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Background-—Secondary prevention after acute myocardial infarction (AMI) requires long-term guideline-directed medical therapy.
However, the level of medication adherence, factors associated with poor adherence, and extent to which good adherence can
reduce adverse events after AMI in China remain uncertain.

Methods and Results-—In 2013 to 2014, 4001 AMI patients aged ≥18 years were discharged alive from 53 hospitals across China
(mean age 60.5�11.7 years; 22.7% female). Good adherence was defined as taking medications (aspirin, b-blockers, statins,
clopidogrel, or angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers) ≥90% of the time as prescribed. Cox models
assessed the association between good adherence (a time-varying covariate) and 1-year cardiovascular events after AMI. The most
common medications were aspirin (82.2%) and statins (80.5%). There were 243 patients who were not prescribed any medications
during follow-up; 1-year event rates were higher for these patients (25.1%, 95% CI 19.7–30.6%) versus those taking ≥1 medications
(6.6%, 95% CI 5.76–7.34%). The overall rate of good adherence was 52.9%. Good adherence was associated with lower risk of 1-year
events (adjusted hazard ratio 0.61, 95% CI 0.49–0.77). The most common reason for poor adherence was belief that one’s condition
had improved/no longer required medication. More comorbidities and lower education level were associated with poor adherence.

Conclusions-—Good adherence reduced 1-year cardiovascular event risk after AMI. About half of our cohort did not have good
adherence. National efforts to improve AMI outcomes in China should focus on medication adherence and educating patients on
the importance of cardiovascular medications for reducing risk of recurrent events.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01624909. ( J Am Heart Assoc. 2019;8:
e011793. DOI: 10.1161/JAHA.118.011793.)

Key Words: acute myocardial infarction • cardiovascular adverse events • medication adherence • patient-reported outcomes

P atients who survive an acute myocardial infarction (AMI)
remain at high risk for major cardiovascular adverse

events, including recurrent AMI, heart failure, stroke, and

death.1–6 Appropriate postdischarge treatment with guideline-
directed medical therapy is an important secondary preven-
tive measure to reduce the risk of recurrent events for
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cardiovascular disease.7–13 For secondary prevention treat-
ment after AMI, dual antiplatelet therapy with aspirin and
either clopidogrel or prasugrel, b-blockers, statins, and
angiotensin-converting enzyme inhibitors/angiotensin-recep-
tor blockers (ACEIs/ARBs) are recommended for at least
12 months, unless contraindicated.6

Adherence is a key factor associated with the effectiveness
of all pharmacological therapies, and it is particularly critical
for medications prescribed for chronic conditions. Increasing
adherence may have a greater effect on health than
improvements in specific medical therapies.14 Patients with
good adherence to their prescribed medications should have
better outcomes than those who are poorly adherent.7–13

However, despite its benefits, improving patient adherence to
guideline-recommended medication remains a challenge. For
example, a review of 127 articles published from January 1,
1990 through March 31, 2010 reported that �50% of patients
with cardiovascular disease did not take their medications as
prescribed.14

Greater focus on medication adherence after AMI and
the factors associated with adherence is needed to capture
the complete healthcare experience of AMI patients in
China, which can provide an indication of the proper target
for interventions. Corresponding data from China, however,
are scarce. Prior studies on secondary prevention medica-
tion adherence in China were limited by specific commu-
nities, hospitals, populations, or conditions.15–18 Further
evaluation of adherence in China has become increasingly
important, given that heart disease is the second leading
cause of death19 and �700 000 new cases of AMI occur
each year.20

Accordingly, we used data from the China PEACE Prospec-
tive AMI study (China Patient-centered Evaluative Assessment
of Cardiac Events Prospective Study of AMI) 21 to identify
factors associated with poor adherence and estimate the level
of patient-reported medication adherence for patients dis-
charged for AMI in China. We also evaluated the extent to
which medication adherence was associated with risk of
1-year major cardiovascular adverse events. This study, which
included medical record–abstracted data and detailed collec-
tion of longitudinal information on patients with AMI, is ideally
positioned to generate knowledge to improve post-acute care
for AMI in China.

Methods

Study Sample
The China PEACE Prospective AMI study consecutively
enrolled 5901 AMI patients aged ≥18 years across 53
acute-care hospitals between January 1, 2013 and July 17,
2014.22 Patient information was collected at baseline (ie, the
index AMI hospitalization) and postdischarge at 1, 6, and
12 months. Baseline data included medical chart–abstracted
information and in-hospital patient interviews. All post-
discharge interviews were conducted either in-person or via
telephone when an in-person interview was not feasible.
Patients were classified as nonresponders after 5 telephone
interview attempts with no response. The overall response
rate was 97.8%. Real Data Medical Research, Inc., in Ningbo,
China, abstracted all medical records, with an agreement rate
between repeat abstractions of 98% for key data elements.
During the 1-year follow-up period, trained staff interviewed
patients and systematically sought information on all clinical
events, including recurrent AMI, angina, stroke, heart failure,
transient ischemic attack, repeated angiography procedures,
revascularization, bleeding, and rehospitalizations. For
patients who died during follow-up, death information was
obtained from the family or physician. For patients who were
unable to attend an onsite interview, information was
obtained by telephone through direct correspondence with
the patient, patient’s family members, or patient’s physician.
It is our goal to share the China PEACE Prospective AMI study
data; however, at this time, we are unable to do so.

We excluded patients who did not agree to participate in
the follow-up interviews (n=1206), were transferred to
another acute-care hospital (n=113), who died before dis-
charge (n=287), or were lost to follow-up immediately after
discharge (n=68). We further excluded those patients whose
postdischarge interviews were conducted via telephone with a
proxy answering on the patient’s behalf (n=226) because the
interview responses may not have accurately reflected that
patient’s adherence. Overall, these excluded patients were

Clinical Perspective

What Is New?

• Good medication adherence was associated with lower risk
of 1-year events and about half of our cohort did not have
good medication adherence.

• The most common reason for poor medication adherence
was belief that one’s condition had improved or no longer
required medication.

• More comorbidities and lower education level were associ-
ated with poor medication adherence.

What Are the Clinical Implications?

• Good medication adherence may reduce 1-year cardiovas-
cular event risk after acute myocardial infarction.

• National efforts to improve acute myocardial infarction
outcomes in China should focus on medication adherence
and educating patients on the importance of cardiovascular
medications for reducing risk of recurrent events.
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older (age ≥65 years, 54.8% versus 38.0%), more female
(31.9% versus 22.7%), and more had no job at baseline (94.9%
versus 59.2%) than those analyzed. The Human Investigation
Committee of China’s National Clinical Research Center of
Cardiovascular Diseases approved this study. All patients
provided written informed consent.

Patient Characteristics
Patient characteristics included demographics (age, sex),
risky behaviors (alcohol drinking, cigarette smoking), socioe-
conomic status (income, education, occupation, insurance),
medical history/comorbidities (hypertension, diabetes melli-
tus, angina, coronary heart disease, prior ventricular tachy-
cardia/fibrillation, atrial fibrillation, heart failure, prior AMI,
prior percutaneous coronary intervention, prior coronary
artery bypass grafting), lifestyle factors (snoring during natural
sleep), >4 hours between symptom onset and hospital
admission, pre-arrival medical assistance, in-hospital diag-
noses (ST-segment elevation, inferior/anterior AMI, Killip
class 3 or 4, left ventricular ejection fraction <40%), renal
dysfunction (blood urea nitrogen >40 mg/dL or creatinine
>2.5 mg/dL), patient’s admission temperature in °C, heart
rate >90 beats per minute, blood glucose >12 mmol/L,
systolic blood pressure <100 mm Hg, white blood cell count
6 to 12 or >12 per mL, in-hospital treatments (coronary artery
bypass grafting, percutaneous coronary intervention, medica-
tions), and number of in-hospital complications (recurrent
angina, recurrent AMI, pericardial effusion, atrial fibrillation,
cardiopulmonary resuscitation, ventricular tachycardia/fibril-
lation, new heart failure, infection, stroke, and major bleeding;
range from 0 to 10 complications). Characteristics with
missing values were imputed using the multiple imputation
method with 10 imputations.23 The final imputed value was an
average of the 10 imputations. Rates of missing ranged from
0.2% (blood pressure and white blood cell count) to 2.7%
(blood glucose).

Outcome
Our outcome was 1-year major cardiovascular adverse events,
a binary variable defined as the occurrence of recurrent AMI,
stroke (ischemic or hemorrhagic), heart failure, or death,
within 1 year of discharge from the index AMI hospitalization.
For patients with multiple events, the first event was selected
for statistical modeling. Information on the outcome was
obtained through interviews (Data S1).

Medications and Adherence
We targeted 5 medications that were commonly prescribed to
patients discharged for AMI, including aspirin, b-blockers,

statins, clopidogrel, and ACEIs/ARBs. These medications
could be prescribed either at the time of discharge or any time
during the 1-year follow-up period; not every patient was
prescribed all 5 medications, and some were not even
prescribed 1 of the medications. Medication adherence was
composited by individual medications prescribed to a patient.
Specifically, in a follow-up interview, each patient was asked a
set of questions regarding his/her medications, including the
corresponding adherence and the main reason for not taking
medications as prescribed. Patients were asked, “In the past
month, have you ever inadvertently forgot to take the
medicines that your doctor prescribed and you are required
to take daily?” A patient was assigned an adherence score of
1.0 for a response of “never,” 0.90 for “once,” 0.80 for “2 to 3
times,” 0.60 for “once per week,” 0.40 for “2 to 5 times per
week,” and 0.0 for “every day or almost every day.” An
adherence score of 0.0 was assigned if the medication was
not prescribed at discharge. We repeated this assignment for
each patient and each medication prescribed to that patient.
A patient’s overall adherence score was the average of the
scores for the individual medications. An overall score ≥0.90
was considered good adherence,24,25 and a score <0.90 was
considered poor adherence. We repeated this procedure for
the 6- and 12-month interviews.

Statistical Analysis
We compared characteristics between patients who had at
least 1 major cardiovascular adverse event after discharge
and those who had no events using the v2 test for categorical
variables and the Kruskal–Wallis test for continuous variables.
To assess the association between 1-year postdischarge
major cardiovascular adverse events and medication adher-
ence, we fitted 3 Cox extended regression models with good
adherence (yes/no) as a time-varying covariate: (1) unad-
justed; (2) adjusted for patient demographics (age, sex); and
(3) adjusted for the risk factors that predicted 1-year major
cardiovascular adverse events in our previous study,22

including demographics (age), socioeconomic status (college
degree), comorbidities (prior AMI, prior ventricular tachycar-
dia/fibrillation, hypertension, angina), hospital diagnoses/
tests (ejection fraction <40%, ejection fraction unable to
measure, renal dysfunction, heart rate >90 beats per minute,
blood glucose >12 mmol/L, systolic blood pressure
<100 mm Hg, white blood cell count 6–12 or >12 per mL),
access to care (pre-arrival medical assistance, time from
symptoms to admission >4 hours), and number of in-hospital
complications. This sequence of assessments allowed us to
control for individual patient characteristics and make infer-
ences at the patient level regarding the impact of medication
adherence on the outcome. To remove the potential bias of
assigning patients an adherence score of 0 if none of the 5
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Table 1. Patient Characteristics According to Cardiovascular Adverse Events Within 1 Year

Patient Characteristics Aggregate (n=4001) No Event (n=3693) ≥1 Events (n=308) P Value

Demographics

Age, mean (SD), y 60.5 (11.7) 59.9 (11.7) 68.0 (10.9) <0.001

Age category, n (%) <0.001

45–64 y 2108 (52.7) 2011 (54.5) 97 (31.5)

65–74 y 997 (24.9) 885 (24.0) 112 (36.4)

75–84 y 482 (12.1) 404 (10.9) 78 (25.3)

≥85 y 43 (1.1) 31 (0.8) 12 (3.9)

Female, n (%) 909 (22.7) 804 (21.8) 105 (34.1) <0.001

Employed, n (%) 1637 (40.8) 1564 (42.4) 68 (22.1) <0.001

Owned car, n (%) 2182 (54.5) 2047 (55.4) 135 (43.8) <0.001

No college degree, n (%) 3454 (86.3) 3173 (85.9) 281 (91.2) 0.009

Farmer, n (%) 882 (22.0) 807 (21.9) 75 (24.4) 0.310

Worker, n (%) 1188 (29.7) 1103 (29.9) 85 (27.6) 0.400

Farmer with insurance, n (%) 1384 (34.6) 1271 (34.4) 113 (36.7) 0.421

Medical history and comorbidities

Family history of acute myocardial infarction, percutaneous
coronary intervention, or coronary artery bypass graft, n (%)

437 (10.9) 401 (10.9) 36 (11.7) 0.653

History of smoking, n (%) 798 (20.0) 720 (19.5) 78 (25.3) 0.014

Never smoked, n (%) 1110 (27.7) 998 (27.0) 112 (36.4) <0.001

Never drink, n (%) 2137 (53.4) 1933 (52.3) 204 (66.2) <0.001

History of angina, n (%) 159 (4.0) 136 (3.7) 23 (7.5) 0.001

History of acute myocardial infarction, n (%) 313 (7.8) 259 (7.0) 54 (17.5) <0.001

History of percutaneous coronary intervention, n (%) 264 (6.6) 235 (6.4) 29 (9.4) 0.038

History of coronary heart disease, n (%) 1703 (42.6) 1542 (41.8) 161 (52.3) <0.001

History of ventricular fibrillation or
ventricular tachycardia, n (%)

95 (2.4) 85 (2.3) 10 (3.3) 0.295

History of atrial fibrillation, n (%) 117 (2.9) 102 (2.8) 15 (4.9) 0.035

History heart failure, n (%) 1015 (25.4) 895 (24.2) 120 (39.0) <0.001

History of dyslipidemia, n (%) 1233 (30.8) 1121 (30.4) 112 (36.4) 0.028

History of chronic renal failure, n (%) 43 (1.1) 38 (1.0) 5 (1.6) 0.331

History of hypertension, n (%) 2235 (55.9) 2020 (54.7) 215 (69.8) <0.001

Diabetes mellitus, n (%) 959 (24.0) 856 (23.2) 103 (33.4) <0.001

Major surgery in past 4 wks, n (%) 82 (2.1) 75 (2.0) 7 (2.3) 0.774

Pneumonia, n (%) 438 (11.0) 381 (10.3) 57 (18.5) <0.001

Anemia, n (%) 533 (13.3) 467 (12.7) 66 (21.4) <0.001

No prior medical assistance, n (%) 2509 (62.7) 2293 (62.1) 216 (70.1) 0.005

Prior aspirin, n (%) 556 (13.9) 526 (14.2) 30 (9.7) 0.028

Coexisting conditions

Killip 3 or 4, n (%) 174 (4.4) 146 (4.0) 28 (9.1) <0.001

Current smoking, n (%) 2331 (58.3) 2192 (59.4) 139 (45.1) <0.001

Non-ST elevation, n (%) 366 (9.2) 341 (9.2) 25 (8.1) 0.514

ST depression, n (%) 948 (23.7) 873 (23.6) 75 (24.4) 0.778

Continued
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targeted medications were prescribed, we conducted a
sensitivity analysis by refitting the above models but exclud-
ing patients who were not prescribed at least 1 of the 5
targeted medications during the follow-up period. Additionally,
we fit a logistic model to assess the association between
patient characteristics and medication adherence (overall
score ≥0.9, yes/no) at 1 month. Analyses were conducted
using SAS version 9.4, 64-bit Windows (SAS Institute Inc.,
Cary, NC). All statistical testing was 2-sided, and P<0.05 was
considered statistically significant.

Results

Study Sample
The final sample included 4001 patients with AMI who were
discharged alive and not transferred to another acute-care
hospital. The mean (SD) age was 60.5 (11.7) years, and 22.7%
were female. The most common comorbidities were hyper-
tension (55.9%), coronary heart disease (42.6%), and dyslipi-
demia (30.8%). The median (interquartile range) hospital
length of stay was 11 (8–14) days. Patient characteristics
differed between those who had ≥1 cardiovascular adverse
events during follow-up and those who had no events
(Table 1).

One-Year Major Cardiovascular Adverse Events
The observed rate of 1-year cardiovascular adverse events
was 7.7% (95% CI 6.85–8.50). Among patients who had ≥1
cardiovascular adverse events during follow-up, the total
number of events per patient ranged from 1 to 7; 37.0% of
patients had ≥2 events. The most common event was heart
failure (5.7%), followed by recurrent AMI (3.2%) and stroke
(1.0%). The 1-year cardiovascular-related and noncardiovas-
cular-related mortality rates were 2.4% and 0.3%, respec-
tively. The median (interquartile range) days from discharge
to an event was 100 (29–198); recurrent AMI occurred
earlier than the other events (median 73 [6–194] days;
Figure S1).

Medications
Among the 4001 patients who were discharged alive, 243
(6.1%) were not prescribed any of the 5 targeted medications
at discharge or during the follow-up period. For patients who
survived the first month after discharge, aspirin (82.2%) was
the most frequently prescribed medication, followed by
statins (80.5%). This pattern did not change substantially
over the follow-up period, though medication rates were lower
overall at 6 months (Figure 1). For aspirin, b-blockers, statins,
clopidogrel, and ACEIs/ARBs, respectively, 70.1% (n=2596),

Table 1. Continued

Patient Characteristics Aggregate (n=4001) No Event (n=3693) ≥1 Events (n=308) P Value

Acute inferior myocardial infarction, n (%) 1514 (37.8) 1417 (38.4) 97 (31.5) 0.017

Acute anterior myocardial infarction, n (%) 725 (18.1) 682 (18.5) 43 (14.0) 0.049

Admission heart failure, n (%) 1008 (25.2) 889 (24.1) 119 (38.6) <0.001

Ischemia symptoms >20 min, n (%) 2900 (72.5) 2693 (72.9) 207 (67.2) 0.031

Ejection fraction <40%, n (%) 285 (7.1) 224 (6.1) 61 (19.8) <0.001

Ejection fraction unmeasured, n (%) 556 (13.9) 485 (13.1) 71 (23.1) <0.001

Coronary artery bypass graft surgery, n (%) 32 (0.8) 31 (.0.8) 1 (0.3) 0.330

Primary percutaneous coronary intervention, n (%) 1197 (29.9) 1132 (30.7) 65 (21.1) <0.001

Symptoms-to-admission >4 h, n (%) 2298 (57.4) 2115 (57.3) 183 (59.4) 0.465

Systolic blood pressure <100 mm Hg, n (%) 314 (7.9) 283 (7.7) 31 (10.1) 0.132

White blood cell count 6–129103/lL, n (%) 2805 (70.1) 2597 (70.3) 208 (67.5) 0.304

White blood cell count >129103/lL, n (%) 323 (8.1) 291 (7.9) 32 (10.4) 0.120

Fasting blood glucose >216 mg/dL, n (%) 229 (5.7) 203 (5.5) 26 (8.4) 0.033

Renal dysfunction, n (%) 828 (20.7) 693 (18.8) 135 (43.8) <0.001

Heart rate >90/min, n (%) 554 (13.9) 470 (12.7) 84 (27.3) <0.001

Liver disease, n (%) 62 (1.6) 60 (1.6) 2 (0.7) 0.183

Hypothyroidism, n (%) 46 (1.2) 40 (1.1) 6 (2.0) 0.171

In-hospital complications, mean (SD) 0.85 (1.01) 0.82 (0.99) 1.25 (1.24) <0.001

Length of stay, d, median (interquartile range) 11 (6) 11 (6) 12 (8) <0.001
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68.5% (n=1565), 79.7% (n=2510), 75.3% (n=2347), and 61.8%
(n=1056) of patients reported that they continued to take the
medication between the 1- and 12-month interviews. Among
patients who reported taking medications as prescribed at the

1-month interview, 1.7% were taking 1 medication and 70.9%
were taking 4 to 5 medications (Figure 2). By 12 months,
6.1% were taking 1 medication and 60.1% were taking 4 to 5
medications.

Figure 1. Distribution of prescribed medications over the study period. ACEI indicates angiotensin-
converting enzyme inhibitor; ARB, angiotensin-receptor blocker.

Figure 2. Number of prescribed medications per patient over the study period.
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Association Between Adherence and Major
Cardiovascular Adverse Events
The rate of good adherence (score ≥0.90) for all prescribed
medications was 73.5% at 1 month, 55.0% at 6 months, and
54.6% at 12 months. The overall rate for all eligible months
was 52.9%. Among patients who were prescribed ≥1 of the
targeted medications, the rate of postdischarge major

cardiovascular adverse events within 1 year was 6.6% (95%
CI 5.76–7.34) and the median (interquartile range) days to the
first event was 100 (31–195). The event rate was higher
(25.1%, 95% 19.7–30.6) and the median (interquartile range)
time to the first event was shorter (13 [3–59] days) for
patients who reported having none of the targeted medica-
tions. Patients with good adherence had a lower risk of 1-year
major cardiovascular adverse events than patients with poor
adherence (adjusted hazard ratio 0.61, 95% CI 0.49–0.77)
(Table 2, Figure 3). This finding did not change substantially
after excluding the patients who reported having none of the
targeted medications (adjusted hazard ratio 0.76, 95% CI
0.59–0.98).

Patient Characteristics Associated With
Adherence
The most frequently reported reason for patients not taking
medications as prescribed was, “I think that my condition has
improved and do not need to take it.” The proportion of
patients reporting this reason increased over time (Figure 4).
Other common reasons for poor adherence were cost and
concern about side effects, which both varied by medications.
Patients with more comorbidities and lower levels of educa-
tion were more likely to poorly adhere to their medications
(Figure S2).

Table 2. Results From Extended Cox Regression Models

Model Hazard Ratio 95% CI

Model #1 (unadjusted)
Good adherence

0.57 0.45–0.71

Model #2 (adjusted for patient
demographics [age, sex])

Good adherence

0.60 0.47–0.75

Model #3 (adjusted for the risk factors
that predicted 1-y major cardiovascular
adverse events in previous study)*

Good adherence

0.61 0.49–0.77

*Model #3 was adjusted for patient demographics (age), socioeconomic status (college
degree), comorbidities (prior acute myocardial infarction, prior ventricular tachycardia/
fibrillation, hypertension, angina), hospital diagnoses/tests (ejection fraction [EF] <40%,
EF unable to measure, renal dysfunction, heart rate >90 beats per minute, blood glucose
>12 mmol/L, systolic blood pressure <100 mm Hg, white blood cell count 6–12 or >12
per mL), access to care (pre-arrival medical assistance, time from symptoms to
admission >4 h), and number of in-hospital complications.

Figure 3. Kaplan–Meier estimator to show the observed probability of being free from 1-year major
cardiovascular adverse events in the good adherence (score ≥0.90), poor adherence (score <0.90), and no
medication groups.
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Discussion
In this large, comprehensive investigation of the association
between medication adherence and 1-year major cardiovas-
cular adverse events among patients discharged with AMI in

China, we found that good adherence was significantly
associated with lower risk of 1-year major cardiovascular
adverse events. We also observed that nearly 30% of AMI
patients in our Chinese cohort did not take medications as

Figure 4. Reasons for not taking medications as prescribed by interview period (top panel: 1 month
after discharge, middle panel: 6 months after discharge, and bottom panel: 12 months after discharge).
The most frequently reported reason for patients not taking medications as prescribed was, “I think that
my condition has improved and do not need to take it.” The proportion of patients reporting this reason
increased over time. Take b-blocker for example; the percentage of patients reporting this reason was
27.4% at 1 month, 42.1% at 6 months, and 45.8% at 12 months. ACEI indicates angiotensin-converting
enzyme inhibitor; ARB, angiotensin-receptor blocker.
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prescribed during the first month after discharge. Given the
important role of patient medication adherence in the effec-
tiveness of guideline-directed medical therapy for the preven-
tion of postdischarge cardiovascular adverse events,
physicians should ensure intensive follow-up of their patients
regarding medication adherence and modify prescription
regimens when required.

The reasons for poor adherence are diverse. Although we
found that age, education level, and comorbidities were
associated with poor adherence, the low c-statistic of 0.64 for
our prediction model suggests that these characteristics are
only partially responsible for poor adherence. Another factor
that could contribute to poor adherence is health literacy. We
found that the primary reason for patients failing to take their
medications as prescribed was the belief that their condition
had improved and that the medication was no longer needed.
Such a decision, against physician guidance, was common in
our Chinese patient population throughout the 1-year follow-
up period. Cost was less of a concern when it came to poor
adherence because <10% of patients reported that they
stopped their medications because of the cost. National
efforts should focus on improving patient health literacy, with
an emphasis on the importance of following physician
guidelines for medication use.

Our study, based on chart-abstracted information and
patient interviews, represents a unique, large, and contem-
porary investigation of the association between medication
adherence and 1-year major cardiovascular adverse events
following discharge for AMI in China. In contrast to prior
studies that treated adherence as a static variable, we
considered adherence as a time-varying variable, allowing it to
vary over the study period. This approach is important
because we found that adherence declined over time.
Although the overall 1-year mortality rate for patients
surviving an AMI is important, many patients experience
nonfatal adverse events that can dramatically affect their
quality of life. Medication adherence may help prevent these
nonfatal cardiovascular adverse events, which are important
from a patient perspective. Educating patients regarding their
long-term risk of both fatal and nonfatal adverse events after
AMI might provide an even stronger incentive to follow up
with their physicians and adhere to medications.

Our study also identified potential for improved quality of
care at the hospital level. There were 6.1% of patients who
were not prescribed any of the 5 targeted medications at
discharge or during the follow-up period. The observed rate
of postdischarge major cardiovascular adverse events was 3
times higher for these patients when compared with those
prescribed at least 1 of the 5 targeted medications. Although
many of the patients who were not prescribed medications
died shortly after discharge, the 75th percentile of survival
time was 59 days postdischarge for these patients,

indicating potential to prescribe secondary preventive med-
ications up to 2 months after discharge. It is possible that
some of the events could have been delayed or prevented if
the patients had been provided with guideline-directed
medications. Overall, the process of care can be improved
for patients with AMI in China. For example, a study of 1663
AMI patients discharged from 13 hospitals in Beijing in 2005
found that in-hospital mortality was 8.2%; the rates of
guideline-based medications for AMI at discharge were
93.6% for aspirin, 78.7% for b-blockers, 85.4% for low
molecular weight heparin, 85.1% for ACEIs/ARBs, and 74.7%
for statins.26 Another study that included 2128 AMI patients
across 20 tertiary hospitals in Heilongjiang Province in 2009
to 2010 found that in-hospital mortality was 7.7%, and the
rates of guideline-based medications for AMI were 71.6% for
aspirin, 41.3% for b-blockers, 82.5% for clopidogrel, 63.5%
for ACEIs/ARBs, and 80.4% for statins.27 It is clear that
national efforts are needed to improve quality of care and
increase the rates of guideline-recommended medications at
the hospital level.

Our study has several limitations. Medication adherence
was measured according to patient self-report. The data were
drawn from large, urban hospitals, which provide elite-level
care in China. Thus, our findings may not generalize to
patients treated at lower-tier institutions. Poor medication
adherence could also be the result of physician factors, such
as prescription of complex medication regimens, communi-
cation barriers, ineffective communication of information
about adverse effects, and provision of care by multiple
physicians. Our data set does not include information on
physician behaviors, and we were therefore unable to assess
the association between physician characteristics and patient
medication adherence. Further research is needed in this
important area to better understand the challenge of medi-
cation adherence in China.

In conclusion, medication adherence was associated with
reduced risk of 1-year major cardiovascular adverse events
for patients discharged alive with AMI in China. To improve
outcomes after AMI, national efforts should focus on encour-
aging patients to follow physician guidelines for postdischarge
medications and improving quality of care at the hospital
level.
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SUPPLEMENTAL MATERIAL 

  



 

 

Data S1. 

 

Supplemental Methods 

 

Clinical outcome definitions 

Recurrent myocardial infarction 

 The term Myocardial Infarction (MI) should only be used when there is evidence of myocardial 

necrosis consistent with myocardial ischemia in an appropriate clinical context. In general, the 

diagnosis of MI requires the following to be true:  

 

 i. Cardiac necrosis  

   - Cardiac biomarkers 

 

Cardiac biomarker results compatible 

with acute myocardial necrosis 

 or - Autopsy 

 

Myocardial necrosis/scar or coronary 

thrombus of an age consistent with 

the clinical presentation 

AND ii. Other supporting 

information: 

 

   - Presentation i.  Symptoms of ischemia; or  

ii. Death 

 or - ECG 

 

i.  Ischemic changes (not known to be 

old); or  

ii. Development of pathological Q waves 



 

 

 or - Imaging 

 

i.  New myocardial defect; or  

ii. Acute coronary occlusion 

AND iii. Exclusions: No other likely diagnosis 

 

Hospitalized heart failure 

Hospitalized heart failure is defined as an event where the patient is admitted to the hospital with 

a primary diagnosis of heart failure and the length of stay is at least 24 hours (or extends over a 

calendar date if the hospital admission and discharge times are unavailable), exhibits new or 

worsening symptoms of heart failure on presentation, has objective evidence of new or 

worsening heart failure, and receives treatment (initiation or intensification) specifically for heart 

failure. 

 

Ischemic/hemorrhagic stroke 

Ischemic stroke is defined as an acute symptomatic episode of focal or global neurological 

dysfunction caused by brain, spinal, or retinal vascular injury as a result of infarction. 

Hemorrhagic stroke occurs when a blood vessel in the brain breaks, leaking blood into the 

surrounding tissue. 

 

Vascular death and all-cause death 

Vascular death includes death due to cardiovascular diseases (e.g., AMI, heart failure, stroke, 

coronary revascularization, hospitalized unstable angina). All-cause death is defined as any death 

regardless of cause.  

 



 

 

Figure S1. Median days to 1-year major cardiovascular adverse events. 

 

 



 

 

Figure S2. Patient characteristics associated with poor-adherence. 

 


