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Chapter 1

BACKGROUND AND OBIJECTIVES

Cardiovascular disease (CVD), particularly coronary heart disease (CHD), is the world’s
leading cause of death, accounting for 17.9 million deaths (17.7% of all deaths) globally
in 2015.* CVD death rates have risen significantly in low- and middle-income countries
over the last two decades. Eighty percent of CVD deaths occur in low- and middle-income
countries and CVD deaths in these areas are expected to increase to 23.6 million by
2030.2 Their mass occurrence is attributed primarily to modifiable cardiovascular risk
factors and overwhelming evidence shows that controlling cardiovascular risk factors
can reduce CVD mortality and morbidity, especially for patients with established CVD.3*
Current evidence-based clinical guidelines suggest that the top priority of CVD prevention
is to control and manage these risk factors in daily practice.>® However, there is still a
substantial gap between guideline recommendations and CVD risk factor management in
daily practice. ! Several studies have indicated unsatisfactory cardiovascular risk factor
control for CVD patients in high-income countries, even though prevention guidelines
have been well established and regularly updated in these areas.’®*? In low- and middle-
income countries lack of appropriate local clinical guidelines or reliance on European or
US clinical guidelines without adaptation to meet local requirements may impede effect
of cardiovascular risk factor management. 1*’

Clinical audit is considered to be an essential tool to facilitate regular monitoring and to
empbhasize the importance of guideline implementation in clinical practice.’® It aims to
monitor data recording and management, measure daily clinical performance against
guideline standards, and inform both appropriate treatment and the modification of
guideline recommendations accordingly to improve quality of care in routine practice
(figure 1).*22 Robust data from audits can be used by all health professionals to improve
their own practice in response to information about their daily performance, particularly
when this falls below what are considered as desirable standards of care.?°

A clinical audit is likely to be effective and efficient if it is:

e Adequately comprehensive;

e  Straightforward to administer;

e Generalizable to meet different circumstances;
e Repeatable at different times;

e Able to provide accurate and immediate feedback;
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e Designed to facilitate appropriate action to improve the standard of care;
e Supported by key stakeholders (policy makers, health professionals, and

patients).

Figure 1. Defining a well-designed clinical audit

Design of clinical audit

* Rationale/methodology
* List of criteria

* Pilot audit

Audit/Re-audit

Implementation of changes Analysis of audit results

o>

Staff training on changes Dissemination of findings

Development of standard
operating procedure

Clinical audits that are complex may not be practical in a busy clinic. The SUrvey of Risk
Factors for Coronary Heart Disease (SURF CHD) was therefore designed as a clinical audit
tool with a focus on practicality and easy of use to assess recording and monitoring of
cardiovascular risk factors and to evaluate guideline implementation in daily practice for
patients with established CHD during routine clinic visits. The feasibility of SURF CHD was
tested in a pilot study between 2009 and 2010 in two regions (Europe and Asia).? The first
phase of SURF CHD (also called SURF | in some chapters) was performed between 2012
and 2013 in three regions (Europe, Asia, and Middle East). This thesis first reviews the
rationale for clinical audits with regards to cardiovascular risk factors, describes current
audit programs and then presents original findings of SURF CHD.
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Air pollution is suggested to be associated with increased cardiovascular risks.?*> A
further component of this thesis is to assess the feasibility of data linkage by exploring the
possibility of relating international data on air pollution to the risk factor data collected
in SURF CHD. This work also aims to establish the technical and scientific possibility of
developing future data linkage studies.

A preliminary analysis of the SURF CHD data and other studies suggested striking
variations in use of cardiovascular medication between regions with lower usage in Asia,
particularly in China.?®?” We, therefore, review cardiovascular medication use in China

over the last two decades in the last part of current thesis.
OUTLINE

The thesis first outlines the importance of clinical audit in daily practice and reviews
current available audit programs in literature (chapter 2.1). Next, SURF CHD and its core
results are introduced (chapter 2.2). Chapter 3 explores differences in cardiovascular
risk factor recording and management in more details by SURF CHD data. It focuses
on sex disparities (chapter 3.1) and other major determinants such as age and medical
history of diabetes (chapter 3.2). Lastly, chapter 3.3 relates combined cardiovascular
risk factor data from SURF CHD to air pollutant (PM, ) data from WHO to investigate
the associations of long-term PM, . with physical and laboratory measurements (blood
pressure, lipids, and glucose). Chapter 4 systematically reviews current guideline-
recommended cardiovascular medication use over the last two decades in China and
also assesses potential factors potentially related to trends in cardiovascular medication
use. In chapter 5, the implications of the findings from the studies in this thesis for future
comprehensive cardiovascular risk factor management strategy in daily practice are
discussed.
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ABSTRACT

Evidence-based clinical guidelines provide standards for the provision of healthcare.
However, these guidelines have been poorly implemented in daily practice. Clinical audit
is a quality improvement tool to promote quality of care in daily practice and to improve
outcomes through the systematic review of care delivery and implementation of changes.

A major priority in the management of subjects with cardiovascular disease (CVD)
management is secondary prevention by controlling cardiovascular risk factors and
providing appropriate medical treatment. Clinical audits can be applied to monitor
modifiable risk factors and evaluate quality improvements of CVD management in daily
practice. Existing clinical audits provided an overview of the burden of risk factors in
subjects with CVD and reflect real-world risk factor recording and management.

However, consistent and representative data from clinic audits are still insufficient to fully
monitor quality improvement of CVD management. Data are lacking in particular from
low- and middle-income countries, limiting the evaluation of CVD management quality

by clinical audit projects in many settings.
To support the development of clinical standards, monitor daily practice performance,
and improve quality of care on CVD management at national and international levels,

more widespread clinical audits are warranted.

Keywords: audit, quality assessment, cardiovascular disease, secondary prevention.
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Overview of clinical audits of cardiovascular risk factor management

HEALTHCARE QUALITY

The provision of healthcare should be safe, effective, timely, efficient and equitable
to maintain and improve the quality of healthcare services provided to patients. !
This requires health professionals and providers to adhere to structured standards
of care, monitor routine healthcare performance, and reduce inequalities in patient
management.’?

Evidence-based clinical guidelines provide standards for the provision of healthcare. They
should reflect the conscientious, explicit, and judicious use of current best evidence in
decision making and in delivering optimal care management strategies for individual
patients.* Quality of care can then be quantified and measured against these established
clinical guidelines to assess both health outcomes and performance of healthcare

providers.

However, the availability of guidelines does not necessarily ensure a high standard of
clinical care. Nor do they assure the monitoring of the quality of care on daily basis.
Striking disparities and inequities in routine patient management have been recognized
as a fundamental issue in healthcare performance regardless of strong recommendations
from clinical guidelines.>® A significant number of patients do not receive evidence-based
care as suggested for their health conditions in terms of risk factor management and
globally the quality of patient care is still poor.”®

Thus, one of the key components in current healthcare settings should be implementation
and evaluation of standardized care and assessment of health outcomes to ensure that

high quality care is provided to patients in daily practice.>°

INTRODUCTION OF CLINICAL AUDITS

A clinical audit is defined as a quality improvement cycle that involves measurement of
the effectiveness of healthcare against agreed and proven standards for high quality care,
and corrective action to bring practice in line with these standards so as to improve the
quality of care and health outcomes (figure 1).**

Clinical audits allow valuable comparative information on local, national, or international

levels to be obtained so that institutions and clinicians can compare and share this

19
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information. It can also measure changes in health outcomes over times and to what
extent these changes are sustained in the long term 112

Evidence based reviews
Research

l

Guidelines

ESC clinical guidelines

) Implementation of | Prevention
Re-audit strategy Implementatio

\ Committee

Implementation of

changes

Audit

Figure 1. Clinical audit circle

Four essential stages are required for a good quality clinical audit:

e Audit preparation and planning

¢ Implementation to measure quality of care

e Implementation of changes in line with best practice guidelines
e Re-audit to sustain quality improvement

In each circle, clinical audits provide an objective assessment of defined outcomes
and information on the process of care and the extent to which daily practice is being
implemented according to defined standards. The re-audit activity facilitates the
monitoring of healthcare performance regularly and the evaluation of improvements of
quality of care in daily practice.
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Overview of clinical audits of cardiovascular risk factor management

Given the diversity of clinical settings in daily practice, not all indicators can be applied for
every clinical audit. Hence, before undertaking a clinical audit, it is essential to identify
potentially suitable clinical conditions and indicators from current literature, define valid
and reliable outcome measures and to develop and incorporate improved practices into
clinical care. Apart from formally designed audits, both registries and observational
studies can contribute useful audit information. A ‘registry’ can collect clinical outcomes
and measure them against standards to assess healthcare performance. Repeated large-
scale representative surveys can evaluate quality improvements and monitor changes in
quality of care in daily practice. Similarly, prospective observational studies with a focus

on quality assurance of healthcare could be also considered as audits.

INTERNATIONAL CLINICAL AUDITS OF CARDIOVASCULAR DISEASE
MANAGEMENT

Clinical audit can be performed in a number of areas relevant to cardiovascular disease
(CVD) management and the intentions of clinical audits can be interpreted in different
ways to monitor whether quality of care has been improved. Thus, the study design can
vary from study to study. In the current literature review, we selected five international
studies as examples with different study designs to give a broad description of current
audit program running for cardiovascular risk factor management (table 1). One study
was performed as clinical audit during routine practice.’*** While others were applied as
registries'>’ or cross-sectional surveys.’®22 A large-scale prospective cohort study*2*
was also identified as an example that aimed to assess lifestyle risk factor management

and cardiovascular medication use for CVD secondary prevention.

The findings of these five studies are broadly similar irrespective of their study design
and time frame of data collection. They all demonstrated that the current management
of modifiable cardiovascular risk factors and medical treatments are still insufficient
with substantial variations at country and regional levels.*?* The presence of ongoing

smoking, obesity, and diabetes remain major problems.32*

EuroAspire

The European Society of Cardiology developed the EUROASPIRE (European Action on
Secondary Primary Prevention by Intervention to Reduce Events) survey to measure
modifiable risk factor and therapeutic management in coronary heart disease (CHD)

patients and monitor the quality of secondary prevention care provided by individual

21
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participating countries.®

EUROASPIRE is a European-based cross-sectional survey, conducted in four different time
frames: 1995-96 in 9 European countries (EUROASPIRE [),® 1999-2000 in 15 European
countries (EUROASPIRE 11),*° 2006-2007 in 22 European countries (EUROASPIRE Ill), * and
2012-2013 in 24 European countries (EUROASPIRE IV). %

EUROASPIRE data, collected by means of a face-to-face interview with standardized
measurement of risk factors rather than from review of medical records, provide high
quality comparative information on preventive care. In addition, four EUROPASIRE surveys
with uniform collection method from the same participating centers allow multilevel

comparison to evaluate any potential trends in CHD management over years.?> %’

EUROASPIRE has major strengths in terms of highly standardized methods and centralized
laboratory measurements. However, its detailed protocol requires considerable
resources from participating centers in terms of cost and time. These factors and
the low interview rate (<50%) arising may limit generalizability of the result to whole
populations. Non-participants may be more likely to have poor CHD management.? The
robust methodology should encourage efforts to apply EUROASPIRE to more centers

in participating countries to increase representativeness but costs may be prohibitive.

SURF

The SURF (SUrvey of Risk Factor Management) was developed by The European
Association of Preventive Cardiology, aiming to investigate daily data recording and
assess cardiovascular risk factor management in routine clinics. SURF was first tested

for feasibility as a pilot study in 7 countries®® and the first Phase (SURF I) in 11 countries.'

SURF uses a one-page data sheet that can easily be collected during a routine clinic
visit rather than requiring detailed examinations of patients or retrieving information
from medical records. Its simplicity allows applicability to smaller centers with limited
resources as well as major academic centers in Europe and beyond to monitor quality of
care in daily practice with minimal workload and cost. It also allows regular re-audits to
evaluate changes in cardiovascular risk factor management. Limitations to date include
non-representativeness of participating centers in SURF countries. Following SURF |,
SURF Il is planned in mid-2017 with a wider and larger range of participating centers.
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WHO-PREMISE
The WHO Prevention of REcurrences of Myocardial Infarction and StrokE (WHO-PREMISE)
was carried out between 2002 and 2003 in 10 countries.??

WHO-PREMISE study was one of largest descriptive cross-sectional surveys in low- and
middle-income countries to assess current secondary prevention strategy of CVD and
record the use of cardiovascular medications. It also documented patients’ attitude
and knowledge towards CVD prevention management, demonstrating the necessity for
cardiovascular education programs.

As data were collected by self-reported questionnaire, response bias may have occurred
limiting generalizability, even though a face-to-face interview was applied to minimize
missing or incorrect information. The second and third phases of the WHO-PREMISE study
are planned to implement evidence-based, affordable, and sustainable interventions for
secondary prevention of CVD both in the demonstration areas and nationally.

REACH registry

The Reduction of Atherothrombosis for Continued Health (REACH) Registry was developed
in 44 countries across six regions between 2003 and 2004 to evaluate cardiovascular risk
factor prevalence and medical treatment management of cerebrovascular, arterial, or
peripheral arterial disease.’*™"’

The REACH registry extended its data collection beyond CHD to stroke and peripheral
arterial disease with detailed follow-up information on reoccurrence of cardiac event to
investigate possible contribution of cardiovascular risk factors on all types of vascular
diseases. Furthermore, the REACH registry is more geographically diverse than the other
audits considered here, which may improve representativeness. It is somewhat dated

and it is hoped that the follow-up phase will incorporate more diverse geographic areas.

PURE

The Prospective Urban Rural Epidemiology (PURE) study is a large-scale community-based
prospective cohort study conducted since 2003 in 17 countries.?*?* One of the main
purposes is to document the use of guideline-recommended cardiovascular medication
and prevalence of modifiable risk factors in patients with established CVD. The PURE
study can be considered partly as an audit, as it is used to assess quality of secondary
prevention care in CVD management.
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The unique sampling process enabled data collection from communities in both urban
and rural areas to identify all traditional risk factors as well as societal and environmental
determinants of CVD. These new and valuable data will provide policy makers with
information to develop more efficient and comprehensive CVD prevention programs.
The detailed examination and annual follow-up allows documentation of all potential
disease events and monitoring the control of cardiovascular risk factors. However, as a
prospective cohort study, PURE is facing challenges to maintain good quality data and a
high response rate over time to guarantee its long-term monitoring of CVD management.
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NATIONAL CLINICAL AUDITS IN CORONARY HEART DISEASE MANAGEMENT

Clinical audits have also been introduced at national-level in several countries. Evidence
from the United Kingdom,?%2° Australia,*® Sweden,®! Spain,®? and Croatia®* showed that
clinical audit projects can be an effective tool to assist health professionals to monitor
and improve the quality and outcomes of their local services. For instance, the ASPIRE-
2-PREVENT survey in the UK was developed to determine whether CVD guidelines have

been implemented properly and enable quality of care accessed in everyday practice.?®

CHALLENGES ON CLINICAL AUDIT PROJECTS

The above quoted studies provide examples of the use of audits to monitor quality
of care and give insight into daily practice of current CVD management. Prospective
observational studies have indicated that the audit programs could improve quality of
care and achieve better modifiable risk factor managements than usual care alone over

times 25-27,30

However, there is a lack of randomized controlled trials to provide evidence of a reduction
in hard CVD end points as a result of clinical audits. The quality of the audits reviewed
varied and consistent and representative data at international or national level are still
lacking, indicating that the potential for quality improvement of CVD management has
not been fulfilled. Furthermore, there is also a striking dearth of data from low- and
middle-income countries, which have not yet conducted any clinical audits to evaluate
their CVD management quality. This is of concern, since resource constraints may make
the delivery of high quality care even more challenging. It points to the need to promote
simple audits with wider representativeness to facilitate healthcare improvements
worldwide. Thus, a successful clinical audit program of CVD prevention in daily practice
should contain these features:

e Simple but structured methodology
e Repeatability

e Adaptability

e Representativeness

e Multiple levels (local, national, or international)

26
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CONCLUSION

Clinical audit enables both the recording and monitoring of cardiovascular risk factors
to facilitate guideline-based standard operating procedures to improve clinical practice.
Good quality clinical audit is still lacking. More highly standardized clinical audits are
warranted to support the development of clinical standards, monitor daily practice
performance, and improve quality of care on CVD management.
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ABSTRACT

Background: To simplify the assessment of the recording and control of coronary heart

disease (CHD) risk factors in different countries and regions.

Design: SURF is an international clinical audit.

Methods: Data on consecutive patients with established CHD from countries in Europe,
Asia, and the Middle East were collected on a one-page collection sheet or electronically
during routine clinic visits. Information on demographics, diagnostic category, risk factors,
physical and laboratory measurements, and medications were included and key variables

summarized in a cardiovascular health index score (CHIS).

Results: 10,186 CHD patients (29% women) were enrolled from 79 centres in 11
countries. Recording of risk factors varied considerably: smoking was recorded in over
98% of subjects, while about 20% lacked data on laboratory measurements relevant
to cardiovascular disease risk. 16% of participants reported smoking, 29% were obese,
and 46% had abdominal obesity. 60% of participants had blood pressure<140/90mmHg
(140/80mmHg for diabetics), 48% had HbA1c<7%, 30% had LDL<1.8mmol/L, and 17%
had a good CHIS.

There were substantial regional variations. Less than 3% of patients attended cardiac
rehabilitation in Asia or the Middle East, compared with 45% in Europe. In Asia, 15% of
patients had LDL cholesterol <1.8mmol/L compared with 33% in Europe and 36% in the
Middle East. Variations in medications were noted, with lower use of statins in Asia.

Conclusions: SURF proved to be practical in daily practice. Results indicated poor control
of risk factors with substantial variation between countries calling for development and

implementation of clinical standards of secondary prevention of CHD.

Keywords: SURF, CHD, risk factors.
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INTRODUCTION

Cardiovascular disease (CVD), particularly coronary heart disease (CHD), is the biggest
cause of death worldwide.! Although cardiovascular death rates have declined in some
high-income countries, rates of CHD have risen significantly in low- and middle-income
countries.? The major risk factors for CHD are known, and there is good evidence that
controlling them reduces morbidity and mortality.?

The main purpose of CHD prevention is the control and management of modifiable risk
factors. Explicit, evidence-based guidelines exist to assist health care professionals with
risk factor management.* Despite this, most studies report poor risk factor control even
in high-risk patients with established CHD.>®

EUROASPIRE is the best-known audit of risk factors in CHD patients in Europe. It
obtains detailed information in a standardized manner.5° |t does, however, require
considerable resources from participating centres including additional staff and a
dedicated clinic, which may reduce the number of centres able to participate thus limiting
the representativeness of the data. To complement EUROASPIRE, the SURF (SUrvey of
Risk Factors) audit was developed in collaboration with the European Association for
Cardiovascular Prevention and Rehabilitation. It is designed to be undertaken as part
of routine clinic visits. The feasibility of SURF was tested in a pilot study conducted in
7 countries which demonstrated that the audit was indeed quick to perform.® This led
to SURF I, which assesses risk factor recording and management of 11 countries from
Europe, Asia, and the Middle East.

METHODS

Study setting and population

The SURF audit was carried out between 2012 and 2013 in 11 countries across three
regions-Europe (Belgium, Croatia, Denmark, Ireland, Italy, Northern Ireland, Romania,
Russia), the Middle East (Saudi Arabia), and Asia (Taiwan and China) (table 1). Consecutive
CHD patients aged >18 years were recruited from cardiology outpatient clinics in
participating centres (appendix part A).
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Table 1. Participating countries and centres in SUrvey of Risk Factor (SURF) |

Country Continent Number of Centres Number of patients
Belgium Europe * 604
Croatia Europe 9 1514
Denmark Europe * 300
Ireland Europe 11 1826
Italy Europe 19 1223
Northern Ireland Europe 2 166
Romania Europe 8 625
Russia Europe 8 464
Saudi Arabia Middle East 5 1580
China Asia 11 1150
Taiwan Asia 4 734
Total 79 10186

*Centre information is not available; It will be counted as one single center

Data collection and management

Information on demographics, diagnostic category, risk factors, physical and laboratory
measurements and medications was obtained by following a standardised procedure
and recorded on a one-page data collection sheet (appendix part B). Details on collected
data are given in table 2.

Data were entered online using Survey Monkey (www.surveymonkey.com). Alternatively,
anonymous data could be submitted on a spread sheet with a unique security code.
All data were downloaded and stored securely in restricted and password protected
divisions.

Risk factor management

Risk factor management was assessed against targets specified by the 2012 version
of European guidelines on CVD prevention. * As a summary measure to assess overall
adherence to risk factor management, a simplified Cardiovascular Health Index Score
(CHIS) was used adapted from the ideal Cardiovascular Health Score. * CHIS categories
were defined by the summation of the number of six risk factors (smoking status, body
mass index, physical activity, blood pressure, LDL cholesterol, and blood sugar) that were
at target. Details are available in table 2.
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Statistical analysis

Statistical analyses were undertaken using STATA (StataCorp. 2013. College Station, TX,
USA). For continuous variables, mean and standard deviations were calculated if the
distribution was normal. One-way ANOVA was used to assess for statistically significant
differences between regions. For categorical variables, the Chi-square test was used to
assess for differences between regions. Lipid (total cholesterol, LDL cholesterol, and HDL
cholesterol) and glucose distributions were positively skewed, so comparison of results
between regions was based on medians and the Kruskal-Wallis test.

RESULTS

Overall, data from 10,186 participants from 79 centres in 11 countries was included in
SURF | (tablel and appendix part C). The mean age of all patients was 65.2+11.2 years
and 29.3% were women.

Recordings of fundamental demographic variables like age and gender were missing
occasionally (0.7% and 1.3%, respectively). Completeness of data recording for other
variables was variable. In general, modifiable risk factors and physical measurements
had higher recording rates compared to laboratory measurements. Cigarette smoking
and blood pressure were recorded in over 98% but data on lipids, blood glucose, waist
circumference, and family history of premature CVD were missing in about 20%. Details
on data recording are available in supplementary material part D.

A small proportion of Asian (2.6%) and Middle Eastern (2.8%) patients participated in
a cardiac rehabilitation programme compared to 45% in Europe (p<0.001). The highest
attendance of cardiac rehabilitation was in Ireland (65.9%), and the lowest was observed
in China (1.4%) (figure 1). Smoking rates were 16.2% with higher levels of smoking in
Europe (17.5%), compared to Asia (16.0%) and the Middle East (10.4%). All three regions
reported low levels of patients reaching the recommended level of physical activity.
Over 70% of patients were overweight or obese, varying from 47.4% in Asia to 83% in
the Middle East (P<0.001). Overall medication usage on antiplatelets, statins, and beta-
blockers were 90.1%, 81.2%, and 71.6%, respectively. A higher usage of statins was noted
in Europe (86.8%) and the Middle East (93.2%) than in Asians (51%, p<0.001). Details are
given in table 3.
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Table 2. Information and definition of collected data, SUrvey of Risk Factors (SURF) |

Demographic information
Age: >18 years old; Gender: men and women

Risk factors

Smoking history: Current smoker; Ex-smoker: quit smoking more than months ago; Non-smoker.
Physical activity: Less, more, and equal to recommended level (30 minutes of moderately vigorous
activity three to five times a week)

Family history: a first-degree relative with a history of atherosclerotic CVD before age 55 for a male
or 65 for a female.

History of hypertension, dyslipidemia, or diabetes and cardiac rehabilitation attendance: self-re-
ported

Diagnostic category

Coronary Artery Bypass Grafting (CABG);Percutaneous Coronary Intervention (PCl); Acute
Coronary Syndrome (ACS);Stable angina Pectoris (SAP);

ACS: indicates cardiac chest pain at rest with objective evidence of acute ischemia or infarc-
tion; SAP: Clinical angina with objective confirmation from a clearly positive exercise ECG or
ischemia on perfusion imaging, or a coronary angiogram showing a narrowing of 70% or more
in at least one coronary artery

Physical measurements

Systolic/diastolic blood pressure, heart rate, height/ weight, and waist circumference mea-
surements on the day. Body Mass Index (BMI)*: calculated by height and weight. The BMI cat-
egories were as follows: underweight<18.5 kg/m2, normal weight 18.5-24.9kg/m2, overweight
25-29.9 kg/m2, obese 1 30-34.9 kg/m2, obese Il 35-39.9kg/m2, obese IlI>=40kg/m2.
Abdominal obesity defined as waist circumference>=88cm in women and >=102cm in men. **
* The same definitions of obesity and abdominal obesity have been used for Asian, Middle
Eastern, and European populations.

Laboratory measurements and therapeutic targets

Most recent laboratory measurements: Systolic/diastolic blood pressure; Heart rate; Height;
weight;waist circumference; most recent laboratory measurements

Blood pressure target: <140/90 mmHg (for diabetic patients, blood pressure<140/80mmHg);
Total cholesterol target<4.5 mmol/L;LDL cholesterol target <2.5 mmol/L; Stricter target of
<1.8mmol/L; HbAlc target <7%. *

Medications

Antiplatelet agents; Statins; Other lipid-lowering agent; beta-blocker; Calcium-channel block-
er; Diuretic; ACE inhibitor; Angiotensin-Il receptor; Other antihypertensive agent; Nitrate;
Insulin; Oral hypoglycaemic agents; Drug class only

Cardiovascular Health Index Score (CHIS) and categories

CHIS were defined by 6 risk factors. They are: non-/ex-smoker, body mass index

(BMI1)<25, moderate/vigorous physical activity, controlled blood pressure (blood pres-
sure<140/90mmHg; 140/80mmHg for diabetics), controlled LDL cholesterol (<2.5mmol/L), and
controlled blood sugar (HbA1c<7%; if HbA1lc is not available, glucose<7mmol/L). The number
of controlled risk factors was summed, ranging from 0 (poor) to 6 (good). CHIS categories were
defined as follow: poor<2, intermediate=3 or 4, and good=5 or 6.
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Table 3. Demographic characteristics, lifestyle risk factors and medication usage, SUrvey of Risk
Factors (SURF) | by region

Overall Europe Asia Middle East P value*
Patients 10186 6722 1884 1580
Sex <0.001
Men (%) 70.8 73.0 60.4 73.9
Women (%) 29.3 27.0 39.6 36.1
Age (year) 65.2+11.2  65.4+10.9 66.8+11.1 62.1+12.0 <0.001
CHD category (%)
CABG 19.5 215 6.2 26.9 <0.001
PCI 47.0 47.4 35.0 59.4 <0.001
ACS 35.6 43.4 12.7 29.5 <0.001
SAP 30.8 26.7 58.4 15.5 <0.001
Hospital admission (%) 321 37.7 20.1 16.6 <0.001
Cardiac rehab (%) 30.2 45.0 2.6 2.8 <0.001
Family history (%) 31.7 37.7 20.1 16.6 <0.001
Risk factor history (%)
Smoking history <0.001
Current smoker 16.2 17.5 16.0 10.4
Ex-smoker 39.2 45.7 274 25.8
Never smoked 44.7 36.8 56.6 63.8
Physical activity <0.001
Less than 46.6 44.8 46.6 54.6
Moderate 38.3 39.4 38.4 33.4
More than 15.1 15.8 15.0 12.0
Physical measurements
BMI (kg/m?) q 28.1+4.9 28.5%4.7 25.2+3.4 30.3%£5.9 <0.001
Overweight or Obese (%) 72.5 77.9 47.4 83.0 <0.001
WC (cm) T 96.9+14.8 99.9+14.7 86.7+9.4 100.2+14.8 <0.001
Women 92.8+14.9 95.9+154  84.319.4 100.3+15.0 <0.001
Men 98.6+14.4 101.4+14.2 88.2+9.0 100.2+14.7 <0.001
Abdominal obesity (%)t 45.8 54.3 16.7 56.3 <0.001
Medications
Anti-platelet 90.1 91.4 82.3 93.7 <0.001
Statin 81.2 86.8 51.0 93.2 <0.001
Other lipid lowering 8.0 } 100 } 2.6 5.9 <0.001
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Table 3. (continued)

Overall Europe Asia Middle East P value*

Patients 10186 6722 1884 1580

Beta blocker 71.6 77.5 38.4 86.3 <0.001
Calcium antagonist 27.2 20.9 51.0 25.4 <0.001
Other anti-hypertensive 7.4 7.0 3.2 14.4 <0.001
ACE inhibitor 50.8 57.7 20.5 57.5 <0.001
Diuretic 23.3 24.9 14.9 26.7 <0.001
ARB 18.2 13.9 33.0 19.1 <0.001
Nitrate 32.3 26.6 57.3 26.6 <0.001
Insulin 9.8 6.6 6.6 26.8 <0.001
Oral hypoglycemic agent 22.4 14.9 28.0 47.8 <0.001

CABG: coronary artery bypass surgery; PCl: percutaneous coronary intervention; ACS: acute coronary syn-
drome; SAP: stable angina pectoris; Cardiac rehab: cardiac rehabilitation; BMI: Body mass index; WC: waist

circumference; ACE inhibitor: angiotensin-converting enzyme; ARB: angiotensin receptor blocker.

Numeric variables are meant standard deviation (SD) and categorical variables are percentage. P values

obtained from one-way ANOVA test for numeric variables and Chi-square test for categorical variables.

9 BMI was calculated by weight and height. Its categories were defined as follows: underweight<18.5kg/
m2, normal weight 18.5-24.9kg/m2, overweight 25-29.9 kg/m2, obese 1 30-34.9 kg/m2, obese Il 35-39.9kg/
m2, obese Il1>=40kg/m2.

tAbdominal obesity defined as waist circumference>=88cm in women and >=102cm in men.

*Comparison between regions

Table 4 shows therapeutic control of lipids, blood pressure and glucose. About two thirds
of patients reported previously diagnosed dyslipidaemia. For patients from the Middle
East a considerably higher prevalence of dyslipidaemia, compared to those from Europe
and Asia was reported (88.9%, 68.7%, and 47.2%, respectively). Asian patients seemed
less likely to achieve the stricter LDL cholesterol target (14.6%) compared with European
(32.9%) and Middle Eastern patients (35.6%). Among participating countries, the best LDL
cholesterol control was observed in patients from Northern Ireland, whereas patients
from China showed the lowest (figure 1).

The overall prevalence of hypertension was high (74.5%), ranging from 71.7% in Europe
to 83.9% in the Middle East. Overall 60% of all patients participating in SURF | met
the guideline target (<140/90mmHg; 140/80mmHg for diabetics). Despite the highest

frequency of a known history of hypertension, 70.6% of Middle Eastern patients were
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at blood pressure target.

Reported diabetes was prevalent in patients from all regions, especially the Middle East
(76.1%), compared to 40% in Asia and 25.2% in Europe (p<0.001). An HbA1lc of <7% was
rarely achieved. Figures were 47.6%, 64.5%, and 35.2% for patients in Europe, Asia, and

the Middle East, respectively.

Table 4. Therapeutic control of lipids, blood pressure, glucose and HbAlc, and Cardiovascular

Health Index Score (CHIS), SUrvey of Risk Factors (SURF) | by region

Overall Europe Asia Middle East P value*
Lipid
Dyslipidemia (%) 67.6 68.7 47.2 88.9 <0.001
Total cholesterol (mmol/L) 4.1(8320) 4.1(5506) 4.2 (1598) 3.7 (1216) 0.001
LDL cholesterol (mmol/L) 2.3 (7672) 2.2 (4872) 2.6(1532) 2.0(1268)  0.001
HDL cholesterol (mmol/L)  1.1(7780) 1.1(5036) 1.1(1533) 0.9(1211)  0.001
Triglycerides (mmol/L) 1.4(8130) 1.4(5291) 1.4(1610) 1.4(1229)  0.083
At targets (%)1]
Total cholesterol 62.3 59.2 60.3 79.4 <0.001
LDL cholesterol 59.4 60.2 45.2 73.4 <0.001
Stricter LDL cholesterol ~ 29.7 32.9 14.6 35.6 <0.001
Blood pressure
Hypertension (%) 74.5 71.7 77.2 83.9 <0.001
SBP (mmHg) 131.5+18.6 132.4+19.5 130.7+16.4 128.4+17.2  <0.001
DBP (mmHg) 76.1+11.0 77.0%£10.8 77.0£10.9 71.5%+10.4 0.111
Heart rate (bpm) 70.9+12.7 70.2#13.0 73.6%x12.4 70.8+11.4 <0.001
At target (%)1
Blood pressure 60 57.6 59.4 70.6 <0.001
Diabetes
Diabetes (%) 34.5 25.2 40 76.1 <0.001
Type | diabetes 2.1 1.6 0.1 15.3 <0.001
Type Il diabetes 32.9 23.8 39.8 73.7 <0.001
Glucose (mmol/L) 5.7(7891) 5.6(5167) 5.8(1524) 6.6(1200)  0.001
Non-diabetics 5.5(5688) 5.5(4082) 5.3(899) 6.0 (707) 0.001
Diaberics 74(2203)  74(1085) 69(625) 83(493) o001
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Table 4. (continued)

Overall Europe Asia Middle East P value*

HbAlc (%) 7.4+1.6 7.3%1.5 7.3%1.5 7.9+1.8 0.001

Non-diabetics 7.1+£1.7 6.8+1.4 6.0£0.9 7.7+£1.8 0.001

Diabetics 7.5¢1.6 7.6x1.5 7.0t1.4 8.3+1.8 0.001
HbA1c at target (%)9

Overall 48.2 47.6 64.5 35.2 <0.001

Non-diabetics 57.8 63.7 90.6 42 <0.001

Diabetics 421 38.6 56.6 26.2 <0.001

Cardiovascular Health Index Score (CHIS) (%)t

Poor 21.4 19.9 19.1 31.2 <0.001
Intermediate 61.9 63.0 62.0 57.3
Good 16.7 17.1 18.9 11.6

All cholesterol and glucose measurements in mmol/L; All blood pressure measurements in mmHg; All HbAlc

measurements in %.

Numeric variables are meanz standard deviation (SD) or median (number of measurements) and categorical
variables are percentage. P values obtained from one-way ANOVA test for numeric variables and Chi-square

test for categorical variables.

9 Total cholesterol target is <4.5mmol/L; LDL cholesterol target is< 2.5mmol/L and stricter LDL cholesterol

target is 1.8mmol/L; Blood pressure target is defined as: <140/90mmHg, and <140/80mmHg for diabetics.

TCHIS categories were defined by the summed number of controlled risk factors: poor<2, intermediate=3

or 4, and good=5 or 6.

*Comparison between regions

Good, intermediate, and poor CHIS were noted in 16.7%, 61.9%, and 21.4%, respectively.
CHD patients in the Middle East seemed less likely to reach good CHIS (11.6%) compared
to those in Europe (17.1%) and Asia (18.9%) (p<0.001). Figures are shown in table 4.

The supplementary appendix part E documents the considerable variations between

countries with regard to risk factor management, therapeutic targets, CHIS, and

medication usage.
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DISCUSSION

SURF proved easy to be quick and easy to undertake as part of a routine clinic attendance,
making it attractive clinical audit tool applicable in a wide range of settings. SURF | shows
inadequate control of cardiovascular risk factors, even in these high-risk patients with
established CHD, particularly with regard to continued smoking, high rate of obesity,
insufficient achievement of therapeutic targets, and underuse of cardiac medications. It
documents substantial variations between regions and countries of participating centres
with regard to both risk factor management and cardiac medications.

The high prevalence of modifiable risk factors like smoking, body weight, and physical
activities are remained as a major problem in CVD prevention. Among these modifiable
risk factors, the high rate of obesity is of particular concern as it is strongly associated
with raised blood pressure, cholesterol, and glucose.'? Current uniform BMI cut-off
values for obesity may not be appropriate, especially for ethnic minorities, resulting
in either over- or underestimation of obesity prevalence. Reflecting this, the WHO has
recommended additional lower BMI cut-off for Asian countries but this issue remains
controversial.’* As a large prospective cohort study in China indicated the association
between cardiovascular mortality and BMI to be similar to those observed in Western
populations, suggesting the use of uniform BMI cut-off points in all populations.’* In
addition, for the Middle East, there was limited evidence for defining separated BMI cut-
off points.’ Irrespective of discussion on BMI cut-off points, the prevalence of obesity
has risen substantially in the last few decades, particularly in developing countries.* This

situation is creating concerns about a potential future worldwide increase in CHD rates.

Cardiac rehabilitation, involving advice and supervision on the management of modifiable
risk factors, has been recommended as a cost-effective tool for CHD prevention. A
Cochrane Review on 47 randomised control trials demonstrated that exercise-based
cardiac rehabilitation is effective in reducing both total and cardiac mortality.’® However,
the availability and the quality of cardiac rehabilitation services differ, which contributes
to poor participating rates in many countries.'”*® SURF also noted large variations in
cardiac rehabilitation participations, which was observed to be grossly underused,
especially in Asia and Middle East. The inequalities in access to cardiac rehabilitation
may relate to lack of an appropriate, defined health care policy at central, regional or
hospital level, inadequate funding and/or lack of professional guidelines.
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Lipid management remains a cause for concern. Correction of dyslipidemia, particularly
LDL cholesterol, is recommended by all guidelines for CVD prevention.**° The Treating
to New Target (TNT) trial suggested aggressive lipid lowering therapy, especially statin
therapy, improves clinical outcomes for CHD patients.?° This audit showed that to achieve
recommended LDL cholesterol target level (1.8mmol/L) and take such lipid-lowering
therapy is problematic, especially for Asia. In Asia, only 15% of CHD patients achieved
the 1.8mmol/L goal with only 51% taking statins. These results are in line with results
from the PURE study observing that optimal LDL cholesterol targets are hard to achieve
for CHD patients in daily clinical practice.? There are several possible explanations for
the poor control of lipids in Asia including health economic issues, professional attitudes,
patient preferences, and ineffective implementation of guidelines.

Apart from the high prevalence of dyslipidemia and large number of patients not at
cholesterol targets, SURF | also demonstrated a high prevalence of hypertension and
inadequate anti-hypertensive treatment not only in Europe but also in countries from
Asia and the Middle East. The known history of hypertension was even higher than in
Asia and the Middle East, which may be partly explained by excess salt intake. A global
review found that populations in East Asia and the Middle East had much higher salt
intakes compared those in Western regions.?? Salt intake has continued to increase,
regardless of the strong evidence on the benefits of salt reduction. Thus, the control of
hypertension in day-to-day life continues to pose substantial challenges.

Diabetes at least doubles the risk for CVD, independently of other conventional
risk factors.?® It has been estimated that the prevalence of diabetes will increase
progressively, particularly in developing countries.! This is likely to give rise to a rapid
increase in CHD. Glycaemic control in CHD patients is normally assessed by HbAlc and an
HbA1c<7% for CHD patients with diabetes is recommended in the current ESC guideline.*
A large proportion of CHD patients have raised HbAlc values, which are frequently
unrecognised.? It is necessary, especially for CHD patients with diabetes, to check HbAlc
regularly and assess their diabetes risk. In this regard availability of HbAlc information in
daily clinical practice in only 57% of our diabetic patients is of concern (appendix part D).
Thus, there may be appreciable under-diagnosis of diabetes, which is related to a poor
prognosis in CHD. Our results underline the importance of including diagnostic testing
for diabetes for CHD patients with diabetes.

The overall risk factor management of SURF | participants was summarised by the use
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of a simplified CHIS. Over 80% had poor or intermediate CHIS, indicating inadequate risk
factor control. A large collaborative analysis, based on three randomized controlled trials,
confirmed the difficulty in achieving a healthy lifestyle and attaining therapeutic targets
for CHD patients.? The CHIS does not reflect the fact that the relative importance of each
risk factor may not be equal, but underlines need for an integrated, multi-disciplinary

approach to risk factor modification.

SUREF, as a pragmatic audit, collects its data when patients attend routine clinics and thus
helps to track data recording in daily practice with very little increase in workload. So,
another important finding of our study is the high frequency of missing data in current
data recording system, where in the current study we observed a rate of missing data
above 20% and even variables like sex and age are occasionally not recorded (appendix
part D). Effective risk factor control is clearly impossible if there is no record of the factors
concerned no matter how good prevention guidelines may be. Routine clinical practice
standards remain sub-optimal. SURF does provide a good opportunity to monitor routine
clinic practice, improve data quality in future and hopefully to support the development
of standard operating procedures (SOPs) appropriate to local conditions.

There are several limitations to this study. It should be stressed that SURF is a simple audit.
Unlike EUROASPIRE, laboratory measurements are not standardised. The high frequency
of missing data might reduce the reliability of prevalence estimates. Participating centres
from each country were identified by personal contact and as a result of presentations
at meetings and as thus may not be representative of health care facilities treating CHD
patients in participating countries. So, we cannot judge their representativeness. It is
possible that the standard of care is in fact higher than the local average, because of
the interest of the centres in participating in SURF. Followed by SURF I, a new phase,
SUREF I, will use a more formal recruitment procedure to enhance representativeness

of centres and patients.

The simplicity of SURF is its strength. It is easy to undertake at low cost and with minimal
workload for health care providers. It is particularly suitable as an audit instrument for use
in low-resource settings and allows multiple comparisons of risk factor management in
different regions. In addition, SURF may serve to validate, support and complement other
audits to describe the on-going burden of risk factor management in CVD prevention.
This, and the potential to generate international and local publications, provides added

value for participating centres. Many countries also require evidence for participation
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in clinical audits for training and accreditation purposes. SURF underlines the need for
structured data documentation and standard operating procedures to assist in guideline

implementation with a view to improving both risk factor recording and control.

In conclusion, this international audit study of CHD patients has shown the applicability
of SURF | in different settings. The results indicate patchy recording and poor control
of risk factors in CHD patients with substantial regional variations. These observations
call for judicious and validated approaches to the development and implementation of

clinical standards, operating procedures and performance measures.
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SUPPLEMENTS

Protocol of Survey of Risk Factor Management (SURF)
SURF data collection sheet and explanation sheet
Participating countries, centers, and investigators in SURF |
Missing information in SURF |

mo O ® >

Demographic characteristics, risk factors, medical history, therapeutic targets,
Cardiovascular Health Index Score (CHIS), and medication usage in SURF | by

country
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A. Protocol of Survey of Risk Factor Management (SURF): A simple audit of
cardiovascular risk factor management

lan Graham, Marie-Therese Cooney, on behalf of the SURF Steering Committee.

Principal Investigator: lan Graham (ian@grahams.net)

International co-ordinator and data centre: Marie-Therese Cooney (therese.cooney@yahoo.com)
Irish National Co-ordinator: Patricia O’Donoghue (patriciaodonoghue2007@yahoo.com)

The Adelaide and Meath Hospital incorporating the National Children’s Hospital, Tallaght,
Dublin 24 and Trinity College, Dublin, Ireland and The Prevention, Epidemiology and
Population Science Committee, the European Society of Cardiovascular Prevention and
Rehabilitation

ATTACHMENTS:

Data collection sheet

Explanation sheet
3. Draft letters to individual centres inviting participation
3.1 For new centres
3.2 For centres that participated in the pilot phase
National co-ordinator information*
Details of each participating hospital*
Details of individual investigators*

N o ou s

Publication policy

*To be submitted by the national co-ordinators
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INTRODUCTION

Atherosclerotic cardiovascular diseases (CVDs) are the biggest cause of death in most
developed and developing countries. Their mass occurrence relates strongly to modifiable
risk factors such as smoking, blood cholesterol, raised blood pressure, diabetes, inactivity
and overweight. There is indisputable evidence that risk factor modification reduces
mortality, especially in the highest risk subjects- those with established vascular disease.
For this reason, the current European guidelines on the prevention of cardiovascular
disease in clinical practice! give such people the highest priority for preventive advice

as well as more stringent risk factor targets.

EuroAspire? is the major European audit of the efficacy of risk factor intervention in
subjects with established coronary heart disease (CHD). It has consistently reported
that risk factor control is sub-optimal, particularly with regard to raised blood pressure,
smoking, body weight and diabetes. Many of these subjects, who are at high risk for
further CHD, have not achieved the risk factor targets established by the European
Society of Cardiology (ESC).

EuroAspire may be regarded as an exemplar audit in that many countries are surveyed,
the surveys are very detailed and standardised methods are employed. It requires
considerable resources in terms of staff, time and money which may limit participation
to well resourced centres and therefore reduce representativeness, especially as it is
limited to two centres per country.

SURF (SUrvey of Risk Factors) was conceived as a simple audit of risk factor management
to allow wider and hopefully more representative usage to complement more detailed
audits such as EuroAspire. It has the following characteristics:

1. Itis designed to be conducted at the time of usual clinic attendances rather than
requiring the subject to return for a detailed examination. This will minimise selection
and participation bias.

2. This demands that SURF must be very quick and easy to administer and require
minimal input in terms of time and no extra resource requirements.

3. It has been designed initially for use in patients with CHD, but can readily be adapted
for use in subjects with other forms of CVD, or indeed in apparently healthy subjects.

4. It is designed to complement EuroAspire by using the same diagnostic categories
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with the addition of stable angina pectoris with objective confirmation.

While piloted in paper format, data can now also be entered and submitted
electronically using Survey Monkey. This may be preferred by centres who are on-
line during their clinics.

It is designed to give added value to participating centres by their participation in an
international project. In addition, many countries require evidence of participation
in audits for quality control and for accreditation of trainees.

An initial protocol was developed in 2009 and piloted in three European and four Asian

countries in 2010. Data on over 1000 subjects were collected. It proved as quick and easy

to perform as had been hoped, and additional countries have asked to join the project.

The pilot data suggest interesting differences between Asia and Europe.

THE PROPOSAL

It is now proposed to move on to the formal launch of SURF by developing a more

representative sampling frame in the existing partner countries and by recruiting

additional countries on a phased basis. Proposed partner countries for this phase are

below It is appreciated that their entry will of necessity be phased:

Belgium (Johan de Sutter and Dirk De Bacquer)

Croatia (Zeljko Reiner)

Denmark (Eva Prescott)

Germany (Ulrich Keil- tbc)

Ireland (Ilan Graham, Marie-Therese Cooney, Patricia O’Donoghue,Alexandra Dudina,)
Italy (Diego Vanuzzo)

India (Ambrish Mithal)

Korea (Namsik Chung)

Malaysia (Oteh Maskon)

Northern Ireland (lan Menown)

Romania (Dan Gaita)

Russia (Rafael Oganov,Nana Posogova- thc)

Saudi Arabia (Hussam Al-Faleh)

Singapore (Yean Teng Lim)

Sweden (Lars Ryden)

Taiwan (Wayne H-H Sheu- also co-ordinator for the Asian region)
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e Thailand (Chaicharn Deerochanawong)
e The Philippines (Artemio Roxa)
e Turkey (Lale Tokozoglu)

The named leaders in these countries will be the national co-ordinators and members

of the Steering Committee.

Centres are encouraged to collect data continuously to allow on-going audit of risk factor
control. For centres that do not wish this, annual re-examinations over a three month

period are suggested.
STRUCTURE

A one-page audit form that can be completed in 60 to 90 seconds (Attachment 1).

A similarly formatted sheet of instructions and definitions (Attachment 2).

For centres that wish to submit data electronically, this can be done through Survey
Monkey. Having tested the paper version, this is now the preferred method of data
collection for centres who are on-line in their clinics. A personalised link for each
centre will be sent by M-T C (Director, data centre) to those who chose this method
of data collection. The attachments 3-5 (centre and investigator information) should
be sent to MTC after which the personalised link will be forwarded.

Centres are currently actively joining the project, so that the initial data collection will be
staggered over the first half of 2012. Starting on a defined date each year, participating
centres will be invited to collect risk factor information on consecutive subjects attending
the outpatients department with established CHD. While there is no lower limit, it is
hoped that each centre will contribute at least 50 cases. These will preferably be returned
to the co-ordinating centre in Excel spread sheet format for collation and analysis,
although raw data sheets can be returned if necessary. A template excel spreadsheet will
be forwarded on request. Individual centre’s results will be returned to them, together
with comparative grouped mean results for their region.

The data collection sheets have been designed so that they may easily be adapted

in future to audit subjects with cerebrovascular disease, peripheral vascular disease,
diabetes, renal failure or other subjects at risk of CVD.
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SAMPLING FRAME

The national co-ordinator is responsible for the invitation of individual centres within
each country into SURF. While centres submit data directly to the co-ordinating centre,
the national co-ordinator is asked to seek periodic up-dates and to actively encourage

participation and recruitment.

The following are suggested targets. It is recognised that such targets will put a heavier
burden on larger countries and regions, and it is acceptable if it is only possible to
recruit a smaller number of centres. Subsequent grant applications may allow a grant
for administrative costs, but this is not yet possible [participation in this international
project has enabled some centres to obtain funds from their institutions].

o Small country (population 10 million or less):
o 10 centres (3 tertiary, 7 regional)

o Medium country (population 10- 60 million):
o 20 centres (6 tertiary, 14 regional)

o Large country (population more than 60 million):
o 30 centres (9 tertiary, 21 regional)

Example: Inlreland (small country) for the pilot study centres were recruited as follows:
All 40 hospitals which admit patients with acute coronary syndromes were
identified. We contacted the consultants responsible for these patients at
each of the centres by email and written letter. All centres which responded
positively were included in the survey (10). Centres which did not respond
were contacted by telephone also. In many centres the project was
administered by the cardiology clinic nurse, which proved very effective.
Experience has shown that, once a centre tries the project in a clinic, they
find that it really is easy and not a burden.

SUBIJECTS

Consecutive subjects of both genders and any age with objective evidence of CHD will

be studied. They must have one or more of the following diagnoses.
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Diagnostic groups are not mutually exclusive and are:

e Coronary artery bypass surgery (CABG)

e Percutaneous coronary intervention (PCl)

e Acute coronary syndrome (ACS) (cardiac chest pain at rest with serial ischaemic
ECG changes and/or a rise in troponin or CKMB levels)

e Stable angina pectoris (clinical angina pectoris with at least one of (a) clearly
positive exercise ECG, (b) Positive stress myocardial perfusion scan or (c) At least
one stenosis of 70% or more on coronary arteriography.

The patient must have one or more of the above diagnoses to be eligible.

In contrast to EuroAspire there is no timeframe- patient may enter at any point from their
first out-patient clinic attendance onwards. Patients are eligible whether or not they have
ever been admitted to hospital (for example, in the case of stable angina)

DATA: WHAT IS COLLECTED AND HOW

The data to be collected are shown in fig 1, with definitions and instructions in fig 2.
Demographic data include initials, hospital, year of birth, gender, date of examination,
category of CHD and whether admitted in the previous one year.

Risk factor data include information on smoking, activity, educational level as a proxy for
social class, history of known hypertension, dyslipidaemia or diabetes and most recent
risk factor measurements (figl). Attendance at cardiac rehabilitation is noted. Drug usage
is recorded by category only. Data are collected at routine out-patient attendances. They
can and should be updated with the usual measurements on the day of attendance, such
as height, weight, waist circumference and blood pressure. Extra visits to update, for
example lipid measures are not encouraged because one of the purposes of the audit is
to see how often such data are not recently available. Data can be stored and forwarded
to the data collection centre when convenient- in batches or all together at the end of

the data collection period.

It is preferred that data be transferred on an excel spread sheet or electronically on-line
by Survey Monkey, but raw data forms may be submitted if necessary.
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As mentioned under Structure above, the data centre co-ordinator (Marie-Therese
Cooney) will forward a personalised link to those who choose to use the on-line survey
monkey, or a template excel spreadsheet to those who choose this method of data

submission.

PATIENT INFORMATION AND CONSENT

While the data sheets may be completed after the patient has left the clinic, it is preferable
to explain the project to the patient and to ask for their permission to complete the data
collection sheet as part of the interview. We have used language like “We are trying to
learn how to get better at helping our patients with risk factors such as blood pressure
or cholesterol, so is it OK if we collect information on you? It will be kept completely
confidential.” We then complete the sheet with the patient. To date the response has
been enthusiastic and interested.

Regulations regarding audits and data usage vary from country to country and from
institution to institution. However, for SURF, only data that are already available in the
patient record are being used and anonymity is preserved. There are no interventions.
Therefore verbal consent as outlined above is usually all that is required.

ANALYSIS AND PRESENTATION OF RESULTS

Results will be presented overall and by age, gender and diagnostic category.
Continuous variables will be presented as arithmetic means +/- SD if normally distributed.
If not, medians or geometric means will be used.

Categorical variables will be presented as percentages.

The proportion of subjects achieving ESC risk factor targets will be presented in tabular
and graphic form and compared with EuroAspire data.

Possible determinants of successful risk factor control will be examined. These might
include age, gender, educational level, and admission to hospital, diagnostic category
and participation in cardiac rehabilitation.

Ways to improve risk factor control will be discussed.

Results for individual centres will be returned in tabular form together with grouped
mean results from other centres for comparison purposes.

No individual centre’s results shall be disclosed to any other party unless the centre
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wishes this. Publication and authorship policies are outlined in a separate attachment.
TIMELINES

August-September 2011: Approval of documentation

Late August 2011: Funding review

September 2011- mid 2012: Recruitment of centres

Feb 2012: Progress review

Data collection: Centres already collecting data are encouraged to continue to do so.
New centres to start during the first six months of 2012

May 2012: Review of data and future planning- continuous project or annual, for example.
NOTE: This project has been supported by an unrestricted grant from MSD Ireland, who

have been informed of the design and progress of the project but have had no input into
the project otherwise- apart from enthusiastic support which is gratefully acknowledged
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3.1 Draft letter to individual centers inviting participation
(For use in centers not involved in SURF pilot phase)

This letter can be modified by the national co-coordinator

Dear colleague,

| am writing to invite participation in a simple audit of risk factor management in secondary
prevention of CHD, called SURF (Survey of Risk Factor management). The survey has already
been successfully piloted in 3 European and 4 Asian countries in 2009/2010. The one page data
collection sheet is attached here, along with a simple explanation sheet, which includes the very
straight-forward inclusion criteria. The data required are all information which would be captured
during a routine out-patient clinic appointment. The sheet has been shown to take only 60-90
seconds to complete and as such should not add appreciable extra time to the routine out-patient
visit.

We believe that participation in SURF brings certain benefits-

1. Involvement in a collaborative international project that has been endorsed by the
Epidemiology Section of the European Association of Cardiovascular Prevention and
Rehabilitation.

2. SURF is a practical audit of the level of risk factor control. Our experience has been that
using it encourages greater efforts to reach risk factor targets.

3. Increasingly, accreditation of Continuing Medical Education requires evidence of
participation in audits, both foe senior physicians and trainees.

4. The opportunity to write papers for local journals and to participate in international
publications.

Although there is no lower limit, we would ask that, if possible, at least 50 patients would be
included from each center. These would be consecutive patients with a diagnosis of CHD attending
a routine out-patient clinic. Patients should be aged over 18 years, but there is no upper age limit.
In the country of the coordinating center we were advised that ethics committee approval was not
required and only verbal consent needed. This is because only data that are available in the chart
or during the consultation are entered and all cases are anonymized. However, you are advised to
check local regulations with your ethics committee. A simple system for the online collection of
data has also been developed using Survey Monkey for those who prefer this to filling out paper
forms. Regarding authorship of publications, the full SURF publication policy is attached here.

Many thanks for considering this collaboration and | look forward to hearing from you,

Yours Sincerely,
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3.2 Draft letter to individual centers inviting participation
(For use in centers who were involved in the SURF pilot phase)

This letter can be modified by the national co-coordinator

3k 3k 3k 3k 3k >k 3k 3k %k 3k 5k %k %k >k k k

Dear colleague,

| write to thank you for your major contribution to the pilot phase of SURF, the international
Survey of Risk Factor management in subjects with coronary heart disease (CHD). The pilot was
very successful in that, with your help, we collected data on more than 1,000 patients from 3
European and 4 Asian centers- considerably more than originally planned. We attach an abstract
of the main results for your interest. As promised, we also attach the results for your center with
grouped results for comparison purposes. We now invite your participation in the first phase of
the full SURF project.

The one page data collection sheet is attached here, along with a simple explanation sheet, which
includes the very straight-forward inclusion criteria. The data required are all information which
would be captured during a routine out-patient clinic appointment. The sheet has been shown
to take only 60-90 seconds to complete and as such should not add appreciable extra time to the
routine out-patient visit.

We believe that participation in SURF brings certain benefits-

1. Involvement in a collaborative international project that has been endorsed by the
Epidemiology Section of the European Association of Cardiovascular Prevention and
Rehabilitation.

2. SURF is a practical audit of the level of risk factor control. Our experience has been that
using it encourages greater efforts to reach risk factor targets.

3. Increasingly, accreditation of Continuing Medical Education requires evidence of
participation in audits, both foe senior physicians and trainees.

4. The opportunity to write papers for local journals and to participate in international
publications.

Although there is no lower limit, we would ask that, if possible, at least 50 patients would be
included from each center. These would be consecutive patients with a diagnosis of CHD attending
a routine out-patient clinic. Patients should be aged over 18 years, but there is no upper age limit.

In the country of the coordinating center we were advised that ethics committee approval was not
required and only verbal consent needed. This is because only data that are available in the chart
or during the consultation are entered and all cases are anonymized. However, you are advised to
check local regulations with your ethics committee. A simple system for the online collection of
data has also been developed using Survey Monkey for those who prefer this to filling out paper
forms. Regarding authorship of publications, the full SURF publication policy is attached here.

Many thanks for considering this collaboration and | look forward to hearing from you,

Yours Sincerely,
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4, National coordinator information

Country:

National coordinator information:

e Name:

e Degrees:
o Affiliation:
e Position:
e Address:
e Email:

e Phone:

e Page 1is only to be completed once for each country involved in SURF
e Page 2is to be filled separately for each center in this country
e Page 3 is to be filled separately for each investigator
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5. Details of each participating hospital
SURF - Centre information:

Hospital Name:

Hospital Address:

Type of hospital:

University/ teaching/
tertiary hospital
Regional or district
hospital

Number of beds in hospital:

Type of out-patient clinic:

oooooon

General medicine
Cardiology

Risk factor management
Cardiac rehabilitation
Cardiac Surgery
Diabetic

Other — specify

Lead investigator:
(Enter name here — also fill separate detailed investigator
information sheet & attach)

Co-investigator 1:
(Fill detailed investigator information sheet for each co-in-
vestigator also)

Co-investigator 2:

Co-investigator 3:

Co-investigator 4:
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6. Details of individual investigators

Detailed investigator information sheet

64

Name:

Country:

Centre:

Degrees:

Affiliation:

Position:

Address:

Email:

Phone:

[0 Lead investigator at this center
O Co-investigator at this center
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7. Publication Policy

Each country is to have a national coordinator.

2. The national coordinator will all be part of the steering committee of SURF.

Each member of the steering committee will be included as a co-author in generic
SURF publications (unless editorial policies of specific journal dictate a limited
number of authors).

Before commencing the SURF audit each national coordinator will specify a lead
investigator from each center involved. The lead investigators from each center
will be included as co-authors on any publications concerning their data, if editorial
policies of journals permit this number of co-authors. If not, authorship will be
assigned on the basis of the number of cases submitted. Co-investigators from

each center will also be specified.

. All co-investigators will be included as collaborators on publications concerning

their data.

Each national coordinator is responsible for giving permission for the analysis,
write-up and publication of the individual country’s national SURF data.

National coordinators are asked to ensure that these data are not published before

the publication of the main SURF paper.

. The principle investigator of SURF undertakes that the main paper will be published

in a timely manner (in order to facilitate point 6 above
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C. Participating countries, centers, and investigators in SURF |
Table C.1: Participating countries and centers in SURF |

Country Continent Number of Centers  Number of patients
Belgium Europe * 604
Croatia Europe 9 1514
Denmark Europe * 300
Ireland Europe 11 1826
Italy Europe 19 1223
Northern Ireland Europe 2 166
Romania Europe 8 625
Russia Europe 8 464
Saudi Arabia Middle East 5 1580
China Asia 11 1150
Taiwan Asia 4 734
Total 79 10186

*Centre information is not available; It will be counted as one single centre

The SURF was carried out as a section flagship project of the European Association for
Cardiovascular Disease Prevention and Rehabilitation.

The member of SURF study group are: Dirk De Bacquer (Department of Public Health,
Ghent University, Gent, Belgium), Johan De Sutter (AZ Maria Middelares Hospital Gent
and Gent University, Gent, Belgium), Zeljko Reiner (University Hospital Centre Zagreb,
School of Medicine, Zagreb University, Croatia), Eva Prescott (Bispebjerg University
Hospital, Copenhagen, Denmark), Pompilio Faggiano (Cardiology Department, Spedali
Civili and University of Brescia, Brescia, Italy), Diego Vanuzzo (Cardiovascular Prevention
Centre, Health Unit 4 “Friuli Centrale”, Udine, Italy), Hussam AlFaleh (King Saud University,
Riyadh, Saudi Arabia), lan Menown (Craigavon Cardiac Centre, Craigavon, N. Ireland, UK),
Dan Gaita (University of Medicine and Pharmacy “Victor Babes”, Cardiology Department,
Timisoara, Romania), Nana Posogova (National Research Centre for Preventive Medicine,
Russia), Wayne H-H Sheu (Division of Endocrinology and Metabolism, Department of
Internal Medicine, Taichung Veterans General Hospital, Taichung, Taiwan), Dong Zhao
(Beijing Anzheng Hospital, China).

The structure of the administrative organization is described below followed by a list

of participating study centres and organizations, and investigators and other research
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personnel.

Belgium AZ Maria Middelares Hospital, Gent, Belgium: J. De Sutter; Gent Univerisity,
Gent, Belgium: D. Debacquer, G. DeBacker.

Croatia University Hospital Centre, Zagreb, Croatia: Z. Peiner; University Hospital Centre
Split, Croatia: J. Bagatin; University Hospital Centre Rijeka, Croatia: L. Zaputovic; University
Hospital Centre Osijek, Croatia: R. Steiner;University Hospital Centre Sestre Milosrdnice,
Croatia: D.D. Brkljacic;Karlovac General Country Hospital, Croatia: V.S. Jelic;Koprivnica
General Country Hospital, Croatia: K. Sutalo;Pula General Country Hospital, Croatia: N.
Jukic;Zadar General Country Hospital, Croatia: A. Jovic.

Denmark Bispebjerg University Hospital, Copenhagen, Denmark: E.Prescott.

Ireland Charlemont Cardiology, Ireland: I.Graham; Adelaide Meath Hospital, Dublin,
Ireland: MT. Cooney; Cardiology Department, Tallaght Hospital, Tallaght, Dublin, Ireland:
A. Reynolds; Cardiology Department, Tallaght Hospital, Tallaght, Dublin, Ireland: D.
Moore; Cardiac rehabilitation Department, Tallaght Hospital, Tallaght, Dublin, Ireland:
N.Fallon; Cardiology Department, Sligo General Hospital, The Mall, Sligo, Ireland: D.
Murrary;Cardiology Department, Wexford General Hospital, Wexford, Ireland: A.Buckey;
Cardiolog Department, Letterkenny General Hospital, Letterkenny, Co. Donegal: S.David;
CREST Directorate, Hospital 7, St James’ Hospital, Dublin, Ireland: R.T. Murphy; Cardiology
Department, South Tipperary General Hospital, Western road, Clonmel, Ireland:
D.Spelman; Cardiology Department, St Luke’s General Hospital, Freshford road, Kilkenny,
Ireland: M.Conway.

Italy Cardiology Department, Spedali Civili and University of Brescia, Brescia, Italy: P.
Faggiano; Cardiovascular Prevention Centre, Health Unit 4 “Medio Friuli”, Udine, Italy:
D. Vanuzzo; Cardiology Department, University of Brescia, Brescia, Italy: P. Faggiano;
Division of Cardiology, San Filippo Neri Hospital, Rome, Italy: F. Colivicchi; Department
of Experimental and Clinical Medicine University of Florence, Cardiac Rehabilitation Unit,
Crareggi Hospital Florence: F.Fattirolli; Istituti Ospitalier di Cremona, Cremona, ltaly:
S.Frattini; UOC CARDIOLOGIA RIABILITATIVA, Presidio di Passirana-Azienda Ospedaliera
“G. Salvini”, Italy: A.Frisinghelli; Franco: Cardiac Rehabilitation Divison, Fondazione
Salvatore Maugeri-IRCCS, Presidio MajorTorino, Italy: F.Tarrogenta; Affiliations are not
specified: M.Ambrosetti, L.Corsiglia, P.Coruzzi, S.Defeo, A.Dilenarda, G.Furgi, A.Galati,
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G.Mazzucco, G.F.Mureddu,L.Tarantini, S.Urbinati.

Northern Ireland Craigavon Cardiac Centre, Craigavon, N. Ireland, UK: I. Menown, N.
Cinnamond, S. Hussey; Belfast Trust Hospitals, N.Ireland, UK: P. Mainie, D. Bernie, M.
Mooney, J. Cunningham, B. McClements, G. Dalzell, N. Herity.

Saudi Arabia King Saud University, Riyadh, Saudi Arabia: H. Al-Faleh; Prince Sultan
Cardiac Center, Saudi Arabia Hospital & Health Care: F. Al-Nouri; King Saud bin Abdulaziz
University for Health Science, Riyadh, Saudi Arabia: T. Conboy.

Romania University of Medicine and Pharmacy “Victor Babes”, Timisoara, Romania:
D. Gaita, R.R., Lulia, T.A. Maria; Spitalul Judetean de Urgenta “Sf. loan cel Nou “,
Cardiology Department: C. Mihai; Spital Clinic Municipal de Urgenta Timisoara: T.M.
Cleopatra, C.M. loana; Emergency County Hospital Baia Mar: P.Calin, F.Dan; “George
I.M. GEORGESCU” CARDIOVASCULAR DISEASES INSTITUTE: C.A. Georgescu, C. Statescu,
A.Gaitan, C.C. Boldea, L. Anghel; Country Hospital Arad: D.Darabantiu, A.P. Moldovan;
ClujCountyEmergencyClinic Hospital: D.Olinic, M.Olinic, C. Homorodean, M.Ober, D.H.
Comsa; Institute of Cardiovascular Disease “Prof.Dr.C.C.lliescu”, Fundeni: D.Gherasim; SC
TITAN MEDICAL SRL ( EUCARDIOS — Centru de preventive si tratament cardiovascular):
N.A. Cristian, E.Vasilica, C.Florina, E.P. Daniel; Spitalul Clinic Judetean de Urgenta “Sf.
Spiridon” lasi: P.A. Octavian, |.Frasila; Cardiovascular Diseases Institute Timisoara:
L.Petrescu, R.Dan, S.Crisan, D.Maximov, C. Mornos; EmergencyHospital of Bucharest:
M.Dorobantu, G.Tatu-chitoiu, L.Calmac; Clinicco, Brasov: V.Lorga, N.C. Anghelache,
C.Baba; Spitalul Judetean De Urgenta Zalau: B.Minodora, G.Aurelia, M.V. Gabriela, GP.
Cristina.

Russia National Research Center for Preventive Medicine, Russia: N.Pogosova; Federal
Bugetary Institusion, Russia: 0.0ynotkinova, B.Shklovskiy, V.Baksheev, O.Baltuckaj; Non-
state healthcare institution, Department clinical hospital at station Barnaul of Russian
Railways: 1.0Osipova, V.Ustinov, D. Savina; National Research Center for Preventive
Medicine: Y.Yufereva, A.Ausheva, O.Panichkina; State Institution Research Institute of
Cardiology of Tomsk Research Center of Siberian, Department of Russian Academy of
Medical Science: T.Nonka; Medical Budgetary Treatment and Prophylaxis Institution,
Russia: N.Garganeeva; Yakutsk Republic Centre of Cardiology: K.l.lvanov; FSBI “Federal
Scientific Center for Medical and Preventive Health Risk Management Technologies”:
I.Ryamzina; FSBI “Research Institute for Cardiology”: A.Repin.
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Taiwan Taichung Veterans General Hospital, Taichung, Taiwan: W.Sheu, KW. Liang, CR.
Tsau, IT. Lee, JS. Wang, CP. Fu; Chiyi branch, Taichung Veterans General Hospital, National
Yang-Ming Hospital University School of Medicine, Taipei, Taiwan: J-C Lin.

China Beijing Anzhen Hospital, China: D.Zhao, HJ. Zuo
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ABSTRACT

Objective: To investigate whether there are sex differences in risk factor management
of patients with established coronary heart disease (CHD), and to assess demographic

variations of any such sex differences.

Methods: Patients with CHD were recruited from Europe, Asia, and the Middle East
between 2012-2013. Adherence to guideline-recommended treatment and lifestyle
targets was assessed and summarized as a Cardiovascular Health Index Score (CHIS).
Age-adjusted regression models were used to estimate odds ratio (OR) of women versus
men (95% confidence intervals<Cl>) in risk factor management.

Results: 10,112 patients (29% women) were included. Compared with men, women were
less likely to achieve targets for total cholesterol (OR [95% Cl]: 0.50[0.43-0.59]), LDL (0.57
[0.51-0.64]), and glucose (0.78 [0.70-0.87]), or to be physically active (0.74[0.68-0.81]), or
non-obese (0.82 [0.74-0.90]). In contrast, women had better control of blood pressure
(1.31 [1.20-1.44]) and were more likely to be a non-smoker (1.93 [1.67-2.22]) than men.
Overall, women were less likely than men to achieve all treatment targets (0.75 [0.60-
0.93]) or obtain an adequate CHIS (0.81 [0.73-0.91]), but no significant differences were
found for all lifestyle targets (0.93 [0.84-1.02]). Sex disparities in reaching treatment
targets were smaller in Europe than in Asia and the Middle East. Women in Asia were
more likely than men to reach lifestyle targets, with opposing results in Europe and the
Middle East.

Conclusions: Risk factor management for the secondary prevention of CHD was generally
worse in women than in men. The magnitude and direction of the sex differences varied

by region.

Keywords: Coronary heart disease, sex differences, secondary prevention, risk factors
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INTRODUCTION

Coronary heart disease (CHD) remains one of the leading causes of death and disability
worldwide. In 2015, 16% of all deaths in both men and women were caused by CHD.!
Individuals with established CHD are at high risk of further events and require intensive
risk factor management.? Despite convincing evidence on the major benefits of the
management of modifiable risk factors in subjects with established CHD, an unacceptably
large proportion of affected individuals do not reach guideline recommended risk factor

targets.’™

Previous studies in Western populations have suggested that the control of cardiovascular
risk factors among patients with established CHD is generally even lower in women
than in men.®® For example, results from EUROASPIRE Il indicated that, despite similar
treatment rates, women were less likely than men to achieve medical target levels.
EUROASPIRE 1V largely confirmed these findings and also reported that sex differences
were primarily seen among individuals with a lower education level or at older age,
suggesting a double burden among women in these populations. Despite the growing
burden of CHD in non-Western countries, such as those in Asia and the Middle East,
it remains unknown whether sex differences in risk factor control for the secondary

prevention of CHD also across geographically diverse regions.

We therefore used data from the SUrvey of Risk Factors (SURF) Phase | audit to investigate
whether there are sex differences in management of CHD risk factors among patients

with established CHD from three diverse regions.

METHODS

Study population

Details of the study protocol and methodology of SURF were reported previously.*®
Between 2012 and 2013, consecutive patients aged >18 years with established CHD
(defined as a history of coronary artery bypass graft surgery (CABG), percutaneous
coronary intervention (PCl), acute coronary syndromes (ACS), or stable angina) were
recruited from routine outpatient cardiology clinics in 11 countries across three regions:
Europe (Belgium, Croatia, Denmark, Ireland, Italy, Northern Ireland, Romania, and Russia),
Asia (Taiwan and China), and the Middle East (Saudi Arabia). Data on demographics,

self-reported smoking status, physical activity, attendance of cardiac rehabilitation,
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physical and laboratory measurements (i.e. body anthropometry, blood pressure<BP>,
cholesterol, blood glucose, and HbA1c), and prescription of medications were obtained
by trained research staff using standardized procedures.

Risk factor targets

The Joint European Societies guidelines were used to assess whether recommended
targets for risk factor management were met.>® The BP target was <140/90mmHg for
patients without diabetes and <140/80mmHg for patients with diabetes. The targets for
total cholesterol (TC), LDL-cholesterol, and blood glucose were <3 mmol/L, <1.8 mmol/L,
and <7 mmol/L, respectively. HbAlc was only collected for patients with diabetes and its
target was <7%. While the guideline does not define targets for HDL-cholesterol, values
>1.0mmol/L for men and >1.2mmol/L for women were regarded as desirable. Obesity was
defined as a body mass index (BMI) 230kg/m? and central obesity was defined as waist
circumference 288cm for women and >102cm for men. 10 Adequate physical activity
was defined as moderate or vigorous physical activity for at least 30 minutes three or
more times a week.

A Cardiovascular Health Index Score (CHIS), adapted from the ideal Cardiovascular Health
Score,* was used to summarize overall risk factor management. Since dietary information
was not available, the CHIS included six risk factors: smoking status (current smoker vs.
non-smoker <never/ex-smoker>), BMI (obese vs. not), physical activity (adequate vs.
not), BP (on target vs. not), LDL-cholesterol (on target vs. not), and HbAl1c/glucose (on
target vs. not).* The number of risk factors on target could range from 0 to 6 and the
risk factor profile was considered satisfactory if 5 or more risk factors were controlled.
Additionally, risk factor control was assessed separately for therapeutic and lifestyle
targets. ‘All treatment targets’ was defined as reaching targets for BP, LDL, and HbA1c/
glucose. ‘All lifestyle targets’ was defined as reaching targets for smoking status, BMI,
and physical activity.

Statistical analyses

Patient characteristics were presented as means (SD) for continuous variables and as
percentages for categorical variables, separately for men and women. Age-adjusted
logistic regression analyses were used to obtain odds ratios (OR) and 95% confidence
intervals (Cls) for sex associated with individual and combined risk factor targets. Men
served as the reference group. Complete case analyses were conducted. Subgroup

analyses were performed by region (Europe, Asia, and the Middle East) and age group
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(<65 years and >65 years). In secondary analyses, we additionally adjusted for BP, smoking

status, TC, HDL-cholesterol, and glucose.

To assess the impact of medication use on therapeutic target achievements, the analyses
on the target achievements of BP, TC and LDL, glucose and HbAlc were stratified by the
use of anti-hypertensive, lipid-lowering, and anti-diabetic medications, respectively. We
also assessed whether the findings differed between defined CHD category (CABG, PCl,
ACS, or stable angina). All analyses were performed with R version 3.2.2 and all tests
were two tailed with statistical significance set at the 5% level.

RESULTS

A total of 10,112 patients, of whom 2958 (29%) were women, were included. On average,
women were 4 years older than men; more women than men had stable angina but
fewer had CABG. Women more frequently had a history of hypertension and diabetes
(Table 1). Prescription of antiplatelet and lipid lowering therapy were less frequent in
women than men. The percentage of not recorded data was broadly similar between
the sexes (eTable 1).

Table 1. Patient characteristics and cardiovascular risk factors, stratified by sex and region

Overall Europe Asia Middle East

Men Women Men Women Men Women Men Women
Total No. 7154 2958 4851 1799 1136 746 1167 413
Age (years) 64.2 67.5 64.4 68.3 66.3 67.7 61.6 63.5

(11.2) (10.9) (10.8)  (10.8) (11.7)  (10.1)  (11.9) (12.2)

Disease category

CABG 22.3 12.8 24.0 14.8 7.7 3.8 29.2 20.3

PCl 49.8 40.1 49.4 41.9 41.6 24.7 59.3 59.8

SAP 26.9 40.2 24.5 32.2 51.5 69.8 13.5 21.3

ACS 36.9 32.7 43.6 43.9 14.4 10.1 31.2 24.7
Family history of 31.1 333 42.7 43.3 24.6 32,5 4.4 4.0
CHD

Smoking status

Current smoker  18.7 9.5 18.8 14.4 24.7 2.7 13.7 1.2
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Table 1. (continued)

Overall Europe Asia Middle East
Men Women Men Women Men Women Men Women
Total No. 7154 2958 4851 1799 1136 746 1167 413
Ex-smoker 47.5 17.6 52.8 26.6 42.0 5.2 34.1 2.0
Never smoker 32.8 72.1 28.5 59.0 33.3 92.1 52.2 9.7
Physical activity
Adequate 83.4 88.9 82.3 89.8 84.4 85.7 87.0 91.0
Inadequate 16.6 111 17.7 10.2 15.6 14.3 13.0 9.0
Known history
Hypertension 71.9 80.8 69.4 77.8 73.7 82.5 81.2 91.2
Dyslipidaemia 67.8 67.1 68.6 68.8 43.9 52.1 89.0 88.8
Diabetes 31.9 40.3 24.2 27.2 34.8 48.1 71.6 86.7
Type | 1.9 2.5 1.3 2.1 0.3 0.4 13.4 20.5
Type Il 30.5 38.5 23.0 25.3 34.6 47.7 69.2 84.5
Physical and labora-
tory measurements
BMI (kg/m?) 28.0 28.2 28.0 28.5 25.1 25.4 29.4 32.8
(4.5) (5.8) (4.3) (5.6) (3.3) (3.5) (5.4) (6.8)
Waist circumfer-  98.6 92.8 101.4 95.9 88.2 84.3 100.2 100.3
ence (cm) (14.4) (149) (14.2) (15.4) (9.0) (9.5) (14.7) (15.0)
SBP (mmHg) 130.5 133.7 1315 134.8 130.0 131.8 127.0 132.4
(18.2) (19.3) (18.9) (20.4) (16.2)  (16.6) (16.7) (18.1)
DBP (mmHg) 76.2 76.0 77.0 77.0 77.2 76.7 71.8 70.5
(10.9) (11.2) (10.6) (11.4) (11.4) (10.1) (10.4) (10.4)
TC (mmol/L) 4.2 4.6 4.3 4.6 4.2 4.6 3.8 4.1
(1.5) (1.5 (1.7) (1.8) (1.0) (1.0) (1.0) (0.9)
LDL (mmol/L) 2.4 2.7 24 2.7 2.6 2.8 21 2.3
(1.1) (1.2) (1.2) (1.3) (0.9) (0.9) (0.8) (0.7)
HDL (mmol/L) 1.1 1.3 1.1 1.3 1.1 1.3 0.9 1.1
(0.4) (0.5) (0.4) (0.5) (0.3) (0.4) (0.3) (0.3)
Glucose (mmol/L) 6.4 6.7 6.2 6.4 6.2 6.5 7.6 8.8
(2.5) (2.8) (2.2) (2.6) (1.9) (2.2) (3.6) (4.0)
HbA1c (%) 7.3 7.4 7.2 7.5 6.8 6.8 7.8 8.3
(1.6) (1.6) (1.5) (1.4) (1.4) (1.3) (1.7) (2.0)
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Table 1. (continued)

Overall Europe Asia Middle East
Men Women Men Women Men Women Men Women
Total No. 7154 2958 4851 1799 1136 746 1167 413
Medications
Anti-platelet 91.7 86.3 92.2 89.5 86.1 76.5 95.1 89.8
Anti-hypertensive 92.2 92.1 93.0 93.8 85.4 86.3 95.5 95.2
Beta-blocker 73.0 68.4 77.6 77.3 38.5 38.2 87.1 83.8
CCB 25.5 31.5 20.0 23.4 49.2 536 24.9 26.6
ARB 16.5 22.2 12.8 16.6 31.4 35.1 17.5 23.5
ACE 53.0 45.5 58.4 56.4 22.3 17.8 60.7 48.4
Statin 83.5 75.7 88.4 83.2 51.5 50.3 94.2 90.6
Nitrate 30.5 37.0 24.6 32.2 60.7 52.0 25.2 30.3
Insulin 8.7 12.4 6.0 8.2 57 8.0 22.8 38.3
Oral hypoglycae- 21.2 25.4 14.5 15.8 24.7 33.1 45.8 53.3
mic agent

PCI: percutaneous coronary intervention; CABG: coronary artery bypass surgery; ACS: acute coronary
syndrome; SAP: stable angina pectoris; BMI: body mass index; BP: blood pressure; ACE inhibitor: angio-
tensin-converting enzyme; ARB: angiotensin receptor blocker. Summary statistics are mean (standard
deviation) for continuous variables and percentage for categorical variables. Comparisons with P<0.1% are

printed Italics.

Achievement of risk factor targets

Control of cardiovascular risk factors was suboptimal in both men and women for all
risk factors examined (Figure 1). BP levels were on target in 45% of women and 38% of
men. The corresponding age-adjusted OR (95% Cl) was 1.31 (1.20; 1.44), indicating that
women had a 31% higher odds of meeting the BP target than men. Women were also
more likely than men to be non-smokers; the OR for being a non-smoker, women versus
men, was 1.93 (1.67; 2.22). Among these with diabetes, there was no significant difference
between the sexes in achieving the HbAlc targets; 41% of women and 43% of men met
the HbA1c target. In contrast, a smaller percentage of women than men reached the
treatment targets for TC (8% vs 14%), LDL-cholesterol (22% vs 33%), and glucose (71% vs.
76%), respectively. After adjustment for age, women had 50%, 43%, 22% lower odds than

men of achieving TC, LDL-cholesterol, and glucose targets (Figure 1). Similarly, women
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had a 18% higher odds of being obese, a 26% lower odds of being physically active, and
a 40% lower odds of attending cardiac rehabilitation than men. Overall, 6% of women
and 8% of men reached all treatment targets and about one-third of men and women
met all lifestyle targets; the ORs were 0.75 (0.60; 0.93) for all treatment targets and 0.93
(0.84; 1.02) for all lifestyle targets. Combined, 16% of women and 21% of men had an
adequate CHIS, which corresponded 19% lower odds in women than in men (0.81 [0.73;
0.91]) (Figure 2).

Findings were similar in the analyses adjusted for major risk factors (eFigure 1).
Stratification of our analyses by medication prescription or CHD disease category did
not materially change the results (eTable 2).

Sex differences by region

There was some indication that sex differences in the target achievements differed
between regions (Table 1 and Figure 3). In Europe, the odds of achieving treatment
targets for TC, LDL-cholesterol, and glucose, respectively, were 34%, 31%, and 14% lower
in women than men, compared to a 70%, 47%, and 30% lower odds for women in Asia,
and a 76%, 53%, and 47% lower odds for achieving these targets for women in the
Middle East. Sex differences in achieving all treatment targets were smallest in Europe
and largest in the Middle East. Women in Asia and the Middle East were considerably
more likely than men to be non-smokers, whereas no significant differences in smoking
rates were observed between sexes in Europe (Asia: 11.5 [7.2; 8.4]; Middle East: 16.2
[5.9; 44.5]; Europe: 1.1 [0.9; 1.3]). In Asia, women were more likely to be physically active
than men. In contrast, women in Europe and the Middle East were less physically active
than their male counterparts (Figure 3). In Asia, women were more likely than men to

meet all lifestyle targets, but a reverse pattern was seen in Europe and the Middle East.

In Asia, the odds of having an adequate CHIS was 33% higher in women than men,
compared to a 29% and 49% lower odds in women than men Europe and the Middle

East, respectively.

Sex differences by age

The sex differences in achieving treatment targets differed between those aged <65 years
and those >65 years for TC, LDL-cholesterol, and glucose, but not for other risk factors
(Figure 4). Compared with younger men, younger women were 59% less likely to meet
the TC target, 53% less likely to meet the LDL-cholesterol target, and 28% less likely to
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meet the glucose target. Corresponding results in those aged >65 years were 42%, 34%,
and 18%, respectively. There was no evidence that women’s lower odds of all treatment
targets, all lifestyle targets, or an adequate CHIS, compared with men, differed between

those aged <65 vs. > 65 years.

Sex differences by age and region

Regional differences in achieving treatment and lifestyle targets varied between younger
and older individuals (eTable 3). Due to higher smoking prevalence in younger men, in
Asia and the Middle East, sex differences in smoking rates tended to be larger in those
aged<65 years than in those aged>65 years in these regions. In Europe and the Middle
East, sex differences in overall risk factor management, to women’s disadvantage, were
larger among younger than among older individuals. In Asia, the odds of adequate risk
factor management was higher among younger women than younger men, which was
largely driven by better control of lifestyle factors in women. In older women in Asia, the
odds of adequate risk factor management was lower than in their male counterparts.
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Chapter 3.1

DISCUSSION

The present study among over 10,000 individuals with CHD indicated that, overall, risk
factor management for the secondary prevention of CHD is worse among women than
men. However, the magnitude and direction of the sex differences in the likelihood
of meeting guideline-recommended targets varied across component treatment and
lifestyle targets. Blood pressure control was better in women than in men whereas
women were less likely to reach target lipid and glucose levels. Sex differences in risk
factor management also varied across regions, with contrasting patterns for treatment
and lifestyle targets.

Previous studies on sex differences in risk factor management for the secondary
prevention of CHD have also shown that women, in general, have a worse risk factor
profile and are less likely to meet therapeutic targets than men. The EUROASPIRE Il
and IV, two large surveys on the control of cardiovascular risk factors among coronary
patients across Europe, reported that women were less likely than men to achieve target
lipid and HbA1c levels.®” Additionally, EUROASPIRE IV demonstrated that the largest sex
differences were seen among elderly patients and among those with lower levels of
education.6 EUROASPIRE Il reported that blood pressure control was also worse among
women than men, whereas EUROASPIRE IV found similar rates between sexes. &’ In the
present study, we found that, although blood pressure levels were higher among women
than men. Blood pressure control was considerably better in women than in men. Lipid

and glucose targets, however, were less likely to be achieved by women than men.

Sex differences in the availability of evidence-based medications may be responsible for
women'’s lower likelihood of achieving treatment targets. While, the EUROASPIRE surveys
reported broadly similar treatment rates between sexes,®’ several other studies found
lower rates in women than men.?'® For instance, the CRUSADE study, a large national
study among in 36,000 coronary patients in the US, demonstrated that women were less
likely than men to receive aspirin, ACE-inhibitors, or statins at hospital discharge after
a cardiac event, even after adjustment for women’s worse cardiovascular risk profile at
admission.” Moreover, a study among 15,000 coronary patients in the Netherlands found
persistent sex differences in the use of lipid-lowering and antithrombotic medications,
particularly in younger patients.!®* Others also reported that women are less likely than
men to receive intensive lipid-lowering therapy so to achieve their optimal lipid goals.***®
However, our analyses stratified by medication use did not alter our main findings on
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sex differences of risk factor management, nevertheless the prevalence of medication
use differs between sexes.

Despite this, as shown in our findings that women with CHD tended to be older, women’s
older age at diagnosis of CHD with more comorbidities might also explain their lower
likelihood of receiving pharmacological therapy.’®*'°This is also problematic for younger
women when their CHD conditions are often considered less serious, compared to men.'®
Consistent with previous evidence,*® the sex difference in achieving lipid targets in this
study were larger among younger than among older patients, indicating that younger
women are particularly disadvantaged. Furthermore, our findings revealed differential
distribution of CHD category between women and men and less CABG patients were
recruited as women. As such, women may pay less attention to their CHD risk factor
management, resulting less cardiovascular medication used and less targets achieved by
women. This is unfortunate as clinical guidelines recommend, based on evidence from
large randomized controlled trials, the use of preventative medications and strategy
of CHD prevention for all adult CHD patients, irrespective of age, sex, or severity of
disease.?*?

Most previous studies on sex differences in cardiovascular risk management are
conducted in Western populations. Our study not only showed that substantial sex
differences in cardiovascular risk management exist in Europe, Asia and the Middle East,
but also indicated that regional variations in the size and direction of these sex disparities
are present. Sex differences in smoking habits varied most notably across regions; while
the prevalence of smoking was similar between the sexes in Europe, women in Asia and
the Middle East were considerably less likely to smoke than their male counterparts.
In contrast, sex disparities in the achievement of treatment targets were smaller in
Europe than in Asia and the Middle East, especially for lipid and glucose levels. Lack
of knowledge among female patients about their disease or the necessity of adequate
guideline-recommended treatment could contribute to these sex differences in risk factor
management.2°=* A survey in the US found that only 55% of women were aware that
CHD is the leading cause of death in women and less than half of women was familiar
with optimal levels of CHD risk factors.?* Additionally, a 12-year follow-up survey in the
US showed the majority of women did not adhere to appropriate secondary prevention
and often used non-evidence-based therapies to prevent CHD.?? Comparative studies
among men have not been conducted, neither is there robust data on the awareness

of CHD risk among women, and men, from non-Western populations. However, it is
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conceivable that women’s awareness of CHD risk and the benefits of the management
of major risk factors is particularly low in non-Western populations, where CHD rates
are increasingly rising, risk factor profiles are different, and the uptake of preventive
strategies remains lower than in the West. Greater knowledge and awareness of CHD in
women, better understanding of regional differences, as well as more widespread use
of women-specific clinical guidelines appropriate to local settings could help to decrease
the sex disparities in CHD risk factor management and could improve CHD outcomes in
both men and women.

SURF, a pragmatic clinical audit, is undertaken as part of routine clinics at low cost
and minimal increase in workload, aiming to document and investigate CHD risk
factor management for secondary prevention. It is particularly suitable as an audit
instrument for use in low-resource settings and facilitates multiple comparisons of risk
factor management across different regions and, in future iterations, over time. Some
limitations of SURF deserve mention. Unlike EUROASPIRE, SURF data are collected during
outpatient visits and laboratory measurements are not performed with a standardized
scientific methodology. Although the high frequency of missing data might reduce the
reliability of prevalence estimates, the percentage of missing data was broadly similar
between sexes, and hence it is unlikely to alter our conclusions. Moreover, participating
centers were identified through personal contact and may not be representative of
health care facilities treating CHD patients in participating countries. Finally, more than
60% of patients were recruited from European centers. While these limitations may
have affected the descriptive characteristics, the comparisons of sex differences in
cardiovascular risk factor management are less likely to be affected. A new phase of SURF,
SUREF 11, will increase representativeness both in terms of patients participation and by

allowing the participation of a wide variety of centers, irrespective of size and resources.

CONCLUSION

In conclusion, we observed substantial differences between men and women in
cardiovascular risk factor management for the secondary prevention of CHD, most often
to the detriment of women. Sex disparities in risk factor management differed across
regions, suggesting the need for tailored strategies to reduce these inequalities and to
improve the uptake of guideline-recommended care for the secondary prevention of
CHD in both men and women.
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APPENDIX

Figure Legends

eFigure 1: Sex differences in risk factor management in age-adjusted and multiple-adjusted
model

BP: blood pressure; TC: total cholesterol; LDL: LDL-cholesterol

Target blood pressure (BP) was defined as BP <140/90mmHg or <140/80mmHg for diabetic pa-
tients. The target for TC, LDL-cholesterol and HDL-cholesterol levels were defined as <3 mmol/L,
<1.8 mmol/L, and >1.0mmol/L for men and >1.2mmol/L for women, respectively. Target glucose
was defined as <7 mmol/L. Information on HbA1c was only collected among patients with diabetes
and its target was defined as <7%. *All three medical targets (BP on target, LDL on target, and
glucose/HbAlc on target) are achieved was defined as all treatment targets.

Obesity was defined as a body mass index (BMI) 230kg/m2 and central obesity was defined as
waist circumference 288cm for women and 2102cm for men. Smoking status was current smoker
and non-smoker. Adequate physical activity level was defined as moderate or vigorous physical
activity for at least 30 mins three or more times a week. *All three lifestyle targets (non smoker,
adequate physical activities, and non obesity) are reached was defined as all lifestyle targets.

Model 1 was age adjusted logistic regression model; Model 2 was logistic regression model with
multiple adjustment with BP, smoking status, TC, HDL-cholesterol, glucose, and therapeutic target
achievements. Odds Ratios (ORs) and 95% confidence interval (95% Cl) presented as women
versus men.
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eTable 1: Missingdata by region and sex, n (%)

Overall Europe Asia Middle East
Men Women Men Women Men Women Men Women
Total No. 7154 2958 4851 1799 1136 746 1167 413
Basic demographics
Age 87 38 86 37 0 0 1 1
(1%) (1%) (2%) (2%) (0%) (0%) (0.1%) (0.1%)
Risk factors
FH 1647 591 1605 576 4 2 38 13
(23%) (20%) (33%) (32%) (0.4%) (0.3%)  (3%) (3%)
Smoking 112 38 89 28 4 2 19 8
(2%) (1%) (2%) (2%) (0.4%) (0.3%)  (2%) (2%)
Exercise 172 55 126 39 10 3 36 13
(2%) (2%) (3%) (2%) (0.9%) (0.4%)  (3%) (3%)
BMI 564 211 341 131 13 6 210 74
(6%) (2%) (5%) (2%) (0.7%) (0.3%) (13%) (5%)
wcC 1575 574 1122 422 14 7 439 145
(22%) (19%) (23%) (23%) (1%) (1%) (38%) (35%)
Known history
HTN 183 43 91 23 5 3 87 17
(3%) (2%) (2%) (1%) (0.4%) (0.4%)  (8%) (4%)
Dyslipidaemia 199 92 101 49 9 5 89 38
(3%) (3%) (2%) (3%) (0.8%) (0.7%)  (8%) (9%)
Diabetes 1532 507 1016 367 7 6 509 134
(21%) (17%) (21%) (20%) (0.6%) (0.8%) (44%) (32%)
Medical treatment target
BP on target 125 29 108 23 9 4 8 2
(2%) (1%) (2%) (1%) (0.8%) (0.5%)  (0.7%) (0.5%)
TC on target 1279 568 859 338 171 115 249 115
(18%) (19%) (18%) (19%) (15%) (15%) (21%) (28%)
LDL on target 1903 827 1377 550 264 157 262 120
(27%) (28%) (28%) (31%) (23%) (21%) (23%) (29%)
HDL on target 1650 737 1184 482 213 138 253 117
(23%) (25%) (24%) (27%) (19%) (19%) (22%) (28%)
Glucose on target 1629 645 1150 384 221 139 258 122
(23%) (22%) (24%) (22%) (20%) (19%) (22%) (30%)
HbA1C on target 807 388 480 200 98 82 229 106
(45%) (39%) (52%) (51%) (25%) (23%) (49%) (44%)

FH: family history; HTN: hypertension
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Chapter 3.2

ABSTRACT

Background: The SURF (SUrvey of Risk Factors) indicated poor control of risk factors
in subjects with established coronary heart disease (CHD). The present study aimed to
investigate determinants of risk factor management in CHD patients.

Methods and Results: SURF recruited 9987 consecutive CHD patients from Europe, Asia,
and the Middle East between 2012-2013. Risk factor management was summarized as
a Cardiovascular Health Index Score (CHIS) based on six risk factor targets (non/ex-
smoker, body mass index<30, adequate exercise, controlled blood pressure, controlled
low-density lipoprotein, and controlled glucose). Logistic regression models assessed
associations between determinants (age, sex, family history, cardiac rehabilitation,
previous hospital admission, and diabetes) and achievement of moderate CHIS (>3 risk
factors controlled). Results are presented as odds ratio (OR) with corresponding 95%
confidence intervals (Cl).

A moderate CHIS was less likely to be reached by women (OR 0.84. 95% Cl 0.74-0.95),
those aged<55 years old (OR 0.62, 95% CI 0.52-0.74), and with diabetes (OR 0.38, 95%
Cl 0.34-0.43). Attendance of cardiac rehabilitation was associated with better CHIS
achievements (OR 1.63, 95% Cl 1.41-1.89). Younger Asian and European patients tended to
have poorer risk factor management; whereas for patients from the Middle East age was
not significantly associated with risk factor management. The availability and applicability
of cardiac rehabilitation varied by region.

Conclusions: Overall, risk factor management was poorer in women, those younger
than 55 years old, those with diabetes and those who did not participate in a cardiac
rehabilitation program. Determinants of cardiovascular risk factor management differed
by region.

Keywords: coronary heart disease, risk factors, determinants, SURF, secondary
prevention.
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KEY QUESTIONS

What is already known about this subject?
e Cardiovascular risk factor management was generally poor across Europe, Asia,
and the Middle East.
e Previous studies have suggested poor cardiovascular risk factor management was
attributed to demographic characteristics, the level of care these patients received,
and complications.

What does this study add?

e This study showed that patients who were women, younger than 55 years old,
those with diabetes, and those who did not participate in a cardiac rehabilitation,
were more likely to have uncontrolled cardiovascular risk factors.

e Benefits from cardiac rehabilitation for cardiovascular risk factor management
were pronounced in Europe; cardiac rehabilitation facilities, however, were limited
in the Middle East and Asia.

How might this impact on clinical practice?
e Insightin barriers to cardiac rehabilitation is needed and more comprehensive and
structured cardiac rehabilitation programs are warranted for Asia and the Middle
East.
e Given regional variations on cardiovascular risk factor management, tailored
prevention guidelines and strategies are recommended.
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INTRODUCTION

Cardiovascular disease (CVD), especially coronary heart disease (CHD), remains the
leading cause of death worldwide, with 17.9 million deaths annually.! The CVD prevalence
has rapidly increased in low- and middle-income countries, particularly in Asia and the
Middle East.? Current CHD prevention guidelines for patients with established CHD
pose a high priority to intensive control of CHD risk factors.® However, overall risk factor
control has been evidently poor with substantial regional variations, indicating a huge
gap between guideline implementation and daily practice in terms of CHD risk factor

management.**

These striking challenges to CHD risk factor management may relate to other
characteristics, such as age, sex, or even cardiovascular complications. ® For instance,
the previous SURF analysis confirmed that risk factor management was generally worse in
women than in men.” EUROASPIRE Il observed that a history of diabetes was associated
with poorer risk factor management.® Understanding associated characteristics or
determinants would be essential for all health providers to guide future secondary
prevention strategies and adjust current guidelines to improve quality of care in daily
practice. Furthermore, these studies were predominantly conducted in Europe. It remains
unknown whether these associated determinants differ in Asia and the Middle East.

We therefore analyzed data from a large international audit, SUrvey of Risk Factors
(SURF), to identify characteristics that had a significant impact on overall risk factor

management in secondary prevention of CVD in Europe, Asia, and the Middle East.

METHODS

Study population

The study protocol and methodology of SURF have been published previously.>’
Briefly, SURF is an international clinical audit of the recording and management of
cardiovascular risk factors from 11 countries among three regions (Europe, Asia, and
the Middle East). Consecutive patients aged>18 years with established CHD (defined
as a history of coronary artery bypass graft surgery (CABG), percutaneous coronary
intervention (PCI), acute coronary syndromes (ACS), or stable angina) were recruited
from routine outpatient cardiology clinics. Detailed data on demographics, self-reported

smoking status, physical activity, attending a cardiac rehabilitation program, physical
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and laboratory measurements (i.e. body anthropometry, blood pressure (BP), blood
cholesterol, blood glucose, and glycated hemoglobin <HbA1c>), and medication classes

were recorded on a one-page collection sheet by trained research staff.

Overall risk factor management profile

An overall risk factor management profile was assessed by Cardiovascular Health Index
Score (CHIS), and adapted from the ideal Cardiovascular Health Index Score (CHIS).2
CHIS was defined by six risk factors: smoking status, body mass index (BMlI), physical
activity, blood pressure, LDL-cholesterol, and HbA1c (or, if HoAlc was not available, blood
glucose). The summation of controlled risk factors could range from 0 to 6. If three or
more risk factors were on target, this was considered a moderately satisfactory score
(moderate CHIS).

The risk factor targets were those of the 2012 and 2016 Joint European guidelines:>*°

e Self-reported non-smoker (never/ex-smoker);

¢ Non-obese (BMI<30);

e Self-reported adequate physical activity (at least 30mins three or more times a
week);

e Blood pressure <140/90mmHg without diabetes and <140/80 mmHg with
diabetes;

e Lipoprotein (LDL) cholesterol<1.8 mmol/L;

¢ HbA1lc <7% for diabetes (or glucose<7mmol/L, if HbAlc is not available)

Determinants

Several studies have suggested that basic demographics, hospital care, and geographical
areas may relate to cardiovascular risk factor management.®”* Specific variables collected
in SURF were analyzed for potential impact on cardiovascular risk factor management
(appendix 1). Potential determinants included demographics (age group and gender),
family history, hospital admission within a year due to a cardiac event before study entry,
cardiac rehabilitation attendance, and known history of diabetes. Education was not
included as a possible determinant due to high frequency of missing and incomplete data.

Statistical analyses
Logistic regression analyses were used to assess which determinants were associated

with achievement of moderate CHIS. Results were presented using odds ratios (OR) with
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a corresponding 95% confidence interval (Cl) adjusted for age and gender. Stratified
analyses were performed by regions (Europe, Asia, and the Middle East) and diagnostic
groups (CABG, PCl, acute coronary syndromes, and stable angina).

SURF, as an audit, collected data from routine clinic visits. Given high frequency of
missing data (missing data information is available in appendix 2), we used imputed
data in our primary analysis.® Briefly, we applied 10 datasets to impute for missing data
with multivariate imputation by chained equations (MICE package in R).22 MICE predicts
missing data by iteratively optimizing a series of regression models using other potentially
predictive variables, such as basic demographics and geographic area. Continuous
variables including height, weight, blood pressure, TC, LDL, HDL, and glucose are
predictive mean matching and the categorical data including smoking status and physical
activity were imputed with logistic regression. A sensitivity analysis was performed using

complete case analysis without imputed data (appendix 3).

All analyses were undertaken using R version 3.2.2 and all tests were two tailed with
statistical significance set at the 5% level.

RESULTS

Cardiovascular Health Index Score (CHIS) information was based on 9987 SURF patient
records. The mean age of these patients was 65.2+11.2 years; 29.2% were women. The
median of CHIS was 4, ranging from 0 to 6 and a moderate CHIS (three or more risk factors
controlled) was achieved by 82.6% SURF patients.

Overall determinants of achieving moderate CHIS
Figure 1 shows the ORs associated with the achievement of moderate CHIS in unadjusted

and age- and gender-adjusted models.

In the adjusted model, younger patients were less likely than those older than 75 years
of age to reach moderate CHIS; the corresponding ORs were 0.62 [95% Cl 0.52 to 0.74]
for those aged<55 years old and 0.82 [95% Cl 0.69 to 0.97] for those aged between 55
and 65 years old. A moderate CHIS was achieved by 81% of women and 83% of men; the
corresponding OR for women vs men was 0.84 (95% CI 0.74 to 0.95). Attending cardiac
rehabilitation was associated with better success in reaching moderate CHIS, compared
to non-attendance (OR: 1.63; 95% Cl: 1.41-1.89). Furthermore, patients with a previous
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medical history of diabetes were 62% less likely to achieve moderate CHIS (95% Cl 0.34
to 0.43). Admission to hospital in the previous year and family history of premature CHD
were not determinants. Similar results were also found in unadjusted models.

Appendix 3 compares the results from imputed data with those from complete case data,
showing that determinants of reaching moderate CHIS were similar in sensitivity analysis.
In appendix 4 the associations with individual target achievement are presented. A lower
smoking rate, more adequate physical activities, and more targets achievements on
BP, LDL, and glucose were significantly associated with attending cardiac rehabilitation.

Determinants by region

Determinants varied across regions (figure 2). Younger patients (<55 years old) were less
likely to reach a moderate CHIS than those above 75 years old in Europe and Asia; while
there was no significant age difference on achieving a moderate CHIS among Middle
Eastern patients (Europe: 0.71 [95%CI 0.56-0.88]; Asia: 0.42 [95%Cl 0.26-0.66]; Middle
East 0.67 [0.42-1.06]). After adjusting for age, women had 20% and 42% lower odds than
men of achieving moderate CHIS in Europe and the Middle-East, respectively (Europe:
0.80 95% CI [0.69, 0.92]; Middle East: 0.58, 95% CI [0.43, 0.77]). In contrast, the odds
of having moderate CHIS were 41% higher in Asian women than their counterparts. All
diabetic patients were shown to have a lower rate of achieving moderate CHIS than those
without, irrespective of regions (Europe: 0.27, 0.20-0.37; Asia: 0.27, 0.20-0.37; Middle
East: 0.65, 0.46-0.90).

Nearly half of European patients participated in a cardiac rehabilitation program for
secondary prevention. In Europe, attending cardiac rehabilitation was strongly associated
with greater success in reaching a moderate CHIS (1.49; 95% CI [1.26, 1.77]). In contrast, a
tiny number of patients in Asia (2.6%) and the Middle East (2.8%) have attended a cardiac

rehabilitation program precluding a meaningful analysis.

Subgroup analysis by region showed no significant difference between age groups in
Middle Eastern patients; for younger Asian and European patients (<55 years old), a less
beneficial risk factor control was observed. Determinants for achieving moderate CHIS
were similar in the different diagnostic groups (appendix 5).
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Figure 1. Determinants of moderate Cardiovascular Health Index Score (achieving three or

more risk factor targets)

Determinants % nIN 0Odds ratio[95% Cl] Odds ratio[95% CI]
Age group 75+ 85 Reference
75-65 85 = 0.96[0.81-1.13] (sl 0.95[0.81,1.12]
65-55 82 =] 0.82[0.69-0.97] = 0.81[0.69,095]
<55 78 — 0.63[0.53-0.76] = 0.62[0.52,0.74]
Gender Men 83 Reference
Women 81 [ 0.90[0.79-1.00] [l 0.84[0.74,0.65]
Family history Yes 82 Reference
No 83 i 1.03[0.91-1.16] gl 099[0.87,1.13]
Cardiac rehab  No 81 Reference
Yes 87 —— 1.62[1.42-1.87] 163[141,189]
Admission Yes 84 Reference
0.89[0.78,1.01
No 82 [ 0.90[0.78-1.03] b= t !
Diabetes No 88 Reference
w 0.38[0.34,0.43]
Yes 73 =1 0.41[0.37-0.46]
T X T 1 LI N R E—
0.00 0.50 1.00 1.50 2.00 0.00 050 1.00 1.50 2.00
Unadjusted Adjusted

Cardiac rehab: cardiac rehabilitation; Admission: hospital admission

The CHIS included six risk factors: smoking status (current smoker or non-smoker), obesity (body mass
index>30 or not), physical activity (adequate or not), blood pressure (on target or not), low-density
lipoprotein (LDL) cholesterol (on target or not), and HbAlc/glucose (on target or not). The number of
controlled risk factors was summed, ranging from 0 to 6. If three or more risk factors were on target,
moderate CHIS was assigned and considered as satisficed overall risk factor management. Age and gender
were adjusted for in the adjusted model. Results were presented as odds ratios with corresponding 95%

confidence interval.
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DISCUSSION

The present study dethat CHD patients younger than 55 years, women, those with
diabetes, and those who did not attend cardiac rehabilitation were less likely to have their
risk factors at target. Substantial regional variations were observed. Younger patients
(<55 years old) were more likely to achieve three or more targets in Europe and Asia;
while there was no age difference in the Middle East. Asian women had better control of
risk factors than men in contrast to those from Europe and the Middle East. Benefits from
cardiac rehabilitation were recognized for European patients; whereas lack of cardiac
rehabilitation facilities in the Middle East and Asia hampers assessment of benefits from
cardiac rehabilitation for these regions.

Participation in a cardiac rehabilitation program was associated with better overall
cardiovascular risk factor management in SURF patients consistent with results from
several other studies, indicating cardiovascular rehabilitation to be an effective tool for
the management of modifiable risk factors to achieve a healthy lifestyle and therapeutic
targets. ®'371¢ In the current study we observed that attending cardiac rehabilitation
was related to reduced smoking, achievement of adequate physical activity, a more
healthier body weight, and a higher likelihood of achievement of therapeutic targets
(LDL and glucose targets)(appendix 4). Thus, similar to other studies, our study confirmed
that cardiac rehabilitation, encompassing supervised exercise training, education, and
nutritional guidance, is multi-disciplinary approach to secondary prevention of CVD,
although the audit setting of SURF does not allow to assess direct effectiveness.!**¢

Availability and applicability of cardiac rehabilitation in the current study are evidently
limited for Asian and Middle-Eastern participating centers. Due to limited available
information on cardiac rehabilitation, we could, thus, not perform any meaningful
analysis in these two regions. Several previous studies showed cardiac rehabilitation
programs remain grossly underused and of varying quality in Asia and the Middle East.*”°
Insufficient financial and staff support and low awareness of the necessity of cardiac
rehabilitation may impede its use for secondary prevention. ¥2°22 Furthermore, lack of a
structured framework and limited capability may reduce its implementation.'® Previously,
we reported that less than 3% of Asian and Middle Eastern patients attended cardiac

rehabilitation.® Our study calls for appropriate cardiac rehabilitation programs worldwide.

Data regarding the relationship between age and risk factor control in patients with
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CHD are conflicting.52*° For instance, EUROASPIRE Il reported increasing age to be
associated with decreased likelihood of meeting combined targets of lipids, blood
pressure, smoking, and HbAlc in diabetics; however, such relationships disappeared
after controlling for confounders.® In contrast, our results indicated that older patients
(>75 years) were more likely to meet the targets and achieve a better CHIS compared
to younger patients, which is in line with a study performed in patients with peripheral
arterial disease.?® Although older patients may present with multiple disease states
and require more complex medical management, their awareness of the importance
of cardiovascular risk factor management is more likely to be high, leading to better
compliance. 262 We observed that older patients were more likely to achieve a healthier
lifestyle with regard to smoking, physical activity, body weight, and LDL-cholesterol,
despite a higher prevalence of previous medical history on hypertension and diabetes
and lower cardiovascular medication (appendix 6). Overall, better cardiovascular risk

factor management was observed in older patients.

We have previously reported in detail on sex differences in risk factor control in SURF.”
The current study confirms previous reports that women were disadvantaged in terms of
risk factor management; except for Asia, where women were considerably less likely to
smoke and far more likely to be physically active compared to their male counterparts.?-3!
Hence, overall risk factor management was expected to be better in Asian women. In
general, low awareness of CHD risk, insufficient pharmaceutical therapy, and lack of a
defined CHD prevention strategy for women may explain some of the inequalities in
cardiovascular risk factor management among women.3?

Diabetes is of major concern for cardiovascular risk factor management, given the
detrimental impact of diabetes on cardiovascular disease and its coexistence with other
traditional CVD risk factors including obesity, hypertension, and dyslipidemia.?*34 Hence,
as our results showed, CHD patients with diabetes could be more likely to have poor
overall CVD risk factor management and may derive less benefit from standardized
secondary prevention strategy. A large population-based study in Germany indicated
poor blood pressure control in subjects with diabetes.*® A study conducted in 47813
coronary patients in the US found poor lipid control in diabetes compared with their non-
diabetic counterparts.®® A Canadian survey reported that diabetes patients had difficulty
with weight control and smoking cessation.?” These studies indicate that patients with
diabetes may need more intensive monitoring in terms of CVD prevention regardless of

their region of residence.
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There was no evidence that previous hospital admission was a determinant of risk factor
management in the current study. Whereas, a Polish study reported admission to hospital
was related to better lipid management in the post-discharge period with a higher lipid-
lowering medication use, indicating that patients discharged from a specialized hospital
may be offered a better secondary prevention strategy with appropriate discharge
prescriptions.t* This may imply that disease severity may affect cardiovascular risk factor
management. Hence, we further analyzed stratified data on diagnostic group but did
not observe any significant difference on risk factor management, indicating equal care
offered to all CHD patients irrespective of their disease severity or previous admission
history (appendix 5).

SUREF is an international audit conducted in three different regions, aiming to provide a
more effective tool to monitor daily practice and to improve quality of care. This allowed
for comparative analyses to investigate associated determinants and whether they
differ between geographical regions. We observed poor risk factor management across
three regions with less than 20% of patients being able to have five or more risk factors
controlled. For the current analysis, we used a more practical and realistic tool to assess
overall risk factor management (moderate CHIS with three or more controlled risk factors)
to provide for a better understanding of determinants for risk factor management.

We recognize several limitations of our study. The simplified SURF methodology only
collects core cardiovascular risk factor data, so that information, such as on socio-
economic status, duration of CHD, and incidence of event, is not included to perform
more sophisticated research. Although SURF aimed to demonstrate quality of care in
routine practice by recording missing data on cardiovascular risk factors, high frequency
of missing data is also a potential source of bias in the current analysis. We, thus, imputed
missing data to address current issue. Furthermore, our complete case analysis indicted
that missing information is at random among SURF participants with minor effects on
the observed associated determinants (appendix 3). Therefore, our conclusions are
unlikely to be altered. Education information, unfortunately, could not be accounted
for in the current analysis due to not only the high frequency of missing data but also
differences in understanding of the SURF question on educational attainment. SURF Il will
attempt to collect information on educational attainment in an easily understandable and
standardized way to minimize missing or incomplete data. Lastly, participation of centers
in the SURF audit was facilitated by personal contact and may thus not be representative
in participating countries. However, the simplicity of SURF permits participation by
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centers with limited resources. As SURF expands, we expect to progressively include
more data from different regions, enhancing representativeness and generalizability of
SUREF findings to better assist in both process improvement and examination of secondary

prevention internationally.

CONCLUSION

Patients who were women, younger than 55 years old, those with diabetes, and those
who did not attend cardiac rehabilitation, were more likely to have uncontrolled risk
factors. The most notable regional variation was availability and applicability of a cardiac
rehabilitation program. Benefits from cardiac rehabilitation for risk factor management
was pronounced in European patients, whereas cardiac rehabilitation services in Asia and
the Middle East were limited and of concern. Insight in barriers to cardiac rehabilitations
and development of comprehensive and structured programs for Asia and the Middle
East is warranted.
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APPENDIX

Table 1. Cardiovascular Health Index Score (CHIS) stratified by potential determinants

Percentage of achieved moderate Percentage of below moderate

CHIS CHIS
Region
Europe 80% 20%
Asia 81% 19%
Middle East 69% 31%
Diagnostic category
CABG 80% 20%
PCI 79% 21%
SAP 79% 21%
ACS 76% 24%
Age
75+ 80% 20%
65-75 80% 20%
55-65 78% 22.0%
<55 76% 25%
Sex
Men 80% 20%
Women 74% 26%
Family history
Yes 79% 21%
No 78% 23%
Cardiac rehabilitation
Yes 85% 15%
No 76% 24%
Admitted to hospital
Yes 80% 20%
No 77% 23%
History of diabetes
Yes 66% 34%
No 87% 13%
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Table 2. Missing data in SURF

Variables No. of missing Imputation status
Country 0 No imputation
Region 0 No imputation
Age 0 No imputation
Sex 0 No imputation
Diagnostic group 0 No imputation
Smoking status 146 Imputed
Blood pressure 146 Imputed
Physical activity 220 Imputed
Cardiac rehabilitation 702 No imputation
Height 722 Imputed
Weight 560 Imputed
Diabetes 2012 No imputation
Admission to hospital 2116 No imputation
Family history 2135 No imputation
LDL cholesterol 2448 Imputed
HbAlc 7388 Imputed
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Table 3.Sensitivity analysis-complete case data: determinants of moderate Cardiovascular
Health Index Score (achieving three or more risk factor targets)

N (%) moderate CHIS Unadjusted OR (95% Cl) Adjusted OR (95% Cl)

Age group

75+ 1966 (88.8%) Reference Reference
65-75 2757 (87.8%) 0.91 (0.76-1.07) 0.88 (0.74-1.04)
55-65 2567 (87.1%) 0.85(0.72-1.01) 0.81 (0.68-0.97)
<55 1497 (85.6%) 0.75 (0.62-0.90) 0.70 (0.63-0.82)
Gender

Men 6328 (88.5%) Reference Reference
Women 2518 (85.1%) 0.75 (0.66-0.85) 0.72 (0.63-0.82)

Family history

Yes

No

2183 (86.9%)
4668 (86.4%)

Reference
0.96 (0.83-1.10)

Reference
0.94 (0.81-1.08)

Cardiac rehabilitation

No

Yes

5664 (85.8%)
2596 (90.9%)

Reference
1.65(1.43-1.91)

Reference
1.61(1.39-1.86)

Admitted to hospital

Yes 2286 (88.6%) Reference Reference

No 4748 (86.9%) 0.86 (0.74-0.99) 0.86 (0.74-0.99)
History of diabetes

No 4918 (92.4%) Reference Reference

Yes 2246 (80.2%) 0.33 (0.29-0.38) 0.33 (0.29-0.38)

CHIS: cardiovascular health index score.OR (95% Cl): odds ratio (95% confidence interval); significant

results are highlighted as BOLD. Adjustments included age and gender.
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Table 4. Association between cardiac rehabilitation attendance and individual component of
Cardiovascular Health Index Score (CHIS)

Attendance, Non-atten- Unadjusted OR (95%  Adjusted OR
N (%) dance, cl) (95% CI)*
N (%)

Non-smoker 85.9% 83.0% 1.25 (1.10-1.42) 1.33 (1.16-1.53)
Adequate exercise 61.6% 49.8% 1.62(1.47-1.77) 1.58 (1.44-1.73)
Non-obese 29.2% 27.5% 1.12 (1.02-1.25) 1.14 (1.03-1.25)
BP on target 86.0% 83.6% 1.19(1.05-1.35) 1.17(1.03-1.33)
LDL on target 37.5% 25.6% 1.73(1.56-1.92) 1.68 (1.51-1.86)
Glucose/HbAlc on 82.1% 72.6% 1.74(1.55-1.97) 1.71 (1.51-1.93)

target

OR: odds ratio; Cl: confidence interval

OR (95% Cl) presents as attended vs non-attended. Age and gender were adjusted in logistic regression

model.
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Table 5. Determinants of moderate Cardiovascular Health Index Score (achieving three or more
risk factor targets), stratified by diagnostic group

CABG PCI ACS SAP

Age 75+ Reference Reference Reference Reference

75-65 0.89(0.62-1.28)  0.87(0.68-1.12)  0.88(0.68-1.13)  1.06 (0.82-1.43)

65-55 0.95(0.63-1.42)  0.79(0.62-1.01)  0.82(0.64-1.06)  0.86 (0.65-1.14)

<55 0.58(0.36-0.93)  0.62(0.48-0.81)  0.61(0.47-0.80)  0.62 (0.45-0.86)
Gender Men Reference Reference Reference Reference

Women 0.81(0.63-1.20)  0.68(0.79-1.15)  0.72(0.59-0.88)  1.03 (0.83-1.27)
Family history Yes Reference Reference Reference Reference

No 0.87(0.63-1.20)  0.96 (0.79-1.15)  1.07 (0.87-1.30)  0.90 (0.71-1.14)
Cardiac rehab No Reference Reference Reference Reference

Yes 1.49 (1.10-2.02)  1.85(1.51-2.26)  1.89(1.53-2.32)  1.44(1.09-1.90)
Admission Yes Reference Reference Reference Reference

No 1.01(0.73-1.40)  0.81(0.68-0.97) 0.77(0.64-0.93)  1.02(0.80-1.31)
Diabetes No Reference Reference Reference Reference

Yes 0.42(0.31-0.55)  0.36(0.30-0.43)  0.46(0.38-0.55)  0.28(0.23-0.36)

Odds ratios (95% Cl) presented. Age and sex were adjusted in logistic regression models.
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Table 6. Cardiovascular risk factor, medical history and medication use, stratified by age group

Age<55 Age: 55-65 Age: 65-75 Age: 75+

Current smoker 32% 20% 11% 6%
Adequate exercise 44% 40% 46% 59%
Obesity 76% 75% 73% 65%
History of hypertension 62% 73% 79% 80%
History of dyslipidaemia 67% 69% 69% 64%
History of diabetes 28% 34% 39% 36%
Aspirin 89.9% 92.2% 90.7% 87.4%
Statin 81.4% 84.3% 82.7% 75.4%
Beta blocker 72.3% 73.6% 73.2% 66.7%
ACE inhibitor 54.1% 52.1% 50.2% 48.2%
Calcium channel block 17.2% 25.9% 30.5% 32.5%
Diuretics 12.3% 18.9% 26.0% 34.7%
Insulin 8.2% 10.5% 10.6% 9.1%
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ABSTRACT

Background: Studying the associations between particulate air pollution and
cardiovascular risk factors on a global scale is challenging and rarely done. We aimed to
determine the associations of long-term exposure to particles smaller than 2.5um (PM, ,)
with systolic and diastolic blood pressure (SBP/DBP), lipids (total, low-density, and high-
density cholesterol), and glucose using existing data from 10 countries in Europe, Asia,

and the Middle-East.

Methods: Cardiovascular risk factor data were obtained from the SUrvey of Risk Factors
(SURF) for coronary heart disease (CHD) patients. Annual average PM, , concentrations
were estimated using recent global WHO PM, . maps combining satellite and surface
monitoring data for the location of the 71 participating centers. Associations of PM,
with risk factors were assessed by mixed-effect generalized estimation equation models
adjusted by sex, age, exercise, and smoking. We assessed whether additional adjustment
for country affected associations.

Results: 8392 patients (30% women) were included. Globally, an increase of 10 ug/
m*in PM, .  was significantly associated with decreased BP and increased glucose. No
associations were found in lipids. After controlling for country, an increase of 10 ug/m?
in PM, . was associated with decreased BP and increased LDL (SBP: -0.45mmHg, 95% Cl:
-0.85, -0.06; DBP: -0.47mmHg, 95% Cl: -0.73, -0.20; LDL: 0.04mmol/L, 95%Cl: 0.01, 0.08).
The association with glucose attenuated (0.08mmol/L, 95% ClI: -0.23, 0.16).

Conclusion: Global associations of PM, _and cardiovascular risk factors can be determined
linking risk factor and geospatial air pollution data but the sensitivity of effect estimates
to adjustment for country stress the need for multiple centers per country. After country

adjustment, PM,  was associated with small increases in LDL and small decreases in BP.

Keywords: air pollution, environmental health, cardiovascular disease, risk factors
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BACKGROUND

Cardiovascular disease (CVD) remains one of the leading causes of death worldwide,
accounting for 18% of total deaths in 2016.! Traditionally, evidence based guidelines
and daily practice on secondary prevention of CVD have focused on modifiable risk
factor management, including both lifestyle and management of physical and laboratory
parameters (blood pressure, lipids, and glucose).>® Several recent epidemiological studies
have suggested air pollution could also be associated with CVD risks. 7 The number of
studies investigating the association between PM, . and modifiable cardiovascular risk
factors such as blood pressure (BP), lipids, and glucose is scarce.®*2 These studies have
predominantly been conducted in Western countries with rather low levels of PM,
concentrations. 7 In contrast, low- and middle-income countries, for which have limited
data on the association of PM, , and risk factors, show much higher PM, . concentrations.**
Existing evidence on the role of environmental exposure on cardiovascular risk factors
may however not be generalizable to these settings since the chemical composition
and characteristics of PM, . may differ significantly from those in Western countries.*
This, together with a rapid increase of CVD prevalence in many low- and middle-income
countries, stresses the importance of a better understanding of global associations of
PM with cardiovascular risk factors.

Conducting targeted studies on the association between PM, . and cardiovascular risk
factors on a global scale is challenging, time consuming and costly. We therefore aim to
study the potential association between PM, , and cardiovascular risk factors (BP, total
cholesterol<TC>, low-density lipoprotein cholesterol <LDL>, high-density lipoprotein
cholesterol<HDL>, and glucose) among patients with established coronary heart disease
(CHD) in Europe, Asia, and the Middle East by linking CVD risk factor data to geospatial
information on air pollution and explore the potentials and pitfalls of this methodology.

METHODS

Study population and outcomes

We used cardiovascular risk factors from the SUrvey of Risk Factors (SURF). Details of SURF
have been reported previously.’>*® Briefly, the study population consisted of patients
aged>18 years with a clinical diagnosis of CHD (coronary artery bypass surgery<CABG>,
percutaneous coronary intervention <PCl>, acute coronary syndromes <ACS> or stable

angina) from ten countries in three regions, including Europe (Croatia, Denmark, Ireland,
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Italy, Northern Ireland, Romania, Russia), Asia (China and Taiwan), and Middle East (Saudi
Arabia). The European population included countries that were infrequently included in
air pollution epidemiology studies (Croatia, Romania, and Russia). Patients were recruited
from 71 routine cardiology clinics between 2012 and 2013. Data on patient demographics
(age, sex, and center location), cardiovascular lifestyle risk factors (smoking status and
physical activity), physical and laboratory measurements (body anthropometry, BP, TC,
LDL, HDL, and glucose), and medications were collected by trained research staffs using
one-page data collection. Physical and laboratory data on BP, lipids, and glucose were
measured according to local national guidelines and retrieved directly from medical
records for SURF.

Air pollution data

The postal address of each clinic was transformed into geographical coordinates -the
latitude, longitude coordinate system (5 digits)-using Google Earth. Residential addresses
of the patients were not available. Local collaborators confirmed that 80% to 90% of the
patients included in the study had their residence near their hospitals. We assigned only
PM, . concentrations to each center as PM, _ is a regionally varying pollutant with limited
small scale spatial variation.”” We did not use data from other key pollutants such as NO,
because this component shows large small scale (within 100s meters) spatial variation
and the lack of residential addresses is therefore a serious limitation. Furthermore, PM,
is the main pollutant used in the Global Burden of Disease assessments.!?

We linked the address of the clinic to a global map of annual average PM, . concentrations
for the year 2014 developed to assess global air pollution health risks by the World Health
Organization (http://www.who.int/phe/health_topics/outdoorair/databases/modelled-
estimates/en/). The database provides estimates of annual average concentration of
PM2.5 at a spatial resolution of 0.1° x 0.1°, which is approximately 11x11km at the equator
globally for the year 2014. Data for other years and pollutants were not available. The
estimates are based on the recently developed Data Integration Model for Air Quality.
'® The model estimates PM, , using satellite retrievals of aerosol optical depth, chemical
transport models, population estimates, topography and ground measurements from
6003 stations worldwide. A Bayesian hierarchical model is used to integrate these
information sources.’® The major advantage of the model is that estimates are available
from a consistent method globally, as opposed to ground measurements which are
concentrated in limited regions of the world.
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We additionally collected data for European centers from countries that report
measurements data to the European Environment Agency using the Airbase database
( https://www.eea.europa.eu/data-and-maps/data/airbase-the-european-air-quality-
database-7). We first linked PM, . data from the background monitoring stations in the
town itself. If no station was available, we estimated PM,  from the more frequently
measured pollutant PM,  if available or used the average of the nearest two background
stations if PM, j was also not available. We used country-specific ratios from EEA database
to convert PM_into PM, . fractions if available. If not available, we used PM2.5/PM10
= 0.60 from a large European project or a generic PM, ./PM, ratio of 0.60 from a large
European project if no country-specific estimates were available.” For a small SURF town,

we used regional stations and for a large city urban stations.

For the 17 districts in the city of Beijing we also obtained online PM, . data from the
Beijing Municipal Environmental Protection Bureau for the year 2013. The local European
and Beijing data were used in sensitivity analyses. We used 2013 local data, because this
coincides with the year of observation for the SURF study. The global map was available
for the year 2014 only. Annual average concentrations may vary from year to year due
to variations in weather, but the spatial contrasts in air pollution are typically stable

from year to year.?®

Statistical analyses

The associations (95% Cl) of cardiovascular risk factors (BP, TC, LDL-cholesterol, HDL-
cholesterol, and glucose) with an increase of 10 pg/m?®in PM, were assessed by
mixed-effect generalized estimation equation models. In these analyses, outcomes
were nested within center (the random effect). Associations were investigated in fully
adjusted models. Adjustment included sex, age, and individual risk factors (exercise <less,
moderate, vigorous>, smoking status <current smoker, ex-smoker, never>, and body
mass index<BMI>). 2 Education was not included as an adjustment due to high frequency
of missing and incomplete data. Additionally, data on other lifestyle risk factors were
not available. We further assessed whether additional adjustment for country affected
associations with PM, .. Adjustment for country was performed to allow for differences
in the measurements of our outcomes and to adjust for differences in covariates for
which we did not have individual information. We consider the model with additional
adjustment for country as our main model, although adjustment for country may lead to

conservative estimates as it leads to reducing the exploited exposure contrast.
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Imputed data were analyzed in the primary analysis. There were less than 4% missing
data for all variables, except the lipid and glucose measurements with 10-13% missings
(appendix table 1). Ten datasets were imputed for missing data with multivariate
imputation by chained equations (MICE package in R). 2 Briefly, MICE predicts missing
data by iteratively optimizing a series of regression models using other potentially
predictive variables such as basic demographics and geographic area. The continuous
variables including height, weight, blood pressure, TC, LDL, HDL, and glucose were
imputed by predictive mean matching and the categorical data including smoking status

and physical activity were imputed with logistic regression.

Because of uncertainty of the shape of the concentration response function at high
concentrations, we performed sensitivity analyses excluding the two countries with the
highest PM, . levels (China and Saudi Arabia). We further analyzed associations of PM,
retrieved from the Airbase for European countries and the database from the Beijing

Municipal Environmental Protection Bureau for China with the same statistical strategy.

Statistical analyses were performed by using ‘mice’ #* and ‘geepack’ packages #?in R. All
tests were two tailed with statistical significance assumed at the 0.05 level.
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RESULTS

Baseline characteristics

A total of 8392 SURF patients were included. The mean age of all patients was 64.9
years; 29.6% were women; 16% reported current smoking (Table 1). The average systolic
blood pressure (SBP), diastolic blood pressure (DBP), TC, LDL, HDL, and glucose were
131.1mmHg, 75.8mmHg, 4.2mmol/L, 2.4mmol/L, 1.1mmol/L, and 7Z.5mmol/L, respectively
(table 1). The average PM, . exposure level from WHO database was 38.1 pg/m?, ranging
from 10.1 pg/m?in Ireland to 92.7 pg/m? in Saudi Arabia. The PM, , concentrations derived
directly from routine surface monitoring by the Airbase among European countries were
similar; whereas, the PM, _ level from routine monitoring by the Chinese government
was higher than the estimates from WHO (PM, , WHO 67.4 pg/m?VS PM,  local 86.3 pg/
m?3). Appendix Figure 1A illustrates the large variation of individual outcome variables,
especially within countries. Potential systematic differences between countries are
evident as well. For examples, relatively high TC and LDL were noticed in China, Croatia,

Romania, Russia, and Taiwan.
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Associations between PM, _and cardiovascular risk factors
Appendix Figure 1B shows the crude association between PM, . and outcomes (BP, lipids,
and glucose), including weak associations if any.

Globally, a 0.26mmHg decrease in SBP per 10 pg/m?increase in PM, . was observed
(figure 1). After controlling for country as an additional confounder, the observed
negative association with SBP was slightly stronger but with wider confidence intervals
(-0.45mmHg; 95% CI: -0.85, -0.06). There were no statistically significant associations
with SBP when the analysis was restricted to the European centers (-1.32mmHg; 95%Cl:
-6.73, 4.08).

Similar results were found for DBP: an increase of 10 ug/m’ in PM, . was associated
with decreased DBP (-0.36mmHg; 95% Cl: 0.61, -0.10) and the association tended to
be stronger (-0.47mmHg; -0.73, -0.20) after country adjustment on a global scale. On
European level, a similar association between PM, . and DBP was observed which became
non-significant after country adjustment.

Figure 2 shows the association between PM, , and lipid levels. Associations of PM, , with
all lipid levels (TC, LDL, and HDL) were not statistically significant on a global scale. After
controlling for country non-significant associations remained for TC and HDL; while,
an increase of 10 ug/m*in PM, . was positively associated with an increased LDL level
(0.04mmol/L, 95%Cl: 0.01, 0.08). Weak positive associations of TC and LDL were observed
among European participants (TC: 0.32mmol/L; 95% 0.01, 0.62; LDL: 0.30mmol/L, 95%Cl:
0.03, 0.58), which disappeared after adjustment for country. There was no significant
association for HDL among European patients with or without adjustment for country.

Globally, an increase of 10 ug/m?*PM, , was associated with elevated glucose level with
0.10mmol/L (95% ClI: 0.03 to 0.16). For Europe the increase in glucose was 0.30mmol/L
(95% Cl: 0.06 to 0.53) (figure 3). These associations, however, disappeared when we
additionally adjusted with country.

Sensitivity analyses

Separate analyses with exclusion of China and Saudi Arabia (called as ‘global*’ and
‘global**” in figure 1-3) and with local PM, , exposure data (appendix table 2) did not
alter our main findings on association between PM, . and risk factors (BP, TC, LDL, HDL,
and glucose).
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Figure 1. Changes (95% Cl) in blood pressure increase in PM, _ derived from World Health Orga-
nization.

Area Adjustments Changes[95% CI]
Global Full —— -0.26[-0.47,-0.05]
Full+country —_— -045[-0.85,-0.06]
Global* Full ——— -0.31[-0.52,-0.09 ]
Full+country —_— -0.28[-0.75, 0.19]
Global** Full —_—— -0.17[-0.48, 0.14]
Full+country S — -0.74[-1.33,-0.16]
Europe Full -0.24[-323, 2.74]
Full y -1.32[-6.73, 4.08]
I T T 1
-2.00 -1.00 0.00 1.00 200
SBP
Area Adjustments Changes[95% CI]
Global Full —— -0.36[-0.61,-0.10]
Full+country —— -047[-0.73,-0.20]
Global* Full —— -0.65[-0.88,-0.43]
Full+country - -0.39[-0.85, 0.07]
Global** Full —— 0.17[-0.03, 0.38]
Full+country —— -062[-0.86,-0.37]
Europe Full _— - 212[ 062, 362]
Full+country -1.09[-3.53, 1.35]
T T T T 1
-2.00 -1.00 0.00 1.00 2.00
DBP

SBP: systolic blood pressure; DBP: diastolic blood pressure

All analyses were applied with generalized estimating equation model with centre clustered. ‘Full’ adjust-
ment was sex, age, and risk factors (exercise, smoking status, and body mass index). ‘Full+country’ was
sex, age, risk factors (exercise, smoking status, and body mass index), and country. Results are presented

as changes in mmHg (95% Cl).
‘Global*’ presented results are based on all participating countries except China;

‘Global**’ presented results are based on all participating countries except Saudi Arabia.
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Figure 2. Changes (95% Cl) in lipids (Total cholesterol, LDL-cholesterol, and HDL-cholesterol)
increase in PM, _ derived from World Health Organization.

Area Adjustments Changes[95% CI]
Global Full —.— -0.02[-0.05,0.02]
Full+country —— 0.02[-0.03,0.07]
Global* Full —— -0.03[-007,0.02]
Full+country — e 0.02(-0.08,0.11]
Global™* Full —— 0.01[-0.03,0.06]
Full+country — 0.03[-0.04,0.10]
Europe Full L — 032[001,062]
Full+country -0.11[-093,0.71]
r T T 1
-025 -0.13 0.00 013 025
Tc
Area Adjustments Changes[95% CI]
Global Full me 0.02[-0.01,0.05]
Full+country —— 004 001,0.08]
Global* Full —— 0.00[-0.03,0.04]
Full+country — 0.05[-0.03,0.12]
Global™* Full —.— 007[0.04,0.09]
Full+country — 005[001,0.09]
Europe Full —_—— 030[003,058]
Full+country -0.02(-053,0.50]
r T T 1
-0.25 -0.13 0.00 013 025
LoL
Area Adjustments Changes[95% CI]
Global Full - -0.01[-0.02,0.00]
Full+country e 0.01[-0.01,0.03]
Global* Full - -0.01[-002,0.01]
Full+country —— 002[ 0.00,0.05]
Global™* Full . -0.01[-0.03,0.00]
Full+country —— 0.01[-0.02,0.03]
Europe Full —_— -0.04[-0.13,0.04]
Full+country e —] 0.04[-0.14,0.22]
r T T 1
-0.25 -0.13 0.00 013 025
HDL

TC: total cholesterol; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol
All analyses were applied with generalized estimating equation model with centre clustered. ‘Full’ adjust-
ment was sex, age, and risk factors (exercise, smoking status, and body mass index). ‘Full+country’ was
sex, age, risk factors (exercise, smoking status, and body mass index), and country. Results presented as
changes in mmol/L (95% Cl). ‘Global*’ presented results are based on all participating countries except

China; ‘Global**’ presented results are based on all participating countries except Saudi Arabia.
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Figure 3. Changes (95% Cl) in glucose increase in PM, , derived from World Health Organization.

Area Adjustments Changes[95% CI]
Global Full = = 0.10[ 0.03,0.16]
Full+country —e— -0.08[-0.23,0.06]
Global* Full = 0.15[ 0.06,0.24]
Full+country e -0.12[-0.32, 0.09]
Global** Full HIH 0.04[-0.01,0.09]
Full+country = -0.03[-0.13, 0.07 ]
Europe Full ————— 0.30[ 0.06,0.53]
Full+country _ 0.00[-0.43,043]
I T T 1

-0.50 -0.25 0.00 025 0.50

Glucose

All analyses were applied with generalized estimating equation model with centre clustered. ‘Full’ adjust-
ment was sex, age, and risk factors (exercise, smoking status, and body mass index). ‘Full+country’ was
sex, age, risk factors (exercise, smoking status, and body mass index), and country. Results are presented

as changes in mmol/L (95% Cl).
‘Global*’ presented results are based on all participating countries except China;

‘Global**’ presented results are based on all participating countries except Saudi Arabia.
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DISCUSSION

The long-term PM, . exposure from a consistent global exposure model was linked to
individual data on routinely measured CVD risk factors from a large international study
of 8,392 CHD patients from 71 centers among 10 countries in Europe, Asia, and the
Middle East to explore potential association between air pollution and cardiovascular
risk factors. The analyses demonstrate the feasibility of linking these distributed data
but also point at challenges in their interpretation. Notably, taking country into account
in the analyses materially affected the observed associations. While the adjustment may
account for unmeasured confounding the close association between air pollution and

country could also lead to over adjustment.

Some additional comments need to be made on the methods and data used in this study.
Unlike most epidemiological study, risk factor measurements were not standardized
in SURF and might vary according to local methods. Also, although the key potential
confounders like smoking status, physical activity and BMI were adjusted accordingly,
several other potential confounding factors including socio-economic status, health
care and access to appropriate medical services, could not fully adjusted for due to
data availability. Additionally, cardiovascular medication use for CHD patients to control
laboratory levels may vary from country to country due to differences in availability and
affordability of these medications, although all CHD patients are recommended to be on
cardiovascular medications irrespective of geographical areas. 23

We observed an inverse association of PM, _with BP globally and among European
participants after adjustment for country, which is in contrast with several previous
studies that found positive associations between long-term exposures to PM, , and
elevated blood pressure. #°242 Other studies found no association between air pollution
and BP. ¥ For instance, findings from a national population-based study among 1024
elder Taiwanese participants suggested that an interquartile increase in PM, , (48 pg/
m?3) was associated with 32.1mmHg (95% ClI 21.6-42.6) and 31.3mmHg (95%Cl 25.4-
37.1) increases in SBP and DBP, respectively, after controlling age, sex, BMI, smoking
status, and drinking habitats.?® However, our study was conducted in CHD patients who
all received cardiovascular medications to control potential risk factors. Consequently,
current study measured the potential impact of air pollution beyond medical treatment.
A comprehensive meta-analysis among 113,926 patients from 15 European population-
based cohort studies, ESCAPE, demonstrated inconsistent relationships between long-
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term exposure to modeled air pollutants including PM, . and BP in each cohort and
the pooled results remained non-significance.’® For short-term exposure to PM,_,
diverse results with both positive and negative associations have been reported in the
literatures. °2>?7 Differences in the study design and methodology, characteristics of
study populations, and exposure duration in different geographic research areas may
contribute to the discrepancies in these findings. Studies on mechanisms have suggested
that exposure to PM, _ could instigate acute autonomic imbalance and then lead BP

increases. 4252829

A large cross-sectional study with 39,863 health participants in Denmark demonstrated
that the interquartile range (11.3 ug/m?®) of PM, . was associated with a high level of TC
(0.78mg/dl; 95% Cl: 0.22-1.34).>° An animal study also indicated that mice exposed to PM, .
had significantly higher levels of TC and LDL than those with filtered air.?! But it should be
noted that effect estimates are typically small and may have little clinical implications.
Some previous evidence suggested that PM, _ may affect lipid levels but the quantity
and quality of these studies is still limited and results are not fully consistent.?3%3! Some
studies have suggested systemic inflammation and oxidative stress inducted by PM_
could affect to lipoprotein function, leading to lipid metabolism dysfunction. 3132

We observed direct associations of PM, . with glucose in both global and European
analyses, although these associations attenuated after country adjustment. These findings
are in line with several previous studies. 333* A cross-sectional study based on Chinese
populations observed that both elevated glucose levels and increased type Il diabetes
prevalence was significantly associated with increased PM, ..** A review based of 21
published studies associating a high concentration of PM, . was with insulin resistance and
increased rates of type Il diabetes.?®* Mechanisms suggested to link glucose metabolism
to PM, . with endothelial dysfunction, endoplasmic reticulum stress, insulin signaling
abnormalities, and systematic inflammation. 5123435

CONCLUSIONS

The current study has demonstrated the feasibility of linking global environmental
data to individual patient data. The approach exemplifies the opportunity to assess the
impact of the environment on cardiovascular risk factors across large geographic areas
including low- and middle-income countries with limited resources. We noted that effect
estimates were highly sensitive to adjustment for country. We found an increase of PM, .
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was significantly associated with decreased BP and increased glucose in a global scale.
After country adjustment, PM, _ levels are marginally associated with increases in LDL
cholesterol and decreases in BP. This will likely be observed in future global analyses of
routine data collected with non-standardized diagnostic methods and limited covariate
data. The implication is that similar global studies should aim at multiple centers per
country with sufficient within country exposure contrast to balance any effects of over
adjustment.

LIST OF ABBREVIATIONS

SURF: SUrvey of Risk Factor; CVD: cardiovascular disease; CHD: coronary heart disease;
PM, .: fine particulate matter; CABG: coronary artery bypass graft; PCI: percutaneous
coronary intervention; ACS: acute coronary syndrome; BMI: body mass index; BP: blood
pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol;
LDL: low density lipoprotein; HDL: high density lipoprotein.
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Figure 1B. Panel-plot for individual cardiovascular risk factor by country.
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Table 1.Missing data in SURF

Variables No. of Missing Imputed in analysis
Country 0 No
Centre 0 No
Age 0 No
Sex 0 No
PM2.5 0 No
Smoking 84 Yes
Systolic blood pressure (SBP) 93 Yes
Diastolic blood pressure (DBP) 95 Yes
Exercise 127 Yes
Weight 227 Yes
Height 357 Yes
Total cholesterol (TC) 760 Yes
Low-density lipoprotein (LDL) 1254 Yes
High-density lipoprotein (HDL) 1139 Yes
Glucose 1093 Yes
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Chapter 4

ABSTRACT

Background: Myocardial Infarction (MI) has become a major cause of morbidity
and mortality in China, but little is known about the use of guideline-recommended
cardioprotective medications after Ml events. This systematic review and meta-analysis
aims to summarize cardioprotective medication use and to assess factors in associated
with the trends in cardioprotective medications.

Method: A systematic search was conducted in four databases (Pubmed, Embase,
CENTRAL, and CNKI) to obtain studies published between 1995 and 2015, reporting
on the use of cardioprotective medications in China. Risk of bias of individual studies
was appraised and selected studies were pooled for estimation of cardioprotective
medication use. Prevalence of cardioprotective medication use for 1995 and 2015 was

estimated by random effects meta-regression model.

Results: From 13,940 identified publications, 35 studies, comprising 28,000 patients, were
included. The pooled prevalence for aspirin, beta-blockers, statins, ACE-Inhibitors, ACE-
Inhibitor/ARBs and nitrates was 92% [95% confidence interval (Cl): 0.89-0.95], 63% (95%
Cl: 0.57-0.69), 72% (95% Cl: 0.60-0.82), 49% (95% Cl: 0.41-0.57), 59% (95% Cl: 0.48-0.69)
and 79% (95% Cl: 0.74-0.91), respectively. A significant increase in beta-blocker and statin
use and a decrease of nitrate use was observed over time. The estimated prevalence
of beta-blockers, statins, and nitrates was 78%, 91.1%, and 59.3% in 2015, compared to
32%, 17% and 96% in 1995, respectively.

Conclusion: Cardioprotective medication use after Ml is far from optimal in Chinese
patients, even though the prevalence of use increased over the period 1995-2015.
With a rapidly increasing number of Ml patients in China, a comprehensive strategy on
secondary prevention is warranted.

Systematic review registration: PROSPERO (CRD42015025246)

Key words: China, myocardial infarction, prevalence, trend, medications, meta-analysis
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INTRODUCTION

Rapidly increasing per capita income and an aging population have led to profound
demographic and epidemiologic changes in China.'® Cardiovascular disease (CVD) has
become the leading non-communicable disease over the past two decades. The number
of ischaemic heart disease (IHD) events in China significantly increased from 0.75 million
in 1990 to 1.4 million in 2013%; Currently, one million deaths are caused by myocardial

infarction (Ml) annually.*?

Reflecting this, healthcare system reforms, improved medical insurance coverage and
evidence-based guideline recommendations have been recently introduced by the
Chinese government. This has led to some remarkable strides in Ml management with
better quality of care and more effective medical therapy.'*> Widespread and long-
term medical therapy by using cardioprotective medications for secondary prevention
after Ml events have been highly recommended in the Chinese prevention guideline to
reduce mortality rates from Ml and recurrent acute cardiac events.® However, the use of
guideline-recommended cardioprotective medication has been rarely assessed. There is
little solid evidence about the current use and changes of cardioprotective medications
after a Ml event, especially for patients after hospital admission.?

Therefore, we aimed to perform a comprehensive review and meta-analysis of
cardioprotective medication use in Chinese Ml patients after their hospital admissions
in China. The specific aims of our study were: i) to summarize the use of five specific
classes of cardioprotective medication use in patients with previous Ml in China from
1995 to 2015; and ii) to identify whether specific factors, such as study characteristics
are associated with the use of cardioprotective medications.

METHODS

Search strategy and eligibility criteria

This review was written in accordance with the guidelines issued by PRISMA for reporting
systematic reviews and meta-analysis (S1 Checklist)”® and registered in the registry for
systematic reviews PROSPERO (registration number: CRD42015025246).° A systematic
literature search was conducted in the following databases: Pubmed/MEDLINE, EMBASE,
Cochrane Central Register of Controlled Trials (CENTRAL), and China National Knowledge

Infrastructure (CNKI). CNKI is an electronic platform created to integrate significant
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Chinese knowledge-based information resources.

A combined text and subject heading terms (Mesh and EMTree) related to cardioprotective
medication use (aspirin, beta-blockers, ACE-inhibitors <ACE-I>, statins, and nitrates)
among adults in China, published between January 1, 1995 and August 10, 2015 was used
(S1 Table). Articles were excluded from the review if: i) published in a language other than
English or Chinese; ii) focused on primary care of Ml only; iii) reported medication use for
CVD but not specified for Ml; iv) focused on cardioprotective medication use before or
during hospital admission; v) performed outside of China or conducted in non-Chinese
populations; vi) animal studies, study protocols, bimolecular studies, case reports, non-
peer reviewed published reports of proceedings, and reviews.

In the current review, studies reporting broadly on Acute Coronary Syndromes (ACS)
were included. Apart from explicit clinical diagnosis, current guidelines and evidence
indicate no difference for medical treatment and prevention level for both ACS and
MI.29-22 Furthermore, angiotensin receptor blockers (ARB) are clinical recommended when
patients do not tolerate ACE-1s.>'*'? Therefore, studies reporting ACE-I/ARB were also
included. ACE-I/ARB was considered as an independent medication category and hence

analyzed separately.

Selection process

Search results were downloaded into Refwork for Pubmed, EMBASE, and CENTRAL
hits and EndnoteX7 for CNKI. Two independent reviewers (MZ and XW) screened all
articles by title and abstract for inclusion and exclusion criteria. Duplicate records were
automatically removed by reference management software. Any disagreements between
the two reviewers on paper selection were discussed by explicit selection rules, and the
full-text reviewed if necessary. For eligible articles, the full text of eligible articles were
retrieved and assessed by two reviewers (MZ and XW) following processes.

Data extraction

A standardized data extraction form was designed to capture study characteristics,
participants’ characteristics, and outcome measures. Extracted items included were:
sample size, performed geographic area, year of survey, participation rate, mean age,
proportion of women, known history (CHD, MI, hypertension, dyslipidaemia, and
diabetes), and prevalence of use of cardioprotective medication (aspirin, beta-blockers,
statins, ACE-Is, ACE-I/ARB, and nitrates) in each study. If multiple publications were
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derived from one study, all unique data were extracted and combined directly into a
single data extraction form. If the reported study characteristics differed from publication
to publication in the same study, the publication with most explicit participants’
characteristics and outcome measures was extracted and others were excluded. When
results were published multiple times, the data was used only once. Extraction was
done by a single reviewer. Lack of clarity during the extraction process was resolved by
consulting the second reviewer (XW).

Quality Assessment

To appraise the risk of bias of individual studies we used a tool developed by Li et al (S2A
Table).”* The tool consists of five items that assess the quality of the study design, study
population, participation rate, participants’ characteristics, and outcome. Presence of
bias was assessed by scoring (low risk=2, moderate risk=1, high risk=0) each of the five
items. Studies with a summative score below 6 were excluded from this review (S2A
Table).

Data analysis

The prevalence of cardioprotective medication use was defined as the number of Ml
patients using the medication of interest divided by the total number of Ml patients and
displayed as proportions. A random-effects model to meta-analyse the logit-transformed
proportions to obtain a pooled estimate together with a 95% confidence interval (Cl)
was used. The model took into account the precision by which this proportion has been
estimated in each study using the binomial distribution and incorporating any additional
variability beyond chance that exists between studies. Heterogeneity was quantified with
the I*statistics and the Q test. P<0.05 was considered significant.

To identifly factors associated with the use of cardioprotective medication, we
added several study characteristics as covariates to our random effect meta-
regression models. The following characteristics extracted from individual studies
were examined independently: year of survey, mean age, proportion of women
and geographic area. The meta-regression models, showing statistically significant
association between specific study characteristics and cardioprotective medication
use, were then used to estimate the prevalence of cardioprotective medication use
for 1995 and 2015. All tests were two tailed with statistical significance at 0.05 level.
Statistical analyses were performed by using R ‘'metafor’ package.*
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RESULTS

Study Selection

The initial search resulted in 13,940 potentially relevant articles, of which 13,411 were
excluded by screening title/abstract and 490 by full-text review (Fig 1). The main reasons
for exclusion included: non-observational studies; non-English/Chinese studies; non-
Chinese participants; non-MI participants; no data on the use of cardioprotective
medication. Details are provided in the flow chart (Fig 1). After risk of bias assessment,
35 articles were selected, of which three were written in English. Detailed information

on the basis assessment for the individual studies is provided in S2B Table.

Fig 1. Flowchart of records screened and included in the systematic review.

Pubmed, EMBASE,
and CENTRAL
(n=2776)

Papers for review of title and
abstract Paper excluded (n=13411):
(n=13940) 1.Duplicate records
D 2. Nonhuman studies
5 3. Non-English/Chinese studies
4, Review/meta-analysis, comments,
editorials, randomized control trials

CNKI
(n=11164)

Studies screened by title or

abstract

(n=529) Paper excluded (n=470):
= 1. No prevalence of medication
; information

2. Non-Chinese population
3. Non-MlI patients
4, Data from the same study

Full-text studies assessed for
eligibility
(n=59)

Paper excluded (n=23):
High risk after quality assessment

Studies included
(n=35)

Graphical representation of the systematic search. Abbreviations in the flowchart: CENTRAL: Cochrane

Register of Controlled Trials; CNKI: China National Knowledge Infrastructure.
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Study characteristics

Table 1 summarizes the key characteristics of the included articles and outcomes of
interest. Of the 35 studies, 25 included prevalence information on aspirin use,**3 30
on beta_blocker use 15-21,24-35,37-46 24 on Staﬁn use 16-21,24-33,37,38,40,42,44,45,47,48 11 on ACE_I

uSe’15717,21,26,39,41743,49 18 on ACE_I/ARB use,17-19,24,27,29,32,35,37,38,40,43,46,48 and 12 on nitrate
Use.15'17'19'24'27'32'38_41'43'48
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The overall sample size was 28,000 MI or ACS patients, with patient numbers ranging
from 110%° to 10753* per study. The characteristics of participants also varied
considerably. Sixteen out of 35 studies reported discharge medications after hospital
admission®1921-23,354L49 or had specified the time period after discharge!’26:27.29,34,36.37.44

whereas others set no time limits.

Prevalence of cardioprotective medication use

Pooled prevalence estimates for cardioprotective medication use are presented in Fig
2-6, respectively. Among these six cardioprotective medication categories, the pooled
prevalence rate was 92% for aspirin (95% Cl: 0.89-0.95), 63% for beta-blockers (95% Cl:
0.57-0.69), 72% for statins (95% Cl: 0.60-0.82), 49% for ACE-Is (95% Cl: 0.41-0.57), 59%
for ACE-I/ARBs (95% Cl: 0.48-0.69), and 84% for nitrates (95% Cl: 0.74-0.91).
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Chapter 4

Temporal trends in prevalence of cardioprotective medication use

Fig 7 illustrates year-specific prevalences of individual cardioprotective medication use
from 1995 to 2015. The meta-regression of the year over logit-transformed prevalence
showed a trend towards an increasing prevalence of beta-blocker use from 1995 to
2015 with a slope of 0.1 (p<0.0001). This gives an estimate of 78% for beta-blockers
use in 2015, compared to 32% in 1995. A similar increasing trend was demonstrated for
statins use, even when the first available study was from 1999 (slope=0.26; P=0.0004).
Accordingly, the estimated statin use was 17% in 1995 and 91% in 2015. In contrast, the
estimated prevalence of nitrate use dropped from 95.5% in 1995 to 59.3% in 2015. There
was no significant association between the year of survey and prevalence of aspirin,
ACE-1, and ACE-I/ARB use.

Other demographic and geographic factors

Among studies that reported either demographic (the mean age and proportions of
women) or geographic characteristics, there was little evidence for an association
between these study characteristics and the logit-transformed prevalence of
cardioprotective medications, except for aspirin (S3A and S3B Table). Aspirin use showed
significant association with mean age (slope: 0.26, P=0.02), indicating that elderly patients
with previous Ml are more likely to take aspirin for their medical conditions.
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Fig 7. Temporal trends in the prevalence of cardioprotective medication use.
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DISCUSSION

Cardioprotective medications are considerably underused in China, even though a
pronounced increase in beta-blocker and statin use has been noticed over the period
from 1995 to 2015.

In the current review, the reported prevalence of cardioprotective medications in
China varied widely across studies. The largest variation on prevalence of these six
cardioprotective medications was reported for statin use, ranging from low (14.6%)®
to high (99.1%)%°, among included studies. The prevalence variations of other
cardioprotective medication use are also notable in this review. The lowest prevalence for
beta-blockers, ACE-Is, ACE-I/ARB, and nitrates was 27%,*° 31.5%,*° 35.3%,2° and 47.3%3? in
comparison to the highest prevalence with 93.6%,% 67.8%,?* 95%,% and 96.8%"° reported,
respectively. Aspirin use showed the least variation for reported prevalence, varying
from 65.7%3¢ to 99.4%8.

To investigate the determinants of these variations in cardioprotective medication
use, meta-regression models were performed with specific study characteristics as
covariates in current review. In line with previous findings,*>* elderly patients with
previous M| were observed to be more likely to take aspirin. Aspirin is not only used to
prevent cardiovascular events but also applied for other medical conditions®* and thus,
older patients may be more likely to report use of aspirin. Although several studies
have demonstrated differences in use of cardioprotective medications by age, sex,
or geographic area,*>**™> no other significant associations between demographic and
geographic characteristics and cardioprotective medication use were observed in the
current study. However, it should be noted that Chinese national guidelines recommend
cardioprotective medications as part of secondary prevention strategy for all Ml patients
irrespective of age, sex, or geographic area.®

The observed trends of cardioprotective medications use are likely to be related to
recent changes of the healthcare system, insurance coverage, and published national
guidelines in China.»®°¢ After the Chinese government implemented its healthcare
system reform policies in 2009* and increased its insurance coverage up to 95.7% by
2011%, the availability of health-care access and affordability of medication prescription
have improved considerably in China*>®%. Introduction and regular updates of the
Chinese national guidelines of Ml were additionally used to complement this renewed
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healthcare system to standardize physician’s daily practice and improve quality of care.®*°
Furthermore, the Chinese National Essential Medicine List (EML) was developed and
implemented to support rational drug use and improve the access to safe and effective
essential drug.° The EML is composed of 307 types of medications, including all guideline-
recommended cardioprotective medications, to be fully available by 2020.>%* Although
the EML has only been introduced a notable reduction of inappropriate drug prescriptions
was observed in a recent national survey.>® Reflecting these achievements, the use of
guideline-recommended cardioprotective medications is expected to gradually increase
in China.

Despite material healthcare improvements in China, it is also important to realize
that the current review shows that cardioprotective medication not to be on par with
guideline recommendations indicating insufficient guideline implementation in day-to-
day life. Studies have shown Chinese physicians to have a low awareness of up-to-date
guidelines,®*%! affecting clinical decisions in spite of guideline recommendations.®*-%3
Moreover, lack of knowledge among patients about their disease or the necessity
of adequate treatment could also have contributed to low use of cardioprotective
medications.®® Notwithstanding improvements of healthcare system and wider insurance
coverage in China, CVD patients still face high personal expenditures on CVD care.®
The Chinese national Bureau of Statistics showed private (out-of-pocket) expenditures
to increase approximately by 10% per year, despite 20% annual increase on healthcare
budget from government.® Thus given high out-of-pocket expenditures, Chinese patients
may face considerable financial hardship after a Ml event, which may hamper their ability
to manage their medical conditions, seek proper medical advice, or adhere to prescribed
medications, calling an increasing focus on the provision of accessible and to affordable

healthcare service population for the Chinese population.>6667

Inadequate guideline-recommended cardioprotective medication use has been
previousely reported for other low- and middle- countries.®®® The PURE study, a large
international observational study in 30 countries, indicated a low use of the antiplatelet,
beta-blockers, ACE-I/ARB and statins in South Asia (11.6%, 11.9%, 6.4%, and 4.8%),
Malaysia (14.9%, 12.5%, 12.8%, and 15.9%), and Africa (3.4%, 1.9%, 6.8%, and 1.4%) and
demonstrated the challenges of affordability and availability on these medications.6”6%70
Generally, these medications were observed to be more commonly available and
affordable in high-income countries with more advanced healthcare systems and better

quality of care in daily practice,®’ resulting in higher reported cardioprotective medication
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use in these countries is considerably higher.””? Unless both healthcare system and
insurance coverage are improved with wider availability and affordability of these
medications, the use of guideline-recommended medication is likely to remain low in

many low- and middle-income countries.

There are several limitations to this review. First, most published studies in China are
more likely to come from centers with more advanced healthcare service and better
facilities and prevalence of these drugs are rarely reported and published in centers with
limited resources, especially in rural area. Due to limited published data, we could not
perform stratified analysis of cardioprotective medication use by urban and rural area
and results from these studies included in current review may not be representative
for the whole country. This is a source of bias, which has overestimated the prevalence
of cardioprotective medication use in China, and thus, the use of these drugs in daily
practice are more likely to be lower. Secondly, the available information extracted from
the included paper does not allow for individual patient data analysis. As a result, the
potential to disclose associations between patient characteristics and cardioprotective
medication use in this review is limited.

The strength of this review is its systematic identification from four databases including
a large Chinese database. In current review, CNKI was used as a supplementary searching
platform to incorporate both English and Chinese literature and to minimize limited
access to Chinese publications from English language databases. Comprehensive
Chinese searching terms were also used as part of our search strategy to cover more
local published literature in China. Secondly, after validating all selected studies by a
comprehensive quality assessment tool, meta-analysis and meta-regression models were
performed to summarize the pooled estimate of cardioprotective medication use in
China and detect its determinants. We observed significant year trends in prevalence
of cardioprotective medication use over last two decades for secondary prevention of
Ml reflecting the rapid epidemiological changes in China. To our knowledge, this is the

first review to investigate the trends of cardioprotective medication prevalence in China.

In summary, the current cardioprotective medication use in China is inadequate
in comparison to guideline recommendations, although the reported use of these
medications has increased over last two decades. It should act as a wake-up call to
stimulate policymakers and healthcare bodies to forcefully restructure and implement

secondary prevention strategies, educate health professionals to update clinical
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knowledge and follow current guidelines recommendations for treatment, and create
awareness among patients about health status and the benefits of appropriate

medication.
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APPENDIX

S1 Checklist. PRISMA checklist. PRISMA checklist for ‘Cardioprotective medication use in sec-
ondary prevention after myocardial infarction (Ml) in China: a systematic review and meta-anal-
ysis’.

Reported

Section/topic Checklist item P

on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or 1
both.

ABSTRACT

Structured sum- | 2 | Provide a structured summary including, as applicable: 2

mary background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of
key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is 3
already known.

Objectives 4 | Provide an explicit statement of questions being addressed 3
with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

METHODS

Protocol and 5 Indicate if a review protocol exists, if and where it can be ac- 3

registration cessed (e.g., Web address), and, if available, provide registra-
tion information including registration number.

Eligibility criteria | 6 | Specify study characteristics (e.g., PICOS, length of follow-up) 3-4
and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving ratio-
nale.

Information 7 | Describe all information sources (e.g., databases with dates 3

sources of coverage, contact with study authors to identify additional
studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, | 3-4
including any limits used, such that it could be repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, | 4
included in systematic review, and, if applicable, included in the
meta-analysis).

Data collection 10 | Describe method of data extraction from reports (e.g., piloted 4

process forms, independently, in duplicate) and any processes for ob-
taining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., 4

PICOS, funding sources) and any assumptions and simplifica-
tions made.
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S1 Checklist (continued)

Reported
Section/topic #  Checklist item P
on page #
METHODS
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual 4
individual studies studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used
in any data synthesis.
Summary mea- 13 | State the principal summary measures (e.g., risk ratio, differ- 4
sures ence in means).
Synthesis of 14 | Describe the methods of handling data and combining results of | 4
results studies, if done, including measures of consistency (e.g., I?) for
each meta-analysis.

186



-ooewJeyd] siouqiyul
asejonpad yo)-|Aiey

siouqiyul -n3jAy1awAxoJpAy unle1Seno|
9s5e1onpay  SJ01IqIyul 3seidnpal ‘s1o1qiyul aseonp ‘upejseaeud ‘uneiseaws 1ouqgiyul
LZEHTIE]  voD-|Aseing|A V dwAzu207 |Auey -9y Y0)-jAieind  asejonpas yod HIAIH 101qgIyul asel
L9 -yrowAxolpAH -n3|AyrowAxolpAH -1Ay1owAx0IpAH -onpaJ Y awAzuaod-9|AH {(s)uneis (s)uneas
(UBsLIdIA ‘HBj|0D
pNpaIIIY ‘uiaidses ‘uAdjAoy ‘ulidse JaAeg
SN2 ‘p1oe a1jAdijes|Are0y ‘uli1003) sweu
W [ i upidsy p1oe o1jAdijes|A1eoy upidsy pueuq ‘uaidse ‘pioe o1jAdiesjAzeoy updsy
(s)8nup
T sjuade aAnodal04dolpaed {(s)uonesipaw Je|  (sjuopedipaw sjueu
¥ A Jejnoserolpie)  juage Jenasenoipie)  JudSe Je|NdSeAolpIe])  -NISEAOIPJED (S)SnJp Jejndsenolipie]  JejndseAolple) -lwileq
eulyd [play
||e] ‘ewodul 3|PPIA ‘|euoleula1u|
!s9113unod 3uidojanap ‘uelsy ‘eisy
19411 ‘eljo3uo|A Jauu| ‘Suepjuls
asaulyd ‘elnyouep ‘eulyd puejuiey
VN eulyd ‘eulyd eulyy  ‘euly)d joolgndau s,91doad ‘@ssuly)d eulyd
BT
e uondJeyul (s)104e4UI [BIPIRIOA B¥0U1S uonaJejul
AL A |elpJedoA N uonoJejul 1esH  uonduejul [elpJedoAN INLSN/IALLS “joene 14esH ‘|IA |elpJedoAN ulewoq
aueiyoo) EEN HSIN ys!|suz
DIND TVHLIN3ID dino/3svaina aulpan/pawqnd swAuouAs

"A8a1e43s YoJeas ajqeL TS



Chapter 4

[tz  Adesayrsnig saldesayl 8nuQ

+ YT B A uopuanaid 1uswadeuew Adeusayy 8niug Adeiayi 8nug

T B W kL7 Asepuodas Adeiayy uonesipa|\  uonuanald Auepuodss saidesayy Ajue3
LkE G LE |0J3u0d pue Adesayy 8nug |0J3u0d Adesayy Ajue3 uopuana.d

LG — uonuanald uonuaraid Alepuodss pue uonuanaid (s)uonuanaud Asepuodas Alepuodas  wid) eIX]

HR S Ey 9pIgJ0Ss0s| (3e35043IN ‘|EN3uljoJUN

TR -2 ‘ulae2A|30431u 91eJ1ull |AIS2AID 9p1gJ0sos| ‘sajeu anp-0J1N ‘OINSI ‘|IpJosi ‘@1eie|iq)
QR TR S91RJUIN  ‘OALBALISP pIde JLIUN -1U ‘ulI9dA|8043IN  Sweu pueuq 9p1gJoSsos] {|IpUBIOdIN sa1ealIN

(31new ‘uoade

[uonoe ‘uajoded ‘UoIsu10|) dweu pueuq

|eai3ojooew.eyd] ‘appouday {jludouisoy Jejludejeus

i Joyqiyut sJ103qiyul swAzua 3ul ludorden {judejeus {udopuinb

(L7 e awAzua 8ul -1J9AuU0D-ulIsualoiSue ‘Judeze|d {judouis {udiwed owAz

IS 118 ot Bt -SI9AUO0D-UIS Joyqiyur asepndad  ‘uouqgiyul swAzua ul  -us-3unJaAuod-uisualoldue {(uonedl
LML BT -ualo18uy -Axoqued |Apndadig -148Au0d-uoisuslolBuy  -paw/3nup) Juade aAlsusliadAynuy 130V

N2 [uonoe ‘|ojeos ‘jojopuld {|ojopeu ‘|O]

e |eaidojooewueyd] -oungoAs| {[ojoung ‘|0j031Jed Bulwe

(L7 S ! sisiu sisiuodejue e32q 218 -xoinq ‘jojoueidnq ‘{|ojoingade {|o|0

Y2  -o8eueelaq 3juade 3upjoo|q Jo1dad  -Jdudlpe ‘sisiuodejue  -wlh {o|ipaAJed {|ojoldosiq {|ojoudie
A H Y 2 d 21319ua.py -2J 21843uaupe e1ag e19q 2i849ualpy  ‘siuade Supjdo|q Jordadoualpe-eiag (S)49)20|q e1ag

aueaydro) Q341N HS3N yst3u3

DIND IVYLINID aino/asvanai aulpan/pawqnd swAuouAs

(panunuod) "a|qeL TS

(2]
0

1



Cardiovascular medication use in China

S2A Table. Adjusted tool of risk of bias assessment

Bias type

Low risk

Moderate risk

High risk

Study design

Prospective data collec-
tion (clinical assess-
ment)

Retrospective data collec-
tion (medical records or
self-reported question-
naire/survey)

Unclear data collec-
tion and statistical
analysis

Study popu- e Specific and detailed e Sample selected from e Unclear sample
lation sample selection large population but selection criteria;
criteria selection criteria not e Sample is selected
e Sample from general defined; from single centre
population but not e Sample selection ambigu-  and not represen-
selected group with ous but may be represen-  tative
multiple centres tative;
e Specific and detailed ¢ Analysis to adjust for
sample selection sampling strategy bias
criteria
Participant High participant rate Moderate participant rate  Low participant rate
rate (>85%) (70-85%) (<70%)

Participants’
characteris-

e Myocardial infarction
(M1) diagnosis using

e M| diagnosis assessment

from medical records,

e Diagnosis assess-
ment from non-val-

tics consistent criteria and questionnaire, survey, idated data or gener-
direct examination; administrative database ic estimate from
¢ Specific and detailed or register; overall population;
recruitment time ¢ Wide and undetailed e Unknown performed
period; recruitment time period; time or location;
e Consecutive Ml partic- e Specific and detailed ¢ No determinants in-
ipants>18 years old; determinants formation available.
e Specific and detailed
determinants (e.g.
age)
Outcomes e Detailed information ~ Detailed information on No outcome informa-

on prevalence of
cardioprotective med-
ications usage with
specific MI diagnosis;

¢ Detailed information
on absolute level of
blood pressure, lipids,
and glucose with spe-
cific MI diagnosis

prevalence of cardiopro-
tective medications usage

with specific Ml diagnosis;

tion available
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S2B Table. Quality of risk bias assessment. Data collection and statistical analysis method
were assessed in study design. Studies with summed score of 6 or below was considered as bad
quality and excluded from this systematic review and meta-analysis.

Study Study Sample Participation  Participants Out- Summed
design population rate character- comes score
istics
Ni et al2009 1 1 2 1.5 1 6.5
Liu et al 1999 1 2 0.5 2 1 6.5
Liu et al 2011 1 0.5 2 0.5 0.5 4.5
Liu et al 2001 1 1 0.5 2 2 6.5
Liu et al 2005 1 0.5 2 0.5 0.5 4.5
Liu et al 2010 1 1 2 1 1 6
Bao etal 2013 1 1 2 1 0.5 5.5
Xiang et al 2006 1 1 2 1 1 6
Wu et al 2005 1 1 2 1 1 6
Zhou et al 2010 2 1 2 2 2 9
Yao et al 2011 2 1 2 1 1 7
Sun et al 2014 1 0.5 2 1 1 5.5
Jietal 2004 1 0.5 2 0.5 1 5
Zhang et al 2014 2 1 2 1.5 1 7.5
Zhang et al 2009 1 0.5 2 1 0.5 5
Zhang et al 2010 1 0.5 2 0.5 0.5 4.5
Zhang et al 2011 2 1 2 2 2 9
Zhang et al 2012 2 2 2 0.5 1 7.5
Zhang et al 2005 1 1 2 2 1 7
Peng et al 2008 1 1 2 2 2 8
Fang et al 2003 1 1 1 2 1 6
Fang et al 2001 1 1 2 1 1 6
Fang et al 2006 1 1 2 0.5 1 5.5
Fang et al 2006 1 1 2 1 2 7
Lietal 2013 1 1.5 1 2 2 7.5
Lietal 2014 1 1 2 2 2 8
Yang et al 2014 1 1 2 1 2 7
Yang et al 2006 1 1 2 2 1 7
Chai et al 2008 1 1 2 1 2 7
Gui et al 2008 1 1 2 1 1 6
Wang et al 2010 1 1 2 2 1 7
Wang et al 2005 1 1 2 1 1 6
Wang et al 2 2 1 1
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S2B Table. (continued)

Study Study Sample Participation  Participants Out- Summed
design population rate character- comes score
istics

Tian et al 2014 1 1 2 1.5 2 7.5
Niu et al 2003 1 1 2 0.5 1 5.5
Luo et al 2014 1 1.5 2 0 1 5.5
Xiao et al 2014 1 1 2 1 2 7
Xiao et al 2012 1 0.5 0.5 0.5 0.5 3
Xu et al 2012 1 1 1 1.5 2 6.5
Xie et al 2012 1 0.5 2 1 1 5.5
Tan et al 2013 1 0.5 2 1 1 5.5
Zhao et al 2010 1 1 2 2 2 8
Zhao et al 2004 1 1 2 1 2 7
Lang et al 2006 1 1 2 1 2 7
Guo et al 2012 1 0.5 2 1 1 5.5
Tao et al 2014 1 0.5 2 1 1 5.5
Han et al 2012 1 1 2 1 2 7
Han et al 2011 1 1 2 1 2 7
Gao et al 2007 1 0.5 2 1 1 5.5
Bi et al 2009 2 2 2 2 1 9
Liang et al 2005 2 2 2 1 1 8
Ma et al 2010 2 1 1 0.5 0.5 5
Wang et al 2012 2 0.5 0 1 4.5
Yan et al 2010 2 0.5 2 1 1 6.5
Zhang et al 2015 2 1 2 1 1 7

* Data collection and statistical analysis method were assessed in study design. Studies with summed

score 6 or below was considered as bad quality and excluded.
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Chapter 5

The highest priority in secondary prevention of patients with coronary heart disease
(CHD) is to manage cardiovascular risk factors and provide appropriate medical
treatment in order to reduce the likelihood of further clinical events.® This thesis
explores cardiovascular risk factor recording and management and the use of guideline-
recommended medication in routine practice; investigates differences in secondary
prevention of CHD in three different regions (Europe, Asia and the Middle East); examines
whether risk factor recording and management differs in certain population subgroups
and relates international data on air pollution to cardiovascular risk factors.

KEY FINDINGS
The key findings of this thesis are the following:

1. Clinical audit is an effective tool with which to examine the recording and
management of cardiovascular risk factors in routine clinical care. However, the lack
of standardization and limited availability of clinical audits may impede improvements
in the quality of care in CHD management (Chapter 2.1).

2. SURF CHD, an international clinical audit program of cardiovascular risk factor
recording and management, has been shown to be feasible and applicable in different
clinical settings across three regions (Chapter 2.2).

3. The SURF CHD findings indicate that there is patchy recording and poor management
of cardiovascular risk factors in routine care of CHD patients with substantial regional
variations among Europe, Asia and the Middle East. Obesity, poor achievement of
therapeutic medical targets, and underuse of guideline-recommended cardiovascular
medications are major problems (Chapter 2.2).

4. CHD patients who were women, younger than 55 years old, diabetic, and who did
not have access to cardiac rehabilitation were more likely to have uncontrolled
cardiovascular risk factors and underuse of guideline-recommended medications.
The magnitude and direction of cardiovascular risk factor management and its
associated determinants varied substantially across regions. In general, European
participants had better control of cardiovascular risk factors and higher rates of
cardiovascular medication use compared to Asian and Middle Eastern participants.
Cardiac rehabilitation programs for secondary prevention were more commonly
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available in Europe; the availability of such programs was limited in Asia and the
Middle East (Chapter 3.1 & chapter 3.2).

5. ltis feasible to use data from SURF CHD for global linkage studies. Through linkage
with satellite data PM, . was added to existing risk factor data from SURF CHD and
the impact of air pollution on cardiovascular risk factor levels was explored (Chapter
3.3).

6. Current guideline-recommended cardiovascular medication use remains suboptimal
in China; even though their prevalence of use has rapidly increased over the last two
decades (Chapter 4).

METHODOLOGICAL CONSIDERATIONS

Most studies in the current thesis used data from the first phase of SURF CHD. SURF
CHD collected data on 10,186 CHD patients from 79 centers in 11 countries among
three regions (Europe, Asia and the Middle East) between 2012 and 2013. All patients
were recruited during routine cardiology clinic visits and information on demographics,
diagnostic category, risk factors, physical and laboratory measurements and medications

was obtained from a one-page data collection sheet by trained research staff.

SURF CHD is a targeted, achievable and relevant audit with a straightforward
methodology. SURF CHD focuses on essential cardiovascular risk factor questions arising
out of local or national prevention priorities. All information can be collected within 90
seconds per patient and little resources in terms of finance, time, or staff are needed
to undertake SURF CHD; allowing it to be easily performed and embedded in routine
practice.? Although information on economic and mental health risk factors is currently
unavailable, findings from SURF CHD are sufficient to reflect daily performance on
cardiovascular risk factor management.

Unlike classical epidemiological studies, missing data recorded in a clinical audit are
considered an outcome of interest. The frequency of missing data reported in SURF CHD
can be used as a quality indicator to prompt improvements in quality of care.® However,
missing data is also a potential source of bias in SURF CHD analyses, which may reduce the
reliability of prevalence estimates. In general, the proportion of missing data was small,
with less than 4% recorded for SURF CHD variables. The high frequency of missing data
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(around 20%) was mostly recorded in laboratory measurements. Missing information is
more likely to be recorded in patients with poorer cardiovascular risk factor management.
45 Therefore, we might have overestimated the true status of overall cardiovascular risk
factor management in SURF CHD. It should be noted that the percentage of missing data
seems to be random, irrespective of region, sex, or other demographic characteristics.
Thus, our conclusions regarding regional variations, sex disparities and risk factor
determinants are unlikely to be altered. Furthermore, we imputed missing data in some

analyses to reduce bias and increase statistical power.

SURF CHD can be readily undertaken in all types of clinical settings, including centers
with limited resources from low- and middle-income countries; with the potential for
greatly enhanced representativeness. In our view of the literature, we observed that
most existing clinical audits have been conducted in high-income countries or centers
with sufficient resources to perform academic research.5” SURF CHD data, collected from
different geographical areas (national, regional, or international levels), not only permits
comparative analyses to assess geographical difference in terms of cardiovascular risk
factor recording and management but also helps local health organizations to develop
appropriate prevention strategies to meet local requirements, especially in low- and
middle-income countries where these have rarely been established. However, the
generalizability of SURF CHD is still limited and representativeness needs to be improved as
most of SURF CHD participating centers were identified by personal contact. Participation
bias may result in higher standard of risk factor recording and management than the local
average in participating centers. Thus, the findings might have overestimated the quality
of risk factor management and the reality of cardiovascular risk factor management may
be even worse than is suggested by current findings.

To date, SURF CHD has been performed as a pilot and subsequently as the first phase,
with the potential to repeat it regularly to monitor changes and observe trends in terms of
cardiovascular risk factor recording and management over time. This is clearly necessary

if improvements in clinical practice are to occur and be recorded.

THE NATURE OF CURRENT CLINCIAL AUDITS

Several international audit programs like SURF CHD have been reported in the current
literature to investigate recoding and management on cardiovascular risk factors for

secondary prevention of CVD. ¢ Current international clinical audits include EuroAspire,
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REACH registry, WHO-PREMISE, PURE, and SURF CHD.

Study design and methodology

Given the diversity of clinical settings in different geographic areas, the study design and
methodology may vary and the objectives may be interpreted in different ways. Apart
from formally designed clinical audits, registries and observational studies may also have
audit intention to describe cardiovascular risk factor management.

EuroAspire used highly standardized examinations and detailed face-to-face interviews
and managed to explore cardiovascular risk factor management both cross-sectionally
and over time.®'"3 |t may be regarded as an exemplar audit in that many European
countries are surveyed. However, it requires considerable resources in terms of staff
capacities, time, and financial support. Thus the generalizability of such an audit is limited
as participating countries or centers were, of necessity, well-resourced and mainly from

high-income countries.

The REACH registry provided an international contemporary data set with inclusion of a
large number of Asian populations and patients with several cardiovascular risk factors,
CHD, or cerebrovascular disease were recruited.? Its large sample size and international
scope may improve representativeness of current audit settings. However, the large
number of centers that withdrew from the study may have limited both the results and
the generalizability of the study. Nevertheless the detailed follow-up information may

provide valuable information regarding cardiovascular risk.

WHO-PREMISE not only explored the current situation of CHD and cerebrovascular
disease prevention but also identified barriers to risk factor management in low- and
middle-income countries, which has rarely been assessed.® However, only self-reported
risk factor information is collected, which may be less accurate than actual medical
records.

PURE used a unique sampling process that enabled data to be collected from communities
in both urban and rural areas.’ It is primarily a prospective cohort study of social
influences on risk factors and chronic non-communicable disease. A follow-up of 10
years is conducted to assess associated factors on mortality or cardiovascular events.*
Similar to WHO-PREMISE, self-reported risk factor data may not reflect the most accurate
risk factor information in daily practice.
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Outcome comparison between SURF CHD and other currentinternational clinical audits
Overall, the findings of SURF CHD are broadly the same as other current studies regarding
clinical guideline adherence and implications irrespective of study design, performed

geographical area, and time frame (Table 1).

Results of EuroAspire on cardiovascular risk factor management tended to be slightly
more favorable compared to studies such as SURF and WHO-PREMISE, probably partly
because the latter studies included low- and middle-income countries.®”'6-18 | ower use
of cardiovascular medication for patients with CHD was reported in the PURE study, as
compared to EuroAspire and SURF CHD, for aspirin (25% vs 98% vs 90%), beta blocker
(17% vs 85% vs 72%), statins (15% vs 90% vs 81%), and ACEI/ARB (20% vs 77% vs 58%)
respectively. All reported relatively high rates of smoking and inadequate physical activity,
despite the fact that smoking cessation and cardiac rehabilitation with exercise training
have been widely promoted in current clinical guidelines worldwide. The prevalence of
uncontrolled hypertension, dyslipidemia, and diabetes remain high.

SURF CHD observed substantial regional differences in risk factor control and also
examined determinants of control. The findings were broadly in line with findings from
PURE, REACH, and WHO-PREMISE.>%82° High-income countries were more likely to
achieve risk factor control and showed higher guideline-recommended medication use.>*
SURF CHD noticed extremely low rates of attendance of cardiac rehabilitation programs
in China and Saudi Arabia; whereas European patients appeared to materially benefit
from such program.

Changes in risk factor management over time have rarely been reported in these studies
with the exception of EuroAspire. The comparisons across the EuroAspire surveys
showed paradoxically that lifestyle factors have deteriorated over time with increases
in obesity and diabetes and little change in smoking noted.** However, the therapeutic
target achievements for blood pressure and lipid management improved over time,
demonstrating efforts by institutionalized care, although they are still far from optimal
in Europe.’*??
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Table 1. Comparison of lifestyle factors and medication intake in international clinical audits

EuroAspire EuroAspire SURFCHD SURF WHO- PURE REACH*
n v pilot PREMISE
Total No. 8966 7998 6722 497 10000 424921 5650
No. Country 22 24 8 3 10 17 44
Women 25 24 27 21 37 53 32
Age 60 63 65 65 59 50 68
Current smoker 17 16 18 15 13 19 17
Insufficient 70 60 41 47 53 65 NA
exercise¥
DM 35 31 22 25 32 24 25
HTN 67 78 71 72 68 76 76
Dyslipidaemia 51 73 77 68 40 NA NA
Medication
Antiplatelet 91 98 91 88 81 25 26
Beta blocker 80 86 78 76 48 17 20
Statin 78 90 87 85 30 15 17
ACEI/ARB 71 77 72 67 40 20 20

EuroAspire: European survey of Cardiovascular Disease prevention; SURF CHD: SUrvey of Risk Factor Coro-
nary Heart Disease; WHO-PREMISE: WHO study on Prevention of REcurrences of Myocardial Infarction and
StrokE; PURE: Prospective Urban Rural Epidemiology; REACH: REduction of Atherothrombosis for Continued
Health; NA: not application.

All numerical variables are meantstandard deviation and categorical variables are percentage.
* This column only presents results from coronary heart disease in REACH.

F Insufficient exercise: less than recommended physical activity (30 minutes of moderately vigorous activity

three to five times weekly)
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INTRODUCTION OF SURF CHD phase Il

The second phase of SURF CHD (SURF CHD Il) is designed to learn from these studies to
develop a feasible, achievable, and relevant audit tool for use in daily practice. It remains
a targeted tool but with a more comprehensive recruitment strategy and a dedicated
online data collection system to provide regular and rapid information on cardiovascular
risk factor recoding and management worldwide. SURF CHD will allow benchmarking

against guideline recommendations in order to improve quality of care in day-to-day life.

Recruitment: generalizability

A more formal recruitment strategy is planned to enhance representativeness and
generalizability in the second phase, aiming to recruit 300 centers worldwide over six
regions with at least 50 cases to be recruited per site. Recruitment will be carried out
through the extensive international network of the European Association of Preventive
Cardiology (EAPC). The SURF CHD website will be re-designed to attract more global
health professionals. Improved recruitment strategies will encourage more low- and
middle-income countries with limited resources to participate to provide more accurate

and up-to-date cardiovascular risk factor management information in these areas.

Data collection: comprehensive methodology

Data collection will remain easy to collect and will be focused on core cardiovascular
risk factor questions. Some modifications have been made to ease understanding
and to reduce entering invalid values. For instance, education will be categorized to
reduce incomplete data due to the misunderstanding of audit question on educational
attainment. Similarly, questions on laboratory variables have been reformatted to

improve clarity.

A new electronic data collection system will be developed within REDCap, a secure web
application for building and managing online surveys and databases; helping SURF CHD
to be easily administered in a busy clinical setting. Before being uploaded to the central
system, data can be collected both online and offline, which will facilitate the application
of SURF CHD in all types of hospital facilities. The compulsory fill-in boxes and pre-defined
boundaries for each audit question offer a double checking system for all clinicians to
prevent medical recording errors and reduce missing and incomplete data to provide a
basis for practice during routine clinics.
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Re-audit: repeatability

Completion of the audit cycle involves implementing improvements in clinical practice
such as establishment of standard operating procedures and repeating the audit to see
if improvements have occurred.?®? The improved collection methodology and easy
online data collection system will allow SURF CHD to be performed regularly. The same
strategies for data analysis with minimized extra effect will be undertaken to ensure
comparability with original SURF CHD audit.”® It is hoped that SURF CHD also has the
potential to inform future guidelines on the prevention of CVD by identifying areas that
need the most attention.

Feedback: structured feedback system

Identifying the problems and bringing in changes is the most critical and difficult part
of audits.>*?® It is essential to demonstrate that changes have been implemented, are
sustainable and result in improvement so a plan for future monitoring will be needed.?
Findings of SURF CHD will be presented overall and by characteristics such as age, sex,
diagnostic category and region. Annual audit reports for individual participating countries
with detailed center information will be returned to national coordinators together with
grouped mean results from other centers for comparison purposes. Individual center’s
results will also be returned to the participating center, together with comparative
grouped mean results for their region. All results will be carefully reviewed and compared
with previous SURF CHD reports.

Implementation: action plan

Feedback from audits would be more effective and efficient when accompanied by explicit
targets and an appropriate action plan, and when associated with low baseline adherence
to develop an agreed standard operating procedure for the next audit cycle.?®*” SURF
CHD can be used as a hospital accreditation tool to improve the quality and safety of
healthcare by applying standards and promoting uptake of evidence-based clinical and

organizational practice.?®3°

Allimplementation activities usually require support from a number of key stakeholders-
policy makers, clinicians, and patients. Policy makers could set specific clinical targets
related to the SURF CHD results for all health professionals that they are expected
to reach and agree an action plan with suggestions or advice about how to improve
cardiovascular risk factor management.? Clinicians could use SURF CHD results to check
whether their prevention strategy is effective and whether their performance meets
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national or international standard expectations. 263132 The electronic data collection
system will ensure rapid feedback to facilitate process improvement. Communication
of the SURF CHD results to patients may also help them to identify area such as lifestyle
that are particularly challenging and need a partnership approach between the patient
and the healthcare professional.

Data linkage and project extension

Data linkage is a logical, efficient, and cost-effective method for maximizing use of existing
data and increasing amounts of other data that are being produced in order to improve
healthcare delivery, patient care, and service infrastructure.?*3* Such an innovative
technique can be applied to SURF CHD. The possibility of data linkage between global
health and other types of data for different objectives has been demonstrated in Chapter
3.3. It was an attempt to use audit data to investigate more health related research
questions beyond cardiovascular risk factor management. However, it is still challenging
to incorporate linkages with integrated audit research and conduct high-quality data
linkage processes due to lack of standardized data definitions and inconsistent coding
practices.** The new phase will exploit new opportunities for large-scale audits collecting
data from routine clinics to link with different recourses and facilitate more sophisticated
research that are likely only to be addressed with such data linkage technique.

SURF CHD is also practical to be expanded to other research areas associated with

increased cardiovascular risk such as primary care, stroke, chronic lung disease and
inflammatory arthritis. A pilot study has already been undertaken in these areas.*®
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CONCLUSION

In conclusion, poor cardiovascular risk factor recording and striking disparities in guideline
implementations in daily practice are the major challenges for CVD secondary prevention
worldwide, despite the wide availability of evidence-based guidelines on CVD prevention.
There are substantial regional variations in cardiovascular risk factor management. The
observations call for a more efficient and effective monitoring program for risk factor

management to improve guideline adherence in daily practice.

A clinical audit is considered the best quality assessment tool. However, the availability
and applicability of a well-designed clinical audit program is limited in current literature
and its efficiency and effectiveness remains unrecognized. The main challenge is
to undertake a high quality clinical audit, which is performed with a comprehensive
methodology, has generalizability and feasibility for all types of clinical settings in
different geographical areas, is repeatable in an agreed period of time, provides up-to-

date feedback, and develops a clear and explicit action plan.

SURF CHD has demonstrated the feasibility of a practical audit tool for CVD risk factor
recording and management during routine clinic visits. However, representativeness of
the included sites is limited. The next phase with an upgraded data collection system and
a better defined recruitment strategy will permit more audit data from daily practice,
aiming to provide a better view of cardiovascular risk factor management and reduce
the guideline implementation gap in the future.
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Summary

SUMMARY

Cardiovascular disease (CVD) remains one of the leading causes of death worldwide.
There has been a significant increase of CVD deaths in low- and middle-income countries
over the last two decades. Current evidence-based guidelines offer explicit advice on
CVD risk factor management, guideline implementation and the evaluation of risk factor
management. Despite this, CVD risk factor management remains inadequate and there

are few clinical audits to monitor cardiovascular risk factor recording and management.

SURF CHD (SUrvey of Risk Factors Coronary Heart Disease) was designed as a
straightforward and targeted clinical audit tool that aimed to simplify the recording and

monitoring of routine CVD risk factors in patients with established CHD.

The primary objectives of this thesis were to summarize the importance of clinical audits
in daily practice, describe CVD risk factor recording and management in routine practice
and assess inequalities in risk factor management and their determinants within and
between different geographic regions. Routine CVD risk factor data were then related
to air pollution data to explore the technical feasibility of data linkage. Finally, the use
of preventive cardiovascular medication in China as a large country in which medical

practice is developing was assessed.

Overview on clinical audit program of cardiovascular risk factor management
and introduction to SUrvey of Risk Factors (SURF CHD)

In chapter 2 (chapters 2.1 and 2.2) the rationale for clinical audits regarding CVD risk
factors were reviewed with a description of current audit programs and presentation
of the findings of SURF CHD. Chapter 2.1 demonstrated the necessity of clinical audits
to ensure that high quality of cardiovascular care is provided to CHD patients in daily
practice. Existing clinical audits have been reviewed to provide an overall picture of
the quality of CVD risk factor management. The consistency and representativeness of
current audits were found to be limited. This chapter highlighted challenges of performing
a good quality and representative clinical audit with an easily operated and structured

methodology and repeatable data collection system.
In chapter 2.2, results from SURF CHD were presented. 10,186 patients with established
CHD were recruited from 79 centers in 11 countries among three different regions

(Europe, Asia, and the Middle East). Recording of routine CVD risk factor information
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varied considerably. The highest frequency of missing data was noted in laboratory
measurements such as lipids. CVD risk factor control was generally poor. Over 80% of
participants had inadequate risk factor management with less than five risk factors being
controlled. Sixteen percent of participants reported as smoker, 29% were obese, and 46%
had abdominal obesity. There were substantial regional variations. For instance, in Asia
or in the Middle East, less than 3% of patients attended cardiac rehabilitation, compared

with 45% in Europe. The use of cardiovascular medications was generally lower in Asia.

SURF CHD: Inequalities in cardiovascular risk factor management in daily
practice and associated determinants

In chapter 3 we explored differences in cardiovascular risk factor recording and
management by SURF CHD data. In chapter 3.1, we investigated whether there were
sex differences in risk factor management and assessed demographic variations in sex
differences. 10,186 patients (29% women) were analyzed from SURF CHD. Risk factor
management for secondary prevention was generally worse in women than in men.
Women were less likely to achieve targets for total cholesterol (odds ratio <OR> 0.50,
95% confidence interval <CI> 0.43 to 0.59), low-density lipoprotein cholesterol (LDL) (OR
0.57,95% ClI 0.51 to 0.64), and glucose (OR 0.78, 95% Cl 0.70 to 0.87), or to be physically
active (OR 0.74, 95% Cl 0.68 to 0.81) or non-obese (OR 0.82, 95% Cl 0.74 to 0.90). The
magnitude and direction of sex differences varied by region. The most notable regional
difference was related to smoking habit. While the prevalence of smoking was similar
between the sexes in Europe, women in Asia and the Middle East were considerably less
likely to smoke than men. Sex disparities in reaching treatment targets were smaller in
Europe than in Asia and the Middle East. Women in Asia were more likely than men to

reach lifestyle targets, with opposing results in Europe and the Middle East.

In chapter 3.2 we investigated characteristics (age, family history, cardiac rehabilitation,
previous hospital admission, and history of diabetes) that had a significant impact on
overall CVD risk factor management. We identified 9,987 consecutive CHD patients from
SURF CHD between 2012 and 2013. The overall risk factor management was summarized
as Cardiovascular Health Index Score (CHIS) based on six CVD risk factor targets (non/
ex-smoker, body mass index<30, adequate physical activity, controlled blood pressure,
controlled LDL, and controlled glucose). A moderate CHIS (with three or more risk factor
controlled) was less likely to be reached by women (OR 0.84. 95% ClI 0.74-0.95), and those
aged<55 years old (OR 0.62, 95% Cl 0.52-0.74), and those with diabetes (OR 0.38, 95% ClI
0.34-0.43). There were regional variations in determinants of risk factor management.
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Younger Asian and European patients tended to have poorer risk factor management;
whereas, there was no significant age difference in the Middle East. Participation in
cardiac rehabilitation was demonstrated to be associated with better cardiovascular
risk factor management in European patients. In contrast, availability and feasibility of
cardiac rehabilitation is limited in Asia and the Middle East and thus its effectiveness
cannot be analyzed appropriately.

In chapter 3.3 the long-term PM, . exposure from a consistent global exposure model
was linked to individual data on routinely measured CVD risk factors from SURF CHD to
determine the feasibility of the methodology and to investigate associations between
long-term PM, . and cardiovascular risk factors (blood pressure, lipids, and glucose). A
total of 8,392 CHD patients among 10 countries in Europe, Asia, and the Middle East
were analyzed. The analyses demonstrated the feasibility of linking these distributed
data but also pointed at challenges in their interpretation given that this was a secondary
prevention population and therefore already exposed to active risk factor management.
We found an increase of PM, . was significantly associated with decreased BP and
increased glucose in a global scale. After country adjustment, PM, . was associated with
small increases in LDL and small decreases in blood pressure.

Guideline-recommended cardiovascular medication use for secondary pre-
vention of coronary heart disease

In chapter 4 we systematically reviewed and summarized cardiovascular medication
use in China between 1995 and 2015 and assessed factors in associated with cardio-
vascular medication trends. Thirty-five studies from 13,490 identified publications
were included. The pooled prevalence for aspirin, beta-blockers, statins, ACE-Inhib-
itors, ACE-Inhibitor/ARBs and nitrates was 92% (95% Cl: 0.89+0.95), 63% (95% ClI:
0.57+0.69), 72% (95% Cl: 0.60+0.82), 49% (95% Cl: 0.41+0.57), 59% (95% ClI: 0.48+0.69)
and 79% (95% Cl: 0.74+0.91), respectively. We observed a significant increase in be-
ta-blocker and statin use over the last two decades. Yet, in general, current cardiovas-
cular medication use is still inadequate in China.

In the general discussion (chapter 5) we summarized the key findings, addressed
methodological considerations of SURF CHD, and described the nature of clinical audit
programs for secondary prevention of CHD. It is still challenging to perform an effective
clinical audit embedded within routine practice. Using clinical audit data to assess
guideline applications and make appropriate prevention changes requires commitment
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at all levels, from international to local organizations, and support by all stakeholders,
from policy makers to patients. Lastly, this thesis introduced the new phase of SURF CHD
with improved methodology, an upgraded online data recruitment system, and better-
structured recruitment strategy. This new phase is designed to be feasible, achievable,
and a targeted audit tool for routine use to provide regular and rapid cardiovascular risk

factor information in more geographic areas.

To conclude, it is recommended that healthcare professionals take the findings into
account to have a better understanding of cardiovascular risk factor recording and
management in daily practice. Improved recognition of clinical audit is urgently needed for
all stakeholders. A targeted, achievable, and relevant clinical audit, like SURF CHD, should
be considered worldwide, especially for low- and middle-income countries. Secondary
prevention strategies should be developed accordingly to meet local requirements in

different geographic areas.
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SAMENVATTING

Hart- en vaatziekten (HVZ) blijven wereldwijd een van de belangrijkste doodsoorzaken.
De afgelopen twee decennia is er een significante toename van HVZ geweest in lage-
en middeninkomenslanden. De huidige richtlijnen bieden expliciet advies over HVZ
risico factor management, richtlijn implementatie en de evaluatie van risico factor
management. Desondanks blijft HVZ risicofactor management ontoereikend en zijn
er weinig klinische audits om de registratie en het HVZ risicofactor management te

controleren.

SURF CHD (Survey van risico factoren coronaire hartziekten) is ontworpen als een
eenvoudige en doelgerichte klinische controletool, gericht op het vereenvoudigen van
de registratie en de bewaking HVZ risico factoren in patiénten met gevestigde coronaire
hartziekten (CHZ).

De primaire doelstellingen van dit proefschrift omvatten het belang van klinische audits in
de dagelijkse praktijk samenvatten, de registratie en het beheer van HVZ risicofactoren in
de dagelijkse praktijk te beschrijven en ongelijkheden in het risicofactoren management
en de bijbehorende determinanten binnen en tussen verschillende geografische regio’s
te beoordelen. HVZ risicofactordata zijn vervolgens gerelateerd aan luchtvervuilingsdata
om de technische haalbaarheid van gegevenskoppeling te verkennen. Ten slotte werd
het preventieve gebruik van HVZ medicatie in China, een groot land waarin de medische

praktijk zich nog ontwikkeld, beoordeeld.

Overzicht van het klinisch auditprogramma voor het HVZ risicofactoren
management en de introductie van Survey van risicofactoren coronaire
hartziekten (SURF CHD)

In hoofdstuk 2 (hoofdstukken 2.1 en 2.2) werden de redenen voor klinische audits met
betrekking tot HVZ risicofactoren beoordeeld, met een beschrijving van de huidige
auditprogramma’s en de presentatie van de bevindingen van SURF CHD. Hoofdstuk 2.1
toonde de noodzaak van klinische audits aan om ervoor te zorgen dat hoogstaande
cardiovasculaire zorg aan CHZ patiénten wordt geboden in de dagelijkse praktijk.
Bestaande klinische audits zijn beoordeeld om een algemeen beeld te geven van de
kwaliteit van het HVZ risicofactoren management. De samenhang en representativiteit
van de huidige audits bleken beperkt te zijn. Dit hoofdstuk belichtte de uitdagingen
voor het uitvoeren van een representatieve klinische audit van goede kwaliteit met een
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eenvoudig te bedienen en gestructureerde methode en een systeem voor herhaalde

gegevensverzameling.

In hoofdstuk 2.2 werden de resultaten van SURF CHD gepresenteerd. In 79 centra in
11 landen uit drie verschillende regio’s (Europa, Azié en het Midden-Oosten) werden
10.186 patiénten met gevestigde CHZ gerekruteerd. De registratie van routinematig HVZ
risicofactorinformatie varieerde aanzienlijk. De hoogste frequentie van ontbrekende
gegevens werd gezien in laboratoriummetingen zoals lipiden. HVZ risicofactor controle
was over het algemeen slecht. Meer dan 80% van de deelnemers had een ontoereikend
risico factor management waarbij minder dan vijf risicofactoren onder controle waren.
Zestien procent van de deelnemers was roker, 29% had obesitas en 46% had abdominale
obesitas. Er waren aanzienlijke regionale variaties. Bijvoorbeeld, in Azié f het Midden-
Oosten, woonde minder dan 3% van de patiénten een hartrevalidatie programma bij,
vergeleken met 45% in Europa. Het gebruik van cardiovasculaire medicatie was over het
algemeen lager in Azié.

SURF CHD: Ongelijkheden in HVZ risicofactor management in de dagelijkse
praktijk en daarmee samenhangende determinanten

In hoofdstuk 3 hebben we de verschillen onderzocht in de registratie en het HVZ
risicomanagement door middel van SURF CHD gegevens. In hoofdstuk 3.1 onderzochten
we of er sprake was van sekseverschillen in het risicofactor management en beoordeelden
we de demografische variaties in sekseverschillen. We analyseerden 10.186 patiénten
(29% vrouwen) van SURF CHD. Risicofactor management voor secundaire preventie was
over het algemeen slechter bij vrouwen dan bij mannen. Vrouwen bereikten minder vaak
de doelen voor totaal cholesterol (Odds Ratio <OR> 0,50; 95% betrouwbaarheidsinterval
<BHI> 0,43 tot 0,59; lagedichtheidlipoproteine cholesterol (LDL) (OR 0,57; 95% BHI
0,51 tot 0,64); en glucose (OR 0,78; 95% BHI 0,70 tot 0,87), of om fysiek actief te zijn
(OR 0,74; 95% BHI 0,68 tot 0,81) of niet-obesitas (OR 0,82; 95% BHI 0,74 tot 0,90). De
omvang en richting van de sekseverschillen varieerden per regio. Het meest opvallende
regionale verschil was gerelateerd aan rookgewoonten. Terwijl de prevalentie van
roken vergelijkbaar was tussen de geslachten in Europa, hadden vrouwen in Azié en het
Midden-Oosten aanzienlijk minder kans om te roken dan mannen. Sekse ongelijkheden
bij het bereiken van behandeldoelen waren in Europa kleiner dan in Azié en het Midden-
Oosten. Vrouwen in Azié hadden meer kans dan mannen om lifestyle-doelen te bereiken,
met tegengestelde resultaten in Europa en het Midden-Oosten.
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In hoofdstuk 3.2 onderzochten we kenmerken (leeftijd, familiegeschiedenis,
hartrevalidatie, eerdere ziekenhuisopname en diabetesgeschiedenis) die een significante
impact hadden op het algehele HVZ risicofactor management. We identificeerden
9.987 opeenvolgende CHZ-patiénten van SURF CHD tussen 2012 en 2013. Het algemene
risicofactor management werd samengevat als Cardiovascular Health Index Score
(CHIS) op basis van zes cardiovasculaire risicofactordoelen (niet/ex roker, body mass
index <30, adequate fysieke activiteit, gecontroleerde bloeddruk, gecontroleerd LDL en
gecontroleerde glucose). Een matige CHIS (met drie of meer gecontroleerde risicofactoren)
werd minder door vrouwen bereikt (OR 0,84; 95% BHI 0,74-0,95) en personen van <55 jaar
oud (OR 0,62; 95% BHI 0,52-0,74) en diegenen met diabetes (OR 0,38; 95% BHI 0,34-0,43).
Er waren regionale variaties in determinanten van risicofactor management. Jongere
Aziatische en Europese patiénten neigden naar een slechter risicofactor management;
terwijl er geen significant leeftijdsverschil was in het Midden-Oosten. Deelname aan
hartrevalidatie bleek geassocieerd te zijn met beter HVZ risicofactor management bij
Europese patiénten. Echter is de beschikbaarheid en haalbaarheid van hartrevalidatie
beperkt in Azié en het Midden-Oosten en dus kan de effectiviteit niet op de juiste manier

worden geanalyseerd.

In hoofdstuk 3.3 werd langdurige PM, .-blootstelling van een consistent globaal
blootstellingsmodel gekoppeld aan individuele gegevens over routinematig gemeten
HVZ risicofactoren van SURF CHD om de haalbaarheid van de methodologie te bepalen en
verbanden tussen langdurige PM, . en cardiovasculaire risicofactoren (bloeddruk, lipiden
en glucose) te onderzoeken. Een totaal van 8.392 CHZ-patiénten uit 10 landen in Europa,
Azié en het Midden-Oosten werden geanalyseerd. De analyses toonden de haalbaarheid
aan van het koppelen van deze verspreide gegevens, maar wezen ook op uitdagingen in
hun interpretatie, aangezien dit een secundaire preventiepopulatie was en deze daarom
al werd blootgesteld aan actief risicofactor management. We vonden dat een toename
van PM,  significant was geassocieerd met verlaagde bloeddruk en verhoogde glucose
op wereldwijde schaal. Na correctie voor het land was PM, , geassocieerd met kleine
verhogingen van LDL en kleine verlagingen van de bloeddruk.

Cardiovasculair medicatie gebruik voor secundaire preventie van coronaire
hartziekten aanbevolen door de richtlijnen

In hoofdstuk 4 hebben we het gebruik van cardiovasculaire medicatie in China tussen
1995 en 2015 systematisch beoordeeld en samengevat en onderzocht welke factoren
verband hadden met cardiovasculaire medicatietrends. Vijfendertig studies van 13,490
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geidentificeerde publicaties werden geincludeerd. De gepoolde prevalentie voor aspirine,
bétablokkers, statines, ACE-remmers, ACE-remmers/ARB’s en nitraten was 92% (95%
BHI: 0,89 tot 0,95), 63% (95% BHI: 0,57 tot 0,69), 72% (95% BHI: 0,60 tot 0,82), 49%
(95% BHI: 0,41 tot 0,57), 59% (95% BHI: 0,48 tot 0,69) en 79% (95% BHI: 0,74 tot 0,91),
respectievelijk. We zagen de afgelopen twee decennia een significante toename van het
gebruik van bétablokkers en statines. Maar over het algemeen is het huidige gebruik van
cardiovasculaire medicatie nog steeds ontoereikend in China.

In de algemene discussie (hoofdstuk 5) hebben we de belangrijkste bevindingen
samengevat, de methodologische overwegingen van SURF CHD behandeld en de aard
van klinische auditprogramma’s voor secundaire preventie van CHD beschreven. Het is
nog steeds een uitdaging om een effectieve klinische audit uit te voeren ingebed in de
dagelijkse praktijk. Het gebruik van klinische auditgegevens om richtlijntoepassingen
te beoordelen en gepaste preventiewijzigingen aan te brengen vereist betrokkenheid
op alle niveaus, van internationale tot lokale organisaties, en ondersteuning door
alle belanghebbenden, van beleidsmakers tot patiénten. Ten slotte introduceerde dit
proefschrift de nieuwe fase van SURF CHD met verbeterde methodologie, een verbeterd
online rekruteringssysteem en een beter gestructureerde wervingsstrategie. Deze nieuwe
fase is ontworpen om uitvoerbaar en haalbaar te zijn en een gerichte audittool voor
routinegebruik om regelmatige en snelle informatie over cardiovasculaire risicofactoren
te bieden in meer geografische gebieden.

Tot slot wordt aanbevolen dat beroepsbeoefenaren in de gezondheidszorg de bevindingen
in overweging nemen om een beter inzicht te krijgen in de registratie en het management
van cardiovasculaire risicofactoren in de dagelijkse praktijk. Verbeterde erkenning van
klinische audits is dringend nodig voor alle belanghebbenden. Een gerichte, haalbare
en relevante klinische audit, zoals SURF CHD, moet wereldwijd worden overwogen,
vooral voor landen met lage en middelhoge inkomens. Secundaire preventiestrategieén
moeten dienovereenkomstig worden ontwikkeld om te voldoen aan lokale vereisten in

verschillende geografische gebieden.
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