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Abstract
Introduction  Acute coronary syndrome (ACS) is one of the 
leading causes of death. Depression and/or anxiety after 
ACS is common. Studies from developed countries have 
reported that the occurrence of anxiety or depression after 
ACS might increase the risk of cardiovascular events and 
mortality. However, the results varied, and are limited in 
developing countries. Therefore, well designed large-scale 
real-world study is needed to make further clarification. 
The main objective of this study is to evaluate whether 
depression or anxiety could affect the prognosis of patients 
with percutaneous coronary intervention (PCI) post-ACS.
Method and analysis  The study is a prospective, 
multicentre, cohort study, which will be performed at 12 
large hospitals in northwest China and led by the First 
Affiliated Hospital of Xi'an Jiaotong University. A total of 
5000 patients with PCI post-ACS will be enrolled and 
followed up for 2 years. Their depression and anxiety status 
will be evaluated with the Patient Health Questionnaire-9 
or Generalised Anxiety Disorder-7 Assessment scales 
during the follow-up. A Cox proportional hazard model 
will be used to determine if depression/anxiety after PCI 
increase the risk of cardiovascular events. The impact of 
antidepression or antianxiety treatment on the cardiac 
prognosis will be explored as well among the patients with 
ACS who received the treatment after PCI.
Ethics and dissemination  This study has been 
approved by the ethics committee of the First Affiliated 
Hospital of Xi'an Jiaotong University (approval number: 
XJTU1AF2016LSL-036). The results will be published in 
research articles or conference papers.
Trial registration number  NCT03057691.

Introduction
Cardiovascular disease has been the leading 
cause of death in China, while acute coronary 
syndrome (ACS) accounts for 50% of cardio-
vascular deaths.1 ACS is the most common and 
high-risk type of coronary heart disease (CHD), 
including unstable angina (UA), non-ST-seg-
ment elevation myocardial infarction and 
ST-segment elevation myocardial infarction. 

Percutaneous coronary intervention (PCI) 
is the most important treatment for ACS at 
present. However, patients with PCI post-ACS 
still suffer a high incidence of major adverse 
cardiovascular events (MACE).2 Studies have 
shown that risk factors (such as hypertension, 
diabetes, and smoking) are associated with the 
prognosis after PCI.3–5 Recently, an increasing 
number of studies have indicated that anxiety 
and/or depression following CHD was very 
common, especially in ACS.6 7

The incidence of post-ACS anxiety in devel-
oped countries is extensive in that about 
20%–60% of patients with acute myocar-
dial infarction (MI) developed symptoms of 
anxiety.8 9 However, there are not enough 
data on the incidence of anxiety in post-ACS 
patients in China, and few studies have 
focused on the prognosis of patients with 
post-ACS anxiety throughout the world.

Strengths and limitations of this study

►► This is the first multicentre real-world study in 
China, as well as developing countries focusing on 
post-acute coronary syndrome (ACS) depression 
and anxiety.

►► To our knowledge, this is the largest project to eval-
uate the impact of depression and/or anxiety on 
the prognosis of patients with percutaneous coro-
nary intervention (PCI) post-ACS, which will provide 
strong evidence for depression and/or anxiety be-
ing an independent risk factor for patients with PCI 
post-ACS.

►► This is the largest study to provide real-world infor-
mation about the occurrence and therapeutic ac-
ceptance of depression and/or anxiety.

►► Some inadequacy of data recording and inter-centre 
selection bias may occur, which are limitations that 
are common to multicentre cohort studies.
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Box 1  Inclusion and exclusion criteria

Inclusion criteria
1.	 Aged >18 years old.
2.	 Patients with a diagnosis of acute coronary syndrome including 

acute myocardial infarction (MI) and unstable angina (UA). Acute MI 
diagnosis must be met with at least two of these following criteria: 
typical chest pain (pain in the precordial area for more than 30 min), 
elevated cardiac biomarkers (CK, CK-MB increases proportionally 
more than two times; troponin increases more than 10 times), the 
typical features of MI shown in ECG. The diagnosis of UA includes 
new onset angina within 2 months, crescendo angina, resting an-
gina, infarction angina (angina occurring 24 hours to 1 month after 
MI) and variant angina (angina pectoris caused by coronary spasm). 
Symptoms of angina pectoris are characterised by a progressive 
increase in the duration and intensity, but no myocardial enzyme 
elevation.

3.	 Good recovery after percutaneous coronary intervention (PCI): 1. 
stable vital sign after PCI, including normal blood pressure, heart 
rate, temperature and respiratory rate; 2. no angina pectoris onset; 
3. no intervention complications.

4.	 Volunteer for the study and sign the informed consent.

Exclusion criteria
1.	 Severe heart failure, defined as left ventricular ejection fraction 

≤30% or New York Heart Association class ≥III.
2.	 Severe renal dysfunction, defined as creatinine clearance rate 

≤30 mL/min.
3.	 Cancer (all kinds of malignant tumour).
4.	 Other severe mental illness including schizophrenia, severe demen-

tia and substance abuse.
5.	 Bipolar disorder, depressive or anxiety disorders before PCI.
6.	 Ongoing administration of antipsychotic, antidepressant or antianx-

iety drugs.
7.	 Serious risk of suicide (the last item of Patient Health Questionnaire-9 

scored over 2).
8.	 Severe, life-threatening medical condition (patients cannot partici-

pate in the study course).
9.	 Pregnancy and lactation.

Studies from developed countries have reported that 
the incidence of post-ACS depression is about 15%–20% 
within 1 year, which is three times as many as that of 
the general population.10 Moreover, the occurrence of 
depression after PCI has been found to be associated with 
adverse cardiac outcomes and mortality in patients with 
ACS.8 11 Therefore, in 2008, the American Heart Associ-
ation (AHA) recommended routine screening of depres-
sion in patients with CHD to guide treatment options,12 
and in 2014, the AHA proposed depression as a risk factor 
for adverse outcomes in patients with ACS.13 However, 
there are no large clinical studies showing the relation-
ship between depression and ACS in China.

Although the incidence of anxiety and depression 
after ACS has been depicted in many studies in devel-
oped countries, conditions in developing countries like 
China have not been well elucidated. Meanwhile, unlike 
the detrimental impact of depression on the prognosis 
of patients with ACS, the impact of anxiety post-ACS 
remains ambiguous due to the lack of relevant research. 
Hence, the main objective of this study is to evaluate the 
cardiac effect of depression and/or anxiety on the prog-
nosis of these patients with PCI post-ACS. Furthermore, 
if our study could prove that depression and/or anxiety 
is the important risk factor for adverse cardiac events, we 
will further explore whether antidepressant treatment or 
improvement of the emotional status could improve the 
prognosis of these patients.

Study design
This study is a prospective, multicentre, cohort study. 
Patients enrolled in the project will be followed up for 
2 years. The depression and anxiety scales and the MACE 
will be collected at each follow-up visit. The study will be 
performed in 12 Class 3A (first-rate large general hospitals 
rated by the Ministry of Health of the People's Republic 
of China according to medical service and management, 
medical quality and safety, technical level and efficiency, 
and the scale of the hospital) comprehensive hospitals in 
the northwest region of China, which is led by the First 
Affiliated Hospital of Xi'an Jiaotong University. All partic-
ipant centres have sufficient facilities, settings, and teams 
for the diagnosis and treatment of ACS and emotional 
disorders, and are capable of performing coronary angi-
ography and PCI. The project has been approved by the 
ethics committees of the First Affiliated Hospital of Xi'an 
Jiao Tong University and registered at www.​ClinicalTrials.​
gov.

Patient and public involvement
Patients were not involved in the design of this study and 
the development of the research questions and outcome 
measures nor will they be involved in the implementa-
tion of the study. The results will be disseminated to 
study participants by emails or letters, whichever they 
prefer.

Participants
Patients with a verified diagnosis of ACS within 7 days 
after PCI will be recruited. The recovery status of the 
recruited patients will be assessed up to 7 days after 
PCI before discharge in our study. The inclusion and 
exclusion criteria are listed in box  1. The patients will 
be enrolled in the 12 collaborating hospitals from May 
2017 to December 2019. The study flow chart is shown in 
figure 1. All participants will be asked to sign an informed 
consent form.

Outcomes
The primary outcome is the MACE results post-PCI, 
including all-cause mortality, MI, stroke, UA pectoris and 
unplanned revascularisation. The events will be evaluated 
at each follow-up, details of which include cause, onset, 
symptoms, treatments and the progress status, which will 
be verified with the corresponding medical records. If a 
patient suffered a primary outcome, then his or her study 

www.ClinicalTrials.gov
www.ClinicalTrials.gov
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Figure 1  Study flow diagram.

process will be terminated on the day of the event after 
verification.

Depression/anxiety measurements
Anxiety and depression scales are assessed by the Gener-
alised Anxiety Disorder (GAD-7) Assessment or GAD-2 
and the Patient Health Questionnaire (PHQ-9) or PHQ-2, 
which will be obtained by self-rating at each visit.

Self-rating anxiety scale
The GAD-7 is composed of seven items according to the 
characteristics of GAD symptoms. Each item is scored as 
0–3 according to the frequency of the respective issue 
from none to almost every day; thus, the total score of 
this scale ranges from 0 to 21. It is compact and reliable 
for identifying GAD and also has good validity when iden-
tifying other types of anxiety disorders.14 If a patient’s 
GAD-7 score is over 9, which indicates moderate or severe 
anxiety for the patient, an appointment will be made with 
a psychiatrist for further treatment.

The GAD-2 scale includes the first two items of the 
GAD-7. The GAD-2 scale will be used at telephone 
follow-ups to evaluate anxiety with acceptable proper-
ties.14 15

Self-rating depression scale
The PHQ-9 was developed from the nine symptoms 
of depression according to the Diagnostic and Statis-
tical Manual of Mental Disorders, 4th Edition (DSM-
IV) criteria. The scale is concise and operable to 
screen patients for depression and its severity with high 
reliability.16 Its scoring methods are the same as the 
GAD-7. If a patient’s PHQ-9 score is over 9, which indi-
cates moderate or severe depression for the patient, an 
appointment will be made with a psychiatrist for further 
treatment. Whenever the last item of the PHQ-9 of any 
patient scores is over 0, which means a possible suicidal 
tendency, we will contact psychiatrists immediately to fully 

assess the patient’s suicide risk, and appropriate interven-
tion will be administered if necessary.

The PHQ-2 scale includes the first two items of the 
PHQ-9. The PHQ-2 scale will be used at telephone 
follow-ups to evaluate depression with acceptable prop-
erties.15 17

The GAD-7 and PHQ-9 will be self-rated in visit 1 in 
ward post-PCI, while the GAD-2 and PHQ-2 will be self-
rated in the outpatient follow-up visit. If either the GAD-2 
or PHQ-2 scores are over 2, such patients will be required 
to finish the whole PHQ-9 and GAD-7 scales.

Other measurements
Demographics (income level, occupation, educational 
level and marital status), medical history of mental 
illness and comorbidities and related family history will 
be collected at baseline only. Medication information on 
antidepressant or antianxiety medications, physical exam-
ination, laboratory examination and echocardiography 
will be collected at all visits (table  1). These variables 
will be used to adjust the statistical model and perform 
subgroup analyses.

Follow-up
Patients recruited in the study will receive standard ACS 
treatment, and be followed up at 1 month, 3 months, 6 
months, 12 months, 18 months and 24 months after 
PCI. A telephone follow-up will be performed 1 week in 
advance before each outpatient visit to reduce the inci-
dence of loss to follow-up. Additional visits to a psychi-
atry specialist will be scheduled for a patient if a patient’s 
GAD-7 or PHQ-9 score is over 9. Further evaluation and 
treatment advices will be made by psychiatrists. Treatment 
of depression or anxiety is based on the patient’s own 
will and is not mandatory. Subsequently, antidepressive 
or antianxiety treatment information will be recorded in 
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Table 1  Evaluations at baseline and follow-up visits

Time after PCI 7 days 1 month 3 months 6 months 12 months 18 months 24 months

Demographic information ×

Medical history
(cardiac, mental illness, etc)

×

Family history ×

Comorbidities ×

Medication information × × × × × × ×

Physical examination
(height, weight, heart rate, blood 
pressure)

× × × × × × ×

Laboratory examination
(AST, ALT, CRP, LDL-C, HDL, TC, 
TG, FBG)

× × × × × × ×

Echocardiography × × × × × × ×

PHQ-9, PHQ-2, GAD-7, GAD-2 × × × × × × ×

Clinical events (death, MI, 
stroke, angina pectoris and 
revascularisation)

 �  × × × × × ×

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, high-sensitivity C reactive protein; FBG, fasting blood glucose; GAD, 
Generalised Anxiety Disorder; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MI, myocardial 
infarction; PCI, percutaneous coronary intervention; PHQ, Patient Health Questionnaire; TC, total cholesterol; TG, triglycerides.

Case Report Forms (CRFs). All the patients will receive 
routine ACS treatment during the whole process.

Data management
Data will be collected locally in CRFs and entered into 
the central clinical centre by an electronic data capture 
system. The data will be monitored regularly for data 
quality control by a data management team at the centre. 
No additional data are collected if a participant discon-
tinues this study or in other ways does not comply with 
the protocols.

Sample size
According to our preliminary research, about 20% 
patients with ACS post-PCI developed depression and/
or anxiety [Pr(x=1)], the incidence of MACE in ACS 
patients without emotional disorders post-PCI was about 
15% [Pr(y=1|x=0)]. We presumed conservatively that 
the HR of MACE in 2 years for patients with depression 
and/or anxiety was 1.3, and the rate of follow-up loss was 
approximately 20%, a total of 5000 patients would yield 
power larger than 85% in a two-sided test at α of 0.05.

Statistical analysis
All statistical tests will be two-tailed and significance will 
be considered as p<0.05. Continuous variables will be 
reported as the mean±SD, and categorical variables will 
be reported as frequencies and percentages. Differences 
in demographic and clinical characteristics at baseline 
across groups will be tested using analysis of variance 
(ANOVA) for continuous variables and χ2 tests or Fisher 
exact tests for categorical variables.

Cox proportional hazard model with the diagnosis of 
depression and/or anxiety included as a time-dependent 
covariate will be used to determine if depression/anxiety 
post-PCI increases the risk of cardiovascular events 
among all patients. The time-dependent covariate indi-
cates whether a patient has depression and/or anxiety at 
each time point. Patients without the two diseases will be 
the reference group. Within each group of patients with 
depression only, patients with anxiety only and patients 
with both diseases post-PCI, subgroup analyses will be 
performed to explore whether the freedom from MACE is 
different across different severity groups and whether the 
freedom from MACE is different between patients with 
and without treatment among patients with moderate and 
severe depression or anxiety. The Kaplan-Meier method 
will be used to determine the freedom from MACE. The 
repeated measure, mixed model of ANOVA will be used 
to determine if the PHQ-9 or GAD-7 changes over time.

Ethics and dissemination
In the case of important modifications to the protocol, 
trial investigators will be informed and the online regis-
tration will be updated. The results will be published in 
research articles or conference papers.

Discussion
Studies have indicated that the occurrence of depression 
or anxiety after ACS is quite common. Post-ACS depres-
sion may increase the risk of cardiovascular events and 
mortality, while it is still inconclusive whether post-ACS 
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anxiety has the same effect. Meanwhile, there is still a lack 
of evidence on whether the intervention towards post-ACS 
depression or anxiety could improve the cardiac prog-
nosis of these patients. To our knowledge, this study is the 
first large-sample, multicentre, real-world cohort study on 
the impact of depression and/or anxiety in patients with 
ACS who have undergone PCI in China or in any devel-
oping country, and it will provide a basis for the diagnosis 
and treatment of these patients.

Anxiety and depression share similar risk factors and 
pathogenetic connections with ACS and increase cardio-
vascular risks of patients with ACS through both physi-
ological and behavioural changes.8 18 19 Depression and 
anxiety could lead to increased platelet activity, endo-
thelial dysfunction, inflammation, reduced heart rate 
variability and neuroendocrine disorders, which may 
increase the risk of cardiovascular events.8 18 19 Depression 
and anxiety could reduce the compliance of secondary 
prevention in patients with ACS, and patients are less likely 
to quit smoking, go on a diet, exercise, seek medical help 
and participate in cardiac rehabilitation.8 19 Under the 
influence of these factors, the occurrence of depression 
or anxiety after PCI may lead to adverse cardiovascular 
events in patients with ACS. Therefore, antidepressant 
or antianxiety treatment might improve the prognosis of 
these patients.

Psychotherapy is of great significance in the treatment 
of depression and anxiety. However, it has little effect 
on the risk of cardiovascular events in post-ACS patients 
with anxiety or depression.20 21 Selective 5-serotonin 
reuptake inhibitors (SSRIs), sertraline and citalopram 
could improve both depression symptoms and anxiety 
symptoms. Considering their safety and effects, in 2008, 
the AHA recommended sertraline and citalopram as first-
line drugs in CHD patients with depression.12 SSRIs may 
have beneficial pleiotropic effects including recovery of 
heart rate variability, reduction of inflammatory markers, 
improvements in endothelial function and a reduction in 
platelet aggregation, which may provide cardiovascular 
protection in patients with PCI post-ACS.22 Nevertheless, 
it is still inconclusive whether SSRIs could have a benefi-
cial effect on the cardiovascular prognosis in patients with 
post-ACS depression.23 24 Recent studies have shown the 
risk of QT interval extension when using citalopram.25 In 
addition, many adverse reactions to other kinds of antide-
pressants or antianxiety drugs could also have detrimental 
effects, which makes the recommended level less or even 
banned in post-ACS patients.8 22 Therefore, the adminis-
tration of antidepressants needs prudent consideration. 
We intend to conduct subgroup analysis on the data of 
patients receiving antidepressive or antianxiety treatment 
according to their various therapies and their different 
responses after the end of the trial, so as to provide more 
sufficient evidence for the treatment of these patients.

In conclusion, this trial is the first large-sample multi-
centre real-world study in China or in any developing 
country, in which the occurrence of anxiety and depres-
sion in patients with PCI post-ACS will be recorded and the 

relationship between cardiovascular events and anxiety/
depression will be evaluated during 2 years of follow-up. 
Thus, our study is expected to provide solid and reliable 
data to support the clinical diagnosis and treatment of 
these patients.
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