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ABSTRACT
Objectives  Cardiac rehabilitation (CR) improves outcomes 
after myocardial infarction (MI), but it is underused in 
China. The purpose of this study was to develop a set 
of quality indicators (QIs) to improve clinical practices 
and to confirm the measurability and performance of the 
developed QIs for CR in Chinese patients after MI.
Design and setting  The QIs were developed by a Chinese 
expert consensus panel during in-person meetings. The 
five QIs most in need of improvement were selected using 
a national questionnaire. Finally, the completion rate 
and feasibility of the QIs were verified in a group of MI 
survivors at university hospitals in China.
Participants  Seventeen professionals participated in 
the consensus panel, 89 personnel in the field of CR 
participated in the national questionnaire and 165 MI 
survivors participated in the practice test.
Results  A review of 17 eligible articles generated 26 
potential QIs, among which 17 were selected by the 
consensus panel after careful evaluation. The 17 QIs were 
divided into two domains: (1) improving participation and 
adherence and (2) CR process standardisation. Nationwide 
telephone and WeChat surveys identified the five QIs 
most in need of improvement. A multicenter practice test 
(n=165) revealed that the mean performance value of 
the proposed QIs was 43.9% (9.9%–86.1%) according to 
patients with post-MI.
Conclusions  The consensus panel identified a 
comprehensive set of QIs for CR in patients with post-MI. 
A nationwide questionnaire survey was used to identify the 
QIs that need immediate attention to improve the quality of 
CR. Although practice tests confirmed the measurability of 
the proposed QIs in clinical practice, the implementation of 
the QIs needs to be improved.
Trial registration number  This study is part of a study 
registered in ​ClinicalTrials.​gov (NCT03528382).

INTRODUCTION
Acute myocardial infarction (AMI) is highly 
prevalent globally and a leading cause of 
mortality and adult disability.1 2 Currently, 
the annual mortality rate due to myocardial 

infarction (MI) is less than 10%, but up to 
20% of patients experience relapse within 
the first year.3 A cardiovascular disease report 
published in 2018 stated that in China, due 
to the ageing population, the mortality rate 
of AMI, which is exponentially higher in rural 
areas, increased from 2002 to 2016.4 Only 
55.9% of Chinese patients return to work 
within 12 months after AMI.5 Among the 
hospitalisation expenses for cardiovascular 
and cerebrovascular diseases in 2016, AMI 
accounted for 19.085 billion yuan.4 Thus, 
Chinese people with a history of MI represent 
a substantial healthcare burden.

Cardiac rehabilitation (CR), a comprehen-
sive secondary prevention framework, aims to 
improve the overall quality of life as well as 
morbidity and mortality in patients with heart 
disease.6 7 CR has a pivotal role along with 
timely reperfusion strategies and optimised 
lifestyle and pharmacological therapies in the 
contemporary approach to patients with post-
MI.8 Previous data, including randomised 
trials and systematic reviews, have established 
the positive impact of CR and its significant 
role in reducing morbidity and mortality in 
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►► This is the first study proposing immediate improve-
ment in cardiac rehabilitation (CR) quality indicators 
(QIs) on the basis of the results of a nationwide sur-
vey and instituting improvement guidelines for CR 
in China.

►► The completion rate and feasibility of the developed 
QIs were revealed by a multicenter practice test.

►► The composition of the consensus panel may have 
resulted in bias in the selection of QIs.

►► The national questionnaire was not distributed to all 
regions and CR centres in the country.
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patients with post-MI.9–11 Other known benefits of CR 
include improvements in exercise capacity and quality 
of life and positive effects on coronary endothelial func-
tion, blood pressure, insulin resistance and inflammatory 
markers.12–16 There is a strong association between the 
number of CR sessions and long-term post-MI outcomes, 
with different studies reporting the importance of compli-
ance with these programmes with regard to cardiac 
events.17 18 Given these data, CR is considered a class I 
recommendation for patients with post-MI by the Amer-
ican Heart Association, the American College of Cardi-
ology and the European Society of Cardiology.19 20

CR programmes are clinically underused, and partic-
ipation in CR is dismally low worldwide.21–23 Notably, 
contemporary data from the EUROASPIRE V registry 
underscores the notion that many coronary patients 
have unhealthy lifestyles, namely in regard to smoking, 
diet and sedentary behaviour.24 CR is available in only 
111/203 (54.7%) countries globally.25 A report described 
the rate of CR participation as ranging between 6.6% 
and 53.5% in the USA.23 CR was used by only 13.9% of 
patients hospitalised for AMI and 31.0% of patients after 
coronary artery bypass graft surgery.23 A European survey 
reported that less than half of the patients were advised to 
attend CR programmes.22 Only 34% of Canadian patients 
with the appropriate indications participated in CR.21 
At present, to the best of our knowledge, there are no 
data on the CR participation rate in China. In addition, 
adherence to evidence-based CR performance measures 
is suboptimal in China.26 Therefore, effective strategies 
to increase enrolment and adherence to CR are urgently 
needed.

Quality improvement is characterised by improvements 
in healthcare and systems of care delivered by individual 
physicians.27 28 Quality indicators (QIs) provide direc-
tion and specific methods for quality improvement.29 30 A 
study involving intensive care unit patients showed that a 
multifaceted quality improvement intervention improved 
the adoption of care practices.31 A multifaceted quality 
improvement intervention resulted in significant improve-
ments in hospital personnel adherence to evidence-based 
performance measures evaluating the care of patients 
with acute ischaemic stroke.32 The European Associ-
ation of Preventive Cardiology (EAPC) has defined 
minimal and optimal cardiovascular rehabilitation stan-
dards to increase the quality of cardiovascular rehabili-
tation programmes.33 In addition, many countries, such 
as the USA, Japan and Canada, have developed QIs for 
improving CR, but QIs are lacking in China. Implemen-
tation of QIs can increase long-term participation and 
adherence by patients with post-MI. For example, a 2-year 
study reported a significant increase in enrolment in CR 
after the implementation of a series of quality improve-
ment interventions, including policy changes, a 7-minute 
video describing the benefits of CR and incentives.34 The 
early utilisation of a cardiac access clinic resulted in an 
unprecedented (approximately threefold) increase in 
the number of patients with ST-elevation MI participating 

in CR.35 A randomised controlled trial also revealed that 
early appointments within 10 days of hospital discharge 
improved CR attendance compared with standard 
appointments after 35 days.36

CR can play important roles in reducing mortality in 
patients with MI, improving patient’s quality of life and 
reducing China’s healthcare burden.37–39 CR process stan-
dardisation in China needs to be improved.40 Increasing 
participation is an important goal for the successful imple-
mentation of CR programmes, which could decrease 
morbidity and mortality due to MI. This study aimed to 
describe candidate QIs and test their feasibility and appli-
cability to provide a basis for future strategies to improve 
the CR participation and compliance rates in Chinese 
patients with post-MI.

METHODS
QI development
Databases including PubMed, CINAHL EBSCO and 
EMBASE were searched for eligible articles published 
through August 2018 using the keywords cardiac reha-
bilitation, quality indicator and myocardial infarction; 
Medical Subject Headings (MeSH) terms and Emtree 
headings. Two authors (XZ and MaoZ) conducted the 
literature review by first reading titles and abstracts and 
then reading the full text of potential articles. Articles 
from the search results were included if the following 
conditions were met: (1) the study provided QIs for CR 
and (2) the study was published in English. The compiled 
QIs were further divided into two domains: improving CR 
participation and adherence rates and standardising CR 
processes. Any disagreement about study inclusion was 
resolved by a third author (JWu).

Consensus panel
The consensus panel consisted of 17 individuals, with a 
maximum of 2 individuals from each CR centre. Members 
were selected on meeting the following criteria: (1) the 
individual had at least 1 year of experience in CR; (2) 
the individual held a position as a leader of a regional 
CR programme; (3) the individual was committed to 
the advancement of CR and (4) the individual agreed to 
participate in an in-person meeting to discuss CR quality 
improvement. Two authors (XZ and YZheng) assessed the 
qualifications of the members, and disagreements were 
resolved by consensus or a third author (JWu). Members 
were responsible for scoring the collected QIs based on 
their experience and determining the final QIs for CR in 
patients with post-MI.

Scoring method and selection criteria
The candidate QIs generated from the literature were 
scored on a 10-point scale. Scoring criteria were based 
on four aspects: whether they were evidence based, the 
feasibility of implementation, their validity and reliability. 
The QIs were judged according to the clinical experience 
of the consensus panel. The four criteria were used to 
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generate one score. QIs that received scores ≥7 and were 
considered to be significant in the improvement of CR 
were included in the study. QIs with <7 but >5 points were 
not considered in this study, and QIs with <5 points were 
excluded. A QI was considered acceptable for improving 
the quality of CR in Chinese patients with post-MI based 
on its average score.

National questionnaire
A questionnaire-based survey was conducted nationwide 
by either telephone or WeChat (a communication tool in 
China). Participants included cardiologists, nurses, phys-
ical therapists, clinical psychologists, registered dietitians 
and follow-up staff caring for patients with CR (health 
managers who follow-up patients via telephone, etc) who 
met the following criteria: (1) working in an established 
CR centre and (2) at least 1 year of experience in CR. 
JWu and YZhang conducted a questionnaire-based survey 
with the participants. The participants were asked to 
select 3 out of 26 candidate QIs that they felt required 
urgent improvement to allow the selection of the top 
5 QIs that required immediate improvement in China. 
The top five most important QIs were determined based 
on the frequency selected by the participants. Addition-
ally, participants could suggest new QIs outside of those 
mentioned in the questionnaire.

Practice test
A practice test was performed to review the adaptability 
of each QI before implementation due to differences in 
healthcare systems and social circumstances, such as the 
size of the CR centre and patient education, to assess 
the completion rate of the proposed QIs selected by the 
consensus panel. The patient inclusion criteria were as 
follows: (1) a history of AMI; (2) completion of phase Ⅰ 
and Ⅱ CR at one of the five teaching hospitals (Beijing 
Tsinghua Changgung Hospital, the Second Hospital of 
Jilin University, Tianjin Chest Hospital and The Affili-
ated Hospital of Qingdao University and the Second 
Affiliated Hospital of Harbin Medical University) 
between 3 September 2018 and 31 October 2019 and 
(3) consent to participate in the study. Patients filled out 
a 17-question questionnaire (online supplemental table 
S1) about the proposed QIs that was developed specifi-
cally for this study and evaluated whether the CR centre 
implemented the proposed QIs. The patients did not 
answer if they were unsure or did not understand the 
question. In addition, the consensus panel unanimously 
agreed that a score greater than 70% was considered 
good performance, whereas a score less than 30% was 
considered a poor performance. The questionnaire was 
approved by the ethics committees of the five teaching 
hospitals.

Patient and public involvement
Patients and the public were not involved in the design 
of the study.

Data collection and analysis
Two authors (XZ and YZheng) were responsible for data 
collection and cross-checking. The mean score of each 
QI was calculated as the sum of all participants’ ratings/
number of participants. The percentage score for each QI 
was calculated as follows: the number of times the QI was 
achieved/the number of participants (excluding partici-
pants who did not answer)×100. The mean performance 
was the average of the percentages of all QIs.

RESULTS
Collection of QIs
A review of the literature identified 203 articles, and after 
screening the titles and abstracts, 176 were excluded, as 
they were not related to QIs for CR. After the full-text 
screening, 17 articles were eligible and subsequently 
included.34 36 41–55 A list of 26 potential QIs, including 16 
regarding the improvement of the CR participation and 
adherence rates and 10 regarding the standardisation of 
the CR processes, was generated (online supplemental 
table S2). A flowchart of the literature search and selec-
tion of eligible articles is shown in online supplemental 
figure S2.

The consensus panel and proposal of QIs of CR in patients 
with post-MI
The consensus panel included 17 experts in the field of 
CR from 12 CR centres (online supplemental table S3). 
Seventeen experts who met the inclusion criteria were 
cardiologists and individually rated each QI on a 10-point 
scale. The rating of each QI is shown in online supple-
mental figures S2 and S3. After careful evaluation, only QIs 
with an average score ≥7 that could potentially improve 
the quality of CR in China were accepted (figure  1). 
Finally, a total of 17 QIs were selected and divided into 
two domains: (1) improving participation and adher-
ence and (2) standardising CR processes (table 1). There 
were two more supplementary indicators: extending the 
hospital rehabilitation time and strengthening the appli-
cation of traditional Chinese sports.

Figure 1  Mean of all the indicators identified by the 
consensus panel. (A) The mean of domain 1: improving CR 
participation and adherence. (B) The mean of domain 2: CR 
process standardisation. CR, cardiac rehabilitation.

https://dx.doi.org/10.1136/bmjopen-2020-039757
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National questionnaire and top five QIs for imminent 
improvement
A total of 89 professionals met the national survey partic-
ipation criteria; among them, 60 people participated in a 
telephone survey, and 29 people participated in a WeChat 
survey. The survey response rate was 100%. The 89 partic-
ipants from 4 municipalities and 18 provinces in China 
included 21 cardiologists, 15 nurses, 18 physical thera-
pists, 11 clinical psychologists, 13 registered dietitians and 
11 health follow-up staff. Each participant selected three 
QIs considered critical to improve post-MI CR in China 
(figures 2 and 3). The results showed that the five most 
important QIs were ‘automatically referring all eligible 
patients at the time of discharge’, ‘recommending CR 
in discharge guidance’, ‘prescribing exercise based on 
an assessment of physical fitness’, ‘employing full-time 
staff for educating patients about CR’ and ‘assessment 
and education of patients regarding coronary disease 
risk factors’ (table 2), with score ratios of 47.2%, 38.2%, 
28.1%, 25.8% and 19.1%, respectively.

Practice test
The practice test was completed by 165 patients who met 
the inclusion criteria, and no patients refused to partic-
ipate in the study (30 patients from Beijing Tsinghua 

Changgung Hospital, 30 patients from the Second 
Hospital of Jilin University, 34 patients from Tianjin 
Chest Hospital, 30 patients from The Affiliated Hospital 
of Qingdao University and 41 patients from the Second 
Affiliated Hospital of Harbin Medical University). The 

Table 1  The proposed quality indicators and percentage scores for CR of patients with myocardial infarction

Quality indicators Numerator/denominator Performance %

Domain 1: Improving CR participation and adherence

 � QI-1: Recommending CR in discharge guidance 142/165 86.1

 � QI-2: Automatically referring all eligible patients at the time of discharge 56/163 34.4

 � QI-3: Employing full-time staff for educating patients about CR 72/162 44.4

 � QI-4: Providing patients with written invitations and programme brochures 49/165 29.7

 � QI-5: Employing liaison staff for CR 51/161 31.7

 � QI-6: Immediate enrolment in CR for referral patients 31/164 18.9

 � QI-7: Enrolment in CR before discharge 67/162 41.4

 � QI-10: Frequency of CR enrolment and recommendation as indicators for 
assessing doctor performance

28/153 18.3

Domain 2: CR process standardisation

 � QI-17: Assessment and education of patients regarding coronary disease 
risk factors

79/165 47.9

 � QI-18: Communication between referral physician and patient about CR 95/157 60.5

 � QI-19: Assessment and education of patients about dietary habits 81/165 49.1

 � QI-20: Assessment and treatment of psychological issues 85/165 51.5

 � QI-21: Assessment of and education of patients about tobacco and 
alcohol consumption

119/165 72.1

 � QI-22: Prescribing exercise based on an assessment of physical fitness 86/165 52.1

 � QI-23: Reassessment of exercise capacity 71/165 43

 � QI-25: Education about the importance of adherence to prescribed 
medication

91/165 55.2

 � QI-26: Holding multidisciplinary meetings 16/162 9.9

These are the QIs with a rating ≥7, with the same numbers as those in online supplemental table S2.
CR, cardiac rehabilitation.

Figure 2  Regional distributions of the national 
questionnaire. Blue represents the areas surveyed, while 
white represents areas not surveyed.

https://dx.doi.org/10.1136/bmjopen-2020-039757
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results revealed a mean performance value of 43.9% 
(9.9%–86.1%). The QIs that achieved good performance 
(minimum–maximum: 72.1%–86.1%) were ‘assess-
ment and education of patients on tobacco and alcohol 
consumption’ and ‘recommending CR in discharge 
guidance’. There were also several low-performing QIs 
(minimum–maximum: 9.9%–29.7%), including ‘holding 
multidisciplinary meetings, ‘frequency of CR registra-
tion and recommendation as QIs for assessing doctor 
performance’, ‘immediate enrolment in CR for referral 
patients’ and ‘providing patients with written invitations 
and programme brochures’ (table 1).

DISCUSSION
In this study, 26 QIs generated from 17 articles were 
assessed as candidate QIs for CR. Out of the 26 QIs, 17 
were selected by a Chinese expert consensus panel and 
divided into two domains based on participation and 
adherence and CR process standardisation. The find-
ings of the nationwide questionnaire could guide clin-
ical quality improvement. The practice test showed the 
feasibility and applicability of all 17 QIs in the Chinese 
context.

This is, to the best of our knowledge, the first study 
proposing an immediate improvement in CR QIs on the 
basis of the results of a nationwide survey and the imple-
mentation of improvement guidelines for CR in China. 
However, although still in its infancy, CR in China has 
developed rapidly. According to data published by the 
Chinese Society of Rehabilitation Medicine, the number 

of CR centres has increased from 6 in 2012 to more than 
500 currently.56 Hence, the improved implementation of 
CR programmes is imperative, given the current situa-
tion. We consider that QI development is a time-efficient 
and resource-saving approach.57 In many countries, CR 
is strongly associated with quality of life improvement. 
For example, the USA has effectively implemented QI 
monitoring to increase the CR participation rate.41 Simi-
larly, Canada has developed QIs to promote the broad 
development of CR programmes,44 and Japan has also 
proposed QIs to assess improvements in the quality of 
CR after acute coronary syndrome.46 Moreover, the EAPC 
described QIs to assess improvements in the CR process 
standardisation in Europe.33 In this study, we propose QIs 
to promote the improvement of CR in China considering 
the recommendations reported in these previous studies.

CR is still in the early phase of development in China.40 
Given the uneven distribution of CR programmes, the 
consensus panel selected QIs to promote improvements 
in participation and adherence that were simple, prac-
tical and in line with the current status of CR in the 
country. For example, the present report suggests that 
‘recommending CR in discharge guidance’ was key in 
emphasising the importance and necessity of CR, and 
‘automatically referring all eligible patients ‘at the time of 
discharge’ was one of the best ways to increase participa-
tion in CR. Other suitable QIs were ‘employing full-time 
staff for educating patients about CR’ and ‘employing CR 
liaison staff’. In addition, the study revealed QIs that are 
necessary for CR process standardisation in China, such 
as ‘assessment and education of patients regarding coro-
nary disease risk factors’, ‘assessment and education of 
patients about dietary habits’ and ‘prescribing exercise 
based on physical fitness’. It is worth mentioning that the 
completion rate of ‘holding multidisciplinary meetings’ 
was very low in the practice test, but the implementation 
of this QI can improve recovery in patients with multiple 
diseases.29 58 59 Moreover, measuring the completion rate 
of the proposed QIs is important.60–62 There are some 
measurement methods. First, QIs should be recorded in 
the medical record. In this way, the completion of the QIs 
can be checked. Second, from the perspective of patients, 
a questionnaire about the implementation of QIs was 
conducted at discharge. Relevant medical staff should 
be evaluated by self-assessment and other assessment 

Table 2  Top five quality indicators that need improvement

 � Indicators
Numerator/
denominator

Importance
(%)

Top 1: Automatically referring all eligible patients at the time of discharge 42/89 47.2

Top 2: Recommending CR in discharge guidance 34/89 38.2

Top 3: Prescribing exercise based on an assessment of physical fitness 25/89 28.1

Top 4: Employing full-time staff for educating patients about CR 23/89 25.8

Top 5: Assessment and education of patients regarding coronary disease risk factors 17/89 19.1

CR, cardiac rehabilitation.

Figure 3  Quality indicators from the national questionnaires 
that were identified as needing immediate improvement 
(blue). (A) Domain 1: improving CR participation and 
adherence. (B) Domain 2: CR process standardization.
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scales. In addition, clinical audits, a method of estab-
lishing whether healthcare is being provided in line with 
the relevant standards and identifying areas for improve-
ments, should be performed.63 CR programmes could be 
improved by continuous assessment.64

It is also important to understand the barriers to appro-
priate CR, including lack of health awareness, inadequate 
policies, insufficiency of CR, lack of healthcare system 
support and inadequate professional guidelines and 
information systems.65–67 Balady et al reported that older 
females with low socioeconomic status, with a low educa-
tion level, with poor self-efficacy, with multiple comorbid-
ities and without the ability to communicate in English 
were more likely to not participate in CR.48 Enrolment in 
the CR programme is affected by many healthcare system-
related factors, including lack of referral, limited facilita-
tion of enrolment after referral, lack of programmes that 
serve specific geographic areas and low-income commu-
nities and gender-dominated programmes.68 In this study, 
we proposed QIs that could aid in overcoming some of 
these barriers and also in the successful implementation 
of CR.

During the course of the study, two additional supple-
mentary indicators, ‘extending the hospital rehabilitation 
time’ and ‘strengthening the application of traditional 
Chinese exercise’, were added. Tai Chi Chuan prac-
tice was associated with a VO2 peak increase in patients 
with MI.69 Baduanjin exercise therapy in patients with 
post-MI reduced adverse left ventricular (LV) remodel-
ling and was associated with beneficial effects in terms of 
inflammation and extracellular matrix organisation.70 71 
Baduanjin sequential therapy also appeared to improve 
the quality of life in patients with AMI after percuta-
neous coronary intervention, with additional benefits of 
reducing the abdominal circumference and body mass 
index and improving the level of cardiac function.72 
Therefore, traditional Chinese exercises, such as Tai Chi 
Chuan and Baduanjin, may constitute effective forms of 
CR in patients with MI.

In summary, the application of these QIs could help 
standardise and improve the quality of CR in China. This 
study provides guidance for the development of CR in 
our country. Nevertheless, further studies are needed to 
evaluate the validity, reliability and feasibility of these QIs 
and to determine whether improvements in these param-
eters are associated with clinical benefits in this patient 
population.

STUDY LIMITATIONS
There are many limitations of our study. First, in the 
QI development section of the methods, we retrieved 
the literature from public databases; hence, there is 
a possibility of publication bias. Second, investigation 
bias may exist because the consensus panel participants 
were all cardiologists and the national questionnaire 
was not distributed to all regions and CR centres in the 
country. The baseline characteristics were not collected 

for the professionals in the national questionnaire, and 
no specific calculation was performed to determine the 
sample size needed for the national questionnaire. These 
factors may also lead to bias in the results of the practice 
test due to the absence of data from non-teaching hospi-
tals, the relatively small sample size and the lack of data 
concerning baseline characteristics of the patients (ie, 
sex, age, marital status, cardiovascular risk factors, prior 
history of MI, ST-segment or non-ST-segment elevation 
MI, LV ejection fraction, percutaneous coronary inter-
vention, coronary artery bypass grafting, medication, 
etc). Moreover, to assess the measurability and complete-
ness of the proposed QIs, only patients who participated 
in CR programmes were selected to complete the practice 
test. As such, data from those who did not participate in 
these programmes were not available.

CONCLUSION
In this study, a consensus panel identified 17 candidate 
QIs to assess improvements in the quality of CR in patients 
with post-MI in China. A nationwide survey revealed the 
five QIs that required imminent improvement to facilitate 
increased enrolment in CR programmes in the country. 
Moreover, a practice test administered to MI survivors 
confirmed the feasibility and completeness of the devel-
oped QIs. The application of the proposed QIs could 
improve the quality of CR care in Chinese patients with 
post-MI.

Author affiliations
1Department of Cardiology, the Second Affiliated Hospital of Harbin Medical 
University, Harbin, Heilongjiang Province, China
2The Key Laboratory of Myocardial Ischemia, Harbin Medical University, Ministry of 
Education, Harbin, Heilongjiang Province, China
3Department of Cardiology, the Second Hospital of Jilin University, Changchun, Jilin 
Province, China
4Department of Cardiology, Beijing Tsinghua Changgung Hospital, Beijing, China
5Department of Cardiology, Tianjin Chest Hospital, Tianjin, China
6Department of Cardiology, Affiliated Hospital of Qingdao University, Qingdao, 
Shandong Province, China
7Department of Cardiology, Peking University People's Hospital, Beijing, China
8Department of Cardiology, Inner Mongolia People's Hospital, Huhhot, Inner 
Mongolia, China

Acknowledgements  The authors are grateful to the members of the consensus 
panel, the staff who participated in the national questionnaire and the patients 
who completed the practice test. Our deepest gratitude goes to the reviewers 
and the editor for their careful work and thoughtful suggestions that have helped 
substantially improve the quality of this paper.

Contributors  All authors contributed to conception and design of the work. XZ and 
YZheng contributed to analysis and interpretation. JWu, YZhang, JWang, PZ, XY, 
SL, RJD, GS, BY and YS contributed to acquisition of data. XZ and MaoZ drafted the 
manuscript. MinZ, XH and LC critically revised the manuscript. All authors reviewed 
and agreed to the final version.

Funding  This work was supported by the National Key R&D Program of China 
(Grant no. 2016YFC1301100, 2016YFC1301105), the National Natural Science 
Foundation of China (Grant NO. 81670373, 81670459 and 81771946) and the Key 
Laboratory of Myocardial Ischemia, Harbin Medical University, Ministry of Education 
(KF201806 to XZ, KF201716 to YZ, KF201822 to LC).

Map disclaimer  The depiction of boundaries on this map does not imply the 
expression of any opinion whatsoever on the part of BMJ (or any member of its 
group) concerning the legal status of any country, territory, jurisdiction or area or 



7Zheng X, et al. BMJ Open 2020;10:e039757. doi:10.1136/bmjopen-2020-039757

Open access

of its authorities. This map is provided without any warranty of any kind, either 
express or implied.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The study was approved by the ethics committees of Beijing 
Tsinghua Changgung Hospital, the Second Hospital of Jilin University, Tianjin Chest 
Hospital, The Affiliated Hospital of Qingdao University and the Second Affiliated 
Hospital of Harbin Medical University.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  No additional data are available. All data relevant to 
the study are included in the article or uploaded as supplementary information.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Junnan Wang http://​orcid.​org/​0000-​0003-​1788-​989X
Jian Wu http://​orcid.​org/​0000-​0002-​1192-​321X

REFERENCES
	 1	 Reed GW, Rossi JE, Cannon CP. Acute myocardial infarction. The 

Lancet 2017;389:197–210.
	 2	 Dagenais GR, Leong DP, Rangarajan S, et al. Variations in common 

diseases, hospital admissions, and deaths in middle-aged adults in 
21 countries from five continents (pure): a prospective cohort study. 
The Lancet 2020;395:785–94.

	 3	 Piepoli MF, CorrU, Dendale P. Challenges in secondary prevention 
after acute myocardial infarction: a call for action. Eur Heart J 
2017;6:299–310.

	 4	 LY M, Chen WW, Gao RL. China cardiovascular diseases report 
2018: an updated summary. J Geriatr Cardiol 2020;17:1–8.

	 5	 Jiang Z, Dreyer RP, Spertus JA, et al. Factors associated with return 
to work after acute myocardial infarction in China. JAMA Netw Open 
2018;1:e184831.

	 6	 Ambrosetti M, Abreu A, CorrU. Secondary prevention through 
comprehensive cardiovascular rehabilitation: from knowledge to 
implementation. 2020 update. A position paper from the secondary 
prevention and rehabilitation section of the European association of 
preventive cardiology. Eur J Prev Cardiol 2020. [Epub ahead of print: 
1 April 2020]. doi:10.1177/2047487320913379

	 7	 Anderson L, Oldridge N, Thompson DR. Exercise-Based cardiac 
rehabilitation for coronary heart disease: cochrane systematic review 
and meta-analysis. J Am Coll Cardiol 2016;67:1–12.

	 8	 Salzwedel A, Jensen K, Rauch B. Effectiveness of comprehensive 
cardiac rehabilitation in coronary artery disease patients treated 
according to contemporary evidence based medicine: update of the 
cardiac rehabilitation outcome study (CROS-II). Eur J Prev Cardiol 
2020:2047487320905719 (published Online First: 2020/02/25).

	 9	 Hermann M, Witassek F, Erne P, et al. Impact of cardiac rehabilitation 
referral on one-year outcome after discharge of patients with acute 
myocardial infarction. Eur J Prev Cardiol 2019;26:138–44.

	10	 Lee BJ, Go JY, Kim AR, et al. Quality of life and physical ability 
changes after hospital-based cardiac rehabilitation in patients with 
myocardial infarction. Ann Rehabil Med 2017;41:121–8.

	11	 Ribeiro F, Oliveira NL, Silva G, et al. Exercise-based cardiac 
rehabilitation increases daily physical activity of patients following 
myocardial infarction: subanalysis of two randomised controlled 
trials. Physiotherapy 2017;103:59–65.

	12	 Schwaab B, Zeymer U, Jannowitz C, et al. Improvement of 
low-density lipoprotein cholesterol target achievement rates 

through cardiac rehabilitation for patients after ST elevation 
myocardial infarction or non-ST elevation myocardial infarction in 
Germany: results of the patient care registry. Eur J Prev Cardiol 
2019;26:249–58.

	13	 Tsai Y-J, Li M-H, Chen C-H, et al. Improved oxygen uptake efficiency 
slope in acute myocardial infarction patients after early phase I 
cardiac rehabilitation. International Journal of Rehabilitation Research 
2017;40:215–9.

	14	 Hambrecht R, Wolf A, Gielen S, et al. Effect of exercise on coronary 
endothelial function in patients with coronary artery disease. N Engl J 
Med 2000;342:454–60.

	15	 Vanhees L, Fagard R, Thijs L, et al. Prognostic value of training-
induced change in peak exercise capacity in patients with myocardial 
infarcts and patients with coronary bypass surgery. Am J Cardiol 
1995;76:1014–9.

	16	 Gevaert AB, Adams V, Bahls M, et al. Towards a personalised 
approach in exercise-based cardiovascular rehabilitation: How 
can translational research help? A ‘call to action’ from the Section 
on Secondary Prevention and Cardiac Rehabilitation of the 
European Association of Preventive Cardiology. Eur J Prev Cardiol 
2020;27:1369–85.

	17	 Martin B-J, Hauer T, Arena R, et al. Cardiac rehabilitation attendance 
and outcomes in coronary artery disease patients. Circulation 
2012;126:677–87.

	18	 Hammill BG, Curtis LH, Schulman KA, et al. Relationship between 
cardiac rehabilitation and long-term risks of death and myocardial 
infarction among elderly Medicare beneficiaries. Circulation 
2010;121:63–70.

	19	 Smith SC, Benjamin EJ, Bonow RO, et al. AHA/ACCF secondary 
prevention and risk reduction therapy for patients with coronary and 
other atherosclerotic vascular disease: 2011 update: a guideline 
from the American heart association and American College of 
cardiology Foundation endorsed by the world heart Federation and 
the preventive cardiovascular nurses association. J Am Coll Cardiol 
2011;58:2432–46.

	20	 Piepoli MF, Hoes AW, Agewall S. 2016 European Guidelines on 
cardiovascular disease prevention in clinical practice: The Sixth 
Joint Task Force of the European Society of Cardiology and Other 
Societies on Cardiovascular Disease Prevention in Clinical Practice 
(constituted by representatives of 10 societies and by invited experts)
Developed with the special contribution of the European Association 
for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J 
2016;37:2315–81.

	21	 Grace SL, Bennett S, Ardern CI, et al. Cardiac rehabilitation series: 
Canada. Prog Cardiovasc Dis 2014;56:530–5.

	22	 Kotseva K, Wood D, De Backer G, et al. Use and effects of cardiac 
rehabilitation in patients with coronary heart disease: results from the 
EUROASPIRE III survey. Eur J Prev Cardiol 2013;20:817–26.

	23	 Suaya JA, Shepard DS, Normand S-LT, et al. Use of cardiac 
rehabilitation by Medicare beneficiaries after myocardial infarction or 
coronary bypass surgery. Circulation 2007;116:1653–62.

	24	 Kotseva K, De Backer G, De Bacquer D, et al. Lifestyle and impact 
on cardiovascular risk factor control in coronary patients across 27 
countries: results from the European Society of cardiology ESC-
EORP EUROASPIRE V registry. Eur J Prev Cardiol 2019;26:824–35.

	25	 Turk-Adawi K, Supervia M, Lopez-Jimenez F, et al. Cardiac 
rehabilitation availability and density around the globe. 
EClinicalMedicine 2019;13:31–45.

	26	 Committee of Cardiac R, Prevention of Chinese Association of 
Rehabilitation M, Committee of Cardiovascular Disease of China 
Association of G, et al. [China expert consensus on psychological 
prescription for patients with cardiovascular disease2020]. Zhonghua 
Nei Ke Za Zhi 2020;59:764–71.

	27	 Nixon AC, Brown J, Brotherton A, et al. Implementation of a 
frailty screening programme and geriatric assessment service in 
a nephrology centre: a quality improvement project. J Nephrol 
2020;3.

	28	 Marino VR, Hyer K, Hamilton L, et al. Evaluation of a quality 
improvement initiative to increase rates of advance Directive 
conversation documentation in primary care. Geriatr Nurs 2020 
(published Online First: 2020/10/12).

	29	 Vos EL, Koppert LB, Jager A, et al. From multiple quality indicators of 
breast cancer care toward Hospital variation of a summary measure. 
Value Health 2020;23:1200–9.

	30	 Vos EL, Lingsma HF, Jager A, et al. Effect of case-mix and random 
variation on breast cancer care quality indicators and their 
Rankability. Value in Health 2020;23:1191–9.

	31	 Scales DCet al. A multifaceted intervention for quality improvement 
in a network of intensive care units. JAMA 2011;305:363–72.

	32	 Wang Y, Li Z, Zhao X, et al. Effect of a multifaceted quality 
improvement intervention on hospital personnel adherence to 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1788-989X
http://orcid.org/0000-0002-1192-321X
http://dx.doi.org/10.1016/S0140-6736(16)30677-8
http://dx.doi.org/10.1016/S0140-6736(16)30677-8
http://dx.doi.org/10.1016/S0140-6736(19)32007-0
http://dx.doi.org/10.1001/jamanetworkopen.2018.4831
http://dx.doi.org/10.1177/2047487320913379
http://dx.doi.org/10.1177/2047487318807766
http://dx.doi.org/10.5535/arm.2017.41.1.121
http://dx.doi.org/10.1016/j.physio.2015.12.002
http://dx.doi.org/10.1177/2047487318817082
http://dx.doi.org/10.1097/MRR.0000000000000229
http://dx.doi.org/10.1056/NEJM200002173420702
http://dx.doi.org/10.1056/NEJM200002173420702
http://dx.doi.org/10.1016/S0002-9149(99)80287-2
http://dx.doi.org/10.1177/2047487319877716
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.066738
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.876383
http://dx.doi.org/10.1016/j.jacc.2011.10.824
http://dx.doi.org/10.1016/j.pcad.2013.09.010
http://dx.doi.org/10.1177/2047487312449591
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.701466
http://dx.doi.org/10.1177/2047487318825350
http://dx.doi.org/10.1016/j.eclinm.2019.06.007
http://dx.doi.org/10.1007/s40620-020-00878-y
http://dx.doi.org/10.1016/j.gerinurse.2020.09.004
http://dx.doi.org/10.1016/j.jval.2020.05.011
http://dx.doi.org/10.1016/j.jval.2019.12.014
http://dx.doi.org/10.1001/jama.2010.2000


8 Zheng X, et al. BMJ Open 2020;10:e039757. doi:10.1136/bmjopen-2020-039757

Open access�

performance measures in patients with acute ischemic stroke in 
China. JAMA 2018;320:245–54.

	33	 Abreu A, Frederix I, Dendale P. Standardization and quality 
improvement of secondary prevention through cardiovascular 
rehabilitation programmes in Europe: the Avenue towards EAPC 
accreditation programme: a position statement of the secondary 
prevention and rehabilitation section of the European association of 
preventive cardiology (EAPC). Eur J Prev Cardiol 2020. [Epub ahead 
of print: 2 June, 2020]. doi:10.1177/2047487320924912

	34	 Pack QR, Johnson LL, Barr LM, et al. Improving cardiac rehabilitation 
attendance and completion through quality improvement 
activities and a motivational program. J Cardiopulm Rehabil Prev 
2013;33:153–9.

	35	 Parker K, Stone JA, Arena R, et al. An early cardiac access clinic 
significantly improves cardiac rehabilitation participation and 
completion rates in low-risk ST-elevation myocardial infarction 
patients. Canadian Journal of Cardiology 2011;27:619–27.

	36	 Pack QR, Mansour M, Barboza JS. An early appointment to 
outpatient cardiac rehabilitation at hospital discharge improves 
attendance at orientation: a randomized, single-blind, controlled trial. 
Circulation 2013;127:349–55.

	37	 CJ H, Zhu CY, Zhu YJ. Effect of exercise-based cardiac rehabilitation 
on clinical outcomes in patients with myocardial infarction in the 
absence of obstructive coronary artery disease (MINOCA). Int J 
Cardiol 2020. [Epub ahead of print: 18 May, 2020]. doi:10.1016/j.
ijcard.2020.05.019

	38	 Liao H-H, Wang P-C, Yeh E-H, et al. Impact of disease-specific care 
certification on clinical outcome and healthcare performance of 
myocardial infarction in Taiwan. J Chin Med Assoc 2020;83:156–63.

	39	 Cai H, Zheng Y, Liu Z, et al. Effect of pre-discharge cardiopulmonary 
fitness on outcomes in patients with ST-elevation myocardial 
infarction after percutaneous coronary intervention. BMC Cardiovasc 
Disord 2019;19:210.

	40	 Bei Y, Shi C, Zhang Z, et al. Advance for cardiovascular health in 
China. J Cardiovasc Transl Res 2019;12:165–70.

	41	 Ades PA, Keteyian SJ, Wright JS, et al. Increasing Cardiac 
Rehabilitation Participation From 20% to 70%: A Road Map From 
the Million Hearts Cardiac Rehabilitation Collaborative. Mayo Clinic 
Proceedings 2017;92:234–42.

	42	 Kehler DS, Kent D, Beaulac J, et al. Examining patient outcome 
quality indicators based on wait time from referral to entry into 
cardiac rehabilitation: a pilot observational study. J Cardiopulm 
Rehabil Prev 2017;37:250–6.

	43	 Gaalema DE, Savage PD, Rengo JL, et al. Financial incentives to 
promote cardiac rehabilitation participation and adherence among 
Medicaid patients. Prev Med 2016;92:47–50.

	44	 Grace SL, Parsons TL, Duhamel TA, et al. The quality of cardiac 
rehabilitation in Canada: a report of the Canadian cardiac Rehab 
registry. Canadian Journal of Cardiology 2014;30:1452–5.

	45	 Harkness K, Smith KM, Taraba L, et al. Effect of a postoperative 
telephone intervention on attendance at intake for cardiac 
rehabilitation after coronary artery bypass graft surgery. Heart & Lung 
2005;34:179–86.

	46	 Ohtera S, Kanazawa N, Ozasa N, et al. Proposal of quality 
indicators for cardiac rehabilitation after acute coronary syndrome 
in Japan: a modified Delphi method and practice test. BMJ Open 
2017;7:e013036.

	47	 Beatty AL, Li S, Thomas L. Trends in referral to cardiac 
rehabilitation after myocardial infarction: data from the National 
cardiovascular data registry 2007 to 2012. J Am Coll Cardiol 
2014;63:2582–3.

	48	 Balady GJ, Ades PA, Bittner VA. Referral, enrollment, and delivery 
of cardiac rehabilitation/secondary prevention programs at clinical 
centers and beyond: a presidential Advisory from the American heart 
association. Circulation 2011;124:2951–60.

	49	 Grace SL, Poirier P, Norris CM, et al. Pan-Canadian development of 
cardiac rehabilitation and secondary prevention quality indicators. 
Canadian Journal of Cardiology 2014;30:945–8.

	50	 Van Engen-Verheul M, Kemps H, Kraaijenhagen R. Modified 
Rand method to derive quality indicators: a case study in cardiac 
rehabilitation. Stud Health Technol Inform 2011;169:88–92.

	51	 Grace SL, Russell KL, Reid RD. Effect of cardiac rehabilitation referral 
strategies on utilization rates: a prospective, controlled study. Arch 
Intern Med 2011;171:235–41.

	52	 Grace SL, Tan Y, Oh P, et al. Feasibility of assessing 2 cardiac 
rehabilitation quality indicators. J Cardiopulm Rehabil Prev 
2016;36:112–6.

	53	 Thomas RJ, Chiu JS, Goff DC, et al. Reliability of abstracting 
performance measures: results of the cardiac rehabilitation 
referral and reliability (CR3) project. J Cardiopulm Rehabil Prev 
2014;34:172–9.

	54	 Reid RD, Morrin LI, Beaton LJ, et al. Randomized trial of an Internet-
based computer-tailored expert system for physical activity in 
patients with heart disease. Eur J Prev Cardiol 2012;19:1357–64.

	55	 Hamm LF, Kavanagh T, Campbell RB, et al. Timeline for peak 
improvements during 52 weeks of outpatient cardiac rehabilitation. J 
Cardiopulm Rehabil 2004;24:quiz 81-2:374–80.

	56	 Hu D. Bright beginning of Chinese cardiac rehabilitation post a rough 
road]. Zhonghua Xin Xue Guan Bing Za Zhi 2015;43:118.

	57	 Kötter T, Blozik E, Scherer M. Methods for the guideline-based 
development of quality indicators--a systematic review. Implement 
Sci 2012;7:21.

	58	 Chen J, Tong Y, Cheng Y, et al. Establishment and empirical 
evaluation of a quality indicator system for postoperative pain 
management. Pain Med 2020;33.

	59	 van der Velden AW, van Triest MI, Schoffelen AF, et al. Structural 
antibiotic surveillance and stewardship via Indication-Linked quality 
indicators: pilot in Dutch primary care. Antibiotics 2020;9:670.

	60	 Montesano M, Reed JL, Tulloch HE. Cardiac rehabilitation is 
associated with greater improvements in psychological health 
following coronary artery bypass graft surgery when compared to 
percutaneous coronary intervention. Appl Physiol Nutr Metab 2020 
(published Online First: 2020/06/17).

	61	 Chockalingam P, Rajaram A, Maiya A, et al. A multicentre 
retrospective study on quality and outcomes of cardiac rehabilitation 
programs in India. Indian Heart J 2020;72:55–7.

	62	 Thomas E, O’Neil A, O'Neil A. Considerations for developing quality 
indicators for cardiac rehabilitation in Australia. Heart, Lung and 
Circulation 2020;29:e12–13.

	63	 Backhouse A, Ogunlayi F. Quality improvement into practice. BMJ 
2020;35:m865.

	64	 Rosengren A, Wallentin L. Cardiovascular medicine in 
Sweden: improvement by continuous measuring. Circulation 
2020;141:1124–6.

	65	 Podlogar MAC, Dolansky MA. Cardiac rehabilitation as part of 
management in Postacute care: opportunities for improving care. 
Clin Geriatr Med 2019;35:561–9.

	66	 Pesah E, Supervia M, Turk-Adawi K, et al. A review of cardiac 
rehabilitation delivery around the world. Prog Cardiovasc Dis 
2017;60:267–80.

	67	 Bjarnason-Wehrens B, McGee H, Zwisler A-D, et al. Cardiac 
rehabilitation in Europe: results from the European cardiac 
rehabilitation inventory survey. European Journal of Cardiovascular 
Prevention & Rehabilitation 2010;17:410–8.

	68	 Grace SL, Gravely-Witte S, Brual J, et al. Contribution of patient and 
physician factors to cardiac rehabilitation enrollment: a prospective 
multilevel study. Eur J Cardiovasc Prev Rehabil 2008;15:548–56.

	69	 Nery RM, Zanini M, de Lima JB, et al. Tai chi Chuan improves 
functional capacity after myocardial infarction: a randomized clinical 
trial. Am Heart J 2015;169:854–60.

	70	 Mao S, Zhang X, Shao B, et al. Baduanjin exercise prevents post-
myocardial infarction left ventricular remodeling (BE-PREMIER trial): 
design and rationale of a pragmatic randomized controlled trial. 
Cardiovasc Drugs Ther 2016;30:315–22.

	71	 Mao S, Zhang X, Chen M. Beneficial effects of Baduanjin exercise 
on left ventricular remodelling in patients after acute myocardial 
infarction: an exploratory clinical trial and proteomic analysis. 
Cardiovasc Drugs Ther 2020;116.

	72	 Chen M-G, Liang X, Kong L, et al. Effect of Baduanjin sequential 
therapy on the quality of life and cardiac function in patients with 
AMI after PCI: a randomized controlled trial. Evid Based Complement 
Alternat Med 2020;2020:1–10.

http://dx.doi.org/10.1001/jama.2018.8802
http://dx.doi.org/10.1177/2047487320924912
http://dx.doi.org/10.1097/HCR.0b013e31828db386
http://dx.doi.org/10.1016/j.cjca.2010.12.076
http://dx.doi.org/10.1016/j.ijcard.2020.05.019
http://dx.doi.org/10.1016/j.ijcard.2020.05.019
http://dx.doi.org/10.1097/JCMA.0000000000000237
http://dx.doi.org/10.1186/s12872-019-1189-x
http://dx.doi.org/10.1186/s12872-019-1189-x
http://dx.doi.org/10.1007/s12265-018-9852-7
http://dx.doi.org/10.1016/j.mayocp.2016.10.014
http://dx.doi.org/10.1016/j.mayocp.2016.10.014
http://dx.doi.org/10.1097/HCR.0000000000000232
http://dx.doi.org/10.1097/HCR.0000000000000232
http://dx.doi.org/10.1016/j.ypmed.2015.11.032
http://dx.doi.org/10.1016/j.cjca.2014.06.016
http://dx.doi.org/10.1016/j.hrtlng.2004.07.010
http://dx.doi.org/10.1136/bmjopen-2016-013036
http://dx.doi.org/10.1016/j.cjca.2014.04.003
http://dx.doi.org/10.1097/HCR.0000000000000136
http://dx.doi.org/10.1097/HCR.0000000000000048
http://dx.doi.org/10.1177/1741826711422988
http://dx.doi.org/10.1097/00008483-200411000-00002
http://dx.doi.org/10.1097/00008483-200411000-00002
http://dx.doi.org/10.1186/1748-5908-7-21
http://dx.doi.org/10.1186/1748-5908-7-21
http://dx.doi.org/10.1093/pm/pnaa221
http://dx.doi.org/10.3390/antibiotics9100670
http://dx.doi.org/10.1016/j.ihj.2020.03.002
http://dx.doi.org/10.1016/j.hlc.2018.11.009
http://dx.doi.org/10.1016/j.hlc.2018.11.009
http://dx.doi.org/10.1136/bmj.m865
http://dx.doi.org/10.1016/j.pcad.2017.08.007
http://dx.doi.org/10.1097/HJR.0b013e328334f42d
http://dx.doi.org/10.1097/HJR.0b013e328334f42d
http://dx.doi.org/10.1097/HJR.0b013e328305df05
http://dx.doi.org/10.1016/j.ahj.2015.01.017
http://dx.doi.org/10.1007/s10557-016-6660-7
http://dx.doi.org/10.1155/2020/8171549
http://dx.doi.org/10.1155/2020/8171549

	Quality indicators for cardiac rehabilitation after myocardial infarction in China: a consensus panel and practice test
	Abstract
	Introduction﻿﻿
	Methods
	QI development
	Consensus panel
	Scoring method and selection criteria
	National questionnaire
	Practice test
	Patient and public involvement
	Data collection and analysis

	Results
	Collection of QIs
	The consensus panel and proposal of QIs of CR in patients with post-MI
	National questionnaire and top five QIs for imminent improvement
	Practice test

	Discussion
	Study limitations
	Conclusion
	References


