 1- year mortality: low (<10th percentile), average (10th–90th 
percentile), and high (>90th percentile).

We also evaluated the prescription rate for the following five 
guideline- based therapies at discharge consistent with Amer-
ican Heart Association/American College of Cardiology (AHA/
ACC) performance measures for patients with AMI, including 
aspirin, beta- blocker, statin, clopidogrel, and angiotensin- 
convertingenzyme inhibitor/angiotensin receptor blocker.16 
Prescription rates were calculated among patients considered 
ideal candidates for each treatment. A composite prescription 
rate was calculated by determining the number of these therapies 
for which each patient was ideal (the denominator) and then 
determining the number of those treatments that the patient 
received (the numerator). So, this can be understood as the 
percentage of opportunities for secondary prevention treatments 
that were fulfilled.

The outcomes in our study were death from any cause, 
cardiac death, and recurrent AMI within 1 year using the 
index AMI discharge as the time zero. Information on all clin-
ical events including recurrent AMI and death was system-
atically obtained from relevant hospital records and death 
certificates collected during follow- up interview by local 
clinic staff. If a patient was unable or unwilling to attend 
the scheduled interview, information was collected over 

the telephone through a direct conversation between study 
physicians and patients or their relatives. All events were 
centrally adjudicated by trained cardiologists at the national 
coordinating center, according to standard approaches used 
in international large- scale trials.17

Statistical analysis
Continuous variables were reported as median with interquartile 
range (IQR) or mean with standard deviation (SD) and compared 
with the Kruskal- Wallis test. Categorical variables were presented 
as percentages and compared with the χ2 test. Differences in 
demographic and clinical characteristics of patients with and 
without recurrent AMI during 1- year follow- up were examined. 
To investigate the association between the recurrent AMI and 
1- year mortality, we fitted a frailty Cox model with hospital- 
specific random effect that modelled 1- year death as a function 
of the first recurrent AMI and adjusted for baseline mortality 
risk score. Recurrent AMI was modelled as a time- dependent 
variable in which the variable represents information on the 
occurrence of an event (yes/no) and the time of the occurrence. 
We also conducted an additional analysis with the last recur-
rent event as the time- dependent variable in the Cox model. 
To evaluate the impact of timing of the first recurrent AMI on 
the risk of 1- year mortality, we categorised recurrent AMI into 
three subgroups based on the number of days to recurrent AMI 
after discharge: early (1 to 30 days), late (31 to 180 days), and 
very late (181 to 365 days). Their impacts on mortality within 1 
year were modelled using Kaplan- Meier methods and compared 
using the log- rank test. We also assessed the impact of the timing 
of recurrent AMI on 1- year cardiac death for sensitivity anal-
ysis. To examine the predictors of recurrent AMI, we fitted a 
frailty Cox regression with hospital- specific random effect to 
model recurrent AMI as a function of patient characteristics 
and discharge medications [a binary variable indicated whether 
any of eligible guideline- based medications being prescribed or 
not for an individual patient (1=not being prescribed any of 
guideline- based medications; 0=being prescribed at least one 
guideline- based medications)]. For patients experiencing more 
than one recurrent AMI events, the first recurrent AMI event 
was counted. The proportional hazard assumption was assessed 
by including predictors- by- time interactions in the model and 
testing their statistical significance. No interaction terms reached 
statistical significance indicating that the proportional hazard 
assumption was satisfied.

Missing covariate data were imputed using the multiple impu-
tation method with 10 imputations. All analyses were performed 
on the data with missing value replaced by the average of the 
10 imputations.18 The actual missing rates ranged from 0.2% 
(systolic blood pressure at admission) to 2.7% (blood glucose) 
(Online Supplemental Table S2). Analyses were conducted using 
SAS V.9.4, 64- bit Windows (SAS Institute, Cary, North Carolina, 
USA). All tests of significance were two- tailed, with a level of 
significance set at an alpha of 0.05.

RESULTS
Baseline characteristics
Our study sample included 3387 patients with a mean 
(SD) age as 60.7 (11.9) years, 783 (23.1%) of which were 
women. Compared with patients without recurrent AMI, 
patients who experienced recurrent AMI were older, more 
commonly female, had a higher proportion of hypertension, 
diabetes mellitus, renal dysfunction, previous AMI, previous 
heart failure, and previous angina. They were more likely to 
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have a higher heart rate at admission and were less likely to 
have an ST- segment elevation AMI. In terms of in- hospital 
treatments during the primary event, patients with recurrent 
AMI were less likely to receive percutaneous coronary inter-
vention (PCI), clopidogrel, and statin. At discharge, patients 
with recurrent AMI were less likely to receive aspirin, clopi-
dogrel, and statin (p<0.05) (Table 1).

Frequency and timing of recurrent AMI
Median time to first recurrent AMI was 79 (IQR 4–180) days 
after discharge. For patients who did not receive all treatments 
for which they were considered ideal, the median time to first 
recurrent AMI was 42 (IQR 3–177) days after discharge. There 
were 84 [2.5% (95% CI 2.00 to 3.07)] patients having a total 

of 90 recurrent AMI events after initial AMI during the 1- year 
follow- up. Of these 84 patients, 30 (35.7%), 33 (39.3%), and 21 
(25.0%) experienced recurrent AMI events that were in the early 
(1 to 30 days), late (31 days to 180 days), and very late (181 days 
to 365 days) period, respectively. (Figure 1) The observed 1- year 
recurrent AMI rate among patients aged ≥65 years was 4.1% 
(95% CI 3.04 to 5.21). The proportion of high- risk patients 
among patients having early recurrent AMI was higher than that 
among patients having late and very late recurrent AMI (46.7% 
vs 22.2%, p=0.02). Five (6.0%) patients had more than one 
recurrent AMI event. The median duration between the first and 
the last recurrent AMI event was 59 days (IQR 21–106) (Online 
Supplemental Table S1).

Table 1 Baseline characteristics of patients with and without recurrent AMI after initial AMI

All patients Recurrent AMI No recurrent AMI P value

N=3387 n=84 n=3303

Sociodemographics

  Age, mean (SD) 60.7 (11.9) 66.2 (12.8) 60.5 (11.8) <0.001

  Age category, years, n (%) <0.001

  18–44 307 (9.1) 5 (6.0) 302 (9.1)

  45–64 1774 (52.4) 26 (31.0) 1748 (52.9)

  65–74 861 (25.4) 29 (34.5) 832 (25.2)

  75–84 407 (12.0) 24 (28.6) 383 (11.6)

  ≥85 38 (1.1) 0 (0.0) 38 (1.2)

  Female, n (%) 783 (23.1) 28 (33.3) 755 (22.9) 0.025

  College degree, n (%) 462 (13.6) 9 (10.7) 453 (13.7) 0.429

  Employed, n (%) 1420 (41.9) 20 (23.8) 1400 (42.4) <0.001

Medical history and comorbidities, n (%)

  History of angina 134 (4.0) 7 (8.3) 127 (3.8) 0.037

  History of acute myocardial infarction 267 (7.9) 12 (14.3) 255 (7.7) 0.027

  History of heart failure 787 (23.2) 33 (39.3) 754 (22.8) <0.001

  Dyslipidaemia 1885 (55.7) 58 (69.0) 1827 (55.3) 0.012

  Hypertension 230 (6.8) 12 (14.3) 218 (6.6) 0.006

  Diabetes 1005 (29.7) 36 (42.9) 969 (29.3) 0.007

  Renal dysfunction 694 (20.5) 33 (39.3) 661 (20.0) <0.001

Clinical characteristics, n (%)

  Systolic blood pressure at admission <100 mm Hg 264 (7.8) 6 (7.1) 258 (7.8) 0.822

  Heart rate at admission >90 beats/min 450 (13.3) 21 (25.0) 429 (13.0) 0.001

  Ejection fraction <40% 245 (7.2) 8 (9.5) 237 (7.2) 0.412

  ST- segment elevation AMI 2768 (81.7) 61 (72.6) 2707 (82.0) 0.029

Reperfusion therapies, n (%)

  PCI 2363 (69.8) 33 (39.3) 2330 (70.5) <0.001

  Thrombolytic therapy 489 (14.4) 11 (13.1) 478 (14.5) 0.723

In- hospital medications, n (%)

  Aspirin 3085 (91.1) 79 (94.0) 3006 (91.0) 0.334

  Clopidogrel 3231 (95.4) 74 (88.1) 3157 (95.6) 0.001

  Beta- blocker 2759 (81.5) 67 (79.8) 2692 (81.5) 0.685

  ACEI/ARB 2486 (73.4) 54 (64.3) 2432 (73.6) 0.056

  Statin 3337 (98.5) 80 (95.2) 3257 (98.6) 0.012

Discharge medications, n (%)

  Aspirin 3187 (94.1) 73 (86.9) 3114 (94.3) 0.005

  Clopidogrel 3088 (91.2) 70 (83.3) 3018 (91.4) 0.01

  Beta- blocker 2376 (70.2) 60 (71.4) 2316 (70.1) 0.796

  ACEI/ARB 2136 (63.1) 52 (61.9) 2084 (63.1) 0.824

  Statin 3193 (94.3) 74 (88.1) 3119 (94.4) 0.014

  Length of stay, median (IQR) 11 (8 to 14) 12 (8 to 14.5) 11 (8 to 14) 0.286

ACEI, angiotensin- converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; PCI, percutaneous 
coronary intervention.
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Association between recurrent AMI and 1-year mortality
The observed 1- year mortality rate in the study cohort was 
2.8% (95% CI 2.28 to 3.41). Among these 95 patients who 
died in 1- year follow- up, 27 (28.4%) had experienced recur-
rent AMI. Among 84 patients experiencing recurrent AMI, 27 
(32.1%) died during the 1- year follow- up. The median time 
from first recurrent AMI to death was 1 (IQR 1–25) days. After 
adjustment for baseline mortality risk score, recurrent AMI was 
strongly associated with 1- year mortality with an adjusted HR 
of 25.42 (95% CI 15.27 to 42.34) and 26.20 (95% CI 15.69 
to 43.77) using the first event and the last event as a time- 
dependent variable, respectively (Online Supplemental Figure 
S1).

Figure 2 depicts time to death in 1 year following discharge, 
according to the timing of recurrent AMI. Early recurrent AMI 
conferred the highest 1- year mortality rate of 53.3% (log- 
rank p<0.001). The sensitivity analysis yielded similar results 
regarding the association of the timing of recurrent AMI with 
1- year cardiac death (Online Supplemental Figure S2). Among 
five patients with more than one recurrent AMI events, 4 
(80.0%) patients died within 1 year after discharge.

Factors associated with recurrent AMI
We identified several factors associated with recurrent AMI 
in the multivariate model (Figure 3), including advanced age, 
in- hospital PCI, heart rate >90 min/beats at admission, renal 
dysfunction, and not being prescribed any of the guideline- 
recommended medications at discharge.

Discharge therapies
The composite prescription rate for guideline- recommended 
medications at discharge was lower among patients with recur-
rent AMI (88.9% vs 83.2%, p=0.002) (Figure 4). Nine hundred 
and sixty (28.3%) patients did not receive all treatments for 
which they were considered ideal and 98 (10.2%), 791 (82.4%), 
and 71 (7.4%) of these individuals were with high, average, and 
low risk for 1- year mortality, respectively.

DISCUSSION
In this real- world cohort of patients with AMI, we found that 
1 in 40 patients experienced recurrent AMI within 1 year of 
discharge, and patients with recurrent AMI had a 25- fold higher 
adjusted risk of 1- year mortality. More than one- third of recur-
rent AMI occurred early (within the first 30 days after discharge), 
and early recurrent AMI conferred the highest risk for 1- year 

Figure 1 Distribution of first recurrent acute myocardial infarction 
(AMI) after discharge from initial AMI.

Figure 2 Unadjusted Kaplan- Meier curve for 1- year all- cause death 
by the timing of recurrent acute myocardial infarction (AMI) relative to 
discharge.

Figure 3 Factors associated with recurrent acute myocardial 
infarction. PCI, percutaneous coronary intervention.

Figure 4 Prescription rates of five guideline- based medications at 
discharge. AMI, acute myocardial infarction.
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mortality. Inadequate prescription of recommended medications 
at discharge was associated with recurrent AMI.

We expand on previous literature in several respects. First, our 
study, based on data from a large real- world cohort of patients 
followed for 1 year with rigorous adjudication of events, is the 
first accurate estimate of 1- year postdischarge recurrent AMI 
rates in China. Rates of recurrent AMI were 2.5% and 4.1% 
among all patients and patients aged ≥65 years, respectively. 
These findings are similar to a prior report in Japan19 and 
comparable to that observed in Western nations.1 4 8 Specifically, 
the HORIZONS- AMI trial enrolling patients with ST- segment- 
elevation myocardial infarction) reported 1- year recurrent AMI 
rates of 4.0%,8 while a study among Medicare fee- for- service 
patients reported 1- year recurrent AMI rates of 5.1% in 2014.1

Second, our study presents an in- depth analysis of the 1- year 
recurrent AMI- specific pattern after hospitalisation for AMI. 
Prior studies have focused on readmissions in general20 or 
combined recurrent AMI events with other causes for readmis-
sion,21 while others have described recurrent AMI patterns for 
patients specifically after PCI.8 22 We found that a dispropor-
tionately high number of recurrent AMI occurred soon after 
discharge with one- third of events concentrated in the first 30 
days, subsequent to which the recurrent AMI rates remain low 
out to 1 year. These findings reinforce the need for heightened 
surveillance in this high- risk early phase after AMI discharge. 
They also imply that hospitals in China should expand their 
focus from inpatient care alone to transitional care as well. There 
may be potential for the introduction of hospital performance 
measures such as 30- day readmission23 to encourage hospitals 
and physicians to focus on care coordination, early follow- up, 
and postacute care.

Third, we quantified the impact of recurrent AMI on 1- year 
mortality and our results suggest a far greater prognostic impact 
of recurrent AMI on mortality compared with other Western 
studies.24 25 The 1- year mortality was much higher among 
patients experiencing recurrent AMI in the early period when 
compared with late recurrent AMI.9 The mechanism by which 
early recurrent AMI is more likely to result in 1- year death than 
the late is unclear. We observed that patients who experienced 
early recurrent AMI had higher baseline risk for mortality at the 
index admission. Thus, it is possible that patients who expe-
rience early events are sicker in general. Also, early recurrent 
AMI events may frequently represent stent thrombosis8 which 
is an event associated with high mortality. Additionally, the 
early postdischarge phase after any hospital stay regardless of 
cause has been shown to be a period of increased vulnerability,26 
with diminished physiological function, depleted reserves and 
impaired immune function, and events during this time may be 
associated with excess mortality risk.

Fourth, we identified predictors of recurrent AMI, which is 
essential for comprehensive risk stratification of patients and 
recurrent AMI prevention. Prior studies found advanced age, 
renal insufficiency, and in- hospital PCI to predict recurrent 
AMI.5 9 Our multivariate regression analysis confirm these predic-
tors but also identify additional predictors, such as increased 
heart rate at admission and incomplete prescription of recom-
mended medications at discharge. About one in three patients 
were not prescribed all the guideline- recommended medications 
for which they were eligible at discharge, and notably, one- tenth 
of these individuals were at high risk for future death. Although 
some patients who did not receive all medications for which they 
were considered ideal had recurrent AMI shortly after discharge, 
the median time for recurrent AMI was still 42 days postdis-
charge for these patients. This indicates there was potential to 

intensify treatment even after discharge and possibly some of 
the events could have been delayed or prevented with closer 
follow- up.

Our study results need to be interpreted in the context of 
certain limitations. First, similar to other longitudinal obser-
vational studies,27 the study could only include patients who 
consented to participate. Our findings therefore may not gener-
alise to all patients with AMI. Second, although multivariable 
analysis was performed to adjust for baseline mortality risk and 
recurrent AMI was modelled as a time- varying covariate, there 
might be unmeasured confounders that affect the observed 
association between recurrent AMI and 1- year mortality. Thus, 
one cannot directly infer from these analyses that the observed 
associations establish a causal link between recurrent AMI and 
mortality. Third, we did not have health information preceding 
the recurrent AMI event such as triggering events, adherence 
to secondary prevention medications which limit our under-
standing of the mechanisms by which these recurrent AMI 
events occurred. Fourth, we did not have information about the 
quality of care during the recurrent AMI hospitalisation which 
has important implications for subsequent outcome. This an 
important area for future study especially as our results suggest 
a particularly poor prognosis for recurrent AMI events in China, 
far greater than that observed in the West. Fifth, in the present 
study, we only focused on the prescription of five guideline- 
based medications recognised as performance measures by the 
AHA/ACC. Additional research is needed to assess the impact 
of adherence to other secondary prevention therapies such as 
aldosterone antagonists.

In conclusion, our analysis from the China PEACE- Prospective 
AMI study demonstrates that the rate of recurrent AMI within 
1 year after discharge is low with more than one- third occur-
ring within the first 30 days after discharge. Recurrent AMI is 
strongly associated with 1- year mortality, particularly if occur-
ring within the first 30 days. Improvements in prescription of 
guideline- directed discharge therapies, care coordination and 

Key questions

What is already known on this subject?
 ► Patients who survive acute myocardial infarction (AMI) in the 
acute phase remain at risk for recurrent AMI after discharge. 
Recurrent AMI after hospital discharge is associated with 
significant morbidity and mortality.

What might this study add?
 ► Based on data from a large real- world cohort of patients with 
AMI in China, we found that 1 in 40 patients experienced 
recurrent AMI within 1 year after discharge and more 
than one- third of recurrent AMI occurred early—within 
the first 30 days after discharge. Recurrent AMI is strongly 
associated with 1- year mortality, particularly if occurring 
early. In addition to clinical factors, inadequate prescription 
of recommended medications at discharge is associated with 
recurrent AMI.

How might this impact on clinical practice?
 ► Improvements in prescription of guideline- directed discharge 
therapies, care coordination, and increasing surveillance 
especially in the 30 days post- AMI may reduce the risk of 
recurrent AMI.
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increasing surveillance especially in the 30 days post- AMI may 
reduce the risk of these events.
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