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ABSTRACT
This thesis comprises a series of eight data-linkage studies that examined the epidemiology
and management of ischaemic heart disease (IHD) in New Zealand over the last 12 years.
Using individual-level linkage of routinely collected national data on almost the entire
population, the first three studies investigated long-term statin use, acute revascularisation
and case fatality in people hospitalised with acute coronary syndromes (ACS). The latter five
studies were focused on all hospitalised and fatal IHD, examining pre-hospital IHD case fatality
and contemporary trends in IHD hospitalisations, deaths, incidence and prevalence.
The research demonstrated that most patients with ACS received appropriate evidence-based
management. Approximately 65% of patients underwent angiography and 80% were
dispensed a statin on discharge. Compared to Europeans, however, Māori and Pacific patients
were 20% less likely to undergo revascularisation and 10-20% less likely to be maintained on
a statin up to three years post discharge. Ethnic inequities in case fatality were also apparent.
Compared to Europeans, Māori and Pacific patients were 50% more likely to experience a
prehospital IHD death or die within 28 days of IHD hospitalisation, and twice as likely to die in
the year following ACS hospitalisation.
Analyses of trends in IHD between 2005 and 2016 demonstrated that IHD hospitalisation and
mortality rates have been declining by 3-6% annually in men and women in all age groups, in
those with and without a history of IHD and in all major ethnic groups. IHD prevalence is also
declining in parallel with IHD incidence.
Taken together, these findings indicate that primary and secondary prevention efforts in New
Zealand have been successful. In spite of this success, however, ethnic inequities in IHD
outcomes remain a major concern. Māori and Pacific people die from IHD at approximately
twice the rate of Europeans, yet they experience fewer IHD hospitalisations for every IHD
death, suggesting that there are important barriers to care for the highest needs groups in this
country. To ensure that New Zealand continues to make gains in IHD, a concerted effort to
improve outcomes and achieve equity for all ethnic groups, and in particular, Māori and Pacific,
are needed.
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Chapter 1

CHAPTER 1: INTRODUCTION
1.1. Objectives
This thesis comprises a series of eight data-linkage studies that investigate the contemporary
management and epidemiology of ischaemic heart disease (IHD) in New Zealand. Seven of
these studies have been published in peer-reviewed journals and one is currently in the
process of submission.
The eight studies address the following objectives:
1. To investigate long-term statin management of patients with acute coronary syndrome
(ACS) post-discharge and identify predictors of statin use.
2. To study the receipt of angiography and coronary revascularisation within 30 days of
ACS admission and identify predictors of procedure receipt.
3. To examine short- and long-term case fatality in hospitalised ACS cases and identify
factors associated with mortality.
4. To quantify the proportion of IHD deaths that occur prior to hospitalisation and explore
the effect of different event definitions on case fatality estimation.
5. To examine ethnic differences in IHD deaths that occur pre- and post-hospitalisation.
6. To investigate trends in first and recurrent IHD deaths and hospitalisations.
7. To investigate trends in IHD deaths and hospitalisations by ethnicity.
8. To investigate trends in IHD incidence and prevalence.

1.2. Background
This thesis represents a coherent body of research that has evolved over time. When I first
embarked on this doctorate, the research group that I belong to (the Vascular Informatics
using Epidemiology and the Web [VIEW] team) had recently been given permission by the
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Ministry of Health to hold all routinely collected national health datasets in New Zealand for
the purposes of vascular disease-related research. At the time, the idea of ‘big data’ and of
using routinely collected information as a research tool was not widespread in this country,
but had been gaining traction. Several research groups (including my own) were already using
routinely collected data, but for very specific purposes. The VIEW team, for example, had
established the PREDICT cohort study in 2002 and had been using data linkage on a regular
basis to identify fatal and non-fatal outcomes in people who had undergone cardiovascular
risk assessment in participating general practices.1 The New Zealand Census Mortality and
CancerTrends Study at the University of Otago had also been using data linkage to track
mortality trends.2 However, at the time I began this doctoral research, no-one had used
routinely collected data to comprehensively study the epidemiology or management of a
specific condition or disease group in New Zealand.
The VIEW research group’s newly acquired access to all the routinely collected health
datasets presented a unique opportunity to examine the contemporary epidemiology of acute
coronary disease in a way that had never been done in New Zealand and had only partially
been done by a very small number of groups internationally. The initial concept involved using
the datasets to look at various aspects of the epidemiology and immediate and long-term
management of ACS, a subset of IHD patients at very high risk of mortality and ongoing
morbidity. As a public health doctor of Pacific descent, it was also important to me that the
research included a detailed investigation into differences by ethnicity.
The first analysis examined the use of statins in ACS patients up to three years post-discharge.
This study began as a replication of an analysis conducted by a previous doctoral student, but
was expanded to include a more specific cohort of patients and a much longer follow-up
period. The analysis served two purposes: first, it enabled me to become familiar with three of
the large national datasets (hospitalisations, mortality and pharmaceutical dispensing) and
second, it addressed a gap in the literature on long-term adherence to secondary prevention
medications. When I started the analysis, the VIEW research group had not yet received the
2
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national health datasets, so a specific data request to complete the study was submitted to
the Ministry of Health. On receiving the data, I spent a great deal of time cleaning it,
establishing the appropriate study cohort and creating the variables necessary to estimate
statin use over a three-year period. This experience enabled me to set up a structured process
to establish a study cohort and conduct statistical analyses that I was able to improve with
each subsequent study.
The next analysis focused on ethnic differences in the receipt of revascularisation following
ACS. This study involved multilevel modelling, a statistical method I was unfamiliar with, so I
enlisted the support of an Australian biostatistician who had recently completed a PhD on this
subject. Multilevel models (also known as random effects, mixed effects, or hierarchical
models) are a powerful statistical technique to deal with natural clustering within data.
Clustering can occur, for example, in people admitted to the same hospital who, because of
shared exposures or experiences, will generally have more similar outcomes than those
admitted to other hospitals. These similarities mean that each person cannot be considered
to provide a completely new and unique piece of information to the analysis. Multilevel models
take these similarities into account and can provide useful insights into the relative
contributions of individual patient and hospital factors.
Following these first two studies, which had examined aspects of both the acute and long-term
management of ACS, the remaining six analyses focused on its epidemiology. The first
epidemiological analysis investigated short- and long-term case fatality of patients hospitalised
with ACS, but it soon became clear that IHD deaths that occurred prior to hospitalisation
(commonly referred to as out-of-hospital or pre-hospital IHD deaths) represented a significant
gap in the New Zealand literature. I soon discovered, however, that there were also significant
gaps and methodological issues within the international literature, with no consistent or
standardised approach to defining out-of-hospital and post-hospitalisation deaths. It also
became clear that considering deaths from just ACS or myocardial infarction (MI) was
insufficient to provide a clear picture of what happened to patients with acute IHD pre- and
3
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post-hospitalisation and that it was more appropriate to consider deaths and hospitalisations
from the broader category of IHD. My supervisors and I sought advice from researchers in
Denmark and the United Kingdom (UK) to corroborate these conclusions. After many iterations
we settled on what we believed were the most logical definitions for pre-hospital IHD deaths
that could be repeated for cross-country comparisons.
At this juncture, it became clear that the epidemiology of ACS could not be considered without
looking more broadly at IHD. My research therefore shifted to focus on ACS in the wider
context of IHD, with further analyses examining ethnic differences in pre-hospital IHD deaths
and trends in IHD hospitalisations, deaths, incidence and prevalence.
Together, these eight analyses paint a comprehensive picture of the current state of IHD in
New Zealand. These results will be useful for planning health services, monitoring health
inequities and tracking the progress this country has made in the fight against premature
cardiovascular disease (CVD).

1.3. Thesis Overview
The next chapter will set the context to the doctoral research, providing information about the
spectrum of IHD, its diagnosis and evolving definitions. A summary of recent research into the
epidemiology of IHD, ACS and MI in New Zealand and internationally will then be presented.
Chapter 3 outlines the recommended management of acute IHD and summarises New
Zealand and international literature on the acute and long-term management of ACS in clinical
practice.
Chapter 4 describes routinely collected national datasets in New Zealand in detail, giving a
brief overview of the methodology employed in the studies conducted throughout this doctoral
research.
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Chapters 5-12 comprise the eight individual analyses conducted to achieve the specific
objectives of the thesis. These chapters include content from papers that have either been
published or are currently being prepared for submission for publication. Because most of
these chapters have been published, there may be some material that appears to be repeated.
However, this repetition has been minimised where possible by removing parts of published
papers, particularly those that relate to data-linkage methods.
Chapter 13 summarises the research findings, discusses its clinical, public health and
epidemiological implications, and provides recommendations for future epidemiological
research.
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CHAPTER 2: DEFINITIONS AND EPIDEMIOLOGY OF IHD
2.1. IHD and the Evolving Definition of MI
IHD represents a spectrum of conditions where there is an imbalance of oxygen supply and
demand in the myocardium. Often, the cause is the build-up of atherosclerotic plaque inside
the coronary arteries, restricting the flow of blood, and therefore the delivery of oxygen, to the
heart. When the reduction in coronary blood flow is abrupt, acute myocardial ischaemia
occurs, and if the ischaemia is prolonged, cardiac tissue dies, leading to necrosis and the
development of MI.3
Standardised case definitions for different presentations of IHD, and in particular MI, are
required for diagnostic, epidemiological and research purposes. These definitions need to be
scientifically valid, consistent when applied across countries, generally applicable and robust.4
The diagnosis and definition of MI has evolved over the past few decades, with important
implications for epidemiological research.
Until 2000, the most widely used definition defined MI using a combination of at least two of
three criteria: symptoms, cardiac enzyme (creatine kinase) rise and electrocardiogram (ECG)
abnormalities.5 These World Health Organization (WHO) criteria, first published in 1971, were
often criticised for being non-specific and open to interpretation bias. Consequently, they were
revised in 1979 in a joint report by the WHO and the International Society and Federation of
Cardiology,6 and further modified for the WHO MONICA (multinational MONitoring of trends
and determinants of CArdiovascular disease) and other surveillance studies.7 The WHO
definition did not place importance on cardiac enzyme measurement, because of the lack of
biomarker specificity and reproducibility during that time.8 From the late 1980s and through
the 1990s, however, troponins, new types of cardiac biomarkers, were introduced.9 10 Troponin
types I and T were found to be highly specific and sensitive for myocardial injury, and
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increasing numbers of research studies reported a close relationship between troponin levels
and risk of mortality and subsequent cardiac events in patients with ACS.11-14
The term ACS was coined to describe a group of patients with significant myocardial
ischaemia occurring over a short time span. ACS represents a spectrum of conditions, ranging
from unstable angina (UA) to non-ST-segment elevation MI (NSTEMI) and ST-segment
elevation MI (STEMI).15 16 It is thought that UA and NSTEMI (together referred to as non-STsegment elevation ACS, or NSTEACS) result from a partially occluded coronary artery,
whereas STEMI results from a total occlusion without adequately mitigating collateral
support.17 Symptoms of ACS have been widely described in the literature.18 The classic
symptoms of ACS, as endorsed by the American Heart Association (AHA) and the American
College of Cardiology (ACC), are chest discomfort, discomfort in other areas of the upper
body, shortness of breath, cold sweat, nausea, and lightheadedness.19 However less-typical
symptoms, or even silent ischaemia, is common, particularly in women, the elderly and
diabetics.20 Serial 12-lead ECGs and measurements of cardiac biomarkers are required to
differentiate between ACS subtypes.17 Patients with NSTEMI and STEMI have elevated
troponin levels, but patients with UA do not.8 A summary of these conditions is outlined in
Table 2.1.

Table 2.1. Summary of Conditions on the ACS Spectrum
UA

NSTEMI

STEMI

NSTEACS
Increasing severity
28-day mortality*

2.0%

9.9%

12.9%

1-year mortality*

8.8%

26.2%

19.4%

Cardiac biomarkers
ECG changes

Normal

Elevated

Present in 30-50%,
often ST depression21 22

No ST segment
elevation

ST segment elevation

*Unadjusted rates, estimated using all publicly funded ACS hospitalisations in New Zealand in 201623
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In response to mounting evidence of the prognostic value of troponins and their increasing
use in clinical practice, a multinational taskforce met at the turn of this century to develop a
more precise, clinically oriented definition of MI. Unlike the WHO definition, this ‘First Universal
Definition of MI’ emphasised the importance of serial blood troponin levels to detect even small
quantities of necrotic myocardium.3
The technological advances that had occurred in the 30 years between the publication of the
WHO and First Universal Definitions meant that the high sensitivity of biomarkers enabled
detection of very small infarcts that would not have been considered an MI previously.3 Thus,
some patients who would formerly have been diagnosed with UA would instead be considered
NSTEMI. Opponents of the new definition criticised the new criteria for their excessive reliance
on troponins, insufficient attention to ECG changes, and the lack of coverage of pre-hospital
IHD deaths.24 Individual patients, they cautioned, could be disadvantaged in their employment,
have difficulty obtaining health and travel insurance, be prevented from driving, and suffer
psychologically.25 Aside from the impacts on individuals, critics warned that the new definition
would also play havoc with the epidemiology of MI, substantially increasing its incidence,
improving associated 30-day mortality and making it difficult to compare trends over time.26-29
These concerns were not unfounded: numerous studies comparing MI incidence based on the
old and new criteria reported large increases – up to 95% – in the identification of MI.30-35
In recognition that the criteria for the First Universal Definition had been developed for
clinicians to facilitate diagnosis in the acute clinical setting, rather than for retrospective studies
where complete data was available, a Scientific Statement for the epidemiological and
research community was published in 2003.36 This joint statement by the American Heart
Association, the World Heart Federation, the European Society of Cardiology, the Centers for
Disease Control and Prevention, and the National Heart, Lung, and Blood Institute, was
intended to provide standardised, consistent, reliable and valid case definitions for
epidemiological and clinical research on IHD. The definitions of IHD cases were still based
primarily on symptoms, signs, biomarkers, and ECG and/or autopsy findings. However, they
8
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also recognised that the quantity, quality and timing of data was likely to vary between studies.
On the basis of the extent and diagnostic quality of data, the Statement defined three different
categories of fatal and non-fatal MI events (definite, probable and possible), as well as
procedure-related events, and angina pectoris. It also included a section on the hierarchical
classification of pre-hospital IHD deaths, which included definite fatal MI, definite fatal IHD,
possible fatal IHD, cardiac death, non-IHD death and unclassifiable deaths.36
The Statement noted the importance of measuring IHD trends in populations, but cautioned
that mortality alone was less adequate for monitoring because of the lack of sensitivity to
incidence and changing case fatality for IHD events. The increasing precision of cardiac
biomarkers, it noted, resulted in greater sensitivity and specificity in the diagnosis over time
and therefore better case classification. It therefore counselled that trends in the incidence
and recurrence of MI during this period of change could only be interpreted after appropriate
adjustment and set out recommendations on how the adjustment could be done.
Administrative databases, including routinely collected national data, were also acknowledged
as being particularly vulnerable to the pitfalls of measuring trends in MI during this period of
transition.36 37
Despite the criticisms levelled at the Universal Definition of MI, it was largely taken up by the
cardiology community, and use of troponins continued to increase. Experts noted that the
more accurate identification of MI provided by the new definition would lead to more
appropriate use of evidence-based treatment and consequently better patient outcomes,
leading to a reduction in the overall costs of IHD to society.38 Findings from prospective studies
also suggested that the addition of cardiac troponin-positive status to the definition of MI added
prognostic value in terms of in-hospital case-fatality and other cardiac event rates.34 39-41
Assays for circulating cardiac troponin continue to become more and more sensitive. When
they were first introduced, there was considerable variability in their analytic characteristics
and a lack of standardisation of their assays,42 resulting in some uncertainty about what
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defined abnormal elevations. In response, a consensus was developed that a cardiac troponin
concentration that exceeded the 95th percentile of a reference population (referred to as the
upper reference limit, or URL) was considered abnormally elevated.43 44 Over the past three
decades, the analytic sensitivities of troponins have progressively improved, driving down both
the limit of detection and the URL. In 1996, for example, the reported URL for cardiac troponin
I was 0.4ng/mL,11 but by 2000 it was 0.1ng/mL,45 and in 2010 it had further reduced to
0.04ng/mL.41 In 2017, the US Food and Drug Administration announced the clearance of a 5th
generation of cardiac troponin T assay that had a URL of 0.019ng/mL.46 The use of these
increasingly sensitive troponins is expected to identify more and more patients with NSTEMI
who would previously have been diagnosed as UA.47 Studies have shown that patients newly
classified as having MI using these newer troponin assays are treated more aggressively, with
improved clinical outcomes.48
The Universal Definition of MI has been revised three times since 2000. The first revision,
published in 2007, was based on further diagnostic advances and placed even greater
significance on cardiac troponins.49 The second revision, published in 2012 and known as the
‘Third Universal Definition of MI’, expanded on previous iterations and further refined the
diagnosis of MI.8 This definition explicitly recognised that very small amounts of myocardial
injury could be recognised by biochemical markers and/or imaging, and not all troponin
increases warranted a diagnosis of MI. If increases in troponin were noted in the absence of
IHD, it was recommended that the term cardiac injury should be applied instead. The updated
definition acknowledged that the increasing sensitivity of troponins would be expected to
increase the number of MIs identified. However, it emphasised that this increase was not
artificial, but a true reflection of disease prevalence, and would thus be accompanied by an
improvement in morbidity and mortality.50 In 2018 a ‘Fourth Universal Definition of MI’ was
published, differentiating MI from myocardial injury and giving guidance around the use of
cardiovascular magnetic resonance and computed tomographic coronary angiography in
myocardial injury and suspected MI.51 This Fourth Universal Definition made clear that
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myocardial injury, which also results in elevated cardiac troponin levels, is both a prerequisite
for the diagnosis of MI, but also a distinct entity in itself. Non-ischaemic myocardial injury may
result from cardiac conditions such as myocarditis or non-cardiac conditions such as renal
failure. The latest definition of MI, therefore, stipulates that in all patients with elevated
circulating cardiac troponin levels, clinicians must distinguish must distinguish whether
patients have suffered non-ischaemic myocardial injury or one of the MI subtypes, reflecting
the emphasis on a clinical approach to the definition of MI.51
Given these continued changes in definitions and in the ability to identify MI over time, it is
important that the epidemiology of MI is not considered in isolation, but rather in the wider
context of ACS and IHD.

2.2. Current Knowledge of the Epidemiology of IHD
Information on the epidemiology of IHD is important for several reasons. Examining patterns
in IHD event rates and its acute and long-term management is necessary for the accurate
planning of health service use, appropriate and equitable distribution of resources, detecting
the effects of changes in disease patterns and treatment, and evaluating the effectiveness of
preventive and curative strategies in countries with widely varying health systems.

2.2.1. IHD Mortality
IHD is the leading cause of death worldwide, with low-and-middle income countries bearing a
disproportionate amount of the global burden. A WHO study of IHD deaths between 1995 and
2009 reported a more than 20-fold variation in IHD mortality rates between countries, with the
highest rates in Eastern Europe and Central Asian countries and the lowest rates in highincome countries such as New Zealand.52 Despite this, IHD remains a leading cause of death
in this country, second only to all types of cancer combined, and accounting for approximately
one-fifth of all deaths.53 In addition, there are well recognised ethnic inequities in IHD mortality.
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Māori men and women have approximately twice the age-standardised IHD mortality rate of
non-Māori.53 Previous studies have also shown that, compared to Europeans, Indian and
Pacific men and women also have a higher risk of CVD and cardiovascular mortality,54 55 but
IHD mortality rates for these specific groups are not reported regularly, as they are for Māori
and non-Māori. An analysis by the Ministry of Health showed that Māori deaths from IHD tend
to occur at a younger age than non-Māori: in 2012, 40.2% of Māori IHD deaths occurred in
those aged under 65 years, compared to 10.5% of non-Māori deaths.53 These differences are
influenced by both the higher age-specific death rates and the younger age distribution of the
Māori population.
Globally, both IHD incidence and mortality have steadily decreased in many countries over
the past few decades,56 57 but because of population growth and ageing, the global burden of
IHD continues to increase (by an estimated 29 million disability-adjusted life years between
1990 and 2010).58 Between 1980 and 2010, the Global Burden of Disease Study noted that
the most remarkable declines in IHD mortality occurred in high-income regions, particularly
Australasia, Western Europe and North America, where mortality rates declined by
approximately 50%.59 In 2010, age-standardised rates of IHD mortality in men in this region
were 91, 93 and 120 per 100,000, and in women 55, 51 and 76 per 100,000 respectively.
South Asia, which together with North Africa/Middle East had high age-standardised rates of
IHD death in 2010 (162 and 189 per 100,000 population in men, and 86 and 114 per 100,000
population in women, respectively), experienced an increase in mortality between 1985 and
2000, although rates appeared to level off between 2000 and 2010. Eastern Europe and
Central Asia experienced steep increases in age-standardised IHD death rates after 1990
(around the time of the break-up of the Soviet Union) until the mid-2000s, after which time
rates started to decline. However, these regions continued to have the highest rates of IHD
mortality in 2010, with rates of 434 and 284 per 100,000 in men and women in Eastern Europe
and 400 and 265 per 100,000 in men and women in Central Asia. East Asian males were
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found to have the largest proportional increase in age-standardised IHD mortality between
1990 and 2010, but their absolute rates remained relatively low (84 per 100,000 in 2010).59
In New Zealand, IHD mortality rates have been steadily declining since the late 1960s.60 An
analysis of IHD deaths between 1996 and 2012 showed that age-standardised rates declined
in both Māori and non-Māori, but inequities remained stable. In 2012, the age-standardised
IHD mortality rate for Māori men was more than 700 per 100,000 – 1.7 times the rate for nonmen. Similarly, the age-standardised IHD mortality rate for Māori women was approximately
600 per 100,000 – 1.9 times the rate of non-Māori women.53

2.2.2. IHD Incidence
IHD hospitalisation rates are often used as proxy for incidence,61 and a data-linkage study
published in 2008 showed that age-standardised first IHD hospitalisation rates increased in
New Zealand by 0.7% per year between 1993 and 2000, then declined by an average of 5%
per annum to 2005 (at which time the rate was 162 per 100,000).62 In Europe, approximately
half of all countries experienced a decline in IHD hospitalisation rates between 2001 and 2012,
whereas half experienced an increase, and there was wide variation in the percent changes
reported.63 Age-standardised IHD rates between 2010 and 2012 in Europe were highest in the
Ukraine (600 per 100,000), Turkmenistan (563 per 100,000) and Kyrgyzstan (534 per
100,000), and lowest in San Marino (31 per 100,000), France (47 per 100,000) and Portugal
(49 per 100,000).63
Various community-based registry and data-linkage studies in the US have also reported
marked declines in MI hospitalisation rates since the 1980s. These declines have been noted
in the total population, in men and women, black and white communities and diabetics and
non-diabetics.64-68
In Australia, a plateau in MI hospitalisation rates since the early 2000s has been reported
nationally, driven by the small declines in STEMI being offset by increases in NSTEMI.69 70
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This plateau in MI (but not IHD) hospitalisation rates was also observed in non-diabetics in
Western Australia, but in diabetic men and women significant declines of 3-4% per year were
noted in both MI and IHD hospitalisation rates between 1980 and 2010.71 Over that time, the
average annual age-standardised incidence rate for MI was 1390 per 100,000 in diabetic men,
688 per 100,000 in diabetic women, 270 per 100,000 in non-diabetic men and 95 per 100,000
in non-diabetic women.71 The significant declines in MI and IHD observed in diabetics in the
US and Australia may in part be related to earlier diagnosis, and therefore an increase in
milder cases, related to earlier diagnosis of diabetes with universal screening. In New Zealand,
there has been limited information on how IHD hospitalisation rates differ by diabetes status
or ethnicity.

2.2.3. IHD Prevalence
Prevalence estimates for IHD in New Zealand have largely come from self-reported data from
consecutive New Zealand Health Surveys. In the 2011/12 Survey, 5.5% of adults aged ≥15
years reported having been diagnosed with IHD – a figure virtually unchanged from 2006/07.72
At the most recent survey (2016/17), 4.9% of respondents had a diagnosis of IHD,73
suggesting that the prevalence of IHD may be decreasing in New Zealand. A cross-sectional
analysis using data-linkage from 2008 also reported similar estimates of IHD prevalence in
the total population (6.5% of men and 4.1% of women), but there were marked inequities by
ethnicity.74 Among New Zealanders aged 35-74 years, Indians had the highest age-adjusted
prevalence of IHD (7.8%) among men and Māori the highest (4.0%) among women. Of
particular concern, and similar to what was observed with IHD mortality, Māori women had a
similar estimated IHD prevalence as European men (4.2%).74

2.2.4. Case Fatality
Most studies on the case fatality associated with IHD events in New Zealand are now quite
old. Auckland was included in the WHO MONICA study, which monitored fatal and non-fatal
coronary events in men and women aged 35-64 years in 27 countries through population14
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based registries.7 In the WHO MONICA study, all suspected acute coronary events, including
out-of-hospital coronary deaths, were registered in a standardised way. Non-fatal events were
classified into one of the MONICA diagnostic categories on the basis of coding of reported
symptoms, enzyme levels and ECG findings. Fatal events were classified based on autopsy
findings (where available) and history of IHD.7 Deaths satisfying the MONICA definitions for
fatal definite MI, possible coronary death or unclassifiable were included in case fatality
estimations.75 An analysis of coronary event registrations in the WHO MONICA study between
1985 and 1987 reported 28-day case fatality rates ranging from 31% in Canadian women and
37% in Icelandic men to 81% in Polish men and 91% in Polish women. In New Zealand, case
fatality rates (which included pre-hospital IHD deaths as well as deaths in the 28 days following
MI hospitalisation) were 43% in men and 45% in women (both below the average case fatality
in men and women of 48% and 54% respectively).7
In the Auckland Region Coronary Or Stroke (ARCOS) study, an earlier population-based
registry, data collected between 1983 and 1992 was used to calculate 28-day coronary
disease case fatality rates for three main ethnic groups: Europeans, Māori and Pacific
people.76 Age-standardised case fatality rates were similar for Māori and Pacific people at
around 65%, compared with 45% for Europeans. The study also reported a more rapid
progression of acute coronary events to a fatal outcome in Māori and Pacific people: 56% of
Pacific people, compared to 47% of Māori and 45% of Europeans, died within an hour of
symptom onset. According to the study authors, this was partly explained by delays in
accessing life support and coronary care.76
A data-linkage study of more than 14,000 people aged 35-84 years who experienced a first
CVD event in New Zealand in 1995 reported that 18% of people died prior to hospital
admission for MI or IHD.77 Of the remaining 82% who survived long enough to be hospitalised,
11% of those with MI and 2% of those with other forms of IHD died within 28 days. Taken
together, overall 28-day case fatality was estimated at just over 30% for MI and 22% for other
IHD. Men had a higher MI case fatality than women in the pre-hospital period but a lower case
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fatality in the 28 days following hospitalisation. When both periods were combined, these sex
differences cancelled each other out. This study also examined long-term case fatality up to
five years post event. Over this time, 45% of the MI cohort (47% of men and 43% of women)
had died. In all periods (pre-hospital, short- and long-term), case fatality increased steeply with
age.77
Another study, a prospective database of all patients treated with primary percutaneous
coronary intervention (PCI) at Waikato hospital, a tertiary referral centre in the North Island
with a local population of approximately 200,000, examined the effect of stent introduction on
long-term survival between 1996 and 2006.78 People included in this study constituted a
higher-risk subgroup of patients with MI, mostly with STEMI or new left bundle branch block
and including those with haemodynamic instability and cardiogenic shock. Over a mean
duration of follow-up of 4.8 years, 23% of patients died, with 40% of these deaths occurring
within 30 days of hospitalisation. Māori patients were significantly more likely than other
patients to experience a fatal outcome (hazard ratio [HR] 2.38), as were those with shock (HR
3.48) and renal failure (HR 2.64).78
Finally, all-cause mortality for ACS was examined up to 12 years post admission as part of
follow-up of 721 patients admitted with ACS in 2002 as part of a comprehensive New Zealand
ACS audit.79 More detail on this audit is given in Chapter 3 (Section 3.2.1). These 721 patients
represented nearly everyone who had been admitted to a New Zealand hospital over a 14day period in May 2002 (an estimated 4% of ACS patients were missed at the time of the
audit).80 Among patients, 4% died in hospital, 5% by 30 days, 12% by one year and 52% by a
median of 12.7 years of follow-up. Significantly more STEMI patients died in hospital
compared to NSTEMI and UA patients (14%, 3.5% and 0.6% respectively), but after six
months of follow-up there were no differences in mortality between STEMI and NSTEMI
patients. Patients with UA, on the other hand, had a consistently lower mortality throughout
follow-up. Over the almost 13 years of median follow-up time, 60% of STEMI and NSTEMI
patients had died, compared to 42% of patients with UA.79
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2.2.5. Risk Factors and Population Changes
The observed reductions in IHD mortality and incidence over the last few decades have largely
been attributed to improvements in risk factors and evidence-based treatments.81-84 However,
cardiovascular risk factor profiles have changed in a complex manner over the last few
decades. While risk factors such as smoking prevalence and mean levels of low density
lipoprotein (LDL) cholesterol and blood pressure have decreased, the prevalence of obesity,
diabetes and metabolic syndrome have increased.85 There are therefore concerns that the
declines in IHD observed over the last few decades may plateau, and even reverse. A
deceleration in the decline of IHD mortality has been noted in young adults in the UK, US and
Australia in recent years and attributed, at least in part, to increases in body mass index (BMI)
and diabetes in these populations.86-88 While similar findings have not been reported in New
Zealand, detailed analyses of trends in IHD event rates by age and ethnicity had not been
published prior to this thesis.
In addition to these changes in risk factor profiles, New Zealand’s population is undergoing
important changes that will affect future health service utilisation and the distribution of
disease. Between 2015 and 2016 the number of people living in this country grew by 97,000
(2.3%), the fastest population growth observed since the 1960s.89 By 2025, there are expected
to be between 5 and 5.5 million New Zealand residents, with an increasing proportion of the
population being in older age groups and/or identifying as Māori, Pacific or Asian. Currently,
approximately 15% of the population is over the age of 65; by mid-century, this percentage is
projected to increase to 25%. Over the same time period, the number of people aged 85 and
older is expected to more than triple.89 As the age and ethnic distribution of the population
continues to evolve, it is vital that changes in IHD incidence and mortality in different
population groups are reported regularly.
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2.3. Summary
The definition of MI has evolved over the last four decades, incorporating advances in, and
increasing sensitivities of, diagnostic biomarkers. These changes have led to a shift towards
more presentations that would previously have been labelled as UA being recognised as MI.
It is important to take these shifts into account when examining trends in MI, and a way to do
this is to consider the epidemiology of MI in the wider context of ACS and IHD.
Results from studies outlined in this chapter have indicated a decline in fatal and non-fatal IHD
events in New Zealand since the 1960s, and that rates in Australasia are low relative to
countries in Asia and Eastern Europe. However, substantial ethnic inequities in IHD are
apparent in this country, with non-Māori experiencing better outcomes than Māori. Other
ethnic groups at high risk of CVD include Pacific and Indian populations, but there is currently
no regular means of reporting IHD mortality and hospitalisation rates in these groups.
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CHAPTER 3: MANAGEMENT OF ACUTE IHD
3.1. Evidence-based Management of ACS

3.1.1. Acute Management of ACS
The differentiation of acute IHD into STEMI and NSTEACS is important for determining
appropriate management. In patients with confirmed STEMI, guidelines emphasise the
importance of an emergency reperfusion strategy to improve short- and long-term survival and
cardiac function.90 Emergency reperfusion with either PCI or fibrinolytic therapy is
recommended in all STEMI patients presenting within 12 hours of symptom onset and without
survival-altering comorbidities. A 2003 review of 23 randomised trials comparing primary PCI
to fibrinolytic therapy found that primary PCI was better at reducing death, non-fatal reinfarction and stroke in STEMI patients at both short- and long-term follow-up.91 However, an
observational analysis in 2011 from the US National Registry of MI found that the relative
benefit of primary PCI over fibrinolysis was lost after a delay to PCI of 121 minutes.92 Australian
and New Zealand ACS guidelines therefore recommend primary PCI as the preferred form of
reperfusion in STEMI patients if it can be performed within 90 minutes of first medical contact;
otherwise, fibrinolytic therapy is recommended in those without contraindications.90
Contraindications to fibrinolytic therapy include current anticoagulation, extremely high blood
pressure (>180/100mmHg), or recent trauma, surgery, bleeding or stroke/transient ischaemic
attack (TIA). Primary PCI is the preferred reperfusion strategy in patients with these
contraindications.
According to European guidelines, invasive coronary angiography, followed if indicated by
coronary revascularisation, should be performed in the majority of NSTEACS patients in
regions with well-developed healthcare systems.15 In Australasian guidelines, on the other
hand, this routine invasive strategy is only recommended in NSTEACS patients deemed high
or very high risk. NSTEACS patients with no recurrent symptoms and/or considered at low
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risk of ischaemic events should be managed with a ‘selective invasive strategy’ in which
medical therapy alone is used initially, with a selection of patients for angiography based on
evidence of persistent myocardial ischaemia.90
These recommendations are supported by the results of a recent systematic review of routine
versus selective invasive strategies for NSTEACS, which reported statistically significant 2136% risk reductions in MI, refractory angina and rehospitalisation at six to 12 months followup for those who received a routine invasive strategy compared to those who received
selective invasive strategies. However, the review found no appreciable risk reductions in allcause mortality over the same time period.93 Routine invasive strategies were associated with
almost double the risk of procedure-related MI and an increased risk of bleeding
complications. Therefore a selective invasive strategy, based on clinical risk for recurrent
events, is the preferred management strategy in Australasia.93
In approximately 10% of NSTEACS cases, coronary artery bypass graft (CABG) surgery,
rather than PCI, is the preferred mode of revascularisation.90 The main factor dictating need
for CABG is coronary anatomy (for example, multi-vessel disease, or left main coronary
disease with ≥50% narrowing), but other factors such as patient comorbidities and fitness for
surgery are also important.

3.1.2. Pharmacotherapy and Long-term Management of ACS
Secondary prevention of ACS centres on strategies to reduce the occurrence of future
vascular events following discharge from hospital. These strategies include lifestyle
modifications to reduce cardiovascular risk (smoking cessation, diet and physical activity
changes), intensive risk factor modification (for example, optimising glycaemic control of
diabetes) and adherence to proven cardio-protective medications, such as antiplatelets,
statins, beta-blockers and renin-angiotensin antagonists.90 These strategies can, and if at all
possible should, be facilitated through an appropriate cardiac rehabilitation programme. A
recent Cochrane systematic review and meta-analysis of 63 studies that included more than
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14,000 patients reported that participation in exercise-based cardiac rehabilitation
programmes can reduce the risk of cardiovascular mortality by more than 25% (relative risk
[RR] 0.74; 95% confidence interval [CI] 0.64 to 0.86) and improve quality of life following
ACS.94
Antiplatelet Therapy
Antithrombotic therapy is a cornerstone of treatment for ACS patients. In the absence of
hypersensitivity or intolerance, guidelines recommend that all patients should be given aspirin
immediately and then continued on a low dose long-term. Its use is supported by four
randomised trials and a large collaborative meta-analysis of 15 randomised trials conducted
before 1997 that included more than 19,000 patients.95-99 Compared with placebo, aspirin has
been shown to reduce the risk of serious vascular events (vascular death, MI and stroke) with
an odds ratio (OR) of 0.70 (95% CI 0.64-0.77).99
The P2Y12 inhibitors, including clopidogrel and the newer, more potent agents ticagrelor and
prasugrel, act by decreasing platelet activation and aggregation, increasing bleeding time and
reducing blood viscosity. A combination of clopidogrel plus aspirin (ie. dual antiplatelet
therapy) has been shown to be more effective than aspirin alone at reducing the incidence of
cardiovascular death, MI or stroke in ACS patients,100-102 with even better results from the
newer agents.103 104 In Australasian ACS guidelines, therefore, ticagrelor and prasugrel are the
preferred first-line P2Y12 inhibitors for both STEMI and NSTEACS patients, while clopidogrel
is recommended for patients who also require oral anticoagulation.90 Although peri-procedural
use of dual antiplatelet therapy is clearly beneficial, its optimal duration is controversial, with
recent analyses suggesting net adverse mortality (due to bleeding) at one year of dual
antiplatelet therapy.105-109
Statins
In the absence of contraindications, lipid-lowering therapy with statins is recommended in all
ACS patients, regardless of baseline LDL cholesterol levels, and should be initiated as soon
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as possible before discharge.15 Statins reduce arterial inflammation, stabilise the lipid core,
and help regress atherosclerotic plaque. Long-term statin therapy has been shown to be safe
and effective in people with and without pre-existing vascular disease.110-113 In people with
vascular disease, statins are estimated to reduce the risk of MI, stroke, coronary
revascularisation or vascular death (a composite endpoint) by 20% for every 1.0mmol/L
reduction in LDL (RR 0.80; 95% CI 0.77-0.82).113
Beta Blockers
In ACS patients with reduced left ventricular (LV) function (LV ejection fraction ≤40%),
treatment with vasodilatory beta-blockers is also recommended.90 Beta-blockers work by
reducing peripheral vascular resistance while maintaining or improving cardiac output, stroke
volume and LV function. Studies also indicate that they may also limit infarct size.114 115 Early
treatment with beta-blockers post-MI is not recommended,116 but with long-term care, betablocker therapy is estimated to reduce the relative risk of death by 23% in appropriately treated
patients.117
Renin-angiotensin Antagonists
Angiotensin converting enzyme (ACE) inhibitors (or angiotensin receptor blockers [ARBs] for
patients intolerant of ACE inhibitors) are recommended for ACS patients with heart failure, LV
systolic dysfunction, diabetes, anterior MI or co-existent hypertension.90 ACE inhibitors work
by limiting infarct size and reducing ventricular remodelling.118

119

Long-term secondary

prevention with ACE inhibition in patients with these indications is associated with a decreased
risk of non-fatal MI and stroke, as well as an almost 20% relative reduction in cardiovascular
mortality.120-1223.2. Trends in the Management of IHD

3.2.1. Comprehensive Nationwide ACS audits
Since 2000, a number of registry and audit-type studies have examined the acute
management of ACS patients across New Zealand and Australia. Three comprehensive audits
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of all people admitted to a New Zealand hospital for ACS over a 14-day period were conducted
in 2002, 2007 and 2012.80 123 124 The first two audits demonstrated low levels of investigations,
evidence-based treatments and acute revascularisation.125 126 In 2007, for example, only 35%
of patients with definite ACS underwent coronary angiography, with 62% of these patients
subsequently receiving revascularisation. Overall, only 15% of STEMI patients had primary
PCI in 2007, a small improvement from the 3% reported in 2002.123 This ‘limited availability of
modern, invasive management’ was identified as a major issue by the cardiology community,
and led to calls for a national strategy to improve the acute management of ACS patients. It
was proposed that this national strategy would be based on regional approaches for each of
the five main cardiothoracic centres (Auckland, Waikato, Wellington, Christchurch and
Dunedin) and use a ‘hub and spoke’ model of care that facilitated the timely transfer of patients
in order to access invasive assessment and management.123
In 2012, Australia joined New Zealand to conduct a comprehensive audit of all ACS patients
hospitalised in Australasia over a 14-day period. This audit was known as the SNAPSHOT
ACS Study.124 Although the use of primary PCI in STEMI patients had increased (to 39%, with
another 25% of patients receiving fibrinolytic therapy), 36% of STEMI patients received no
reperfusion therapy at all, and 26% of all ACS patients required transfer to at least one other
hospital to receive care.124 For patients with NSTEACS, the use of PCI increased from 6% of
patients in 2002 to 16% in 2007 and 23% in 2012 (p<0.0001).127 The high proportion of patients
not receiving any reperfusion was thought to be due to variations in clinical decision-making,
service availability and health policy, and the authors of the SNAPSHOT ACS Study
recommended that these three factors be targeted in order to increase the translation of the
ACS evidence base into practice and improve outcomes.124
The prescription of evidence-based medications on discharge also increased significantly
(p<0.0001) between audits. In 2002, 80% of NSTEACS patients were prescribed aspirin and
7% were prescribed a second antiplatelet agent (mostly clopidogrel). In 2012, these
percentages had increased to 89% prescribed aspirin and 73% a second antiplatelet agent.
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Between 2002 and 2012, the use of statins increased from 52% to 83%, beta blockers from
60% to 79% and ACE inhibitors/ARBs from 41% to 58%.127
Data from the 2012 audit also demonstrated a substantial burden of clinical complexity among
ACS patients, with a relatively high prevalence of comorbidities, such as prior major bleeding
events, cerebrovascular disease, cognitive impairment and concurrent malignancy.124 The
prevalence of diabetes among ACS patients had also increased, from 19% in 2002 and 2007
to 29% in 2012.127 Diabetes is an independent predictor of morbidity and mortality following
ACS.128 Compared to non-diabetics, diabetic ACS patients have a significantly higher risk of
death, MI, stroke and heart failure in both the acute phase and during long-term follow-up.129131

This higher risk is thought to be related to the pro-atherosclerotic, pro-inflammatory and

pro-thrombotic states associated with diabetes.132
The high clinical complexity observed in the 2012 audit demonstrated the challenges that can
arise in applying evidence-based guidelines in ACS. The presence of severe and/or multiple
comorbidities can affect treatment decisions in several different ways. Firstly, comorbidities
can alter the clinical presentation of ACS, making diagnosis more difficult. Patients with renal
dysfunction, for example, are more likely to present with atypical clinical features,133 134 which
can be compounded by clinical uncertainty as to the interpretation of troponin measurements
in the presence of renal impairment.135 Secondly, comorbidities can present contraindications
or cautions to certain medications or other interventions. For example, ACE inhibitors should
be used with caution in people with renal impairment.136 Renal impairment also plays an
important role in determining whether or not a person receives coronary revascularisation after
ACS. Despite studies showing that early revascularisation likely offers a similar survival benefit
in patients with and without renal dysfunction,137 138 ACS patients with renal impairment are
significantly less likely to undergo coronary angiography and revascularisation compared to
those with normal renal function.139-141 Third, some interventions may be deemed
inappropriate in patients thought to have a reduced life expectancy. Many studies have
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demonstrated reduced application of evidence-based treatment142 143 and higher short- and
long-term mortality in ACS patients with severe and/or multiple comorbidities.139 144 145
All patients, including older patients and those with multiple comorbid conditions, can benefit
from intensive cardiac rehabilitation,146 but previous studies have shown that only half of all
patients referred to cardiac rehabilitation go on to complete the programme.147 In the 2012
SNAPSHOT ACS Study, less than half (46%) of all patients were referred to cardiac
rehabilitation.148 In addition, ‘optimal preventive care during admission’, defined as the receipt
of at least four medications (or two in low-risk UA patients), the provision of dietary or physical
activity advice, and referral to cardiac rehabilitation, was achieved in only 27% of ACS
patients.148 This low referral rate represented a missed opportunity to improve long-term
adherence to secondary preventive therapy in a high-risk group of patients.
Following on from the SNAPSHOT ACS study, the All New Zealand ACS Quality Improvement
Programme (ANZACS-QI), funded by the Ministry of Health, was implemented across New
Zealand in 2013.127 ANZACS-QI is a clinical registry of all patients admitted to a public hospital
with ACS who have undergone angiography. More detail about the registry is given in Chapter
4 (Section 4.3).

3.2.2. Inequities in Revascularisation
Inequities in the receipt of PCI and CABG by sex and ethnicity were noted in New Zealand as
early as the 1990s.149 150 Between 1990 and 1999, low rates of revascularisation were reported
in women and Māori and Pacific people, despite high rates of IHD mortality and
hospitalisations among Māori and Pacific men and women.149 Between 2000 and 2012 these
ethnic inequities continued. Over that time period, STEMI hospitalisation rates declined
steeply in Europeans, slowly in Māori, and not at all in Pacific people, so even though PCI
rates increased substantially, the clinical indication for coronary intervention on a per capita
basis remained much higher for Māori and Pacific compared to other groups. Based on STEMI
hospitalisation and PCI/CABG rates, a ratio of observed-to-expected intervention rates were
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calculated. These ratios showed that Pacific women and Māori men and women received
significantly fewer coronary interventions than other groups. Māori and Pacific intervention
numbers for PCI in 2009-2012 were 22-32% lower than expected for the rate of STEMI
hospitalisation they experienced. For Pacific men, a significantly lower PCI rate was offset by
a higher rate of CABG interventions, so the overall revascularisation ratio was not significantly
different to other ethnic groups.151
To investigate the reasons behind these ethnic differences in revascularisation, the authors of
the most recent analysis conducted a retrospective study at two Auckland hospitals comparing
revascularisation probabilities in 100 Māori and Pacific STEMI patients who had received
angiography with European controls matched by age group, sex and hospital of
angiography.152 Angiograms of all patients were independently reviewed by two cardiologists
blinded to patient ethnicity to determine ethnic differences in the likelihood of actual and
recommended revascularisation. Māori and Pacific patients were 18% (95% CI 6-29%) less
likely to undergo revascularisation than European patients, but if intervention had been based
on the recommendation from blinded angiogram review they would have been 14% (95% CI
2-24%) less likely. There were no significant differences between ethnic groups in the mean
number of vessels affected (p=0.46), although it was higher for Pacific (1.91) and Māori (1.89)
compared to European (1.73) patients, suggesting the study was underpowered. Similarly, a
higher proportion of European (44.0%) compared to Pacific (37.8%) and Māori (36.4%)
patients had single vessel disease, but again these differences were not statistically
significant. Under-treatment (not receiving coronary revascularisation when indicated) was
higher among Māori and Pacific compared to European patients (RR 5.0, 95% CI 1.1-22.8),
but the risk of under-treatment became non-significant when cases ineligible for surgery due
to comorbidities were excluded. The authors concluded that the lower rates of
revascularisation among Māori and Pacific patients with STEMI could largely be explained by
these groups being more likely to have a pattern of IHD that was less likely to benefit from
PCI, and by the presence of comorbidities that may make them ineligible for CABG.
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While this study provides useful information about potential ethnic differences in angiographic
patterns of IHD, it only included patients who had undergone angiography. A study of ACS
patients admitted to Middlemore hospital between 2007 and 2012 reported that European
patients were 5% more likely (in relative terms) to receive angiography than Māori and Pacific
patients, even after adjusting for clinical factors that can affect the decision to perform
angiography, such as marked renal impairment, severe LV systolic dysfunction and prior
CVD.153 This study did not have information on the proportion of patients who did not consent
for angiography or revascularisation, so the effect of patient preferences on ethnic differences
in revascularisation remain unknown. However, anecdotal information from clinicians suggest
that very few patients decline angiography and revascularisation procedures, so its impact, if
any, is likely to be small.
Ethnic differences in receipt of revascularisation have also been reported in the US and
Australia, where African Americans and Aboriginal Australians have been found to be less
likely than other groups to undergo invasive coronary procedures, even after adjusting for
comorbidities and contraindications to procedures.154-159 However, an analysis of
revascularisation procedures in almost 60,000 MI patients in New South Wales between 2000
and 2008 found that the lower revascularisation rates among Aboriginal compared to nonAboriginal patients was largely explained by lower revascularisation rates at smaller regional
and rural hospitals, a higher comorbidity burden, and a lower rate of private health insurance
among Aboriginal patients.160

3.2.3. Studies on the Long-term Use of Secondary Preventive Medications
Many studies have reported underutilisation of long-term medications in those with IHD.161-165
In the Global Registry of Acute Coronary Events (GRACE) Study, a prospective study of
13,830 ACS patients from 14 different countries, 46% of patients were prescribed a statin at
discharge, and of these, 87% reported still being on treatment six months later.166
Underutilisation was therefore initially thought to be due to under-prescribing.167-169 However
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even as prescription rates increased,170-172 high medication discontinuation and low
medication adherence rates continued to be reported,173-175 along with a concerning lack of
recognition of this problem by clinicians.176 Statin discontinuation rates of more than 50% over
three years have been reported in patients with IHD in the US.177 178
The term medication adherence describes the extent to which patients take medications as
prescribed by their healthcare providers.179 Medication adherence is a complex process that
begins with an interaction with a healthcare provider, followed by filling a prescription at a
pharmacy, picking up the prescription and finally consuming the medications.180 However, in
many instances, studies cannot determine whether individuals have not taken medications
because of a lack of prescribing on behalf of the healthcare provider, a conscious decision not
to take prescribed medications, forgetfulness, or other barriers to medication use.181 In this
thesis, therefore, the term ‘maintenance’, rather than adherence, is preferred to describe the
ongoing use of medications post discharge.
Over the past two decades, data linkage has become an efficient means of objectively
measuring medication use in large populations. A Spanish data-linkage study that assessed
the use of four secondary prevention drug classes up to nine months after an IHD
hospitalisation reported varying medication maintenance rates, from 45% for beta blockers
and ACE inhibitors/ARBs to 59% for statins and 70% for antiplatelets.182 In that study, only
60% of patients were maintained on a statin, and the strongest predictors of statin use were
being dispensed a statin in the three months prior to hospitalisation and receiving a discharge
diagnosis of STEMI. Over 80% of patients on a statin prior to hospitalisation were maintained
on the medication, compared to 44% of people not previously taking statins.183
Being able to identify which patients are more likely to continue their medications in the shortand long-term is important, but an ongoing clinical challenge.184 Aside from the New Zealand
analysis, many studies over the past decade have attempted to isolate independent predictors
of statin adherence. A systematic review and meta-analysis of 22 cohort studies in primary
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and secondary prevention populations published in 2010 identified age, sex, income and a
history of CVD as potential modifiers of statin adherence, with the very young and the very
old, women and those of lower income more likely to discontinue their statin medications. A
history of previous CVD, on the other hand, was positively associated with statin
maintenance.181 However a meta-analysis by another group in 2012 was highly critical of the
previous analysis, citing the fact that it had not included randomised trials or studies that had
not used a multivariate analysis, as well as not subjecting studies to a methodological quality
review. The authors of the subsequent meta-analysis argued that the previous review’s
conclusions that age and sex were associated with reduced maintenance of medications was
inconsistent with other studies,185 demonstrating that there is little consensus on the predictors
of medication use in the literature.

3.3. Summary
Guidelines on the management of ACS are clear about the evidence-based acute and longterm treatment of the disease. However, studies indicate that there are significant evidencepractice gaps, with sub-optimal levels of guideline-recommended acute revascularisation and
long-term medication treatment, particularly for Māori. The analyses in this thesis will further
explore these possible evidence-practice gaps, with a particular emphasis on examining
possible ethnic differences in treatment. The datasets used to do this, as well as the methods
of data-linkage employed, are discussed in more detail in the next chapter.

29

Chapter 4

CHAPTER 4: USE OF ROUTINELY COLLECTED DATA AND DATALINKAGE METHODS
4.1. Data Linkage in New Zealand and Overseas
Data linkage is a technique where information about the same person but from different data
sources are brought together to create a new, richer and more informative dataset. Linking
information from different sources enables the construction of chronological sequences of
events. When used at the population level, this linkage can provide valuable information about
the health status of population subgroups.186 With significant developments in electronic
healthcare data over recent decades, and as traditional methods for data collection (for
example, cohort studies and surveys) become more problematic due to high cost and low
response rates or attrition, use of linked individual-level data has become an attractive
alternative.187 188
Overseas, there are a number of highly productive research centres utilising linked
administrative databases in the UK,189

190

US,191 Canada192 and Western Australia.193

However, the databases used by these groups are limited in their linkage possibilities due to
incomplete temporal or geographic coverage, restriction to selected patient groups, and lack
of systematic follow-up. For example, the Clinical Practice Research Datalink is a primary care
database in the UK containing detailed information on both diagnoses and prescriptions since
1987, but it only includes 7% of the population and lacks information on patients who leave
participating practices.194 In the US, the collection of routine health data is restricted to specific
age or income groups (for example, Medicare or Medicaid recipients),195 certain professions
(for example, Veterans Affairs),196 or members of private insurance plans (for example, Kaiser
Permanente).197
In the Nordic countries, on the other hand, patient registries with complete nationwide
coverage and individual-level linkage potential have existed for many years. There has been
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complete coverage of patient registries in Finland since 1969,198 Denmark since 1978,145 199
Sweden since 1987,200 Iceland since 1999201 and Norway since 2008.202 This comprehensive
individual-level linkage is possible via the provision of a unique identifier to all users of
government-funded universal health care. In Denmark, for example, all Danish residents are
assigned a ten-digit Civil Personal Register number, allowing for exact individual-level record
linkage of all Danish registries, including the civil registration system, the Population’s
Education Register, the Income Statistics Register, the national patient registry, cause of
death registry, national prescription database, pathology database, general practice database,
and 69 condition-specific registries that contain clinically-rich data on patients with various
diseases, including stroke, diabetes, heart failure and cancer.199 203 204 These datasets have
been linked to answer a multitude of health research questions in Denmark, ranging from the
risk of retinal detachment after cataract surgery205 to recurrence rates in inflammatory bowel
disease206 and the societal effects and costs of stroke.207 Various aspects of cardiovascular
epidemiology have also been explored in detail in Denmark, including IHD prevalence,208
mortality after CABG,209 statin utilisation and expenditure,210 use of implantable cardioverterdefibrillators,211 and trends in the incidence of first MI,145 atrial fibrillation212 and heart failure.213
As in Denmark, routinely collected health data in New Zealand are able to be individually linked
through a unique identifier: the National Health Index (NHI) number. However, unlike our
Nordic counterparts, national data-linkage was an uncommon method of research in this
country until relatively recently. Aside from unique identifiers and comprehensive health
datasets, New Zealand shares other features in common with Denmark that lend itself to also
becoming a centre of excellence for data-linkage research. Like Denmark, New Zealand has
a relatively small population (approximately five million), a universal healthcare system with a
strong primary care focus, mature research ethics processes, and a similar proportion of GDP
(approximately 10%) spent on total health.214 215
In addition, the idea of ‘big data’ and data-linkage to study health conditions and improve
health outcomes has rapidly gained popularity in the last few years, with the New Zealand
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government setting out a Better Public Services priority in 2013 focused on better use of
routinely collected data to improve outcomes.216 As part of this work, the government
announced a data-sharing solution that expanded the capacity of Statistics New Zealand’s
Integrated Data Infrastructure (IDI), a large research database that holds information from
multiple government agencies on education, income, benefits, migration, justice and health.217
While research using the IDI is still in its infancy, it represents an important step forward in the
use of data-linkage in New Zealand,218 and presents important opportunities for future
research. This will be discussed in more detail in Chapter 13 (Section 13.5: Future Research
Directions).

4.2 National Datasets in New Zealand
The Ministry of Health is responsible for the collection, storage and dissemination of routinely
collected health datasets (known as the National Collections). The Analytical Services Team
provides information services to the public, health sector and research groups, including
customised data on request. The VIEW research group has had a specific agreement with the
Analytical Services Team since 2011 to hold all relevant health datasets for vascular research.
A number of these datasets were used to create the cohorts and perform the analyses that
make up the studies in this thesis. These datasets are described in more detail below.

4.2.1. The National Health Index
The NHI is the cornerstone of health information in New Zealand.219 It is a mechanism
implemented by the Ministry of Health to assign each healthcare user a unique identifier that
holds demographic information (specifically, name, address, date of birth, sex and ethnicity).
It was established in 1993 to replace the first national register, the National Master Patient
Index. All newborn babies have been registered on the national system since 1992. Those not
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automatically registered as a newborn are registered at their first point of contact with the
publicly funded health system.
The primary purpose of the NHI is to positively and uniquely identify healthcare users for the
purposes of treatment, care and maintaining medical records.220 It is through the NHI that
linkage across national health datasets is possible. Both the Ministry of Health and service
providers (public and private hospitals, screening providers and some General Practitioners
[GPs]) have the ability to update information in the NHI. Service providers will generally update
the NHI when a person has had contact with secondary health services and their information
has changed. Therefore, the more contact with secondary services that a person has had, the
more accurate their information is likely to be. The NHI also receives monthly updates about
births and deaths from Births, Deaths and Marriages (a branch of the government’s
Department of Internal Affairs).220
When multiple records are found for the same person (ie. one person is found to have more
than one NHI number), the NHIs are linked, and one is deemed to be the master and all others
become secondary (or event) NHI numbers. To avoid duplication and the use of multiple NHI
numbers, the Ministry of Health usually provides only master NHIs in its data extracts. It is
estimated that the NHI currently covers 98% of New Zealand’s population.219

4.2.2. The National Minimum Dataset
The National Minimum Dataset (NMDS) is a national collection of public and private hospital
discharge information, including clinical information, for inpatients and day patients.221 Data
has been submitted electronically to the Ministry of Health by public hospitals since 1993.
Private hospital discharge information for publicly funded events (for example, birth and
geriatric care) has been collected since 1997. Other private hospital data is also stored in the
NMDS (this can be identified using the private hospital flag), but because it is not used to
determine funding, private hospital data is not as strictly regulated as publicly funded hospital
discharge data, and may therefore be delayed and incomplete.
33

Chapter 4
The analyses in this thesis only use data relating to admissions to public hospitals. As well as
private hospitalisation data being incomplete, private hospitals in New Zealand generally do
not admit patients acutely for IHD. Private admissions represent fewer than three percent of
all hospitalisations for coronary disease and the vast majority of those are for non-acute
procedures.62
The current NMDS was introduced in 1999, replacing the original dataset, which was
implemented in 1993 and back-loaded with public hospital discharge information from 1988.
As well as the NHI, it includes information on patients’ demographic characteristics (including
age, sex, ethnicity and domicile code), hospital admission features (start and end dates,
admitting hospital, type of admission [arranged, acute, or elective] and admission source
[routine or transfer from another hospital]), as well as primary and secondary discharge
diagnoses. Diagnoses, which are coded at each hospital by trained coding staff, are currently
classified using the International Statistical Classification of Diseases and Related Health
Problems, 10th edition, Australian Modification, ICD-10-AM. ICD-10-AM replaced ICD-9-CM
(9th edition, Canadian Modification) on 1 July 2001. Since then, various revisions of ICD-10AM have been used: the 2nd edition from 2001-2004, 3rd from 2004-2008, 6th from 2008-2014
and 8th from 1 July 2014. All data are mapped to previous and earlier classifications, where
mappings exist.
In New Zealand, the consistency and accuracy of clinical coded information submitted to the
National Collections is carefully cultivated by ensuring that all clinical coders follow the rules
and conventions of ICD-10-AM, as well as the Australian Classification of Health Interventions
and the Australian Coding Standards.221 222 Furthermore, the Ministry of Health is host to the
New Zealand Coding Authority, a group of clinical coding experts that meet regularly to
collaboratively resolve clinical coding queries and related issues on behalf of the New Zealand
clinical coding sector. The terms of reference of the NZCA are clear that the group’s purpose
is to ensure that hospitalisation data is consistent, complete and accurate.223
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4.2.3. Mortality Collection
The Mortality Collection classifies the underlying cause of death for all deaths registered in
New Zealand, which are coded by one national coding team, using the ICD-10-AM
classification and the WHO ICD-10 Rules and Guidelines for Mortality Coding.224 A complete
set of mortality data is sent to the WHO each year for use in international comparisons of
mortality statistics. The Collection holds all deaths registered in New Zealand from 1988
onwards, but data from 1970 to 1987 is also available on request.
Every two weeks, electronic death registration data is sent to the Ministry of Health from Births,
Deaths and Marriages. Medical Certificates of Cause of Death are received from funeral
directors and Coroners’ reports from Coronial services. Additional information on underlying
cause of death is obtained from electronic hospital discharge data (both public and private)
from the NMDS, the New Zealand Cancer Registry, the New Zealand Transport Agency,
Water Safety New Zealand, the internet, and from writing letters to certifying doctors, coroners
and medical records officers in public hospitals.224
Accurate cause of death information is a vital data source for health researchers and planners
and funders, enabling the monitoring of trends in population health, guiding health promotion
and resources allocation, and helping to determine health priorities. In New Zealand, as in the
UK and Australia, it is unlawful to bury or dispose of a body until a doctor or coroner has
established why that person died.225 An estimated 65% of deaths in this country occur in a
hospital or residential care facility, so hospital doctors are responsible for certifying the majority
of deaths.
The process leading up to medical certification of the cause of death is set out in two parallel
statutes: the Coroners Act 2006, which determines the scope of deaths which must be
investigated,226 and the Burial and Cremations Act 1964, which determines how natural cause
deaths are to be dealt with.227 Deaths that must be reported to the coroner include those where
the state has a particular duty towards the deceased (for example, those in custody or care)
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or deaths that occur in circumstances where there is a strong public interest in establishing
how a death occurred in order to prevent others dying in similar circumstances (for example,
suicides or accidental trauma deaths). New Zealand has a much lower rate of coronial referral
(approximately 20% of deaths) than the UK (approximately 45%).225 However, not all deaths
reported to the coroner will end up under coronial jurisdiction; nor will all coronial inquiries
result in full investigations or inquests. In 2010, just over 60% of coronial referrals (13% of all
deaths) resulted in the coroner accepting jurisdiction over the death. A smaller number,
approximately 11% of deaths, were subject to autopsy, which is similar to autopsy rates in
Australia and the US.225 228

4.2.4. Pharmaceutical Claims Collection
The Pharmaceutical Claims Data Mart (Pharms DM) is a database jointly owned by the
Ministry of Health and the Pharmaceutical Management Agency (Pharmac) to support the
management of pharmaceutical subsidies.229 It contains claim and payment information from
community pharmacists for the dispensing of medications that are subsidised by the New
Zealand government, including most drugs used in the treatment of IHD. In-hospital
dispensing of medications is not included.
Pharms DM was established on 1 July 1992 and underwent two major changes in 1996 (the
introduction of repeat prescriptions) and 1998 (a change in the way the major drug key was
coded).229 NHI numbers have only been reported on pharmaceutical claims since 2002. By
the end of 2002, 25% of all dispensing occurrences had an NHI number reported. NHI
coverage has rapidly increased since then, and by 2006 92% of pharmaceutical claims had
an NHI. Reporting of NHI numbers with most claims has been mandatory since July 2012, and
coverage has been 98% for most medications since then.230 The exception to this is bulk and
practitioner supply orders, which are often dispensed prior to being given to patients (for
example, bulk supply of an anti-psychotic medication to a retirement village). Cardiovascular
medications are not affected by bulk supply orders.
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Because Pharms DM is a database primarily used for reimbursement of pharmacists, data
completeness of certain variables has been issue. Aside from variables to identify the drug
formulation and dose, only certain data fields, such as the date of medication dispensing and
quantity dispensed, are mandatory. However, these mandatory variables can be used to
derive other variables, such as total days supply of medication, that are needed to investigate
medication use in the community.
Pharms DM is regularly accessed by authorised staff from the Analytical Services Team and
Pharmac for the purposes of maintenance, data quality, audit and analysis.

4.2.5. Other Datasets
Other datasets in the National Collection but not directly used in this thesis include:
(i)

National Non-admitted Patient Collection: includes publicly funded outpatient and
community visits categorised by purchases units (such as diabetes clinics) without
diagnosis recorded.

(ii)

Laboratory Claims Collection: includes all national laboratory claims data. Only the
type and volumes of tests that are undertaken in the community are recorded. It does
not include any test results.

(iii)

Primary Health Organisation (PHO) Enrolment Collection: established in 2005 and
includes all people who are currently enrolled in a PHO (an organisation to which GPs
belong). As PHO enrolment data is updated quarterly, this dataset is often used to find
the most up-to-date address data for healthcare users.

(iv)

New Zealand Cancer Registry: a population-based tumour registry to collect and
store cancer incidence data. Supported by the Cancer Registry Act 1993, this registry
provides data for cancer incidence and survival studies, public health research,
monitoring screening programmes and policy formulation.231

(v)

General Medical Subsidy Collection: contains fee-for-service payment data on a
limited number of patient visits of specific types. Since 2003, fee-for-service claiming
has mostly been replaced by capitation payments made via PHOs.
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(vi)

National Booking Reporting System: contains information by health specialty and
booking status on how many patients are waiting for elective surgery and how long
they have waited before receiving it.

Aside from these national datasets, there are also regional datasets governed by local health
bodies. One such dataset is TestSafe, an Auckland regional data repository containing
hospital laboratory test results since 1999 and all community and hospital laboratory test
results from the wider metropolitan region since July 2006.232

4.3. The ANZACS-QI Registry
As mentioned in Chapter 3, ANZACS-QI is a clinical registry implemented across all public
hospitals and all private cardiac catheterisation laboratories (cath labs) in New Zealand.233
ANZACS-QI had its beginnings as a secondary care extension of the primary care web-based
electronic decision support programme PREDICT. Acute PREDICT, as it was first known,
started in 2007 at Middlemore hospital as a means of providing guideline-based patientspecific decision support and collecting data on routine clinical workflow. It was then expanded
to include other Metropolitan Auckland and Midland District Health Board (DHB) hospitals and
in 2012 was expanded to all 20 DHBs and 41 public hospitals that admit ACS patients, as well
as six private hospitals that provide coronary angiography for predominantly non-ACS
indications. As of 1 January 2014, all public hospitals have been submitting data to ANZACSQI.
ANZACS-QI is a collaboration between the University of Auckland VIEW research group, the
National Institute of Health Innovation, cardiologists from each of the 20 DHBs, the National
Cardiac Network and the Cardiac Society of Australia and New Zealand (CSANZ). It provides
data collection on the majority of ACS admissions (ACS registry) and all invasive coronary
angiography procedures (Cath PCI registry) as part of routine clinical workflow, real-time
reporting of key performance indicators, and enables long-term tracking of individual patient
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outcome and pharmaceutical dispensing via anonymised linkage to national databases. The
primary aim of ANZACS-QI is to support appropriate, evidence-based management of ACS
and subsequently of other cardiac patients regardless of age, sex, ethnicity, socioeconomic
status, or rural or city dwelling.233
Although the analyses in this thesis do not directly use data from the ANZACS-QI clinical
registry database, a number of the studies that comprise this doctoral research have played
an important part in shaping ANZACS-QI analyses for quality improvement purposes.23 234

4.4. Variables of Interest in the National Datasets
The following sections provide a description of the process of identificationor derivation of key
variables not described elsewhere that were used in the analyses described in Chapters 5-12.

4.4.1. Ethnicity
Statistics New Zealand is responsible for the definition of ethnicity across all-of-government,
including health. The official definition of ethnicity used by the health and disability sector is
the ethnic group or groups that people identify with or feel they belong to. There are three
important elements to the definition of ethnicity: (1) it is self-perceived and therefore must be
self-identified, (2) people may identify with multiple ethnic groups, and (3) ethnicity may
change over time (termed ‘ethnic mobility’).235
The Ministry of Health published Ethnicity Data Protocols for the Health and Disability Sector
in 2004 to operationalise the statistical standard outlined by Statistics New Zealand.236 The
aim of the protocols was to ensure that there was a standardised process for ethnicity data
collection, recording and output across the health sector. The protocols were recently revised
and updated to ensure continued improvement in ethnicity data quality.236 237 Processes to
ensure that ethnicity data are accurate and up-to-date include the collection of ethnicity with a
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standard question (the Statistics New Zealand 2013 Census ethnicity question) at least once
every three years, recording of all ethnicity data to level 4 (the most detailed level of ethnicity
classification), and the use of information systems that are capable of recording up to six
responses.235
Currently, the NHI has the capacity to collect up to three ethnic groups.220 Where more than
three ethnic groups are reported, a Statistics New Zealand prioritisation algorithm (described
in more detail below) is applied to decide which three values are stored in the NHI.
The data protocols are clear that respondents who report multiple ethnicities must not be
asked to choose a principal or primary ethnicity. However, reporting of people with multiple
ethnicities can present a major challenge, and there are three standard forms of output
described by Statistics New Zealand and the Health Information Standards Organisation (a
group within the Ministry of Health). These outputs are described briefly in Table 4.1.
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Table 4.1. Ethnicity Data Output Methods used in New Zealand*
Output
Method
Total
response

Description

Limitations

Each respondent is counted in each of
the ethnic groups they report. Individuals
who indicate more than one ethnic group
are counted more than once, so the sum
of the ethnic group populations will
exceed the population of New Zealand.

Can create complexities in monitoring
changes in the ethnic composition of
the population and in the interpretation
of data reported by ethnic groups,
where comparisons between groups
include overlapping data.

Sole/
combination

Sole ethnic categories are available for
respondents who report only ethnic
group and combination categories for
respondents who report more than one
ethnic group (eg. sole Māori,
Māori/Samoan, Tongan/European).
Each respondent is allocated to a single
ethnic group using a prioritisation table
outlined in the data protocols.235

Prioritised

The aim of prioritisation is to ensure that,
where there is a need to assign people
to a single ethnic group, ethnic groups of
policy importance (eg. indigenous Māori)
or of small size, are not swamped by the
large New Zealand European ethnic
group.

Not widely used in health research.
Can present problems with too many
groups to analyse and a small number
(or no) events in smaller sized groups.
A relatively uncommon method in health
and other research.
The prioritisation process reduces
ethnicity to just one group for the
purposes of output and analysis.
However, it does not assume that the
prioritised ethnic group is the group that
the respondent identifies most strongly
with.
Limitations of this output method
include the fact that it is inconsistent
with the concept of self-identification
and it can bias the resulting statistics,
over-representing some groups (eg.
Māori) at the expense of others (eg.
Pacific).
Despite these limitations, prioritisation is
the most frequently used in Ministry of
Health statistics and widely used in the
health and disability sector.

* More detailed information on ethnicity data output methods are available in the Revised Ethnicity Data
Protocols 2017.235

The prioritised output method was employed in all analyses that included ethnicity in this
thesis. According to ethnicity data protocols, ethnic groups should be prioritised in the order
outlined in Table 4.2.
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Table 4.2. Order of Prioritisation of Ethnic Groups for Health Research*
Priority
1
2

3

4

5
6
7

Ethnic Group
Māori
Pacific
a. Tokelauan
b. Fijian
c. Niuean
d. Tongan
e. Cook Island Māori
f. Samoan
g. Other Pacific Island
h. Pacific Island Not Further Defined
Asian
a. South East Asian
b. Indian
c. Chinese
d. Other Asian
e. Asian Not Further Defined
Middle Eastern/Latin American/African (MELAA)
a. Latin American/Hispanic
b. African
c. Middle Eastern
Other Ethnicity
Other European
New Zealand European

*as outlined in Ethnicity Data Protocols for the Health and Disability Sector236

Because of small numbers, Pacific groups were aggregated, and MELAA, Other Ethnicity and
Other European groups were combined with the New Zealand European group to form a
European/Other group. Because Europeans represent the majority (>90%) of the
European/Other group, this group is referred to as ‘Europeans’ throughout the thesis for the
purposes of brevity.
The prioritisation process was also slightly modified from existing data protocols in the
following ways:
(1) Indians were prioritised over other Asian subgroups.
According to ethnicity data protocols, Southeast Asian groups are usually prioritised over
Indians.235 However, while Indians are known to be at higher risk of CVD, Southeast Asians
are not, so Indians in this thesis were given higher priority than other Asian groups.
(2) Southeast Asians were grouped with all other (non-Indian) Asian groups to form an ‘Other
Asian’ group.
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(3) People recorded as belonging to both ‘Fijian’ and ‘Indian’ groups were categorised as
Indian, rather than Pacific.
Previous analyses by the VIEW research group have noted that people classified as both
Fijian and Indian have cardiovascular risk profiles more similar to Indians than other Pacific
groups.238 Moreover, the revised Ethnicity Data Protocols report that there have been data
quality issues with the collection, classification and recording of ‘Fijian Indian’, with some
respondents and some providers choosing to alter collection forms or allow respondents
to select ‘Fijian’ and ‘Indian’ separately.235 Therefore anyone in the national datasets with
both these ethnicities recorded were categorised as Indian rather than Fijian.
Previous research has shown that ethnicity data in the hospital record is correct for at least
one of the sometimes multiple self-identified ethnicities for 98% of people, although
concordance is higher for non-Māori compared to Māori.239

4.4.2. Socioeconomic Status
Socioeconomic status (SES) is a term indicating the social and economic factors influencing
the position that individuals or groups hold in society.240 SES is used in this thesis as both a
variable of interest and an important potential confounder. In New Zealand, the most
commonly used measure of SES is a census-based index of relative socioeconomic
deprivation for small areas known as the NZDep index.240 241 NZDep can be derived from the
residential address and domicile code or meshblock (the smallest geographic units for which
statistical data is reported by Statistics New Zealand, usually consisting of 30-60 dwellings) of
individuals in the national datasets.242 Various versions of NZDep have been published, based
on most the most recent census; in this thesis, NZDep2001, NZDep2006 and NZDep2013
have been used, depending on the variable available in the NHI.
The NZDep index was designed for use in resource allocation, health research and
advocacy.241 It is a scale of deprivation from 1 to 10 that divides New Zealand into equal-sized
deciles. A value of 10 indicates that the meshblock is in the most deprived 10% of areas in
New Zealand, while a value of 1 indicates the least deprived 10% of areas. NZDep is based
on nine dimensions of deprivation that consider aspects such as internet and car access,
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income from a means tested benefit, unemployment, qualifications, home ownership,
household overcrowding and single parent families.243
As it is an area-based, rather than an individual, measure of deprivation, NZDep can only be
used as an indicator of deprivation, and never to target funding to individuals. There will be
inherent measurement error in the NZDep index, because there will be some individuals or
households where more affluent people live in areas of high deprivation and less affluent
individuals live in areas of low deprivation.240 However, NZDep has been shown to be closely
associated with mortality244 and other health outcomes, including sudden unexplained deaths
in infants,245 asthma,246 infectious diseases247 and smoking prevalence.248

4.4.3. Rurality
Rurality of residence was included as an explanatory variable in a number of analyses
conducted as part of this doctoral research (see Chapters 6 and 9). There is no internationally
recognised definition of a rural area,249 and developing a meaningful definition of rural areas
in New Zealand has been challenging.
In this thesis, categorisations of rurality were based on the classification outlined by Statistics
New Zealand in 2004 and subsequently updated for the 2006 Census.249 250 At the time it was
published, this classification represented an updated definition of rurality that had been
considered the standard since 1992. In this classification, residential addresses are mapped
to meshblocks and assigned to one of seven categories, three urban and four rural. These
categories are outlined in Table 4.3.
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Table 4.3. Description of Urban/Rural areas, as Defined by Statistics New Zealand249
Urban/Rural classification
Urban
Main urban

Satellite urban
(minor urban)

Independent urban
(secondary urban)

Rural

With high urban influence

With moderate urban influence

With low urban influence
Highly rural/remote

Description
Very large, centred on a city or main urban centre, and
have a minimum population of 30,000. Main urban
centres include: Whangarei, Auckland, Hamilton,
Tauranga, Rotorua, Gisborne, Napier-Hastings, New
Plymouth, Whanganui, Palmerston North, Kapiti,
Wellington, Nelson, Christchurch, Dunedin, Invercargill.
Towns and settlements with strong links to main urban
centres. At least 20 percent of the usually resident
employed population’s workplace address is in a main
urban area.
Towns and centres without significant dependence on
main urban areas. Less than 20 percent of the usually
resident employed population's workplace address is in a
main urban area. For example, Westport.
Rural areas that form a transition between the main urban
areas and rural areas. Meshblocks are not necessarily
contiguous with main urban centres. A meshblock is only
included in this category if a significant proportion of the
resident employed population work in a main urban area.
Rural areas with a significant, but not extensively, main
urban area influence. A meshblock is included in this
category if: (1) a large proportion of the resident employed
population works in a minor or secondary urban area, or
(2) a significant proportion work in a main urban area (but
not as high as rural areas with high urban influence.
Rural areas with a strong rural focus. The majority of the
resident population works in a rural area.
There is minimal dependence on urban areas in terms of
employment, or the employed population is very small.
The area with the highest proportion of people living in
highly rural/remote areas is the West Coast (12.5% of
residents), but the areas with the greatest absolute
numbers of people living remotely are Waikato and
Canterbury.

Urban and rural areas are statistically defined areas with no administrative or legal basis.250

Main urban areas represent the most urbanised areas in New Zealand. They are
characterised by high population density with many built environment features where
people and buildings are located close together for residential, business and social
reasons. Urban areas (main, satellite and independent) contain an estimated resident
population of more than 1,000 people and usually have a population density of more than
400 residents or 200 address points per square kilometre. Rural areas represent land-based
areas outside urban areas with a population of less than 1,000 people.
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For the purposes of this doctoral research, the seven urban/rural categories outlined above
were combined into three categories: main urban, secondary/minor urban (which included
satellite and independent urban centres) and rural (which included rural areas with high,
moderate and low urban influence, as well as highly rural/remote areas). The limitations
associated with the classification of ruralilty in New Zealand are discussed in more detail in
Chapter 13 (Section 13.2).

4.4.4. Hospital Admission and Discharge Dates
Of the 41 public hospitals in New Zealand that acutely admit patients with IHD,233 19 are
considered rural hospitals,251 which are staffed by trained generalists (both medical officers
and rural GPs) providing care for a wide range of clinical presentations.252 Another 13 of the
41 hospitals provide secondary care (including specialist cardiology services) for patients with
IHD, and the remaining nine hospitals provide both specialist cardiology services and cath
labs for acute revascularisation.
People initially admitted to rural hospitals with ACS are generally transferred to other hospitals
for further treatment. Others admitted to secondary care hospitals without cardiac cath labs
may also require transfer for revascularisation. These patient transfers are recorded in the
NMDS as separate admissions, so a person initially admitted to a hospital without a cath lab
who then gets transferred to another hospital for revascularisation and then transferred back
again may have three consecutive events recorded in the NMDS for the same admission.
To account for this transfer of events and ensure that accurate admission and discharge dates
were recorded for all analyses, a ‘bundling’ process was employed. In this process, events in
the NMDS with consecutive admission and discharge dates for each individual were grouped
together and considered one hospitalisation event. Accurate admission dates were necessary
for the examination of revascularisation and case fatality within 28 or 30 days of an event, and
accurate discharge dates required for the investigation of statin use following hospitalisation.
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4.4.5. Discharge Diagnoses
All analyses involved the identification of MI, ACS and IHD from ICD-10-AM-coded discharge
diagnostic codes in the NMDS and underlying cause of death codes in the Mortality Collection.
Cardiac procedures (angiography, PCI and CABG) were identified using ICD-coded procedure
codes in the NMDS. History of CVD, which included IHD and coronary procedures, as well as
ischaemic stroke, peripheral vascular disease (PVD) and peripheral arterial procedures, were
identified using primary and secondary discharge diagnostic codes from previous
hospitalisations. A 2008 validation study in New Zealand examining the accuracy of
information on previous CVD found 92% agreement between hospital records and primary
care data.253
All ICD codes were defined using a rigorous process that included members of the VIEW
research team checking ICD-10 manuals and codes online, examining existing literature, and
consulting with other researchers and coders from Counties Manukau DHB and the Ministry
of Health. These ICD-10-AM codes are listed in Table 4.4.

Table 4.4. ICD-10-AM Codes used to define MI, ACS, IHD and Coronary Procedures
Condition
IHD
ACS

UA
MI

Coronary procedures

STEMI
NSTEMI
MI unspecified
Angiography
PCI

CABG
Other types of CVD*

Ischaemic stroke
PVD
Peripheral arterial
procedure

ICD-10-AM codes
I20-I25
I20.0
121.0-I21.3,I22.0,I22.1,I22.8,I22.9
I21.4, 122.2
I21.9
3821500, 3821800-3821802
3530400, 3530500, 3531000-3531002, 3830000,
3830300, 3830600-3830602, 3830900, 3831200,
3831201, 3831500, 3831800
3849700-3849707, 3850000-3850004, 38503003850304, 9020100-9020103, 3863700
I63, I64, I66, I67.8, I69.3
I65, I74, I70.2, I71, I73.9, I74
3270x-3276x, 3305000, 3305500, 3307000,
3307500, 3308000, 3310000-3318100, 335x,
3380000, 3380302, 33806x, 353120x, 353150x,
9023000, 9022900

*Used with IHD and coronary procedure codes to define prior CVD
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4.4.6. Comorbidities
Comorbidities, or more specifically, the severity of comorbidity burden, were also considered
as explanatory variables in a number of analyses in this thesis (see Chapters 6 and 9).
Comorbidity burden was measured using the Charlson Comorbidity Index,254 a weighted
scoring system based on the number and severity of diseases that has been shown to predict
prognosis in ACS patients.145 255 According to this system, one point is assigned to each of the
following conditions: MI, congestive heart failure, PVD, cerebrovascular disease, dementia,
chronic lung disease, connective tissue disease, peptic ulcer disease, mild liver disease and
diabetes without end-organ damage. Two points each are assigned to: diabetes with endorgan damage, hemiplegia, moderate to severe renal disease and malignant neoplasms,
including leukaemia and lymphoma. Three points are assigned to moderate to severe liver
disease and six points to metastatic cancer and AIDS. These points are added to calculate
each patient’s total Charlson score.
Comorbidities were identified from primary and secondary ICD-coded discharge diagnoses of
hospitalisations up to five years prior to the index admission. The ICD codes were initially
based on published algorithms,256 but further refined through a careful and structured process
of consultation and agreement with cardiovascular researchers in Denmark145 and the UK.257
These codes are listed in Table 4.5.
Based on total Charlson score, three categories of comorbidity were defined: 0 (no
comorbidity), 1-2 (moderate to severe comorbidity) and ≥3 (very severe comorbidity). These
categories of comorbidity have been shown to be strongly associated with mortality in MI
patients.145
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Table 4.5. ICD-10 Codes used to identify Comorbidities
Condition
MI
Congestive heart failure
PVD
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Peptic ulcer disease
Mild liver disease
Moderate/severe liver
disease
Diabetes without
complications
Diabetes with complications
Hemiplegia/Paraplegia
Moderate/severe renal
disease
Non-metastatic solid tumour
Leukaemia
Lymphoma
Metastatic cancer
AIDS

ICD-10 codes
I21, I22, I23, I25.2
I50, I11.0, I13.0, I13.2
I70, I71, I73, I74
G45, G46, I60-I69
F00-F03, F05.1, G30
J40-J47, J60-J67, J68.4, J70.1, J70.3, J84.1, J92.0,
J96.1, J98.2, J98.3
M05, M06, M08, M09, M30, M31, M32, M33, M34, M35,
M36, D86, J99.0, J99.1, N16.4
K25-K28
B18, K70.0-K70.2, K70.9, K71.0, K71.3-K71.5, K73, K76.0
I85.0, I85.9, I98.2, B15.0, B16.0, B16.2, B19.0, K70.3,
K70.4, K72, K71.1, K71.7, K74, K76.6, K76.6, Z94.4
E10.0, E10.1, E10.9, E11.0, E11.1, E11.9, E12.0, E12.1,
E12.9, E13.0, E13.1, E13.9, E14.0, E14.1, E14.9
E10.2-E10.8, E11.2-E11.8, E12.2-E12.8, E13.2-E13.8,
E14.2-E14.8
G81, G82
I12.0, I13.1, I13.2, N03-N05, N07, N11, N14, N18, N19,
N25.0, P960, T82.4, T85.71, T86.1, Y60.2, Y61.2, Y62.2,
Y84.1, Z49.0, Z49.1, Z49.2, Z94.0, Z99.2
C00-C76
C91-C95
C81-C85, C88, C90, C96
C77-C80
B21-B24

Score
1
1
1
1
1
1
1
1
1
3
1
2
2
2

2

6
6

4.5. Privacy and Other Ethical Concerns
Public attitudes to sharing of health data are regularly studied, both by health organisations
and academics.258 Studies in the UK have reported high levels of support for the use electronic
health data for research purposes.259 260 Population health data, when linked anonymously, is
generally perceived by the public as being of benefit to all and something to be collected for
the common good, especially in the long term. However, the possibility of individual
identification is a cause for concern if ‘data should get into the wrong hands’ (particularly the
media) and used against an individual.260 Privacy and confidentiality issues have therefore
been carefully considered in the context of data linkage in New Zealand,261 and an encrypted
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form of the NHI is used in all health databases to preserve the privacy of individuals while
enabling patient-level data linkage.
The Ministry of Health Data Access Policy outlines the circumstances under which personal
health information can be disclosed to researchers; for example, where it is not desirable or
practical to obtain authorisation of the relevant individuals.262 The Health Information Privacy
Code (HIPC) 1994 is a Code of Practice issued by the Privacy Commissioner under Section
46 of the Privacy Act 1993 that provides a set of rules to protect the privacy of individually
identifiable health information.263 It covers all health agencies and protects all personal health
information relating to an identifiable individual. When the Ministry of Health provides data to
external parties (including research groups), the HIPC is applied, and approval from the
National Health Ethics Committee must be sought before data is released.

4.5.1. Ethical Approval
All analyses in this thesis are part of the VIEW research programme, which receives annual
ethical re-approvals from the Northern Region Ethics committee Y (original approval in 2003
[AKY/03/12/314]) and the Multi-Region Ethics Committee (original approvals in 2007
[MEC/01/19/EXP] and 2011 [MEC/11/EXP/078]). Because all data were anonymised,
individual patient consent was not required.

4.6. Validation of Datasets
The validity of data-linkage studies is highly dependent on the accuracy of definitions of the
cohort and outcomes being investigated. To assess the accuracy of ACS diagnoses in the
NMDS, ICD-10 coded ACS hospitalisations in 2016 were compared with diagnoses in the
ANZACS-QI clinical registry.264 In this analysis, 90% of ACS diagnoses in ANZACS-QI also
had a diagnosis of ACS in the NMDS. The concordance of ACS diagnosis between the two
datasets was found to vary by DHB, with the lowest concordance in Waitemata DHB (82%)
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and the highest in Whanganui (99%). There was also a high level of agreement for ACS
subtypes: 96% for STEMI, 90% for NSTEMI and 88% for UA.264
Overseas, a number of studies have investigated the validity of hospital discharge and/or
mortality data on acute MI by comparing these data with specific study registers. Most studies
have demonstrated that routinely collected data tend to underestimate the incidence of MI in
the population, with hospital discharge data scoring higher on validity than mortality
statistics.265 266 Studies have reported high concordance, sensitivity and positive predictive
values (PPVs) for ICD-coded ACS events in hospitalisation and mortality datasets in the UK,
Europe,265 267-269 the US,270 and Canada.271-273 A recent study that assessed the PPV of ICD
codes in identifying MI from routinely collected data in Italy, the Netherlands and Denmark
from 1996 to 2009 found that ICD-10 codes had a PPV of 100%, while ICD-9-CM codes had
a PPV of 96.6%.274 The analyses in this thesis follow the recommended definitions of MI and
IHD made in these studies.275

4.7. Summary
Data-linkage is becoming an increasingly common means of investigating the occurrence of
health outcomes, particularly in countries such as New Zealand and Denmark, where almost
all residents are given a unique health identifier. This chapter has outlined the datasets and
key variables used in the eight studies that make up this doctoral research. The specific datalinkage methods used in these studies are described in more detail in Chapters 5-12. Chapters
5 and 6 focus on the management of acute IHD, while Chapters 6-12 explore its epidemiology.
Limitations of the research and of the use of routinely collected datasets are discussed in more
detail in Chapter 13 (Section 13.2).
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CHAPTER 5: STATIN USE FOLLOWING ACS
5.1. Preamble

5.1.1. Publication
This chapter includes content from the article:
Grey C, Jackson R, Wells S, Thornley S, Marshall R, Crengle S, Harrison J, Riddell T, Kerr
AJ. Maintenance of statin use over 3 years following acute coronary syndromes: a national
data linkage study (ANZACS-QI-2). Heart. 2014;100:770-4.
Permission to reprint was obtained from BMJ Publishing Group Ltd on 16 February 2018. The
latest available impact factor for the journal is 5.595 (2014).

5.1.2. Link to Thesis Objectives
This analysis relates to the first objective of this thesis: to investigate long-term statin
management of patients with ACS post-discharge and identify predictors of statin use.

5.1.3. Overview and Commentary
This study was the first of the national data-linkage studies undertaken as part of this doctoral
thesis and was intended to address a gap in the literature around the long-term use of statins
in ACS patients. At the time of these analyses, a number of overseas studies had examined
statin use in the six months to one year following MI or ACS, but very few had investigated the
use of statins in the longer-term.
Although secondary prevention of IHD involves a combination of different therapies (statins,
antiplatelets, blood pressure lowering agents), this study examined the use of only statins
following ACS. There were several reasons for this. Firstly, statins are among the most widely
used medications for the prevention of CVD and, unlike aspirin, are only available on
prescription. Therefore electronic dispensing data can be considered to be complete for this
drug class. Secondly, unlike blood pressure lowering agents, statins are recommended for all
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ACS patients, have few contraindications and are generally available in specific formulations
that are taken once daily. Examining their use is therefore more straightforward than other
drug classes with many different formulations and various daily dosing regimens. Validated
methods of examining statin use via electronic data were also well established and had
previously been used with New Zealand national datasets.183 Thirdly, statin treatment after a
cardiac event has been identified by the Organisation for Economic Cooperation and
Development (OECD) as an important quality indicator for cardiac care.276 Finally, there is
evidence that adherence to one class of secondary prevention medication is associated with
adherence to other classes, and therefore statin use may be considered to be a marker of
adherence to secondary prevention in general.277
This paper was accompanied by an editorial in Heart by Assistant Professor Gregory Roth
from the University of Washington School of Medicine entitled ‘Statins after acute coronary
syndrome: a missed opportunity’.278 This editorial highlighted the power of linking national
datasets to investigate adherence to statins after an acute coronary event and emphasised
that the patient characteristics found to be associated with sub-optimal maintenance in this
study (younger age, female sex, Māori and Pacific ethnicity) could be used to target
interventions to improve adherence. Both Assistant Professor Roth and I were interviewed
separately for the BMJ talk medicine podcast on SoundCloud about the study and the need to
focus on long-term statin use in patients following ACS.
(Podcasts available at https://soundcloud.com/bmjpodcasts/maintenance-of-statin-use-over
and https://soundcloud.com/bmjpodcasts/statins-after-acute-coronary).

5.2. Introduction
Statins are one of the most commonly prescribed drug classes worldwide, and studies report
that their use continues to increase.210 279 Statins are known to be safe, effective and costeffective280-282 and are an important component of secondary prevention following an ACS.90
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283

Systematic reviews and meta-analyses of randomised controlled trials have provided

convincing evidence that statins reduce the risk of recurrent MI and overall mortality in patients
with established IHD.284-286
Despite the well-documented safety and effectiveness of statins for the secondary prevention
of CVD, many studies report suboptimal statin use following an ACS. Among patients
dispensed statins at least once after an ACS, studies suggest that half to three-quarters will
have discontinued their medications by two years post-discharge.163 287 288
In New Zealand, there are few external barriers to long-term statin use. The universal
healthcare system has a strong primary care focus, in-hospital medications are free of charge,
and statins are heavily subsidised by the government (at the time of the study, each threemonth prescription cost NZD$3). Despite this, a previous study linking national hospitalisation
and pharmaceutical dispensing datasets found that only 60% of patients with ACS or angina
were still being adequately maintained on statins one year post-discharge.183 Statins are
intended to be used indefinitely following an ACS, however little is known about statin
maintenance beyond one year in New Zealand. The aims of this study were therefore to: (i)
investigate statin maintenance for up to three years post ACS and (ii) identify independent
predictors of statin use.

5.3. Methods

5.3.1. Data Sources and Study Population
The study cohort, outcome measures and other variables of interest were created by
anonymously linking data via the NHI from the NMDS, Mortality Collection and Pharms DM.
The study population included all New Zealand residents aged 35-84 years discharged from
a public hospital with a diagnosis of ACS between 1 January and 31 December 2007. People
who died within 90 days of discharge or spent less than 90 days out-of-hospital over follow54
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up were excluded from analyses, as statin use in this subset is likely to differ significantly from
other patients. ACS patients younger than 35 years were excluded due to diagnostic
uncertainty being high in younger patients and people aged 85 years and older excluded
because treatment decisions for this group are likely to be significantly influenced by factors
such as quality of life and comorbidities. While comorbidities may also be common in patients
aged 75-84 years, they represent about one-third of the total ACS population and are therefore
an important group to investigate.

5.3.2. Main Outcome Measure
Statin use over a three year follow-up period (starting at the discharge date of the person’s
index event and ending 1095 days later) was assessed by calculating a Medication
Possession Ratio (MPR) for each person. The MPR was the number of days a statin was
assumed to be in a patient’s possession (based on dispensed drugs) divided by the number
of days spent out of hospital, from the date of hospital discharge through to the end of the
follow-up period or the date of death, whichever came first. Days spent in hospital were
excluded because medications supplied to inpatients are not included in the national drug
dispensing database. For patients dispensed a statin in the 90 days before hospitalisation, the
number of statin days remaining at the time of their hospitalisation was added to the numerator
of the MPR; therefore some patients had a MPR >1.0.
Possession of statins during 80% or more of follow-up time (ie. MPR ≥0.8) was used to classify
those adequately maintained on medications, as reported elsewhere.289-291 A MPR of 0 was
considered to indicate no dispensing at all. The MPR is a direct measure of medication
dispensing and is assumed to be a reasonable proxy measure of medication use.
An overall MPR was calculated for the entire cohort, and subgroups of it, regardless of death
during follow-up, based on total days of medication supplied and total days of follow-up spent
in the community. MPRs were also calculated separately for each year of follow-up. MPRs
for the second and third years excluded deaths in previous years.
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5.3.3. Other Variables
SES was assessed using the NZDep01 score, and deciles aggregated to make three groups:
(1) deciles 1-3 (least deprived), (2) deciles 8-10 (most deprived) and (3) 4-7 (intermediate).241
A coronary procedure was considered to be associated with a patient’s index hospitalisation
if it was performed within 30 days of the event. Diabetes was determined from previous
hospitalisations and/or pharmaceutical dispensing data.292 A history of CVD was defined by
hospitalisation between 2002 and the index event with any of the following conditions: IHD, a
coronary procedure, heart failure, ischaemic stroke, atherosclerotic PVD and/or a peripheral
arterial procedure. Hospitalisation data prior to 2002 was not used as it was incomplete.

5.3.4. Statistical Analysis
Descriptive statistics were used to compare patient characteristics among ACS groups.
Poisson regression modelling using a robust variance estimator was used to identify predictors
of statin maintenance after one year and up to three years of follow-up and to estimate relative
‘risks’ (RRs) for adequate statin maintenance.293 294 Variables considered in the modelling
included: ACS type, age group, sex, ethnicity, SES, statin use in the 90 days prior to
admission, coronary procedure, history of CVD, diabetes, time spent in hospital and interaction
of ACS type with age, sex and ethnicity respectively. Variables were considered significantly
associated with statin use when p<0.05. Analyses were conducted in Stata statistical software
version 11.0.295

5.4. Results
Between 1 January and 31 December 2007 16,591 people were discharged from a public
hospital with ACS. After excluding 631 non-New Zealand residents, 55 people younger than
35 years, 3042 people 85 years and older, 1429 patients who died within 90 days of discharge
and 86 who spent less than 90 days out of hospital over the follow-up period, 11,348 people
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remained in the study cohort. A total of 3371 people (26%) who met age and residency
inclusion criteria died during the three years of follow-up with over 40% of these deaths
occurring in the first 90 days.
Baseline characteristics, stratified by ACS type, are shown in Table 5.1. Approximately half
the cohort was diagnosed with NSTEMI, 34% with UA, 14% with STEMI and 3% with MI
unspecified (MIU). Compared to other ACS types, the group with STEMI was younger, had
fewer women and people with a history of CVD, diabetes and prior statin use, but more people
who had undergone a coronary procedure. Overall, 59% of the cohort had a statin dispensed
within seven days of hospital discharge, 71% within 30 days and 83% within 90 days.
Table 5.1. Characteristics of Study Cohort, by ACS Type
n (% of total)
Mean age (SD)
Women
Ethnic Group
European
Māori
Pacific
Indian
SES Quintiles (Q)
Q 1-3 (Least deprived)
Q 4-7
Q 8-10 (Most deprived)
Prior statin†
Diabetes
History of CVD
Coronary procedure††

Total
N=11,348
67.2 (11.7)
4198 (37%)

STEMI
n=1555
63.0 (12.2)
423 (27%)

NSTEMI
n=5611
68.3 (11.7)
2135 (38%)

MIU
n=310
67.6 (11.5)
121 (39%)

UA
n=3872
67.4 (11.1)
1519 (39%)

9538 (84%)
1168 (10%)
391 (3%)
251 (2%)

1310 (84%)
144 (9%)
54 (4%)
47 (3%)

4667 (83%)
604 (11%)
231 (4%)
109 (2%)

253 (82%)
39 (13%)
10 (3%)
8 (3%)

3308 (85%)
381 (10%)
96 (3%)
87 (2%)

2269 (20%)
4739 (42%)
4307 (38%)
4964 (44%)
3263 (29%)
3876 (34%)
3724 (33%)

323 (21%)
657 (42%)
568 (37%)
357 (23%)
307 (20%)
232 (15%)
884 (57%)

1153 (21%)
2330 (42%)
2111 (38%)
2205 (39%)
1723 (31%)
1796 (32%)
1753 (31%)

54 (17%)
132 (43%)
124 (40%)
103 (33%)
87 (28%)
87 (28%)
93 (30%)

739 (19%)
1620 (42%)
1505 (39%)
2299 (59%)
1146 (30%)
1761 (45%)
994 (26%)

* NZDep01 data was missing in 33 people (<1% of cohort)
† statin dispensed in the 90 day period prior to index admission
†† angioplasty or CABG within 30 days of index admission

5.4.1. Statin Use over Three Years
Using a MPR threshold of 0.8, 66% of the cohort were adequately treated with a statin up to
three years after hospital discharge (Table 5.2). Overall, statin use remained relatively stable,
with 69% of the cohort achieving a MPR ≥0.8 in the first year, 67% in the second year and
66% in the third year. Ten percent of patients received no statins during follow-up.
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Table 5.2. Percentage of People with a MPR ≥0.8 during follow-up
Total Cohort
Time period
Year 1
Year 2
Year 3
Years 1 to 3

No. included in
analysis*
11,348
10,645
9,988
11,348

% with MPR ≥0.8

Patients alive at the end of follow-up
(n=9490)
% with MPR ≥0.8

69%
67%
66%
66%

71%
68%
66%
68%

*To account for deaths during follow-up. This analysis also excluded patients who did not spend any days out-ofhospital during that year

In patients still alive at the end of follow-up (n=9490), changes in maintenance over the study
period were examined. Of those who received no statin in the first year (MPR=0), 82%
received none in the third year. Similarly, 82% of those who were adequately maintained on
a statin in the first year (MPR ≥0.8) were also adequately maintained in year three. However,
4% of patients with optimal dispensing in the first year received no statin in the third year and
14% had inadequate statin maintenance.

5.4.2. Unadjusted Analyses of MPR
In univariate analyses, statin maintenance over one year and up to three years varied by
demographic and clinical subgroup. These differences are illustrated in Figures 5.1 to 5.4.

Age
The proportion of people adequately maintained on a statin increased steadily with age up to
65-74 years, then fell slightly in the oldest age group. Adequate maintenance by age over the
first year ranged from 54-72% and 45-71% over the three years of follow-up. The youngest
ACS patients (aged 35-44 years) were significantly (p<0.001) less likely than other age groups
to be maintained on a statin post discharge, with less than half of these patients taking an
adequate amount of medications during follow-up. Compared to other age groups, a higher
proportion of the youngest and oldest patients did not receive any statin at all during follow-up
(11% and 15% respectively, compared to 6% of those aged 45-64 years). However, of those
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people who did receive a statin following discharge, there were no age differences in the mean
time to collecting their first prescription (35 days overall).
Figure 5.1. Percentage of People with MPRs ≥0.8 up to 1 and 3 years post ACS, by Age Group
80%
70%
% with a MPR ≥0.8

60%
50%
40%

1 year

30%

3 years

20%
10%
0%
35-44

45-54

55-64
65-74
Age group (years)

75-84

Sex
A lower proportion of women compared to men were adequately maintained on a statin over
one year and three years of follow-up (p<0.001), and a higher proportion of women (14%,
compared to 8% of men) received no statins at all during follow-up. Overall, women who did
receive statins took longer to fill their first statin prescription post discharge (40 days compared
to 33 days in men, p=0.002).
Figure 5.2. Percentage of Men and Women with MPRs ≥0.8 up to 1 and 3 years Post ACS

% with a MPR ≥0.8
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70%
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50%
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Ethnic Group
Compared to Māori and Pacific people, a higher proportion of Europeans and Indians
maintained a statin MPR ≥0.8 over one year and up to three years following discharge. Over
three years, just over 50% of Māori and Pacific patients regularly took statins, compared to
70% of European and Indian patients. Only 5% of Indian patients received no statins at all
during follow-up, compared to 10% of other ethnic groups. There were significant (p=0.001)
differences between ethnic groups in the mean time taken to collect the first statin prescription
following discharge, with Indians and Europeans taking the shortest time (31 and 34 days,
respectively) and Māori and Pacific people the longest time (45 and 46 days, respectively).
Figure 5.3. Percentage of People with MPRs ≥0.8 up to 1 and 3 years post ACS, by Ethnic Group
80%

% with a MPR ≥0.8

70%
60%
50%
40%

1 year

30%

3 years

20%
10%
0%

Māori

Pacific
Indian
Ethnic group

European

Socioeconomic Status
No socioeconomic differences in statin maintenance over the first year post discharge were
detected; however a slightly lower proportion of those living in the most deprived areas
(NZDep01 deciles 8-10) regularly used a statin over the three year follow-up period (64%
compared to 67% of others, p=0.004). Similarly, there were no differences by socioeconomic
group in the proportion of patients who did not receive any statins over the follow-up period
(10% in all three deprivation groups). Although those in the most deprived socioeconomic
group took a longer time on average to collect their first prescriptions (38 days, compared to
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32 and 34 days in the least deprived and intermediate groups), the difference was not
statistically significant.

ACS Type
There were significant (p<0.001) differences in statin maintenance by ACS diagnosis. A statin
MPR ≥0.8 was achieved in the first year in 77% of those who had had STEMI, 68% of those
with NSTEMI, 66% of those with UA, and 64% of MIU patients. These differences remained,
but lessened, over time, with 71%, 65%, 65% and 61% of STEMI, NSTEMI, UA and MIU
patients, respectively, regularly using statins over the three year follow-up period. Only 4% of
patients with STEMI, compared to 10% of NSTEMI and UA, and 17% of MIU patients received
no statins over the entire follow-up period. In addition, STEMI patients were the quickest to
collect their first statin prescriptions, taking an average of 18 days, compared to 30 days in
other MI patients and 49 days in patients with UA (p<0.0001).

Figure 5.4. Percentage of People with MPRs ≥0.8 up to 1 and 3 years post ACS, by ACS Type
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80%

% with a MPR ≥0.8

70%
60%
50%
40%

1 year

30%

3 years
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5.4.3. Multivariate Analysis of MPR
The RR of being adequately maintained on a statin over one and three years, adjusted for
clinical and demographic factors, are shown in Table 5.3. A RR greater than one is associated
with better statin maintenance.
Table 5.3. Adjusted* RR of maintaining a MPR ≥0.8 over 1 year and up to 3 years following ACS
hospitalisation

35-44y
45-54y
55-64y
65-74y
75-84y
Female
European
Māori
Pacific
Indian
STEMI
Coronary procedure
Previous CVD
Prior statin use

One year
0.84 (0.77-0.91)
0.97 (0.93-1.01)
1.00
1.00 (0.97-1.03)
0.96 (0.93-1.00)
0.95 (0.93-0.98)
1.00
0.88 (0.84-0.92)
0.82 (0.76-0.89)
1.01 (0.94-1.08)
1.18 (1.14-1.22)
1.24 (1.21-1.27)
0.94 (0.91-0.96)
1.57 (1.53-1.62)

Up to three years
0.75 (0.67-0.83)
0.94 (0.90-0.99)
1.00
1.02 (0.99-1.06)
0.97 (0.94-1.01)
0.94 (0.91-0.96)
1.00
0.87 (0.83-0.92)
0.82 (0.75-0.90)
0.98 (0.91-1.07)
1.15 (1.10-1.19)
1.22 (1.19-1.25)
0.96 (0.93-0.98)
1.56 (1.52-1.61)

*Adjusted for the variables shown in this table: age, sex, ethnicity, STEMI diagnosis, coronary procedure within 30
days of admission, previous CVD and statin use in the 90 days before admission.

SES and time spent in hospital were not statistically significant and not used as adjustment
variables. STEMI was included in the models as an adjustment variable, rather than the four
classes of ACS type, as statin maintenance in this group of patients differed markedly from
other (NSTEACS) groups.

There was no evidence for interaction between STEMI and

ethnicity, age and sex (p>0.3 for each).
After adjusting for all other variables, being young (<45 years) and of Māori or Pacific ethnicity
were the strongest predictors of poor statin maintenance. The strongest predictors of good
statin maintenance were previous statin use, having a coronary procedure and STEMI
diagnosis. Women and those with a history of CVD were slightly less likely to be maintained
on a statin than men and those without a history of CVD respectively. Similar patterns were
also observed for statin maintenance over one year of follow-up.
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Models were also constructed to include only survivors of the entire three year follow-up
period. These yielded similar results to those presented, indicating that the factors associated
with statin maintenance, and their magnitude of effect, were the same regardless of death
during follow-up (data not shown).

5.5. Discussion
In this national cohort of people discharged from hospital following an ACS in 2007, 83% were
dispensed statins within 90 days of discharge, and 66% maintained an adequate supply of
medication overall with minimal change in the second and third year. The young, Māori and
Pacific people had poorer statin maintenance. Over the three years of follow-up, only 46% of
35-44 year olds, 54% of Pacific people and 55% of Māori were adequately maintained on a
statin, compared to 71% of 65-74 year olds, 68% of Europeans and 71% of Indians. Of those
on a statin prior to admission, 82% were adequately maintained on a statin over follow-up.
Rates of statin maintenance in this study are higher than reported in previous studies from
New Zealand (59% over one year),183 Canada (40% over two years)296 and the US (43% over
three years).178 However, a higher rate was reported in France (76% over 30 months) using
data from the general health insurance scheme, which covered 70% of the population and
included only those with STEMI or NSTEMI.290 The lower statin dispensing reported in the
other studies may be due in part to their inclusion of patients with angina

183

and data that is

now over 10 years old.296
One of the strengths of this study is that almost all ACS patients aged 35 to 84 years in New
Zealand during the study period were included. Also, as all statins are heavily publicly
subsidised, it is likely that nearly all statin dispensing in the community is captured in the
national pharmaceutical database. Another strength was the length of follow-up.
Internationally, few studies have examined statin use past one year post-ACS.297 Moreover,
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studies with longer follow-up tended to be small,178 use data over 10 years old 298 or samples
that may not be representative of the entire population.288 299
Individual patterns of statin maintenance in this cohort changed a little between the first and
third years post discharge. Over 80% of patients who maintained an optimal statin MPR in the
first year continued to do so in the third year. Of the remaining patients, 4% stopped statins
completely. This suggests that if adequate statin maintenance can be achieved in the first year
following an ACS, patients are likely to continue it subsequently.
The finding in these analyses that previous statin use was a predictor of subsequent use is
consistent with previous studies.181

183

It is likely that many of those on statins prior to

admission are long-term statin users. As most statin intolerance occurs early, these long-term
users are less likely than newly prescribed patients to discontinue due to intolerance; they
have also demonstrated adherence through previous occurrences of dispensing. In contrast,
patients with a prior indication but no recent statin dispensing are more likely to have had a
real or perceived statin intolerance or other reasons for non-adherence. One strategy to
address these issues is discharge counselling,163 where any patient with CVD not already
taking statins receives specific therapeutic advice. This would need to be delivered within a
multimodal approach.300 In particular those with previous side effects should be carefully
evaluated as the label of “statin intolerant” is difficult to change post-discharge. Clinical
experience suggests that it is often possible to successfully establish such patients on an
alternative statin or a reduced dose.
As mentioned, the young, and Māori or Pacific have poor statin maintenance. The finding
related to younger age is consistent with some studies,177 299 301 but not others.163 296 302 The
effect of ethnicity has not been well described, with one meta-analysis identifying only three
out of 22 eligible papers that examined ethnicity as a predictor of statin maintenance.181 All
three studies found that non-European ethnic groups were less likely to be maintained on
statins than European patients.177 302 303 The reasons for these ethnic differences are likely to
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be multifactorial, and may be related to differences in prescribing patterns for people of
different ethnic groups, language and/or cultural barriers that may lead to differential access
to health care or health behaviours.149
These results suggest that targeted interventions to increase the use of statin therapy postACS will be necessary, particularly for young people and some ethnic groups. Younger ACS
patients are at the highest lifetime risk of IHD, but may be less likely to perceive themselves
as being at risk.181 They stand to gain most from secondary prevention therapy: life expectancy
is approximately halved in patients with a history of MI at all ages, but absolute differences
are much greater in younger compared to older individuals.304 As mentioned in Chapter 2,
there are marked ethnic inequities in cardiovascular health in New Zealand,305 so it is vital that
every effort is made to increase the use of effective preventive treatments in Māori and Pacific
people.
An important limitation of studies based on routine datasets is the lack of in-depth clinical
information on comorbidities or on common risk factors. There was no data on medication
prescribing (only dispensing) or whether patients had a history of statin intolerance. Therefore,
it is not certain what proportion of the calculated statin underuse was due to under-prescribing,
patients’ decisions not to take medications, the occurrence of side effects or other
contraindications. Secondly, dispensing of statins was used as a marker of statin use but MPR
does not necessarily indicate ingestion of medications or achieved plasma lipid levels.
However, this method is considered to have high specificity (identify those not taking
medication) and is more likely than clinical trials to reflect a ‘real world’ situation.289 Thirdly,
the proportion of people with a history of CVD is likely to be underestimated as hospitalisation
data prior to 2002 was not included. Finally, these analyses were conducted on data from
2007-2009 and there have been changes in prescription and maintenance rates since that
time. A recent analysis of statin maintenance rates, conducted using ANZACS-QI clinical
registry and pharmaceutical dispensing data, found that 81% of ACS patients who underwent
angiography between 1 January and 31 December 2016 were adequately maintained on
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statins in the year following discharge.306 However, differences between population groups
remained, with higher statin maintenance rates in Indians, other Asians and Europeans
(compared to Māori and Pacific patients) and those living in less deprived (compared to more
deprived) areas, suggesting that the inequities seen in this earlier analysis have not
disappeared.

5.6. Conclusion
This national study has demonstrated that one-third of ACS patients are not adequately
maintained on a statin three years post discharge and previous statin use, age, ethnicity and
STEMI diagnosis are important predictors of future statin use. The significant differences
observed indicate long-term maintenance levels of over 80% are achievable but are only 50%
in some groups. Knowing which patients may be at increased risk of discontinuation of this
cheap and effective therapy could help health care organisations develop better support and
follow-up systems for these high-risk patient groups.
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CHAPTER 6: REVASCULARISATION FOLLOWING ACS
6.1. Preamble

6.1.1. Publication
This chapter includes content from the article:
Grey C, Jackson R, Wells S, Randall D, Harwood M, Mehta S, Exeter DJ, Kerr AJ. Ethnic
Differences in Coronary Revascularisation following an Acute Coronary Syndrome in New
Zealand: A National Data-linkage Study (ANZACS-QI 12). Heart Lung and Circulation.
2016;25(8):820-8.
Permission to reprint was not needed for this article, as Elsevier’s publishing policy states
that authors retain the right to include their own papers in a thesis or dissertation, as long as
it is not published commercially. See https://www.elsevier.com/about/ourbusiness/policies/copyright#Author-rights. The latest available impact factor for the journal is
2.028 (2016).

6.1.2. Link to Thesis Objectives
This analysis relates to the second objective of this thesis: to study the receipt of angiography
and coronary revascularisation within 30 days of ACS admission and identify predictors of
procedure receipt.

6.1.3. Overview and Commentary
The impetus for this second analysis came from two separate studies. The first was an
analysis of ANZACS-QI data from Middlemore hospital undertaken by one of my supervisors,
Associate Professor Andrew Kerr, and including myself as a co-author. That analysis, which
included almost 3000 ACS patients of diverse ethnicities admitted between 2007 and 2012,
found that Māori and Pacific patients had the lowest rates of angiography and
revascularisation. Even after adjustment for clinical variables, Pacific people were 13% less
likely to undergo revascularisation.153 However the reasons for this disparity were unclear.

67

Chapter 6
Middlemore hospital is located in a region of high deprivation according to NZDep scores, and
it is possible that the characteristics of patients or the processes undertaken by clinicians there
differ significantly to other hospitals in New Zealand. It was therefore important to investigate
whether the ethnic differences observed in this single centre analysis were also found at a
national level. Ideally, this would have been done using ANZACS-QI clinical registry data;
however ANZACS-QI has only included all public hospitals since the beginning of 2014, and
complete data is only available for ACS patients who have undergone angiography. Therefore,
national datasets were used, acknowledging the limitations in the ability to adjust for clinical
factors.
The second study that influenced these analyses examined revascularisation rates after MI
between Aboriginal and non-Aboriginal Australians in New South Wales from 2000 to 2008.
Using multilevel Cox regression, this study demonstrated that the overall disparity in
revascularisation rates for Aboriginal compared to non-Aboriginal Australians was largely
explained by the lower revascularisation rates for all patients admitted to smaller regional and
rural hospital hospitals and, among Aboriginal patients, a higher burden of comorbidities and
lower levels of private health insurance.160 My supervisors and I were therefore interested in
the impact of factors such as hospital of admission and comorbidity burden on
revascularisation rates in different ethnic groups in New Zealand.
As I had no previous experience in the use of multilevel modelling, I contacted the author of
this second study, Dr Deborah Randall, who provided valuable statistical support remotely.
The publication for this study was accompanied by an editorial in Heart, Lung and Circulation
by Dr Gerard Devlin, medical director of the Heart Foundation of New Zealand, entitled ‘Mind
the Gap: ANZACS-QI and Inequality in New Zealand’. In this editorial, Dr Devlin pointed to the
findings of this analysis and the previous study at Middlemore hospital, stating that together,
they indicated that gaps in care could be narrowed through: (1) the consistent application of
national and regional guidelines to identify high-risk ACS patients and manage them with an
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evidence-based approach, regardless of location or ethnicity, and (2) the development and
refinement of regional systems of care to support the transfer of high-risk ACS patients to
appropriate facilities for invasive management in a timely fashion.307

6.2. Introduction
Early angiography and revascularisation has been shown to reduce the risk of recurrent
ischaemia and death following ACS.308 309 Clinical guidelines recommend that patients with
STEMI and high-risk NSTEACS should be promptly referred for angiography and
revascularisation with either PCI or CABG.90 310-312 Over the past 10 years rates of angiography
and revascularisation have steadily increased,80 313 and approximately 60% of all angiograms
are performed in the acute setting.314 However, the receipt of these procedures may not be
equal across population groups. Ethnic differences in the receipt of revascularisation after
ACS have been reported in studies from the US,315 316 Canada,317 England318 and Australia,160
but not the Netherlands319 or Sweden.320
In New Zealand, there has only been one published study of ethnic differences in coronary
revascularisation following an ACS. That study, which included 3000 patients hospitalised
between 2007 and 2012, found that Europeans were 5% more likely than Māori and Pacific
patients to receive angiography and 13% more likely to undergo a revascularisation procedure
than Pacific patients, even after adjustment for important clinical factors.153 However, since
that study was based at a large urban hospital with on-site catheterisation facilities, it is
uncertain whether its results are generalisable to other hospitals, particularly rural centres
without readily available catheterisation.
Previous nationwide audits of ACS management have reported lower levels of angiography
and revascularisation at non-interventional, compared to interventional, hospitals.126

313

Hospitals may also differ with respect to patient turnover, capacity, clinical pathways and local
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preferences for conservative or invasive management.316 Furthermore, there is likely to be
ethnic clustering of patients within certain hospitals, as Māori are more likely than other groups
to live in rural areas, whereas Pacific and Indian people are more likely to live in urban areas.321
Therefore, differences in hospital characteristics could partly account for ethnic differences in
revascularisation. This possibility has not yet been explored in New Zealand.
Multilevel modelling can be used to adjust for hospital-level effects and clustering of patients
within hospitals.322 The aims of this data-linkage study were to: (1) investigate nationwide
ethnic differences in receipt of angiography and revascularisation in the 30 days following
ACS, and (2) use multilevel modelling to explore the role of patient and hospital factors in any
observed inequalities.

6.3. Methods

6.3.1. Data Sources and Study Population
Using encrypted NHIs, data from the NMDS and Mortality Collection were linked for the period
1 January 2007 to 30 November 2012. The study population consisted of all New Zealand
residents aged 30-84 years who had a publicly funded hospitalisation with ACS as the primary
discharge diagnosis. The first ACS admission for each subject during the study period was
included in the analysis.

6.3.2. Outcome Measures and Covariates
The four main outcomes of interest were measured within 30 days of ACS admission, and
included receipt of: (i) diagnostic angiography; (ii) PCI; (iii) CABG; and (iv) any coronary
revascularisation (ie. PCI and/or CABG combined). A 30-day period was chosen so that the
analysis did not miss patients with prolonged in-hospital waiting times and because a
preliminary analysis of the data showed that 96% of patients who underwent a
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revascularisation procedure during the study period did so within 30 days. As hospitalisation
data was only available until 30 November 2012, the 30-day cut-off meant that ACS
hospitalisations up until 1 November 2012 were included.
Procedure use was determined using ICD-10-AM procedure codes. For patients who
underwent a coronary procedure, the time to angiography, PCI and/or CABG was recorded. It
was assumed that patients who had PCI or CABG received angiography at the time of
coronary procedure, if not separately recorded.
The primary independent variable in these analyses was patient ethnicity. Other variables of
interest included those related to the individual (age, sex, SES, rural residence, ACS type,
year of admission, and Charlson Comorbidity score) and to the hospital of admission
(availability of PCI facilities [none, angiography only, and fully PCI capable], hospital turnover
[average annual number of ACS admissions from 2002-2012] and rural hospital, as defined
by the Royal New Zealand College of GPs).251 If revascularisation facilities are unavailable at
a hospital, patients are transferred to a larger centre to receive a procedure. In these analyses,
the admitting hospital was defined as the hospital at which the patient first received their ACS
diagnosis.
SES was assessed using the NZDep06 index, and deciles combined into quintiles.241
Residential address was classified as major urban, secondary/minor urban, or rural, based on
categories from Statistics New Zealand.249 Comorbidities were identified from primary and
secondary discharge diagnoses of hospitalisations up to five years prior to the index admission
and measured using the Charlson Comorbidity Index.254 Three categories of comorbidity were
defined: 0 (normal), 1-2 (moderate to severe) and ≥3 (very severe).145

6.3.3. Statistical Analyses
Individual patient and hospital characteristics were compared among ethnic groups using
descriptive statistics. Random intercept multilevel Cox regression models were developed to
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investigate factors associated with time to procedure within 30 days of ACS admission.
Patients who died on the day of admission were excluded from statistical analyses and
patients who died before receiving a procedure were censored. Random intercept models
were used to compare procedure rates for covariate-adjusted European, Māori, Pacific and
Indian patients admitted to the same hospital.160 Separate models were developed for
angiography, PCI, CABG and any revascularisation. Explanatory variables and a random
intercept for hospital were added sequentially to the models to assess how accounting for
covariates and clustering within hospitals impacted on ethnic differences.
Between-hospital variation was expressed as both the hospital-level variance (τ2) and a
median HR, which is the median of the HRs of pair-wise comparisons of patients with identical
characteristics taken from randomly chosen hospitals.160

This was calculated using the

formula: median HR = exp(0.95 √τ2).323 As part of a sensitivity analysis, Cox regression models
were also run in patients without a previous history of ACS and in STEMI patients only. Data
analyses were carried out using Stata statistical software version 11.0.295

6.4. Results
Between 1 January 2007 and 1 November 2012, there were 68,269 ACS admissions in 30-84
year old New Zealand residents, 16,988 of which were readmissions. Of the 51,281 index
admissions, 957 (1.8%) were excluded because of missing SES (n=956) and sex (n=1) data.
The final study cohort consisted of 50,324 ACS patients, 10.5% of whom were Māori, 3.8%
Pacific, 2.8% Indian and the remainder (83.0%) European. Patient and admitting hospital
characteristics of the cohort are shown in Table 6.1.
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Table 6.1. ACS Patient* and Admitting Hospital Characteristics, by Ethnic Group
European
(N=41,754)

Māori
(N=5267)

Pacific
(N=1893)

Indian
(N=1410)

67.3 (11.5)

59.7 (11.6)

60.0 (11.9)

59.9 (11.8)

Female
Deprivation quintile
1 (least deprived)
2
3
4
5 (most deprived)
Rural residence
Main urban
Secondary/minor urban
Rural
ACS type
UA
NSTEMI
STEMI
MIU
Charlson Comorbidity score
0 (no comorbidity)
1-2 (moderate)
≥3 (severe)

34.3%

44.7%

35.4%

25.9%

15.1%
17.5%
21.7%
26.6%
19.1%

3.7%
7.4%
12.7%
24.1%
52.1%

3.3%
4.8%
10.4%
21.4%
60.1%

10.3%
11.5%
17.7%
24.6%
35.9%

65.7%
22.7%
11.6%

60.2%
24.3%
15.5%

93.9%
4.9%
1.2%

95.2%
4.0%
0.8%

27.5%
50.1%
20.8%
1.6%

24.4%
52.9%
19.9%
2.8%

17.1%
59.6%
20.5%
2.8%

23.2%
52.6%
22.6%
1.6%

70.3%
18.0%
11.7%

57.5%
21.0%
21.5%

55.3%
21.1%
23.7%

65.2%
21.7%
13.1%

Renal disease
Hospital Characteristics
Rural hospital†
Average ACS admissions /yr††
<400
400-799
800-1199
1200-1599
≥1600
Availability of PCI
Fully PCI-capable
Angiography only
No angiography/PCI facilities
Outcomes (unadjusted)
Angiography within 30 days
PCI within 30 days
CABG within 30 days
PCI or CABG within 30 days

5.7%

12.5%

17.0%

7.7%

8.1%

10.8%

1.7%

0.6%

20.5%
19.7%
20.3%
21.2%
18.3%

25.6%
24.5%
17.0%
18.6%
14.3%

10.3%
7.7%
12.0%
30.6%
39.4%

7.7%
6.8%
9.2%
39.0%
37.3%

55.9%
8.1%
36.0%

41.6%
10.7%
47.7%

78.9%
2.2%
18.9%

85.0%
1.5%
13.5%

64.7%
36.8%
8.5%
44.9%

61.2%
27.5%
7.8%
35.1%

69.2%
27.4%
13.3%
40.5%

80.8%
40.9%
16.0%
56.6%

0.8%
3.8%

1.2%
4.5%

1.7%
4.7%

0.8%
2.7%

Total= 50,324
Patient characteristics
Mean age, yrs (SD)

Died day of admission (day 1)
Died within 30 days (days 2-30)

*ACS admissions to New Zealand hospitals 2007-2012 in people aged 30-84 years
†Defined by the Royal New Zealand College of GPs251
††Based on admissions over the period 2002-2011

European patients were, on average, seven years older than other patients, and fewer than
20% lived in the most deprived quintile, compared to 36% of Indian, 52% of Māori, and 60%
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of Pacific patients. Only 5% of Indian and Pacific patients lived outside a main urban area,
compared to 35% of Europeans and 40% of Māori. Consequently, European and Māori
patients were more likely to be admitted to rural hospitals and those without PCI facilities.
More than 20% of Māori and Pacific patients had a Charlson comorbidity score of ≥3 compared
to just over 10% of European and Indian patients. Of conditions that contribute to the Charlson
score, renal disease, congestive heart failure and chronic obstructive pulmonary disease were
more prevalent among Māori and Pacific than European and Indian patients. The prevalence
of diabetes among Indian patients (27%), however, was just as high as that for Māori (25%)
and Pacific (31%) patients, and over double the prevalence in European patients (12%).
Overall, 61% of Māori, 65% of European, 69% of Pacific and 81% of Indian patients received
angiography within 30 days of admission. The proportions of patients receiving
revascularisation were lower: 35%, 45%, 41% and 57% of Māori, European, Pacific and Indian
patients respectively had PCI or CABG within 30 days of admission. However, these are
unadjusted proportions and do not take into account ethnic differences in other factors, such
as age, rural residence and comorbidities, that can affect a person’s likelihood of receiving a
procedure.
Revascularisation rates increased year-on-year over the course of the study period (from
36.3% in 2007 to 53.1% in 2012, an average absolute annual increase of 3.4%). This increase
was observed in all ethnic groups. The average absolute annual increase in revascularisation
between 2007 and 2012 was 3.4% for European, 2.7% for Māori, 2.6% for Pacific and 4.7%
for Indian patients.
To investigate the effect of various factors on ethnic differences, a model for receipt of
angiography within 30 days of admission was developed with sequential addition of covariates
and a random intercept for admitting hospital. The HRs following this sequential adjustment
are shown in Table 6.2.
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Table 6.2. Sequentially Adjusted HRs for Māori, Pacific and Indian patients receiving
Angiography within 30 days of ACS Admission*
Sequentially
Adjusted For:
1
2

Demographics
and ACS type
Deprivation

3

Previous ACS

4

Comorbidities

5

Admitting hospital

6

Rurality of
residence
PCI facilities

7

Variables and Random
Effects Added to the
Model
Age, sex, year, ACS
type
+ deprivation quintile
+ previous ACS
admission
+ Charlson comorbidity
score
+ random intercept
+ rural/urban residence

+ hospital
catheterisation capability
*Comparison group is European patients

Māori

Adjusted HRs (95% CI)
Pacific
Indian

0.82
(0.79-0.85)
0.86
(0.83-0.89)
0.87
(0.83-0.90)
0.92
(0.88-0.95)
0.94
(0.90-0.98)
0.94
(0.90-0.98)
0.94
(0.90-0.98)

0.92
(0.87-0.97)
0.97
(0.92-1.03)
0.98
(0.93-1.04)
1.05
(0.99-1.11)
0.92
(0.87-0.98)
0.93
(0.88-0.99)
0.93
(0.88-0.99)

1.08
(1.02-1.14)
1.11
(1.04-1.18)
1.12
(1.05-1.19)
1.15
(1.09-1.22)
1.01
(0.95-1.08)
1.02
(0.96-1.08)
1.02
(0.96-1.08)

The final model for receipt of angiography included all variables shown in Table 6.2. These
variables were also included in models examining the receipt of PCI, CABG and any
revascularisation. The adjusted HRs for all variables in these four models are shown in Table
6.3.
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Table 6.3. Adjusted HRs (95% CIs) for Procedure Receipt within 30 days of ACS Admission*

Age Group
<55
55-64
65-74
75-79
80-84
Sex
Male
Female
Ethnic Group
European
Māori
Pacific
Indian
ACS Type
NSTEMI
STEMI
MIU
UA
Year of admission
2007
2008
2009
2010
2011
2012
Deprivation Quintile
1 (least deprived)
2
3
4
5 (most deprived)
Previous ACS
No
Yes
Charlson Score†
0 (none)
1-2 (moderate)
≥3 (severe)
Residence
Main Urban
Minor urban
Rural
Hospital PCI capability
None
Angiography only
Fully PCI capable
Median HR††

Angiography

PCI

CABG

PCI or CABG

1.00
1.00 (0.97-1.03)
0.94 (0.91-0.97)
0.71 (0.69-0.74)
0.38 (0.36-0.40)

1.00
0.96 (0.92-1.00)
0.82 (0.79-0.86)
0.62 (0.59-0.66)
0.36 (0.33-0.38)

1.00
1.49 (1.36-1.63)
1.63 (1.49-1.78)
1.34 (1.20-1.50)
0.51 (0.44-0.60)

1.00
1.04 (1.00-1.07)
0.92 (0.89-0.96)
0.69 (0.66-0.73)
0.35 (0.33-0.37)

1.00
0.91 (0.89-0.93)

1.00
0.81 (0.78-0.84)

1.00
0.52 (0.48-0.56)

1.00
0.72 (0.69-0.74)

1.00
0.94 (0.91-0.98)
0.93 (0.87-0.98)
1.01 (0.95-1.08)

1.00
0.76 (0.72-0.81)
0.63 (0.58-0.69)
0.89 (0.81-0.97)

1.00
1.03 (0.92-1.15)
1.57 (1.37-1.80)
1.71 (1.48-1.97)

1.00
0.79 (0.75-0.83)
0.77 (0.71-0.83)
1.03 (0.96-1.11)

1.00
1.06 (1.03-1.09)
0.49 (0.43-0.56)
0.70 (0.68-0.72)

1.00
1.79 (1.73-1.85)
0.53 (0.44-0.64)
0.57 (0.54-0.59)

1.00
0.91 (0.85-0.97)
0.52 (0.48-0.57)
0.52 (0.36-0.74)

1.00
1.56 (1.51-1.61)
0.52 (0.44-0.61)
0.62 (0.60-0.64)

1.00
1.02 (0.98-1.06)
1.07 (1.03-1.11)
1.13 (1.09-1.17)
1.18 (1.14-1.23)
1.24 (1.19-1.29)

1.00
1.06 (1.01-1.12)
1.13 (1.07-1.19)
1.21 (1.15-1.27)
1.27 (1.21-1.34)
1.32 (1.25-1.39)

1.00
0.91 (0.82-1.01)
0.94 (0.85-1.04)
1.12 (1.01-1.23)
1.22 (1.11-1.35)
1.27 (1.14-1.40)

1.00
1.04 (1.00-1.09)
1.11 (1.06-1.16)
1.22 (1.17-1.28)
1.30 (1.24-1.36)
1.35 (1.29-1.42)

1.00
0.98 (0.95-1.02)
0.99 (0.96-1.03)
0.97 (0.93-1.01)
0.95 (0.91-0.99)

1.00
0.98 (0.93-1.03)
0.99 (0.94-1.04)
0.95 (0.91-1.00)
0.91 (0.87-0.96)

1.00
1.07 (0.96-1.20)
1.16 (1.05-1.29)
1.12 (1.01-1.24)
1.22 (1.09-1.36)

1.00
1.00 (0.95-1.04)
1.02 (0.98-1.07)
0.98 (0.94-1.03)
0.97 (0.92-1.02)

1.00
0.86 (0.83-0.90)

1.00
0.78 (0.73-0.83)

1.00
0.74 (0.67-0.83)

1.00
0.76 (0.72-0.80)

1.00
0.83 (0.81-0.86)
0.57 (0.55-0.59)

1.00
0.74 (0.70-0.77)
0.50 (0.47-0.53)

1.00
0.91 (0.84-0.99)
0.58 (0.52-0.65)

1.00
0.75 (0.72-0.79)
0.49 (0.46-0.52)

1.00
1.06 (1.02-1.10)
1.05 (1.01-1.09)

1.00
1.00 (0.93-1.05)
1.01 (0.96-1.06)

1.00
1.18 (1.08-1.29)
1.20 (1.09-1.33)

1.00
1.05 (1.00-1.09)
1.06 (1.02-1.11)

1.00
0.87 (0.66-1.15)
1.40 (1.21-1.63)
1.20

1.00
0.72 (0.52-0.99)
1.52 (1.28-1.80)
1.23

1.00
0.90 (0.65-1.24)
1.50 (1.26-1.79)
1.23

1.00
0.73 (0.51-1.05)
1.62 (1.34-1.96)
1.26

* multilevel

model with admitting hospital as random intercept and adjusting for all other variables
Charlson Comorbidity Index: MI not included in score, as previous ACS considered separately.
††
Median HR calculated using the method of Merlo et al.323 to estimate between-hospital variation.
†
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After adjustment, Māori and Pacific patients had a 6-7% lower hazard than European patients
of receiving angiography and a 24-37% lower hazard of receiving PCI within 30 days of
admission. Indian patients were just as likely to receive angiography as Europeans, but less
likely to undergo PCI (HR 0.89, 95% CI 0.81-0.97). Pacific and Indian patients were
significantly more likely than European patients to undergo CABG (HRs 1.57 and 1.71
respectively). Overall, Māori (HR 0.79, 95% CI 0.75-0.83) and Pacific (HR 0.77, 95% CI 0.710.83) patients had a 20% lower hazard, whereas Indian patients had a similar hazard, as
European patients for receiving any form of coronary revascularisation. Sensitivity analyses
in STEMI patients, those without a history of ACS, and patients admitted to hospitals with the
same type of PCI capability showed similar results to those observed for the total cohort.
After adjusting for individual covariates, there was still significant variation at the hospital level
for each of the four outcomes. The median HR varied between 1.20 and 1.26, meaning that
an ACS patient at one hospital had a median 20-26% greater hazard of receiving a procedure
within 30 days than a patient with identical characteristics who went to a hospital with a lower
procedure rate.

6.5. Discussion
Among ACS patients, there were striking differences in demographic and clinical factors that
can affect the likelihood of revascularisation, as well as differences in angiography, PCI and
CABG rates by ethnicity. Māori were more likely than Pacific and Indian patients to be living
outside of a main urban area (40% versus 5-6%) and to be admitted to hospitals without
catheterisation facilities (48% versus 14-19%). Māori and Pacific patients had a higher burden
of severe comorbidity (22-24%) than European and Indian patients (12-13%). After adjusting
for individual factors and differences in admitting hospital, Māori and Pacific patients had an
approximately 5% lower hazard than European patients of receiving angiography, and a 20%
lower hazard of receiving revascularisation (PCI or CABG), within 30 days of admission. Indian
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patients were less likely than Europeans to receive PCI, but more likely to receive CABG, so
overall rates of revascularisation were similar for Indians and Europeans. In addition, women
were almost 30% less likely to have a revascularisation procedure than men. This observation
has been reported elsewhere, but remains largely unexplained.324-326
The findings of the current study are generally consistent with a previous study, which reported
similar procedure rates among Indians and Europeans, but lower rates of angiography among
Māori, and of angiography and revascularisation among Pacific patients.153 They also broadly
agree with those of another New Zealand study that compared population intervention rates
with the rate of STEMI hospitalisations between 2000 and 2012.151 In that study, Pacific
women and Māori men and women had significantly fewer PCI and total cardiac
revascularisation procedures than people of other ethnicities. In Pacific men, however, the
significantly lower rate of PCI was offset by a higher rate of CABG, so the overall
revascularisation rate was no longer significantly different from Europeans.151 While this
pattern of results (ie. low PCI but high CABG rates) was also observed for Indian patients in
the current analyses, it was not the case for Pacific people. Although Pacific patients had a
higher adjusted hazard of receiving CABG compared to Europeans, it was not sufficient to
offset the much lower rate of PCI.
The sequential addition of covariates to the multilevel model for receipt of angiography was
useful for investigating the relative contribution of individual and hospital level factors. Māori
and Pacific patients were less likely to receive angiography after adjusting for age, sex, year
and ACS type, but ethnic differences were attenuated for Māori, and disappeared completely
for Pacific, with the addition of deprivation, previous ACS and Charlson comorbidity score to
the model. The addition of a random intercept for admitting hospital further attenuated
differences between Māori and Europeans (HR 0.94, 95% CI 0.90-0.98) and resulted in the
reappearance of differences in angiography between Pacific and Europeans (HR 0.92, 95%
CI 0.87-0.98).
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The differing effects of the random intercept for Māori and Pacific patients can largely be
explained by geographic differences between the two ethnic groups. 40% of Māori, compared
to 6% of Pacific patients, lived outside a main urban area, and almost half of Māori patients,
compared to one-fifth of Pacific patients, were admitted to a hospital without cardiac
catheterisation facilities. In the Cox regression model, hospitals with full catheterisation
facilities had a 40% greater hazard of angiography than those with no such facilities. This
suggests that strategies to increase angiography rates in patients initially admitted to hospitals
without PCI facilities may help to improve revascularisation rates for Māori, but not Pacific.
The presence of comorbidities, however, is likely to have played an important role in the
observed disparities in revascularisation rates for both Māori and Pacific patients. According
to

ACS management guidelines,

the few contraindications

to angiography

and

revascularisation include dementia, an inability to perform activities of daily living, and a life
expectancy of less than 3 months.310 While life expectancy was unable to be measured in this
cohort, the prevalence of dementia was very low (approximately 1%), so absolute
contraindications were unlikely to have contributed significantly to ethnic differences in
angiography. By contrast, renal failure, which is regarded as a relative contraindication due to
the hazard of contrast-induced nephropathy,311 was far more prevalent in Māori (13%) and
Pacific (17%), compared to European (6%) and Indian (8%), patients. Guidelines also advise
clinicians to take into account other (unspecified) comorbidities, as well as overall frailty,
procedural risk and patient preferences.311 Charlson scores of three or more, which are
considered to reflect a severe comorbidity burden,145 were seen in 22% of Māori and 24% of
Pacific, compared to 12% of European and 13% of Indian, patients. After adjustment for other
factors, patients with severe comorbidities had a 40-50% lower probability than patients with
a Charlson score of zero of receiving angiography or revascularisation within 30 days of
admission. However, even after adjustment for Charlson score, small ethnic differences in
angiography but larger differences in revascularisation were still apparent.
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The reasons for these persisting differences are unclear, particularly for revascularisation, and
warrant further investigation. The Charlson Comorbidity Index was originally developed for
use with medical records,254 but adaptions for use with administrative data have been shown
to predict prognosis in hospitalised patients.327 Nevertheless, comorbidity information
extracted from routinely collected datasets may lack sufficient detail to accurately categorise
the severity of comorbidities, and there may be residual confounding that was not adjusted for
in our analyses. For example, a previous study reported that Māori and Pacific patients were
more likely than European patients to have severe left ventricular systolic impairment which
may be a relative contraindication to revascularisation.153 There may also have been ethnic
differences in the proportion of patients who were offered angiography but opted not to
proceed or who were not offered a procedure for reasons other than comorbidity. This
information was not available in the national datasets, but while these factors could potentially
explain the small ethnic differences in angiography, they are less likely to explain the larger
differences in revascularisation rates.
Māori and Pacific, and to a lesser extent Indian, patients in this study were less likely than
European patients to receive PCI, but Pacific and Indian patients were more likely to receive
CABG than the European group. This finding is consistent with a recent study, where two
cardiologists, blinded to patients’ ethnicities, were asked to review the angiographic findings
of 55 Māori, 45 Pacific and 100 age-sex matched European STEMI patients.152 In that study,
Māori and Pacific patients were three times more likely to be recommended for CABG, and
40% less likely to be recommended for PCI, even after adjusting for comorbid diabetes and
extent of disease. These findings suggest that Māori and Pacific ACS patients may present
with a more diffuse coronary artery disease that is more amenable to CABG. The lower
revascularisation rates for Māori and Pacific compared with European patients may also be
partly explained by lower rates of obstructive coronary artery disease, for which PCI and
CABG are not indicated.312 Although coronary anatomical findings were not available in the
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current study, a previous study of ACS patients has reported that 21% of Māori and 19% of
Pacific people, but only 13% of Europeans, had non-obstructive coronary artery disease.153
The strengths of this study include its size and comprehensive capture of ACS patients. The
main limitations, common to all data-linkage studies, centre on data accuracy and reliability
(discussed in more detail in Chapter 13, Section 13.2). Secondly, angiographic findings of
those who underwent angiography were unavailable. However, as part of ANZACS-QI, the
findings of all coronary angiograms undertaken in New Zealand will soon be available, and
possible ethnic differences in the extent of coronary disease in ACS patients will therefore be
able to be examined in more detail.

6.6. Conclusion
Ethnic differences in coronary angiography and revascularisation rates are only partly
explained by the presence of comorbidities (which cannot be immediately modified) and the
PCI capability of admitting hospitals (which can be changed through improved protocols and
transfer pathways). Other factors likely to contribute to these inequalities include differences
in the type of coronary disease, other unquantified comorbidity, and patient preferences,
provider judgment or the process of shared decision making. The balance of all these factors
will require more investigation to assess whether clinically useful increases in
revascularisation are possible.
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CHAPTER 7: CASE FATALITY AFTER ACS HOSPITALISATION
7.1. Preamble

7.1.1. Publication
This chapter includes content from the article:
Grey C, Jackson R, Wells S, Marshall R, Riddell T, Kerr A. 28-day and one-year case fatality
after hospitalisation with an Acute Coronary Syndrome: a nationwide data linkage study.
Australian and New Zealand Journal of Public Health. 2014;38(3):216-20.
Permission to reprint was obtained from John Wiley and Sons on 16 February 2018. The latest
available impact factor for the journal is 1.69 (2016).

7.1.2. Link to Thesis Objectives
This analysis relates to the third objective of this thesis: to examine short- and long-term case
fatality in hospitalised ACS cases and identify factors associated with mortality.

7.1.3. Overview and Commentary
This study represents a move away from an examination of the acute and long-term
management of ACS and a shift in focus to aspects of its epidemiology; in this instance, case
fatality. Case fatality, defined as the proportion of cases that are fatal within a specified period,
is used an index of severity of disease, reflecting underlying disease processes or the
accessibility and effectiveness of secondary preventive measures.76
When examining case fatality, two perspectives can be sought. The first is a clinical
perspective, which involves looking at deaths in ACS patients who, by definition, reached
hospital alive. The second is a population perspective, which includes pre-hospital coronary
deaths (ie. deaths in people who died before hospitalisation and who, it is assumed, would
have been diagnosed with ACS if they had reached hospital alive).75 In this chapter, the
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analyses take a clinical perspective of case fatality, with a study cohort defined on the basis
of ACS hospitalisation.
A clinical perspective of ACS case fatality can elucidate important insights into the quality of
cardiac care. One-year mortality following an acute MI is a well-established OECD quality
indicator, thought to reflect various interventions and processes of care.276 These processes
include appropriate and timely revascularisation, secondary prevention, risk management to
prevent sudden cardiac death through arrhythmias, and education of the population to ensure
a prompt response to chest pain and rapid access to emergency services, including
defibrillation. Long-term ACS mortality is therefore perceived to be a summary measure of the
combined effectiveness of the health system in providing appropriate treatment in the acute
phase and appropriate follow-up care following discharge.

7.2. Introduction
Case fatality from acute MI has been used for hospital benchmarking in Canada, Denmark,
the US and UK.328 A number of recent studies have examined patterns in case fatality from
MI,65 329-332 but few have investigated it across the spectrum of ACS.3 Furthermore, many
studies have excluded those with previous CVD65 330 333 and/or included age restrictions,180 331
limiting the clinical usefulness of findings.
Case fatality from MI and other IHD was most recently reported in New Zealand using data
from 1995.77 Since then, smoking rates have declined334 and there have been changes in the
management of ACS, including increasing use of statins and ACE inhibitors and more
aggressive use of coronary revascularisation,335 which may have impacted on the case fatality
of acute coronary events.
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The aims of this study were to use national hospitalisation and mortality data to calculate 28day and one-year case fatality rates in all hospitalised ACS cases in New Zealand between
2007 and 2009, and identify factors associated with mortality.

7.3. Methods

7.3.1. Data Sources and Study Population
All data were extracted from the NMDS and Mortality Collection and linked via encrypted NHI.
The study population included all New Zealand residents admitted to a public hospital between
1 January 2007 and 31 December 2009 with a diagnosis of ACS. Only the first ACS
hospitalisation for each patient during the study period was included. An ACS ‘event’ was
considered to last 28 days; therefore patients admitted to hospital in the 28 days prior to
January 2007 and re-admitted with another event within 28 days were excluded.

7.3.2. Outcome Measure and Covariates
The main outcomes of interest were deaths from any cause within 28 days (0-28 days) and 1
year (29-365 days) of ACS admission date.
Sociodemographic data (age, sex, ethnicity, SES) were obtained from national datasets. Age
was calculated at the time of admission. SES was assessed using the NZDep2006 score, and
deciles combined into quintiles. Revascularisation procedures (PCI, CABG, or both) within 28
days of index admission were assessed using hospitalisation data. A person was considered
to have a history of CVD if they had been hospitalised from 2002 until the date of admission
with the following conditions and/or procedures: IHD, heart failure, ischaemic stroke,
haemorrhagic stroke, TIA, PVD, coronary procedures and/or peripheral arterial procedures.
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7.3.3. Statistical Analysis
Differences in the characteristics of patients by ACS diagnosis were examined using chisquared tests for discrete variables. Case fatality was expressed as a percentage (the number
of deceased cases divided by the number of all cases, multiplied by 100). Direct age
standardisation was carried out using weights based on the combined age distribution of cases
in the MI and stroke registers of the WHO MONICA Project.333 Weights for each of the fiveyear age groups were: 5, 9, 16, 26, 42, 56, 75, 93, 100, 100, 100, beginning with those <40
years and ending with those ≥85 years.
Cox proportional hazards models were constructed to investigate the independent predictors
of 28-day and one-year case fatality. Only 28-day survivors were included in the one-year
case fatality regression analysis. Double-logarithmic survival plots and schoenfeld residuals
supported the proportional hazards assumption for both models. Adjustment variables
included age, sex, ethnic group, SES quintile, ACS type, revascularisation and history of CVD.
Length of stay in hospital was considered for inclusion in the models as a marker of morbidity
and/or disease severity but was not statistically significant.
Statistical analyses were carried out using Stata statistical software version 11.0.295

7.4. Results

7.4.1. Cohort Characteristics
From 2007-2009, 44,440 patients had 54,402 ACS admissions to public hospitals throughout
New Zealand. Of these, 1520 were non-residents and excluded from the study, leaving 42,920
people in the cohort, 41% of whom had a history of CVD. Characteristics of the cohort,
stratified by ACS diagnosis, are shown in Table 7.1. The numbers of men and women in each
diagnostic category by age group are shown in Table 7.2.
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Table 7.1. Characteristics of Study Cohort, by ACS Diagnosis

N (% of cohort)
Mean age (SD)
Women
European
Māori
Pacific
Indian
SES by Quintile (Q)
Q1 Least deprived
Q2
Q3
Q4
Q5 Most deprived
SES data missing
History of CVD
PCI/CABG post event
Mean length of stay, days (SD)

UA
9256 (22%)
68.5 (12.5)
42%
87%
9%
2%
2%

MIU
1881 (4%)
77.7 (12.7)
49%
87%
9%
3%
1%

NSTEMI
24,198 (56%)
73.1 (13.4)
44%
86%
9%
3%
2%

STEMI
7585 (18%)
67.1 (14.4)
34%
86%
9%
3%
2%

11%
14%
20%
27%
25%
3%
56%
22%
4.6 (3.0)

12%
15%
19%
28%
24%
2%
47%
6%
33.2 (126.2)

12%
15%
20%
26%
24%
3%
41%
24%
8.1 (6.7)

13%
15%
20%
26%
23%
2%
24%
49%
6.1 (12.8)

Table 7.2. Numbers and Percentages of Men and Women by ACS Diagnosis and Age Group

Men

Women

<55y
55-64y
65-74y
75-84y
≥85y
Total
<55y
55-64y
65-74y
75-84y
≥85y
Total

UA
932 (17.4%)
1257 (23.5%)
1583 (29.6%)
1272 (23.8%)
298 (5.6%)
5342
459 (11.7%)
696 (17.8%)
1024 (26.2%)
1220 (31.2%)
515 (13.2%)
3914

MIU
82 (8.5%)
120 (12.4%)
211 (21.8%)
330 (34.1%)
224 (23.1%)
967
26 (2.8%)
55 (6.0%)
116 (12.7%)
297 (32.5%)
420 (46.0%)
914

NSTEMI
1980 (14.6%)
2445 (18.0%)
3118 (23.0%)
3943 (29.0%)
2088 (15.4%)
13,574
726 (6.8%)
1099 (10.3%)
2013 (18.9%)
3589 (33.8%)
3197 (30.1%)
10,624

STEMI
1314 (26.3%)
1297 (26.0%)
1111 (22.3%)
935 (18.7%)
334 (6.7%)
4991
303 (11.7%)
380 (14.6%)
522 (20.1%)
776 (30.0%)
613 (23.6%)
2594

NSTEMI was the most common diagnosis (56%), followed by UA (22%) and STEMI (18%).
Only 4% of the cohort received a diagnosis of MIU; this group was older, had a higher
proportion of women and a lower proportion of people who had undergone revascularisation
than other ACS types. The average length of hospital stay for an MIU patient was 4-7 times
greater than for other ACS patients. STEMI patients tended to be younger than other patients,
with lower proportions of females and previous CVD. Half of all STEMI patients underwent
revascularisation (44% PCI, 5% CABG), compared to 24% of NSTEMI (19% PCI, 5% CABG),
22% of UA (15% PCI, 7% CABG) and 6% of MIU patients (5% PCI, 1% CABG).
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7.4.2. 28-day and One-year Case Fatality Rates
Overall, 8851 (20.6%) patients died within one year. Of those who died within a year, 4085
(46.2%) died in the first 28 days. The 28-day and one-year (29-365 days) case fatality rates
were 9.5% and 12.3%, respectively. Case fatality over the entire year was lowest in those with
UA, intermediate in STEMI and NSTEMI patients and highest in those with MIU. Table 7.3
shows the crude and age-standardised 28-day and one-year case fatality rates by age, sex,
ethnicity, SES, history of CVD and ACS type.

Table 7.3. 28-day and One-year Case Fatality by Subgroup
Crude case fatality rates

<55y
55-64y
65-74y
75-84y
≥85y
Women
Men
European
Māori
Pacific
Indian
SES quintile
Q1 Least deprived
Q2
Q3
Q4
Q5 Most deprived
No prior CVD
History of CVD
UA
MIU
NSTEMI
STEMI

28-day*
2.2%
3.7%
6.5%
11.9%
20.7%
11.2%
8.3%
9.6%
9.5%
9.0%
5.2%

1 year†
1.9%
3.8%
7.6%
16.6%
30.9%
14.4%
10.8%
12.7%
10.5%
9.9%
5.3%

Overall††
4.0%
7.4%
13.7%
26.5%
45.2%
24.0%
18.2%
21.1%
18.9%
18.1%
10.2%

8.4%
8.9%
9.1%
10.6%
9.9%
8.6%
10.9%
1.7%
53.8%
8.5%
11.3%

11.8%
12.5%
11.9%
13.1%
12.1%
8.9%
17.2%
5.0%
30.8%
15.7%
8.4%

19.2%
20.3%
20.0%
22.3%
20.8%
16.7%
26.3%
6.6%
68.1%
22.9%
18.7%

Age-standardised case fatality rates
(95% CI)
28-day*
1 year†
9.4% (9.0-9.8)
12.3% (11.8-12.7)
9.6% (9.2-10.0)
13.5% (13.0-14.0)
8.9% (8.6-9.1)
12.3% (11.9-12.6)
14.6% (12.8-16.3)
17.8% (15.6-20.0)
12.5% (10.2-14.9)
16.3% (13.4-19.2)
9.0% (6.0-11.9)
12.9% (9.2-16.6)
8.1% (7.4-8.8)
8.1% (7.5-8.8)
8.7% (8.1-9.3)
10.1% (9.5-10.6)
11.0% (10.3-11.6)
9.4% (9.0-9.8)
9.6% (9.2-10.0)
2.1% (1.7-2.4)
49.7% (47.3-52.2)
7.7% (7.4-8.0)
13.6% (12.7-14.4)

12.0% (11.1-12.9)
12.1% (11.3-12.9)
12.0% (11.3-12.7)
12.9% (12.3-13.6)
14.3% (13.6-15.1)
10.6% (10.2-11.0)
15.6% (15.0-16.1)
6.3% (5.8-6.9)
26.7% (23.9-29.6)
14.8% (14.3-15.2)
11.4% (10.6-12.3)

*28-day case fatality – deaths between days 1 and 28
†1-year case fatality – deaths between days 29 and 365
††Overall case fatality – deaths between days 1 and 365

Case fatality increased with age: 28-day and one-year mortality ranged from 2.2% and 1.9%
in those younger than 55 years to 20.7% and 30.9% in people 85 years and older. There were
little differences in age-standardised 28-day and one-year case fatality rates between men
87

Chapter 7
and women, but large differences between ethnic groups. Māori had the highest agestandardised 28-day and one-year case fatality rates (14.6% and 17.8%, respectively),
followed by Pacific people (12.5% and 16.3%), and then Indians and Europeans (9% and 1213%). Among diagnostic groups, case fatality was lowest in those with UA (2.1% at 28 days
and 6.3% at one year) and highest in those with MIU (49.7% and 26.7%). Compared to
NSTEMI patients, STEMI patients had higher 28-day (13.6% versus 7.7%), but lower oneyear, case fatality (11.4% versus 14.5%).
Table 7.4 shows the results of Cox regression analyses for case fatality after adjusting for age,
sex, ethnicity, deprivation, ACS type, history of CVD and receipt of revascularisation.

Table 7.4. Adjusted HRs (95% CIs) for All-Cause Mortality 0-28 days and 29-365 days following
an ACS Hospitalisation

<55y
55-64y
65-74y
75-84y
≥85y
Women
European
Māori
Pacific
Indian
SES Quintile
Q1 Least deprived
Q2
Q3
Q4
Q5 Most deprived
UA
MIU
NSTEMI
STEMI
History of CVD
Coronary procedure

28-day case fatality
(0-28 days)
HR (95% CI)
0.55 (0.45-0.68)
1.00
1.71 (1.48-1.98)
2.58 (2.25-2.96)
3.70 (3.21-4.25)
0.94 (0.88-1.00)
1.00
1.62 (1.44-1.83)
1.35 (1.12-1.63)
1.00 (0.74-1.34)

p-value

<0.001
<0.001
<0.001
<0.001
0.057
<0.001
0.001
0.979

1.00
1.01 (0.89-1.14)
1.07 (0.95-1.20)
1.19 (1.06-1.33)
1.18 (1.05-1.33)
0.22 (0.19-0.26)
7.00 (6.47-7.55)
1.00
2.08 (1.92-2.26)
1.06 (0.99-1.13)
0.35 (0.31-0.40)

0.907
0.282
0.002
0.004
<0.001
<0.001
<0.001
0.080
<0.001

One-year case fatality
(29-365 days)
HR (95% CI)
0.85 (0.51-1.42)
1.00
2.00 (1.32-3.03)
4.84 (3.21-7.29)
12.05 (6.83-21.28)
0.90 (0.68-1.20)
1.00
2.13 (1.37-3.33)
2.05 (1.02-4.09)
0.83 (0.31-2.25)
1.00
0.82 (0.50-1.36)
1.18 (0.76-1.84)
1.46 (0.96-2.21)
1.14 (0.73-1.79)
0.36 (0.23-0.58)
4.28 (2.09-8.76)
1.00
1.13 (0.85-1.51)
2.08 (1.59-2.72)
0.92 (0.66-1.28)

p-value

0.525
0.001
<0.001
<0.001
0.470
0.001
0.043
0.715

0.447
0.467
0.079
0.560
<0.001
<0.001
0.392
<0.001
0.631

Factors associated with case fatality included increasing age, Māori or Pacific ethnicity, and a
diagnosis of MIU. STEMI patients were more likely than NSTEMI patients to die in the first 28
days, but there were no differences by one year. Patients with UA were at least two-thirds less
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likely than NSTEMI patients to die after their event. Compared to those experiencing their first
event, those with a history of CVD did not have a significantly increased risk of a fatal outcome
within 28 days, but were twice as likely to have died one year after their event. Undergoing
revascularisation at admission was associated with one-third the risk of dying within 28 days,
but made no difference to fatal outcomes at one year.

7.5. Discussion
This is the first study to examine case fatality among all patients hospitalised for ACS in New
Zealand. From 2007-2009, 20.6% of people admitted to hospital with an ACS died within one
year (9.5% within 28 days and 11.1% between 29 and 365 days). There were significant
differences in case fatality by age, ethnicity, SES and ACS diagnosis.
Mortality after ACS in this study was higher in both the short- and long-term than that reported
by other Australasian studies, including the Comprehensive 2002 New Zealand ACS Audit,79
the SNAPSHOT ACS study124 and the ACACIA registry,336 all prospective audits of ACS care.
The in-hospital mortality rate in the SNAPSHOT ACS study was less than half the 28-day case
fatality reported in this cohort (4.5% versus 9.5%).124 Similarly, the overall 12-month mortality
rates in the ACACIA registry were 8.0%, 10.5% and 3.3% for patients with STEMI, NSTEMI
and UA, respectively, compared to 18.7%, 22.9% and 6.6% in this cohort.336 While these
registry studies were data-rich and provided useful information on the management of ACS,
their study populations were relatively small (<5000) and may not have been representative
of the general ACS population, including relatively few patients from regional and remote
centres.336
Direct comparisons with other studies during a similar time period are difficult due to
differences in patient groups. For example, 28-day case fatality from ACS was 10.7% in the
French MONICA registries, which only included patients aged 35-74 years.337 The
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corresponding figure in this study was much lower at 4.5%. It is unclear why short-term case
fatality would differ between the studies. However, the MONICA registries may not be
representative of the French ACS population, as only 3180 ACS cases covering certain areas
of France were included.337 By contrast, Smolina et al.338 used methods similar to this study
to capture all AMI (but not UA) events in England in 2010. The crude 30-day AMI case fatality
rate in that study was 12.0%, similar to the 11.7% AMI 28-day case fatality rate in this cohort.338
In the only other New Zealand study examining mortality among AMI patients (conducted in
1995), 28-day case fatality was 13.6% for patients aged 35-84 years with no previous CVD.77
The equivalent figure in this study was 6.3%, suggesting that short-term case fatality
decreased considerably among AMI patients between 1995 and the mid-2000s, which is
consistent with findings internationally.68 339 340
As expected and consistent with other studies, age was a key determinant of ACS case fatality
in this cohort;77 341 342 28-day and one-year case fatality rates ranged from 2.2% and 1.9% in
under-55 year olds to 20.7% and 30.9% in over-85 year olds.
Patients classified as MIU had substantially higher case fatality rates than other patients, with
almost 70% dying within one year. These patients spent 33 days on average in hospital
(compared to ≤8 days for other patients) and had low revascularisation rates (6% compared
to 22-49% of other patients). Few studies of AMI mortality have reported results for MIU
patients, but those that have also found much higher rates of mortality compared to NSTEMI
or STEMI patients.332 343 Patients are likely to be diagnosed with MIU if they have left bundle
branch block (known to have higher case fatality rates),343 344 a pacemaker, or if the AMI type
was unable to be ascertained - for example, if they died prior to receiving an ECG (personal
communication, Shona Trubshaw, Clinical Coding Manager, Counties Manukau DHB, August
2012).
In accordance with previous studies, STEMI patients in this study had higher 28-day, but lower
one-year, case fatality than NSTEMI patients.345-348 After adjusting for age, sex, SES, ethnicity
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and prior CVD, STEMI patients had twice the hazard of NSTEMI patients at 28 days, but there
were no differences by one year. Aside from previous CVD events, no other comorbid illnesses
were examined in this cohort. However previous studies have noted a higher prevalence
among NSTEMI patients of conditions such as heart failure, diabetes and renal impairment,
which have a detrimental impact on fatal outcomes.329 348 After adjusting for comorbidities, one
study reported that the higher unadjusted HRs for mortality in NSTEMI compared to STEMI
patients were reversed, suggesting that STEMI patients had lower crude mortality because
they were both younger and healthier at baseline.348
Māori and Pacific people had substantially higher HRs for mortality at 28 days and one year
post ACS, but Indians had HRs similar to Europeans. The latter finding is consistent with
results from the UK.349 Only a few studies have examined ethnic differences in case fatality
following AMI; these report that Aboriginal Australians and black Americans experience higher
mortality following AMI than their European counterparts.339 350 351
The finding that Māori and Pacific people experience significantly higher 28-day mortality
following ACS are similar to those reported for the ARCOS study, conducted from 19831992.76 The ARCOS study included all deaths from coronary heart disease (not just
hospitalised cases, as in this study), so a direct comparison of case fatality rates is not
possible. However, after adjusting for age, sex, SES, smoking and MI, the ORs for 28-day
mortality for Māori and Pacific people compared to Europeans in the ARCOS study were 1.29
and 1.25, respectively, indicating a similar magnitude of difference as this study. This finding
suggests that there has been little change in relative ethnic inequalities in short-term casefatality over the past two decades, although potentially relevant inter-ethnic differences in preACS comorbidities and post ACS drug maintenance – which were not able to be included in
the multivariate analyses – may be relevant.
The reasons for the ethnic differences in ACS case fatality observed in this study are likely to
be multifactorial. A greater proportion of Māori and Pacific people compared to other ethnic
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groups live in more deprived areas,352 so socioeconomic factors, including cost and accessto-care barriers, are likely to be relevant. However, ethnic inequalities in case fatality persist
even after adjustment for SES.353 Comorbid conditions, particularly diabetes and renal failure,
are also known to disproportionately affect Māori and Pacific people compared to Europeans.
This study used linked national datasets to capture all patients admitted to a New Zealand
public hospital over a three-year period, during which the methods to diagnose ACS remained
stable. Patients across the full spectrum of ACS were included, regardless of prior CVD or
age. This enabled a more accurate reflection of the outcomes of all hospitalised patients. New
Zealand is one of only a few countries with comprehensive collection of ethnicity data as well
as a universal unique health identifier, so the effects of ethnicity and SES on ACS case fatality
were able to be examined nation-wide.
However, the study had some important limitations due to the unavailability of data on clinical
factors plausibly related to the risk of mortality, including polypharmacy, medication
adherence, degree of ventricular function impairment, renal function and other specific
comorbidities, such as diabetes or renal failure, which have previously been found to have an
adverse impact on fatal outcomes following MI. Also not examined were other cardiovascular
risk factors, such as lipid levels, smoking and blood pressure, and angiographic severity of
disease, as these data are not routinely included in the national datasets. Previous studies
have demonstrated that there are differences in the prevalence of cardiovascular risk factors
by ethnicity,354-356 and these are likely to account for some of the excess mortality observed in
Māori and Pacific patients.
Secondly, the coding of UA is unlikely to have been as accurate as coding for other ACS
subtypes, due to diagnostic uncertainty for this diagnosis, which lacks a biomarker signal.
Thirdly, this study, like most other studies, estimated case fatality by including all deaths from
any cause. Deaths within 28 days are highly likely to have been linked to the index ACS event,
but a number of non-cardiovascular deaths will have occurred between days 29 and 365,
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particularly in older patients. Determining whether a co-existing non-cardiac condition is the
primary cause of death in this patient group with a recent major coronary-related event is very
difficult.
Finally, this paper has examined short- and longer-term mortality among ACS patients who
survived long enough to be hospitalised. Therefore a clinical, rather than a population,
perspective on case fatality is presented.75 The following two chapters present analyses that
include pre-hospital IHD deaths.

7.6. Conclusion
In this nationwide cohort study, the major determinant of increasing ACS case fatality was
increasing age. There were also substantial differences in case fatality by ethnicity, SES and
diagnostic category. In particular, Māori and Pacific people had an approximately 50%
increased risk of mortality in the first 28 days and twice the risk by one year. Further research
is needed to explore the possible mechanisms by which ethnic and deprivation disparities
occur, including an examination of the impact of differences in risk factor and comorbidity
burden, and effective strategies to address them.
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CHAPTER 8: PRE-HOSPITAL DEATHS FOLLOWING AN ACUTE IHD
EVENT
8.1. Preamble

8.1.1. Publication
This chapter includes content from the article:
Grey C, Jackson R, Schmidt M, Ezzati M, Asaria P, Exeter DJ, Kerr AJ. One in four major
ischaemic heart disease events are fatal and 60% are pre-hospital deaths: a national datalinkage study (ANZACS-QI 8). European Heart Journal. 2017;38(3):172-80.
Permission to reprint was obtained from Oxford University Press on 16 February 2018. The
latest available impact factor for the journal is 20.212 (2016).

8.1.2. Link to Thesis Objectives
This analysis relates to the fourth objective of this thesis: to quantify the proportion of IHD
deaths that occur prior to hospitalisation and explore the effect of different event definitions on
case fatality estimation.

8.1.3. Overview and Commentary
This analysis underwent a number iterations, evolving and undergoing constant refinement as
my understanding of the subject area (pre-hospital coronary deaths) increased through
reviews of the literature and in-depth discussions with my supervisors and researchers from
the UK and Denmark.
Given the increasing use of data-linkage to study the epidemiology of disease around the
world, one of the first things that struck me about the literature was that there was no consistent
approach to defining fatal and non-fatal IHD events using routinely collected data. This lack of
standardisation had led to wide variation in reported estimates of case fatality around the
world. While the original aim of the analysis was to estimate the proportion of IHD deaths that
94

Chapter 8
occurred prior to hospitalisation, it became clear that an examination of the effect of different
event definitions on case fatality estimates was also needed. In addition, through discussions
with collaborators from the UK, a new category of events that had previously been grouped
with other deaths was identified. Previous studies had not differentiated true pre-hospital
deaths (defined as IHD deaths where the patient had not been in contact with hospital or
emergency services) from IHD deaths that occur following a hospitalisation for a non-CVD
related condition. This differentiation is important, because the strategies to prevent such
deaths are likely to differ: for those recently hospitalised, it may mean better treatment of
comorbid conditions and more intense follow-up on discharge; for true pre-hospital deaths,
primary and secondary prevention strategies (including lifestyle interventions and evidencebased preventive medications) take on a more important role.
The resulting paper was named Editor’s Choice for its ‘provocative findings’,357 and was
accompanied by an editorial by Professor Annika Rosengren and Kerstin Ulin from the
University of Gothenburg, Sweden, entitled ‘Case fatality in coronary heart disease: the art of
counting’.358 The editorial described the data from this study ‘important and new information’,
highlighting a ‘potential window of opportunity for prevention’ that required careful attention to
risk factor management in patients recently hospitalised, particularly those with a previous
history of IHD.358 I also presented the findings of this study at the 2014 Annual Scientific
Meeting of the New Zealand Branch of CSANZ, for which I was a finalist for the Young
Investigator Award.

8.2. Introduction
Most studies examining IHD case fatality have focussed on cases admitted to hospital;145 346
347

yet the literature indicates that most IHD deaths occur prior to hospitalisation and before a

person is able to seek medical attention.75 337 When investigating pre-hospital mortality, an
important methodological consideration is how to identify pre-hospital deaths that would have
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been included as hospitalised events if patients had survived long enough to reach acute and
secondary medical care. In population-based registry studies, this can be done with postmortem examinations or interviews with witnesses,337 but such studies are expensive and
time-consuming. Unsurprisingly, pre-hospital IHD mortality is increasingly being investigated
via linkage of routinely collected hospitalisation and mortality data.359 A major limitation of
published data-linkage studies, however, is that they currently lack a consistent
methodological approach to defining fatal and non-fatal IHD events.
In four recent data-linkage studies investigating short-term case fatality from acute MI,
estimates of pre-hospital deaths as a proportion of all events ranged from approximately onefifth to one-third.338 350 360 361 While all four studies included hospitalised MI in the denominator,
only one study used MI to define fatal (numerator) events.338 The other studies included all
IHD deaths in the numerator, a broader definition recognising the difficulties in identifying the
true cause of death in people who are assumed to have died from an acute coronary event
prior to hospitalisation.350 360 361 However, using different definitions for hospitalised and fatal
events may create populations of hospitalised and non-hospitalised patients that are too
dissimilar.
To date, no studies have examined IHD case fatality by including all IHD hospitalisations and
all IHD deaths, a strategy that may help overcome the uncertainties surrounding cause of
death data. This study explores the effect of different event definitions on the estimation of
case fatality from IHD.

8.3. Methods

8.3.1. Data Sources and Study Population
The study cohort was constructed using anonymous individual-level linkage of routinely
collected national health data in New Zealand. The cohort was defined using all IHD events
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(IHD-coded hospitalisations and deaths) occurring between 1 December 2008 and 30
November 2010. IHD hospitalisations were extracted from the NMDS using the ICD-10 codes
for IHD (I20-I25).221 All hospitalisations with IHD as the primary discharge diagnosis were
included, and encompassed the following conditions: angina (ICD-10 codes I20 [except I20.0],
I25.1, I25.9), UA (I20.0), MI (I21-I22), other acute IHD (I24), and chronic IHD (I25.2-I25.8).
The codes I25.1 and I25.9 are listed in ICD as ‘atherosclerotic heart disease of a native
coronary artery’ and ‘chronic IHD unspecified’ but are frequently used to code hospitalisations
for angina.362 IHD deaths were identified from the Mortality Collection using the ICD-10 codes
for IHD.224
To be consistent with the WHO definition of MI, each IHD event was defined over a period of
28 days.363 For patients readmitted to hospital for IHD several times over a 28-day period,
subsequent admissions were assumed to be part of the first admission within that period. A
prioritisation process was used to classify the type of event, whereby the most severe
diagnosis within the 28-day period was used.

8.3.2. Outcome Measures
Most previous studies have reported only two types of fatal outcome: deaths that occur prior
to, and those that follow, hospitalisation for IHD. However, there is a third type of fatal outcome
– IHD deaths following a non-IHD related hospitalisation – that has not been considered in
previous case fatality reports.364 Instead of being reported as a distinct outcome, these deaths
have previously been grouped with pre-hospital IHD deaths, inflating the proportion of all IHD
deaths estimated to occur prior to hospitalisation. In this study, therefore, four mutually
exclusive categories of outcome were defined: (i) hospitalised with IHD and alive at 28 days,
(ii) hospitalised with IHD and died within 28 days from any cause, (iii) hospitalised for a nonIHD cause and died from IHD within 28 days, and (iv) not hospitalised in the 28 days prior to
an IHD death (ie. pre-hospital death). The first two outcome categories were identified from
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hospitalisation data and the latter two categories from mortality data through the identification
of IHD deaths.

8.3.3. Demographic and Clinical Covariates
Data on demographic and clinical covariates were obtained from the NMDS. Age was
calculated at the time of pre-hospital death or hospital admission. A history of MI or IHD was
defined by having MI or IHD in any discharge code in any previous hospitalisation in the seven
years preceding the date of admission or death. This seven-year timeframe was chosen
because it was the maximum look-back period available for some of the subjects, and a
consistent look-back period was applied across the entire study population.

8.3.4. Event Definitions
Three different combinations of event definitions for hospitalisations and deaths were
examined: (i) all IHD hospitalisations and all IHD deaths (a ‘broad-balanced’ IHD definition),
(ii) MI hospitalisations and all IHD deaths (an ‘unbalanced’ IHD/MI definition), and (iii) MI
hospitalisations and MI deaths (a ‘narrow-balanced’ MI definition). Deaths not linked to an
IHD-coded hospitalisation in the preceding 28 days were identified from the underlying cause
of death in the Mortality Collection. The narrow-balanced MI and unbalanced IHD/MI
definitions had been used in previous studies338 350 360 361 and the broad-balanced IHD definition
was developed in recognition that all IHD, rather than just MI, hospitalisations may be a more
appropriate match to all IHD deaths. Using these event definitions, differences in the estimates
of case fatality were examined while including all or only first events.

8.3.5. Calculation of Case Fatality
The proportion of all events in each of the four outcome categories were calculated, as well
as the overall case fatality rate (total number of deaths divided by total number of hospitalised
events and pre-hospital IHD deaths) and the proportion of all fatalities that were pre-hospital
deaths (not hospitalised and died from IHD/MI divided by total number of deaths).
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Corresponding 95% CIs were also calculated. Data were analysed using Stata statistical
software version 11.0.295

8.4. Results
The main study cohort was constructed from IHD hospitalisations and IHD deaths (using the
broad-balanced definition of IHD). Between 1 December 2008 and 30 November 2010 39,604
people experienced 47,276 IHD events (37,867 IHD hospitalisations and 9409 IHD prehospital deaths) in New Zealand. Table 8.1 shows the proportions of the cohort in each of the
four outcome categories by age, sex and IHD history.
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Table 8.1. Distribution of Age, Sex and IHD History of the Study Cohort, by Outcome Category

N= 47,276
<35y
151
35-44y
1282
45-54y
4802
55-64y
8609
65-74y
10,957
75-79y
6090
80-84y
6264
≥85y
9121
Female
19,023
Male*
28,252
History of MI
13,487
No history MI
33,789
History of IHD
19,111
No history IHD
28,165
*Sex unknown in one person

IHD events identified from hospitalisation data
Non-fatal events
Hospitalised with IHD
Hospitalised with IHD
& alive at 28 days
& died from any cause
within 28 days*
col %
row %
col %
row %
76%
4%
<1%
3%
12%
21%
26%
13%
12%
12%
38%
62%
27%
73%
41%
59%

83%
91%
91%
89%
85%
78%
68%
48%
73%
78%
72%
78%
78%
75%

<1%
1%
3%
9%
16%
13%
19%
39%
45%
55%
40%
60%
41%
59%

3%
1%
1%
2%
3%
4%
6%
8%
4%
4%
5%
3%
4%
4%
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IHD events identified from mortality data
Fatal events
Hospitalised for a non- Pre-hospital IHD death
IHD cause & died from
IHD within 28 days
col %
row %
col %
row %
6%
14%
<1%
<1%
2%
4%
13%
13%
22%
46%
48%
52%
43%
57%
48%
52%

1%
1%
1%
1%
4%
6%
10%
15%
7%
5%
9%
5%
7%
5%

<1%
1%
5%
10%
15%
12%
16%
41%
45%
55%
28%
72%
31%
69%

13%
7%
7%
9%
12%
12%
17%
29%
15%
13%
13%
14%
11%
16%

% of all
fatalities that
were prehospital
deaths
row %
58%
77%
79%
77%
69%
59%
55%
51%
57%
57%
59%
48%
63%
49%
63%
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More than 80% of all IHD events occurred in people aged 35-84 years, with fewer than 1%
occurring in those younger than 35 years. The proportions of all events that were fatal
increased with age and while people aged ≥85 year made up almost 20% of total events, they
accounted for more than 40% of IHD-related deaths. The proportions of deaths in the different
fatal outcome categories also varied by age, with greater proportions of fatalities among
younger people being pre-hospital deaths. People experiencing a first IHD event were, on
average, three years younger than those with a history of IHD (mean age 70.3 years for first
IHD events, compared to 73.0 years for recurrent events). Table 8.2 shows a comparison of
the age and sex distribution of first and recurrent IHD events.

Table 8.2. Distribution of Age and Sex, by First and Recurrent IHD event.

<35y
35-44y
45-54y
55-64y
65-74y
75-84y
≥85y
Women
Men*
*sex

First IHD (n, column %)
124 (<1%)
973 (3%)
3320 (12%)
5476 (19%)
6438 (23%)
6601 (23%)
5233 (19%)
11,512 (41%)
16,652 (59%)

Recurrent IHD (n, column %)
27 (<1%)
309 (2%)
1482 (8%)
3133 (16%)
4519 (24%)
5753 (30%)
3888 (20%)
7511 (39%)
11,600 (61%)

unknown in one person

Figure 8.1 illustrates the proportions of all IHD events in the three fatal outcome categories
stratified by age and sex. The majority of deaths occurred in the pre-hospital category at all
ages. Above the age of 65 years, more people who died of IHD were hospitalised for a nonIHD cause in the preceding 28 days than for an IHD-related cause.
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Figure 8.1. Proportion of IHD Events that were: Deaths within 28 days of an IHD Hospitalisation,
IHD Deaths within 28 days of a Non-IHD Hospitalisation or Pre-hospital IHD Death

(a) Men
60%
50%

Pre-hospital IHD death

40%
30%

Hospitalised for a non-IHD
cause & died of IHD
within 28 days

20%
10%

Hospitalised with IHD &
died from any cause
within 28 days

0%
<45 45-54 55-64 65-74 75-79 80-84 ≥85
Age (y)

(b) Women
60%
50%

Pre-hospital IHD death

40%
30%

Hospitalised for a non-IHD
cause & died of IHD
within 28 days

20%
10%

Hospitalised with IHD &
died from any cause
within 28 days

0%
<45 45-54 55-64 65-74 75-79 80-84 ≥85
Age (y)

The proportion of fatalities that were pre-hospital IHD deaths decreased with age, as shown
in Figure 8.2.
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Figure 8.2. Proportion of Fatalities in Men and Women that were Pre-Hospital IHD Deaths
90%
80%
70%
60%
50%
40%

Males

30%

Females

20%
10%
0%
<45

45-54

55-64

65-74

75-79

80-84

≥85

Age (years)

Table 8.3 shows the primary discharge diagnosis for hospitalised IHD events and the
underlying cause of death for IHD deaths, which differed significantly according to outcome.
Of patients hospitalised with IHD who survived 28 days, 48% were diagnosed with MI,
compared to 87% of those who died within 28 days of an IHD hospitalisation. Of IHD events
identified through mortality data, MI was recorded as the cause of death in approximately onethird of deaths within 28 days of a non-IHD hospitalisation and half of pre-hospital deaths.
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Table 8.3. Primary Discharge Diagnosis (for IHD hospitalisations) or Underlying Cause of Death (for IHD Deaths not linked to an IHD
Hospitalisation), by Outcome Category.
Primary Discharge Diagnosis
IHD Events identified from
Hospitalisation data
Hospitalised with
Hospitalised with
IHD & Alive at 28
IHD & Died within
days
28 days
I20.0 (UA)
I20.1-I20.9 (Angina)
I21-I22(MI)
I25.1 (Atherosclerosis) †
I25.9 (Chronic IHD, unspecified) †
I25.2-I25.8 Other chronic IHD)
I23-I24 (Complications post MI)

7179 (20%)
8625 (24%)
17,117 (48%)
2476 (7%)
334 (1%)
282 (1%)
5 (<1%)

81 (4%)
52 (3%)
1605 (87%)
19 (1%)
62 (3%)
24 (1%)
6 (<1%)

Underlying Cause of Death
IHD Events identified from Mortality data
Hospitalised for a nonIHD cause & Died from
IHD within 28 days

Pre-hospital IHD
Death

2 (<1%)
1 (<1%)
988 (34%)
222 (8%)
1244 (43%)
441 (15%)
5 (<1%)

2 (<1%)
2 (<1%)
3029 (47%)
819 (13%)
1967 (30%)
673 (10%)
14 (<1%)

* Column percentages are shown in brackets
† The

ICD-10 codes I25.1 and I25.9 are shown separately from other ‘chronic IHD’ codes, as they are often used to code hospitalisations for angina.
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Total

7264 (15%)
8680 (18%)
22,739 (48%)
3536 (7%)
3607 (8%)
1420 (3%)
30 (<1%)

Chapter 8
Of people hospitalised for a non-IHD cause who died from IHD within 28 days of admission,
more than 40% had been discharged with non-IHD circulatory-related diagnoses, such as
heart failure, cardiac arrhythmias (mostly fast atrial fibrillation), cerebrovascular disease and
PVD. Infections made up another 13% of these non-IHD hospitalisations, mostly due to
pneumonia, influenza or septicaemia. Injuries comprised 8%, almost half of which were related
to a fracture of the femur/neck of femur. Reasons for non-IHD hospitalisations are shown in
Table 8.4.

Table 8.4. Reasons for Non-IHD Hospitalisations that Resulted in an IHD Death within 28 days
Reason for non-IHD Hospitalisation
Circulatory conditions
41%
(other than IHD)
Infections

13%

Injuryc
Rehabilitation
Digestive disorders

8%
7%
6%

Respiratory disordersd

5%

Cancer
Renal failure/genitourinary
Diabetes mellitus
Other

4%
3%
3%
10%

Primary Discharge Diagnosis
Other cardiovascular diseasea
Cerebrovascular disease
Peripheral vascular disease
Pneumonia/influenza
Other infectious diseasesb
Injury, any type
Rehabilitation, not further defined
Non-infective colitis, gallstones, gastrointestinal
haemorrhage
Chronic obstructive pulmonary disease,
aspiration pneumonia, other pulmonary diseases
Malignancy, any type
Renal failure
Diabetes with various complications
Dementia
Connective tissue disorders
Anaemia/other haematological
Other metabolic or endocrine conditions
Neurological conditions
Skin/eye/ear/psychiatric conditions
Ill-defined

28%
8%
5%
8%
5%
8%
7%
6%
5%
4%
3%
3%
2%
2%
1%
1%
1%
1%
2%

aOf

hospitalisations for ‘other cardiovascular disease’, 75% were due to heart failure; the remainder were attributed
to cardiac arrhthymias or valve disease.
b50% of ‘other infectious diseases’ were coded as ‘sepsis, unspecified’.
c40% of injury hospitalisations were fractures to the femur/neck of femur.
d50% of respiratory hospitalisations were due to chronic obstructive pulmonary disease.

Table 8.5 compares case fatality estimates using three combinations of event definitions
(broad-balanced IHD, unbalanced IHD/MI, and narrow-balanced MI definitions) while varying
whether all or only first events were included. These proportions had narrow 95% CIs.
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Table 8.5. Numbers of Events and 28-day Case Fatality Rates using different Event Definitions (all ages included).
Event
Definition*

All events
Broad-Balanced
IHD
Unbalanced
IHD/MI
NarrowBalanced MI
First events only
Broad-Balanced
IHD
Unbalanced
IHD/MI
NarrowBalanced MI

No. of Events

Hospitalised
with IHD &
Alive at 28
days

Hospitalised
with IHD &
Died within 28
days

Hospitalised
for a non-IHD
cause & Died
from IHD
within 28 days

Pre-hospital
IHD Death

Overall 28-day
Case Fatality

Proportion of
Fatalities that
were PreHospital IHD
Deaths

47,276

76.2%
(75.8-76.6%)
60.8%
(60.3-61.4%)
75.3%
(74.7-75.8%)

3.9%
(3.7%-4.1%)
5.7%
(5.4-6.0%)
7.1%
(6.7-7.4%)

6.1%
(5.9-6.4%)
10.3%
(10.0-10.7%)
4.3%
(4.1-4.6%)

13.8%
(13.5-14.1%)
23.1%
(22.6-23.6%)
13.3%
(12.9-13.8%)

23.8%
(23.4-24.2%)
39.2%
(38.6-39.7%)
24.7%
(24.2-25.3%)

57.8%
(56.9-58.7%)
59.1%
(58.2-60.0%)
53.9%
(52.6-55.2%)

74.9%
(74.4-75.4%)
63.5%
(62.8-64.2%)
76.1%
(75.4-76.7%)

3.8%
(3.6-4.1%)
5.2%
(4.9-5.6%)
6.3%
(5.9-6.7%)

5.4%
(5.1-5.7%)
8.0%
(7.6-8.3%)
3.7%
(3.4-4.0%)

15.8%
(15.4-16.3%)
23.3%
(22.7-23.9%)
13.9%
(13.4-14.4%)

25.1%
(24.6-25.6%)
36.5%
(35.8-37.2%)
23.9%
(23.3-24.6%)

63.1%
(62.0-64.2%)
63.8%
(62.7-65.0%)
58.1%
(56.6-59.7%)

28,131
22,739

28,165
20,232
16,778

*Event definitions: Broad-balanced (IHD deaths and IHD hospitalisations), Unbalanced (IHD deaths and MI hospitalisations), Narrow-balanced (MI deaths and MI
hospitalisations)
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Using a broad-balanced IHD definition and both first and recurrent events, there were 47,276
events, compared with only 22,739 events using a narrow-balanced MI definition. When an
unbalanced IHD/MI definition (MI hospitalisations and IHD deaths) was used, there was a 40%
reduction in the number of events (from 47,276 to 28,131).
The proportion of all events that were deaths (from any cause) within 28 days of hospitalisation
for IHD ranged from 4%, using the broad-balanced IHD definition, to 7%, using the narrowbalanced MI definition.
The proportion of events that were IHD deaths within 28 days of admission for a non-IHD
cause ranged from 4-6% using balanced IHD or MI definitions. Using the unbalanced IHD/MI
definition, these proportions were 8% for first MI events and 10% for all events. The
proportions of events in this category were higher using the unbalanced IHD/MI definition
because there were fewer hospitalisations than with the broad-balanced IHD definition, but
the same number of IHD deaths.
The proportion of events that were pre-hospital IHD deaths ranged from 13-16% using
balanced IHD or MI definitions. This proportion was higher (23%) using the unbalanced IHD/MI
definition because there was the same number of pre-hospital IHD deaths as with the broadbalanced IHD definition, but significantly fewer total events because only MI hospitalisations
were included. 70% of deaths linked to an IHD hospitalisation and 50% of deaths linked to a
non-IHD hospitalisation occurred while a patient was still in hospital. Overall 28-day case
fatality ranged from 24-25% using balanced IHD or MI definitions. However, the range of
estimates was much higher (37-39%) using the unbalanced IHD/MI definition.
In contrast to the wide variation in overall case fatality estimates, estimates of the proportion
of fatalities that were not associated with any hospitalisation within the 28 days preceding
death varied little whether all or only first events were included, and comprised over half, and
up to two-thirds, of all fatal events. The proportion of fatalities that were pre-hospital IHD
deaths ranged from 54-59% for all events and from 58-64% for first events.
107

Chapter 8
Including only first events led to significant reductions in the number of events, especially when
a balanced IHD definition was used. Using this definition, excluding people with a history of
IHD reduced the number of events by 40%, compared to reductions of 26% and 28% when
those with a history of MI were excluded using the balanced MI and unbalanced IHD/MI
definitions respectively. Overall 28-day case fatality estimates were slightly lower when only
first events were considered, but the proportions of fatalities that were pre-hospital deaths
were about 5% higher.
When the cohort was restricted to 35-84 year olds, overall 28-day case fatality declined by 68%, but the percentage of fatalities that were pre-hospital deaths increased by 1-3%. Case
fatality estimates for all ages and for 35-84 year olds only are shown in Table 8.6.
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Table 8.6. Numbers of Events and 28-day Case Fatality Rates using different Event Definitions and Age Inclusion Criteria
Event Definition*

All events, all ages
Broad-Balanced IHD
Unbalanced IHD/MI
Narrow-Balanced MI
All events, 35-84y
Broad-Balanced IHD
Unbalanced IHD/MI
Narrow-Balanced MI
First, all ages
Broad-Balanced IHD
Unbalanced IHD/MI
Narrow-Balanced MI
First, 35-84y
Broad-Balanced IHD
Unbalanced IHD/MI
Narrow-Balanced MI

No. of Events

Hospitalised
with IHD Alive
at 28 days

Hospitalised
with IHD &
Died within 28
days

Hospitalised
for a Non-IHD
cause & Died
from IHD
within 28 days

Pre-hospital
IHD Death

Overall 28-day
Case Fatality

Proportion of
Fatalities that
were Prehospital IHD
Deaths

47,276
28,131
22,739

76%
61%
75%

4%
6%
7%

6%
10%
4%

14%
23%
13%

24%
39%
25%

58%
59%
54%

38,004
20,566
17,660

83%
69%
81%

3%
5%
5%

4%
8%
3%

10%
18%
11%

17%
31%
19%

58%
60%
56%

28,165
20,232
16,778

75%
64%
77%

4%
5%
6%

5%
8%
4%

16%
23%
14%

25%
36%
23%

63%
64%
59%

22,808
15,540
13,558

82%
71%
82%

3%
4%
5%

3%
6%
3%

12%
19%
11%

18%
29%
18%

66%
66%
61%

*Event definitions: Broad-balanced (IHD deaths and IHD hospitalisations), Unbalanced (IHD deaths and MI hospitalisations), Narrow-balanced (MI deaths and MI
hospitalisations)
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Figure 8.3 shows the distribution of deaths that were first and recurrent events, using the
balanced IHD definition. 40% of IHD deaths were first events that manifested as pre-hospital
IHD deaths.

Figure 8.3. Distribution of IHD deaths that were First and Recurrent events, using a Balanced
IHD Definition

Hospitalised with IHD
& died of any cause
with 28 days

10%

18%

First

Pre-hospital
IHD death

7%

13%

First
40%

First

12%

Hospitalised
for a non-IHD
cause & died
of IHD within
28 days

8.5. Discussion
This nationwide data-linkage study has demonstrated that 28-day case fatality rates can vary
substantially by IHD event definition. Using balanced definitions (either the broad IHD
hospitalisations and IHD deaths or narrow MI hospitalisations and MI deaths definitions), case
fatality ranged from 23-25%, with between one-half and two-thirds of these fatal events being
pre-hospital deaths. However, using an unbalanced definition (MI hospitalisations and IHD
deaths), case fatality estimates ranged from 36-39%, with about 60% of the fatal events being
pre-hospital deaths. These differences demonstrate the importance of establishing consistent
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event definitions in an era where data-linkage is enabling cross-country comparisons of
various health measures. The large differences in case fatality by age group observed in this
study are consistent with previous studies and highlight the importance of also using the same
age groups in cross-country comparisons.
This study used contemporary data from a total population where hospital discharge and
mortality data is considered complete. New Zealand is a relatively small country with a wellconnected cardiology community and well-established national guidelines for the diagnosis of
ACS.365 366 This study is the first to compare the results of case fatality calculations using
different IHD event definitions. A major strength is that it highlights the impact of different
inclusion criteria on case fatality estimates. However, there are also a number of limitations,
primarily due to the nature of routinely collected data. First, although outcomes were able to
be examined by age and previous IHD, information on other major CVD risk factors, such as
smoking, blood pressure or diabetes was unable to be obtained. Second, definitions of MI and
IHD deaths were based on ICD-coded data that did not identify which cases underwent postmortem examination, what the autopsy findings were, and whether subjects who died prior to
hospitalisation experienced any symptoms or had been seen in primary care shortly before
death. The autopsy rate in New Zealand is approximately 11%, similar to rates in Australia
and the US, and autopsies are generally only conducted in cases where there are suspicious
circumstances or the death was unexpected.225 Third, the validity of data on the death
certificate may have varied between the groups that were and were not hospitalised prior to
death.
Since 2010, at least four data-linkage studies have specifically examined the short-term case
fatality associated with acute coronary events, but all have used different inclusion criteria.
Only one of these four studies used a balanced (narrow) approach to defining events and
included only MI hospitalisations and MI deaths in their analysis.338 The other three studies
used an unbalanced IHD/MI definition, identifying pre-hospital deaths from those with an
underlying cause of death of IHD, but calculating other deaths from a pool of MI
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hospitalisations.350

360 361

This unbalanced IHD/MI definition is consistent with the case

definition for possible fatal coronary heart disease outlined in a Scientific Statement by a group
of American and European Cardiology organisations in 2003,36 but it is contrary to the basic
epidemiological tenet that the potential population in the numerator should be the same as
that in the denominator. However, the choice of definition is not straightforward because of
difficulties in diagnosing MI in fatal cases. Nevertheless, studies using the unbalanced IHD/MI
definition may overestimate the fatal component of MI, as the hospitalised MI group may be
too dissimilar to those who experienced a pre-hospital IHD death.
In previous studies, estimates of the proportion of IHD events that occur as pre-hospital deaths
have included deaths within 28 days of a non-IHD hospitalisation.338

350 360 361

However,

recently it has been recommended that these deaths be examined separately from prehospital deaths (ie. those occurring in the community without any preceding admission).364
This recommendation is both epidemiologically sound and clinically useful. Clinically, it is
important to consider what may have triggered the fatal coronary event. Could those who had
been hospitalised for a non-IHD cause have had a missed MI during their admission, and if
so, could timely and appropriate management have prevented the death? More than 40% of
these hospitalisations were due to non-IHD circulatory conditions, which share many of the
same risk factors as IHD. This data suggests that we should focus on optimising both acute
and long-term preventive treatment in these patients at high cardiovascular risk. In these
analyses, the proportion of events that were deaths within 28 days of a non-IHD hospitalisation
was similar to the proportion that were deaths within 28 days of an IHD hospitalisation
(approximately 5-10% of all events), so this could be a missed opportunity.
Pre-hospital IHD deaths made up more than half of all fatal IHD events in these analyses.
These findings are similar to previous studies, and underscore the importance of preventive
interventions, as well as timely emergency care.75 337 Whereas many previous studies included
only incident cases of IHD, this study, like some others,338 included both first and recurrent
events. In these analyses, excluding those with a previous history of IHD or MI resulted in a
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23-40% reduction in the number of events but made little difference to overall case fatality
estimates. In studies with limited sample sizes, it may therefore be reasonable to include all
events, independent of first-time occurrence. However, as shown in Figure 7.3, 40% of IHD
deaths were first events that had manifested as pre-hospital IHD deaths, highlighting the
importance of primary prevention. Interventions to reduce pre-hospital delay in this group are
also likely to play a valuable role; studies have consistently reported significant delays
between the onset of coronary symptoms and patients seeking medical care, increasing the
chances of death or the development of important clinical complications.367-370 Although
information about symptoms prior to death was not available for these analyses, previous
research has shown that 80% of victims of out-of-hospital cardiac arrest complained of new
symptoms (most commonly chest pain, breathlessness or a general feeling of unwellness)
prior to collapse, with 70% of these patients experiencing these symptoms for longer than 15
minutes.371 If these patients had sought help for their symptoms earlier, it is likely they would
have transferred from a group with a survival rate of 2% to a group whose arrest was witnessed
by a doctor or paramedic, and in whom the survival rate is approximately 35%.371
While preventive strategies, both primary and secondary, will play a salient role in reducing
the number of pre-hospital IHD deaths, improvements in in-hospital cardiac management will
be the most important strategy to further reduce deaths following IHD hospitalisation (although
the rate of these deaths is now low). To reduce the number of IHD deaths following non-IHD
hospitalisations, a combination of prevention and improved in-hospital management will be
needed, with a particular focus on vulnerable patients admitted with circulatory conditions and
infections, especially those with a history of IHD or multiple CVD risk factors.
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CHAPTER 9: ETHNIC DIFFERENCES IN IHD DEATHS PRE- AND
POST-HOSPITALISATION
9.1. Preamble

9.1.1. Publication
This chapter includes content from the article:
Grey C, Jackson R, Wells S, Marshall R, Mehta S, Kerr AJ. Ethnic differences in case fatality
following an acute ischaemic heart disease event in New Zealand: ANZACS-QI 13. European
Journal of Preventive Cardiology. 2016;23(17):1823-30.
Permission to reprint was obtained from SAGE Publications Ltd on 16 February 2018. The
latest available impact factor for the journal is 3.606 (2016).

9.1.2. Link to Thesis Objectives
This analysis relates to the fifth objective of this thesis: to examine ethnic differences in IHD
deaths that occur pre- and post-hospitalisation.

9.1.3. Overview and Commentary
Having established an appropriate methodology for identifying pre-hospital IHD deaths, the
next step was to investigate whether the ethnic differences in hospitalised ACS case fatality
described in Chapter 7 were also present prior to admission. There is a surprising paucity of
research in this area. Most studies into the determinants of pre-hospital IHD case fatality have
focused on sex differences,372-374 and the small number of studies that have examined ethnic
differences are mostly from the US, where interest has been on differences in white versus
black Americans.375-377
One of the main challenges of this analysis was finding a way to examine potential ethnic
differences in the three fatal outcome measures (pre-hospital IHD deaths, deaths within 28
days of an IHD hospitalisation and IHD deaths within 28 days of a non-IHD hospitalisation),
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while adjusting for the multiple factors that can impact on mortality (for example, age, sex,
SES, rurality, history of IHD and comorbidities). Simple regression analyses that dealt with
dichotomous outcomes would not suffice. A number of possibilities were considered, but
quickly discounted: presenting unadjusted results only; calculating age and sex standardised
rates only; building multiple logistic regression models, one for each fatal outcome; and
combining all fatal outcomes in order to conduct one logistic regression analysis. In the end,
the solution came in the form of multinomial logistic regression, a linear regression analysis
conducted when the dependent variable is nominal with more than two levels.378 The results,
presented as adjusted case fatality estimates, are easy to understand and clearly show
significant ethnic inequities in fatal outcomes before, during and following IHD hospitalisation.

9.2. Introduction
In New Zealand, ethnic disparities in CVD are well documented. Compared to Europeans,
Māori, Pacific and Indian populations have high CVD prevalence and hospitalisation rates.379
380

Māori and Pacific people are also more likely than Europeans to die from IHD.380-382 In

Chapter 7, an analysis of case fatality in hospitalised ACS cases demonstrated that Māori and
Pacific people were up to 60% more likely than Europeans to die within 28 days, and twice as
likely to die within one year, even after adjusting for factors such as age, sex and SES.383
However, that analysis only examined deaths in people who had been hospitalised, and
studies suggest that most deaths from IHD (up to 75%) occur without any associated
hospitalisation.338 361 Distinguishing between these pre- and post-hospitalisation deaths can
be important for planning the full range of health services, from primary, through secondary
and tertiary, care.328
In addition and as outlined in Chapter 8, previous studies have defined a pre-hospital IHD
death as an IHD death that could not be linked to an IHD hospitalisation in the preceding 28
days.338

350 361

Using this criterion, people who die of IHD within 28 days of non-IHD
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hospitalisations are considered pre-hospital deaths, even if their deaths occurred in-hospital
or shortly after discharge.384 However opportunities to prevent IHD deaths are likely to differ,
not only according to whether a person had been hospitalised shortly before death, but also
the principal reason for admission.384 IHD deaths are therefore more appropriately
differentiated into those that occur: following an IHD hospitalisation, following a non-IHD
hospitalisation, or without any recent hospitalisation.
The aim of this analysis was to investigate whether ethnic differences in IHD case fatality vary
according to whether or not a person had been hospitalised in the 28 days prior to death, and
whether or not hospitalised patients had been admitted with IHD or non-IHD diagnoses. These
findings could help inform the targeting of resources to most effectively reduce cardiovascular
inequities in New Zealand.

9.3. Methods

9.3.1. Data Sources and Study Population
The study cohort was constructed by anonymously linking the NHI in the NMDS221 and
Mortality Collection224 and comprised all New Zealand residents aged 35-84 years who had
an acute IHD event between 1 December 2008 and 1 November 2010. IHD events were
identified using the ICD-10-AM codes I20-I25 and were defined as either publicly-funded
hospitalisations where IHD was the primary discharge diagnosis or deaths where IHD was the
underlying cause of death. Non-acute (booked) admissions were excluded, and only the first
IHD event experienced by each subject during the study period was included.

9.3.2. Outcome Measures
As in the analysis in Chapter 8, all subjects were classified into one of four outcome groups:
(i) hospitalised with an IHD diagnosis and alive at 28 days, (ii) hospitalised with an IHD
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diagnosis and died from any cause within 28 days, (iii) hospitalised with a non-IHD diagnosis
and died from IHD within 28 days, and (iv) pre-hospital IHD death. Group (i) is the collection
of IHD survivors and forms the baseline for comparison. Together, groups (ii)-(iv) include all
people who died following their IHD event. The intention of the analysis was to determine
whether the proportion of people in each outcome group differed by ethnicity.

9.3.3. Demographic and Clinical Covariates
Demographic and clinical data were obtained from the NMDS and Mortality Collection. Using
the ethnicity prioritisation process outlined in Chapter 4 (Section 4.4.1),236 people were
categorised into the following four ethnic groups: Māori, Pacific, Indian and European. Age
was calculated at the time of death for pre-hospital IHD deaths, or at admission for
hospitalisations. SES was assessed using the NZDep2006 score and residential addresses
were categorised into: main urban, minor or secondary urban, and rural.249
Subjects were considered to have a history of IHD if they had been hospitalised in the seven
years prior to admission or death with primary or secondary discharge diagnoses of IHD. This
seven year look-back period was used because previous hospitalisation data was only
available from July 2001. Degree of comorbidity was assessed using the Charlson
Comorbidity Index. People with no previous hospitalisations and only an IHD death record
were assumed to have no comorbidities and no history of IHD.

9.3.4. Statistical Analysis
The unadjusted proportion of people in each of the four outcome groups described above was
calculated by ethnic group. 28-day case fatality was calculated for each ethnic group in: (a)
people hospitalised with IHD (Outcome ii/Outcomes i+ii) and (b) all people in the cohort
(overall 28-day case fatality) (Outcomes ii+iii+iv/Outcomes i+ii+iii+iv). The proportion of
fatalities that were pre-hospital IHD deaths (outcome iv/outcomes ii+iii+iv) was also calculated.
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Multinomial logistic regression modelling, which is an extension of binary logistic regression
that allows for more than two outcome categories, was conducted to investigate ethnic
differences in outcome groups and case fatality after covariate adjustment.385 Covariates
included age, sex, NZDep quintile, rural residence, Charlson Comorbidity score and history of
IHD. The adjusted proportion of people in each outcome group, and adjusted 28-day case
fatality, was estimated by the marginal means method. Sensitivity analyses were carried out
to assess whether the magnitude of ethnic differences observed in the total cohort varied
according to sex and age (young [35-64 year old] vs older [65-84 year old people]). Statistical
analyses were carried out using the “mlogit” and “margins” postestimation commands of Stata
statistical software version 11.0.295

9.4. Results
Between 1 December 2008 and 1 November 2010 there were 33,653 IHD events (acute IHD
hospitalisations or IHD deaths) in New Zealand residents aged 35-84 years. Of these events,
511 were excluded due to missing data on sex (n=1), ethnicity (n=413) and SES (n=137). Of
the remaining 33,142 events, only a person’s first event during the study period (n=26,885)
was retained for analyses. Of these, 11.3% occurred in Māori, 4.0% in Pacific, 2.5% in Indian
and 82.2% in European subjects. The ‘European’ group was comprised of mostly Europeans
(79.7% of the total cohort), with small numbers of non-Indian Asians (1.6%) and people from
the MELAA group (0.9%).
As shown in Table 9.1, Māori, Pacific and Indian subjects were, on average, 7-8 years younger
than Europeans. A higher proportion of Māori and Pacific people were living in areas of high
deprivation, and Pacific and Indian subjects lived mostly in main urban areas. Māori and
Pacific subjects also had a higher prevalence of severe to very severe comorbidity compared
to Europeans and Indians. Across all ethnic groups, 75% of IHD hospitalisations were ACS
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admissions. However, among Pacific and Indian patients, a higher proportion of these ACS
admissions were MI, rather than UA, diagnoses.

Table 9.1. Sociodemographic and Selected Clinical Characteristics of the Study Population

Mean age (SD), years
Female
SES Quintile (col %)
1 (least deprived)
2
3
4
5 (most deprived)
Area of residence (col %)
Major urban
Minor or secondary urban
Rural
Charlson score (col %)
0 (no comorbidity)
1-2 (moderate)
3-4 (severe)
≥5 (very severe)
History of IHD
Hospitalised patients only:
Principal diagnosis (col %)
MI
UA
Angina
Other IHD
Other (non-IHD) circulatory†
Other (non-IHD) diagnoses

Māori
(n=3038)
61.3 (11.6)
44.0%

Pacific
(n=1078)
60.7 (12.0)
33.9%

Indian
(n=680)
61.1 (11.9)
28.1%

European
(n=22,089)
68.7 (11.3)
36.1%

3.5%
7.7%
12.7%
23.4%
52.7%

3.5%
5.4%
11.3%
19.9%
59.8%

10.7%
12.1%
16.9%
24.3%
36.0%

14.8%
17.4%
21.8%
26.6%
19.5%

61.5%
22.6%
15.8%

93.5%
5.4%
1.1%

94.6%
4.1%
1.3%

67.5%
22.0%
10.5%

52.0%
22.4%
13.0%
12.6%
29.2%

53.4%
19.9%
13.8%
12.9%
23.8%

61.2%
23.1%
8.4%
7.4%
30.3%

63.4%
20.3%
9.4%
7.0%
28.0%

56.9%
18.4%
17.0%
0.9%
2.6%
4.2%

63.1%
10.9%
19.3%
0.4%
3.0%
3.3%

60.5%
15.0%
21.4%
0.8%
0.9%
1.4%

56.1%
19.8%
18.0%
0.3%
2.4%
3.4%

†Other

non-IHD circulatory conditions included cerebrovascular disease, PVD and other CVD conditions (eg.
heart failure)

Among the total cohort, 3.3% of people died within 28 days of IHD hospitalisations, 5.1% died
of IHD within 28 days of non-IHD hospitalisations, and 13.0% experienced a pre-hospital IHD
death. Table 9.2 shows the proportions of people, by ethnic group, in each of the four outcome
groups, unadjusted and adjusted for age, sex, deprivation quintile, rural residence, Charlson
comorbidity score and history of IHD. There were at least as many IHD deaths in those
hospitalised with non-IHD diagnoses as there were in those hospitalised with IHD. After
adjustment, the lower overall survival of Māori (71.9%) and Pacific (73.6%), compared to
European (79.6%) and Indian (87.1%) patients persisted, and case fatality, overall and among
those hospitalised with IHD, was highest in Māori and Pacific patients.
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Table 9.2. Proportion of People Experiencing each of the Four Outcomes after IHD, and 28-day Case Fatality (%), by Ethnic Group
Māori
(n=3038)

Pacific
(n=1078)

Indian
(n=680)

European
(n=22,089)

74.6
4.1
5.8
15.6

75.7
3.9
5.3
15.1

89.9
2.2
2.2
5.7

79.1
3.1
5.0
12.7

5.2
25.4
61.3

4.9
24.3
62.2

2.4
10.2
56.5

3.8
20.9
60.9

71.9
4.4
6.5
17.2

73.6
4.1
6.0
16.3

87.1
2.9
3.2
6.9

79.6
3.1
4.9
12.4

5.6
27.6

5.1
26.0

3.0
12.6

3.7
20.5

Outcome proportions (unadjusted)
(i) Hospitalised with IHD, alive at 28 days
(ii) Hospitalised with IHD, died within 28 days
(iii) Hospitalised for non-IHD cause, IHD death within 28 days
(iv) Pre-hospital IHD death
28-day case fatality (unadjusted)
In those hospitalised with IHD
Overall (among all IHD events)
% of fatalities that were pre-hospital deaths
Outcome proportions (adjusted)
(i) Hospitalised with IHD, alive at 28 days
(ii) Hospitalised with IHD, died within 28 days
(iii) Hospitalised for non-IHD cause, IHD death within 28 days
(iv) Pre-hospital IHD death
28-day case fatality (adjusted*)
In those hospitalised with IHD
Overall (among all IHD events)

*Adjusted for age, sex, NZDep quintile, rural residence, Charlson comorbidity score and history of IHD
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Table 9.3 shows the relative risk ratios (RRRs, equivalent to ORs) for all covariates included
in the multinomial logistic regression model. Compared to Europeans, Māori and Pacific
people had approximately 50% higher odds of death with and without hospitalisation, whereas
Indians had 50% lower odds of death overall. Age and comorbidities also significantly
increased the odds of death, and women had lower odds of death than men.

Table 9.3. Adjusted* RRRs† (95% CIs) of Dying after Experiencing an IHD Event.

Māori
Pacific
Indian
European
Age (per 1y increase)
Female (vs Male)
Deprivation Quintile
Q1 (least deprived)
Q2
Q3
Q4
Q5 (most deprived)
Rurality of residence
Major urban area
Minor urban area
Rural area
Charlson comorbidity score
0 (none)
1-2 (moderate)
3-4 (severe)
≥5 (very severe)
History of IHD

Hospitalised with
IHD, Died within 28
days

Hospitalised for a
non-IHD cause, Died
of IHD within 28 days

Pre-hospital IHD
Death

1.66 (1.34-2.07)
1.50 (1.07-2.11)
0.82 (0.48-1.39)
1.00
1.05 (1.04-1.06)
0.83 (0.72-0.96)

1.59 (1.31-1.92)
1.40 (1.03-1.89)
0.55 (0.32-0.94)
1.00
1.07 (1.06-1.08)
0.76 (0.68-0.86)

1.58 (1.41-1.78)
1.45 (1.21-1.75)
0.49 (0.35-0.68)
1.00
1.04 (1.03-1.04)
0.62 (0.57-0.67)

1.00
1.59 (1.18-2.15)
1.53 (1.15-2.04)
1.66 (1.26-2.20)
1.64 (1.24-2.18)

1.00
0.86 (0.69-1.08)
0.95 (0.77-1.17)
0.82 (0.67-1.01)
0.91 (0.74-1.12)

1.00
1.14 (0.99-1.32)
1.14 (0.99-1.31)
1.23 (1.08-1.41)
1.32 (1.15-1.51)

1.00
1.03 (0.87-1.23)
1.08 (0.85-1.38)

1.00
1.13 (0.98-1.31)
1.05 (0.85-1.30)

1.00
1.07 (0.98-1.18)
1.11 (0.98-1.26)

1.00
1.72 (1.43-2.16)
2.83 (2.29-3.49)
5.00 (4.06-6.17)
0.59 (0.51-0.70)

1.00
3.35 (2.82-3.97)
7.84 (6.56-9.37)
12.36 (10.30-14.83)
0.93 (0.82-1.05)

1.00
1.39 (1.27-1.53)
1.82 (1.61-2.05)
2.14 (1.86-2.46)
0.57 (0.52-0.62)

*Adjusted for all factors shown
†RRRs

obtained through multinomial logistic regression (equivalent to ORs obtained through binary logistic
regression). The three fatal event categories (listed in the columns above) were compared to the base outcome
‘hospitalised with IHD and alive at 28 days’ (outcome [i]).

Sensitivity analyses showed that ethnic disparities in case fatality were evident in both men
and women and young (<65y) and older (≥65y) patients.
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9.5. Discussion
This nationwide data-linkage study investigated ethnic differences in case fatality associated
with an acute IHD event. Māori, Pacific and Indian subjects were younger than European
subjects, but Māori and Pacific people had higher death rates overall: 25% of Māori and
Pacific, compared to 21% of Europeans and 10% of Indians, died within 28 days of an IHD
event. After adjustment for potential confounders, the odds of death for Māori and Pacific
people were approximately 50% higher than Europeans, regardless of whether or not they
had been hospitalised in the preceding 28 days. In contrast, Indian patients had a 50% lower
odds of death than Europeans.
The finding that Māori and Pacific people had higher case fatality, both with and without recent
hospitalisation, is compatible with existing research that has shown that Māori and Pacific
populations experience poorer cardiovascular outcomes than other ethnic groups in New
Zealand.379 381 382 It is also consistent with overseas studies that have reported higher case
fatality and out-of-hospital cardiac arrest rates in Indigenous Australians350 and black
Americans,375 even after accounting for demographic and other factors. Conversely, Indians
had the lowest risk of death despite a high burden of coronary disease.379 Studies in the UK
and Canada, where South Asian populations are well-established and have high overall
prevalence compared to their European counterparts, have also reported that, once IHD has
become manifest, the prognosis for South Asians is the same, or better, than European
populations.386 387
In New Zealand, socioeconomic determinants of health are not evenly distributed,388 and this
was reflected in the study cohort, where 20% of Europeans, but more than 50% of Māori and
Pacific subjects resided in the most deprived (quintile 5) neighbourhoods. Differential access
to the material and structural resources necessary for health, such as income, housing and
education can influence the prevalence of known cardiovascular risk factors, such as smoking,
low dietary fruit and vegetable intake, a lack of exercise and abdominal obesity.389 The
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prevalence of these risk factors are known to be higher among Māori and Pacific people than
other New Zealanders.390
The presence of comorbidities also explained some of the ethnic differences in case fatality.
Half of Māori and Pacific patients, compared to just over one-third of European patients, had
at least one comorbid illness. The lower IHD case fatality observed among Indian patients
may have been influenced by lower levels of severe comorbidity related to the healthy migrant
effect. However, as the Indian population in New Zealand becomes more established over
time, their comorbidity profile may also change. The Charlson comorbidity score was included
in regression models, but will only partially adjust for the actual comorbidity burden of each
patient. Charlson scores in these analyses were based on previous hospitalisations, so there
were only limited opportunities to grade the severity of conditions and less severe
comorbidities only recorded in general practice may have been missed. Furthermore, this
study used only a person’s first event during the study period, and although this is the
conventional approach, it may mean that the relative burden of morbidity and number of
recurrent admissions among different ethnic groups is not fully captured.
Differential access to, and quality of, healthcare may also be important to explain ethnic
differences. A comprehensive personalised strategy in high-risk patients in primary care can
improve global cardiovascular risk and reduce the rate of major cardiovascular events,391 but
Māori and Pacific people experience greater rates of unmet need in primary care compared
to other ethnic groups.392 Secondary prevention of CVD using a combination of blood pressure
lowering agents, statins and antiplatelet drugs is recommended by national and international
guidelines.393 394 However, the analyses in Chapter 5 showed lower rates of statin use among
Māori and Pacific patients following ACS395 and another New Zealand study has previously
reported lower dispensing rates of triple therapy among Māori with established CVD.161
Similarly, the analyses in Chapter 6 found lower rates of coronary angiography and
revascularisation in Māori and Pacific patients admitted with ACS.396 Conversely, Indian
patients have high use of preventive pharmacotherapy and those admitted with ACS are more
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likely to receive revascularisation than Māori or Pacific patients,395 which may also influence
their lower risk of death due to IHD. These ethnic differences in disease management and
treatment-seeking behaviour may arise for a number of reasons, including the cultural fit and
competency of health providers, the effectiveness of patient-provider communication, trust in
physicians, and perceptions of the seriousness of ischaemic symptoms.397
Once a coronary event has occurred, a crucial point of intervention is in minimising the time
between symptom onset and access to defibrillation.371 To reduce mortality and the risk of
potentially preventable complications, further definitive medical treatment for ACS should be
started as soon as possible, ideally within one hour of symptom onset.370 However an
Auckland-based study of 805 patients found that the median time to ambulance or hospital
care was more than two hours, and half of the cohort had a delay of over three hours.367 The
median pre-hospital delay in those living in the most deprived areas was one hour longer than
those living in the least deprived areas, and Māori, Pacific and Indian patients were less likely
than European patients to travel to hospital by ambulance. Such differential delays expose
patients to a higher risk of both pre-hospital death and more permanent cardiac injury in those
who reach hospital.

9.6. Conclusion
There is a higher IHD case fatality among Māori and Pacific people compared to Europeans,
but a lower case fatality among Indians in New Zealand. It is likely that the higher case fatality
in Māori and Pacific people is related to ethnic differences in the socioeconomic determinants
of health, cardiovascular risk factors, comorbidities and access to healthcare. Strategies to
improve access to all aspects of care will be important to eliminate these ethnic disparities in
case fatality, from primary prevention and emergency services to in-hospital and long-term
medical management of IHD and other comorbidities.
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CHAPTER 10: TRENDS IN IHD HOSPITALISATIONS AND DEATHS
10.1. Preamble

10.1.1. Publication
This chapter includes content from the article:
Grey C, Jackson R, Wells S, Wu B, Poppe K, White H, Chan WC, Kerr AJ. First and recurrent
ischaemic heart disease events continue to decline in New Zealand, 2005-2015. Heart.
2018;104(1):51-7.
Permission to reprint was obtained from BMJ Publishing Group Ltd on 16 February 2018. The
latest available impact factor for the journal is 5.595 (2014).

10.1.2. Link to Thesis Objectives
This analysis relates to the sixth objective of this thesis: to investigate trends in first and
recurrent IHD deaths and hospitalisations.

10.1.3. Overview and Commentary
In New Zealand, the Ministry of Health regularly publishes information on mortality, overall and
for selected causes, by sex and Māori/non-Māori ethnic groups. These publications have
shown a consistent decline over many years in overall and IHD-specific mortality in the total
population and for both men and women.53 398 When the analyses outlined in this chapter were
first conceived, therefore, the focus was on examining trends in IHD hospitalisations rather
than mortality, as it was felt that the literature on IHD mortality was fairly complete.
Hospitalisations in these analyses would be used as a proxy for IHD incidence, and so it was
important that event rates were separated into ‘first’ (those occurring in people without a
history of IHD) and ‘recurrent’ (those occurring in people with a history of IHD). An analysis
with similar methodology had been published previously by people within the VIEW research
group.62 That analysis had examined trends in IHD hospitalisations between 1993 and 2005,
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and noted an increase in hospitalisation rates until the year 2000, followed by a steady decline.
It soon became apparent that an examination of IHD mortality was also necessary to provide
a comprehensive picture of recent trends in IHD in New Zealand. The ensuing IHD mortality
analyses also filled a gap in the literature on IHD mortality rates in those with and without a
prior history of IHD.

10.2. Introduction
Steady declines in deaths from IHD57 59 399 have been noted in most high-income countries for
decades. Trends in hospitalised IHD, by contrast, have been more variable, with some
countries reporting declines and others a plateau.65 145 400-403 In New Zealand, IHD death rates
have declined by approximately 90% since the late 1960s.60 IHD hospitalisation rates reached
a peak in the late 1990s, before declining through the early 2000s.62 Trends in IHD
hospitalisations have not been examined in New Zealand since 2005, and there is limited data
on whether mortality and hospitalisation trends differ by sex and for first and recurrent events.
Over the past two decades, there have been important changes in the clinical classification
and diagnosis of IHD that may have affected the pattern of IHD hospitalisations. These
changes include refining the definition of MI,49 51 the use of ACS as the main way of classifying
major acute IHD events, and an increased availability of more sensitive cardiac biomarkers,
particularly troponins.404 Such changes would be expected to increase the diagnosis of MIs
that may have previously gone undetected. In addition, the evidence-based management of
IHD has improved, including the more frequent use of PCI for acute reperfusion therapy and
more systematic prescribing of antiplatelet, anti-hypertensive and statin medications.313 These
changes would be expected to improve outcomes, including recurrent hospitalisations and
deaths, for those with existing IHD.
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Measuring trends in IHD incidence is important to define the burden of CVD and identify highrisk populations, assess the success of primary prevention efforts, and generate useful
information for updating priorities regarding health promotion.405 Furthermore, in an era of
ageing populations,406 improved survival,57 and potentially increasing IHD prevalence,208 it is
also important to examine changes in recurrent IHD events to assess the likely impact of
secondary prevention and treatment.61 However, very few studies have included people with
previous IHD,401 407 and none have examined trends in deaths and hospitalisations in those
with and without a history of IHD at a national level.
The objectives of this study were to: (1) examine recent trends in IHD deaths and
hospitalisations by prior IHD status and (2) investigate whether these trends differ by age and
sex.

10.3. Methods

10.3.1. Study Population
The study population included all New Zealand residents aged 35-84 years for the years 20052015. Over this time period, the New Zealand population in this age group increased from
approximately 2.05 to 2.35 million and the proportion of people aged 65-84 years increased
from 21.6% to 25.4%.

10.3.2. Identification of Events
Numerators for the calculation of hospitalisation and mortality rates were obtained using data
from the NMDS221 and Mortality Collection.224
Denominators for recurrent events included all people alive at the beginning of each study
year who had been hospitalised with a primary or secondary diagnosis of IHD in the preceding
10 years. These were estimated for each year (2005-2015) by identifying all people in the
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NMDS who had been admitted with an IHD diagnosis in the 10 years prior to the study year
and linking individuals to mortality data to ensure that they were still alive on 1 January of that
study year. As data were individually linked, accurate estimates of the denominator population
by age and sex were available. Denominators for first IHD events comprised people without
an IHD hospitalisation in the previous 10 years, and were calculated by subtracting
denominators for recurrent events from the New Zealand population projections for each
calendar year (obtained from the Ministry of Health and Statistics New Zealand) during the
study period.
Numerators for hospitalisation rates included people from the denominator populations who
were admitted acutely to a public hospital with a primary diagnosis of IHD between 1 January
and 31 December of the study year. This was a per-person-per-year, rather than a per-event,
analysis, so even if someone was hospitalised multiple times during the year, he or she
contributed to the numerator only once that year. If a person without prior IHD was admitted
multiple times in a study year, his or her events were counted as a single first event, as he or
she would have been included in the ‘first events denominator’ for that year. In subsequent
years, that person would then be moved to the ‘recurrent events denominator’. The subgroup
of people hospitalised with MI specifically was also recorded.
Numerators for mortality rates included all people with an ICD-10 coded underlying cause of
death of IHD. If a person experienced both an IHD hospitalisation and a subsequent IHD death
in the same year, both events were counted; the first in the calculation of hospitalisation rates
and the second in the calculation of death rates.

10.3.3. Statistical Analysis
Characteristics of people who experienced an IHD event in 2005 and in 2015 were examined,
and characteristics of those with and without prior IHD compared using descriptive statistics.
Differences between the two groups and 95% CIs for both years were examined using a two-
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sample test of equality of proportions (with continuity correction) using the normal
approximation to the binomial distribution.
MI and IHD hospitalisation and IHD mortality rates were calculated per 100,000 population for
those with and without prior IHD for each calendar year. Age-specific rates were calculated
for three age groups: 35-64, 65-74, 75-84 years. Crude rates were age standardised, using
these three age groups, to the Projected New Zealand Population 2015 (35-84 years) by the
direct method (Table 10.1). Age-standardised rates were calculated by sex.

Table 10.1. Standard Population used for Age Standardisation of IHD Event Rates
Projected New Zealand Population 2015 (35-84 years)
Age group (y)
35-64
65-74
75-84
Total

Number
1,757,735
391,985
204,985
2,354,705

Percentage of population
74.65%
16.65%
8.70%
100.00%

Temporal trends in IHD hospitalisation and mortality rates by sex and age group were
examined for first and recurrent events using negative binomial regression, with year of
admission (continuous variable) and five-year age group (categorical variable) included as
independent variables. Interactions between year and age group were tested for, but there
was no evidence for an interaction effect. The results of the final models were summarised by
presenting the incidence rate ratio (IRR) changes, interpreted as age-adjusted annual percent
changes in hospitalisation rates over the study period. IRRs were calculated by taking the
exponential of the beta coefficient for year of admission and the IRR changes were calculated
using the formula (IRR-1) x 100%. Data analysis was performed using Stata SE statistical
software version 13.0.295
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10.4. Results
Between 2005 and 2015 160,109 New Zealand residents aged 35-84 years were admitted to
hospital 259,678 times for IHD and there were 35,548 IHD deaths. Patient characteristics at
first event (IHD hospitalisation or death) for the years 2005 and 2015 are shown in Table 10.2.
Despite continuous growth in the New Zealand population from 2005-2015, the number of
people who died or were hospitalised with IHD steadily declined each year (from almost
24,000 in 2005 to just over 16,000 in 2015). Declines over time were also noted in the
proportion of people experiencing an IHD event who had prior IHD (from 50% in 2005 to 38%
in 2015) and who were female (from 40% in 2005 to 34% in 2015). Among people hospitalised
with IHD, about two-thirds of those without a history of IHD were diagnosed with MI, compared
to only half of those with prior IHD.
Declining hospitalisation and death rates were observed in all age groups and in both men
and women, as shown in Figure 10.1.
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Table 10.2. Characteristics of People who experienced an IHD Event in 2005 and 2015, by IHD History

No prior IHD
n=11,885
10,311 (86.7%)
2089 (17.6%)

2005
n=23,806
Prior IHD
n=11,921
10,934 (91.7%)
1710 (14.3%)

Men
Women

7181 (60.4%)
4704 (39.6%)

35-64y
65-74y
75-84y
Discharge diagnoses†
MI
Other IHD

IHD hospitalisation
IHD death

-3.2% (-4.2 to -2.3%)

No prior IHD
n=10,079
8694 (86.3%)
1722 (17.1%)

2015
n=16,304
Prior IHD
n=6225
5480 (88.0%)
1098 (17.6%)

7117 (59.7%)
4804 (40.3%)

0.7 (-0.5 to 1.9%)

6461 (64.1%)
3618 (35.9%)

4124 (66.3%)
2101 (33.7%)

-2.2% (-0.6 to -3.7%)

4962 (41.8%)
3143 (26.5%)
3780 (31.8%)

3140 (26.3%)
3482 (29.2%)
5299 (44.5%)

-15.5% (-14.2 to -16.6%)
2.7% (1.6 to 3.9%)
12.7% (11.4 to 13.9%)

4174 (41.4%)
2962 (29.4%)
2943 (29.2%)

1731 (27.8%)
1954 (31.4%)
2540 (40.8%)

-13.6% (-12.1 to -15.1%)
2.0% (0.5 to 3.5%)
11.6% (10.1 to 13.1%)

n=10,311
6642 (64.4%)
3669 (35.6%)

n=10,934
5679 (51.9%)
5255 (48.1%)

12.5% (11.2 to 13.8%)

n=8694
5810 (66.8%)
2884 (33.2%)

n=5480
3040 (55.5%)
2440 (44.5%)

11.3 (9.6 to 13.0%)

Difference in %s
(95% CI)*

Difference in %s
(95% CI)*
0.6% (-0.1 to 1.7%)

*Two-sample test of equality of proportions between those with and without prior IHD using the normal approximation to the binomial distribution.
†

Discharge diagnoses of those hospitalised with IHD

131

Chapter 10
Figure 10.1. Age-Specific IHD Death (left axis) and Hospitalisation (right axis) Rates for Men and
Women, 2005-2015
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Age-standardised IHD and MI rates in both men and women with and without prior IHD also
declined, as shown in Figure 10.2. Men and women with a history of IHD had substantially
higher IHD rates than those without prior IHD (rates were approximately five-fold higher for
deaths, and 10-fold higher for hospitalisations). Men with and without prior IHD had higher
mortality rates than their female counterparts. Likewise, men without prior IHD had much
higher hospitalisation rates than women without prior IHD. However, there were no sex
differences in IHD hospitalisation rates, and from 2009, MI hospitalisation rates, in people with
a history of IHD.
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Figure 10.2. Age-Standardised IHD Mortality, IHD Hospitalisation and MI Hospitalisation Rates
in Men and Women with (left axis) and without (right axis) a History of IHD

1200

250

1000

200

800

150

600
100

400

50

200

0

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year
Men with prior IHD

Women with prior IHD

Men with no prior IHD

Women with no prior IHD

Rate per 100,000 population
without prior IHD

Rate per 100,000 population with
prior IHD

a. IHD mortality rates

1000
900
800
700
600
500
400
300
200
100
0

10000
8000
6000
4000
2000
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year
Men with prior IHD

Women with prior IHD

Men with no prior IHD

Women with no prior IHD

Rate per 100,000 population without
prior IHD

Rate per 100,000 population with prior
IHD

b. IHD hospitalisation rates

6000

1000

5000

800

4000

600

3000
400

2000

200

1000
0

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year
Men with prior IHD

Women with prior IHD

Men with no prior IHD

Women with no prior IHD

133

Rate per 100,000 population
without prior IHD

Rate per 100,000 population with
prior IHD

c. MI hospitalisation rates

*Error bars
denote 95% CIs

Chapter 10
Table 10.3 shows age-adjusted annual percent changes in IHD deaths and hospitalisations
by sex, IHD history and age group. Declines in IHD deaths were greater in men and women
without prior IHD (3.8-5.0% and 4.8-5.2% respectively) compared to those with prior IHD (2.93.4% for men and 0-3.7% for women). Younger (35-64y) women with prior IHD had low IHD
death rates and were the only group who did not experience a decline in mortality over the
study period. By contrast, declines in IHD hospitalisations were greater in men and women
with prior IHD (5.6-6.6% and 5.9-7.3% respectively) than those experiencing first
hospitalisations (3.2-4.8% in men and 4.3-5.7% in women).

Table 10.3. Age-Adjusted* Annual Percent Changes in IHD Hospitalisations and Deaths for Men
and Women with (Recurrent) and without (First) Prior IHD, by Age Group.

Deaths

IHD

History of IHD
None

Prior IHD

Hospitalisations

None

Prior IHD

Age group (years)
35-64
65-74
75-84
All (35-84)
35-64
65-74
75-84
All (35-84)
35-64
65-74
75-84
All (35-84)
35-64
65-74
75-84
All (35-84)

Men
-4.2% (-3.4 to -5.1%)
-5.0% (-4.0 to -5.9%)
-3.8% (-2.9 to -4.6%)
-4.3% (-3.7 to -4.8%)
-2.9% (-1.4 to -4.4%)
-2.9% (-1.7 to -4.2%)
-3.4% (-2.4 to -4.4%)
-3.2% (-2.4 to -3.9%)
-3.2% (-2.9 to -3.6%)
-4.6% (-4.1 to -5.2%)
-4.8% (-4.4 to -5.3%)
-4.0% (-3.7 to -4.2%)
-5.6% (-5.0 to -6.3%)
-6.0% (-5.2 to -6.9%)
-6.6% (-6.0 to -7.2%)
-6.0% (-5.6 to -6.4%)

Women
-5.1% (-3.3 to -6.8%)
-5.2% (-3.7 to -6.6%)
-4.8% (-3.8 to -5.9%)
-4.9% (-4.2 to -5.7%)
+0.8% (-1.9 to +3.7%)
-3.7% (-1.8 to -5.5%)
-2.4% (-1.4 to -3.4%)
-2.3% (-1.5 to -3.2%)
-4.3% (-3.8 to -4.8%)
-6.3% (-5.7 to -6.9%)
-5.7% (-5.2 to -6.1%)
-5.3% (-5.0 to -5.7%)
-5.9% (-5.2 to -6.8%)
-7.3% (-6.5 to -8.1%)
-6.6% (-5.8 to -7.3%)
-6.6% (-6.1 to -7.0%)

*Negative binomial regression performed using five-year age bands.

10.5. Discussion
This is the first study to compare trends in IHD event rates in those with and without a history
of IHD at a national level. These analyses have demonstrated a continued decline in IHD event
rates (both hospitalisations and deaths) in New Zealand. With the exception of deaths in
younger (35-64y) women with prior IHD, there was a significant downward trend in IHD and
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MI events in men and women of all ages, with and without a history of IHD. The decline in IHD
mortality was greater for those experiencing a first IHD event (4-5% annually, compared to 23% for those with prior IHD), but the decline in hospitalisations was greater for those
experiencing a recurrent event (6-7% annually, compared to 4-5% for those experiencing a
first event).
These findings are consistent with recent studies that have noted steady declines in first MI
hospitalisations in Denmark145 and the US,65 total ACS hospitalisations in Ireland,400 first and
recurrent IHD hospitalisations in Western Australia,408 and IHD mortality in most high income
countries.57 59 In contrast, stable, rather than decreasing, IHD hospitalisation trends have been
reported in Hong Kong402 and British Columbia,403 and increasing IHD mortality rates in South
and East Asia.59 The continued decline in IHD mortality in most high income countries has
been attributed to a combination of improved primary (improvements in risk factors) and
secondary (improved treatment of acute and chronic IHD) prevention.81 409 Using the IMPACT
Coronary Heart Disease Model, it has been estimated that 47% of the decline in IHD mortality
in the USs from 1980-2000 was attributable to evidence-based medical and surgical
treatments, and 44% to reductions in major risk factors.81
In 2015, IHD mortality rates for men and women with prior IHD were six and 12-times higher,
respectively, than men and women without an IHD history. After an IHD event, the risk of
experiencing a recurrent event is high. A recent national Swedish registry study found that one
in five patients discharged with MI had a subsequent event (stroke, MI or cardiovascular death)
in the first 365 days after the index MI, and more than half of these events were deaths. For
MI patients who survived a year without a subsequent cardiovascular event, one in five
patients experienced an event during the subsequent two years.410 In the Swedish registry
study, the risk of experiencing a subsequent event was highest in elderly patients, those with
heart failure, and those who had not received revascularisation.
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These analyses started with the year 2005, as a previous New Zealand study had examined
IHD hospitalisation trends up to 2005.62 This study not only confirms a continued decline in
total IHD hospitalisations, but has shown that the rate of decline is now greater for recurrent,
compared to first, hospitalisations. Over the study period, the proportion of people hospitalised
with IHD who had an IHD history decreased from 50% to 38%. This proportion is similar to
that reported in Australia (40%),411 but significantly higher than in European countries such as
the Netherlands (21%)412 and UK (17%).338 This downward trend suggests that hospital and
primary care-based interventions to prevent recurrent IHD events are having an important
impact on hospitalisation rates. Improvements in management include long-term treatment
with more systematic and intensive secondary prevention medications, greater utilisation of
early intervention strategies in ACS, primary PCI for STEMI, and other secondary prevention
measures such as cardiac rehabilitation, smoking cessation, promotion of a cardioprotective
diet and an increase in physical activity.313
The ability to accurately link multiple national health data bases in New Zealand using a unique
health identifier is a significant strength of this study. Linkage of routinely collected datasets
enabled the determination of denominators for recurrent and first events with more accuracy
than has previously been possible. The decision to examine total IHD, as well as MI,
hospitalisations also meant that a more complete picture of coronary trends was able to be
obtained, as ‘other IHD types’ (mostly angina) comprise a sizeable proportion (over one-third)
of IHD admissions. The use of routinely collected data for these analyses enabled almost
complete capture of all IHD hospitalisations over the study period, as private hospitals are
responsible for very few IHD admissions in New Zealand,413 and the NMDS is considered
complete for public hospitalisation data.
However, there are several potential study limitations. Firstly, the analyses are unlikely to have
captured all non-fatal IHD events, as some people will be undiagnosed or have been treated
in the community. This is likely to have been more of an issue for angina or ‘other IHD’
subtypes, as patients diagnosed with ACS, particularly MI, are seldom treated out of hospital
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in New Zealand.62 Secondly, it is possible that some misclassification or miscoding of noncardiac chest pain or other non-IHD diagnoses occurred, although there were no changes in
coding standards or directives at a national level over the course of the study period. Finally,
because hospitalisation data was only available from 1993 onwards, a 10-year look-back
period across all events was used to distinguish first from recurrent IHD hospitalisations. While
a 10-year look-back period is often used and has been considered a gold standard,414 it will
have resulted in a small proportion of recurrent hospitalisations (where previous events
occurred >10 years prior) being misclassified as first events.

10.6. Conclusion
Favourable IHD hospitalisation and mortality trends were observed in men and women, with
and without prior IHD, in most age groups in New Zealand between 2005 and 2015, indicating
that both primary and secondary prevention efforts have been effective. Declines in
hospitalisation rates were greatest in people with a history of IHD, but declines in mortality
were greatest in those experiencing a first event.
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CHAPTER 11: TRENDS IN IHD HOSPITALISATIONS AND DEATHS BY
ETHNIC GROUP
11.1. Preamble

11.1.1. Publication
This chapter includes content from the article:
Grey C, Jackson R, Wells S, Wu B, Poppe K, Harwood M, Sundborn G, Kerr A. Trends in
ischaemic heart disease: patterns of hospitalisation and mortality rates differ by ethnicity
(ANZACS-QI 21). New Zealand Medical Journal. 2018; 131:1478.
Permission to reprint was obtained from the New Zealand Medical Journal via email on 27 July
2018.
11.1.2. Link to Thesis Objectives
This analysis relates to the seventh objective of this thesis: to investigate trends in IHD deaths
and hospitalisations by ethnicity.

11.1.3. Overview and Commentary
The previous chapter demonstrated continued declines in IHD event rates in recent times in
men and women and those with and without a prior history of IHD, but questions remained about
whether these declines had been experienced by men and women in all ethnic groups. The
Ministry of Health has reported trends in IHD mortality rates for Māori and non-Māori and these
publications have demonstrated consistently higher rates of IHD mortality among Māori, with
Māori men and women experiencing death rates almost twice that of their non-Māori
counterparts.53 Other publications have also noted higher rates of IHD hospitalisations among
Māori compared to non-Māori,415 but those analyses are now over 10 years old, and ethnic
comparisons in hospitalisation rates are not regularly reported. Moreover, trends in IHD have
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seldom been reported for other high-risk ethnic groups. This analysis aimed to address these
gaps in the literature.

11.2. Introduction
In New Zealand, IHD mortality rates reached a peak in the late 1960s,60 and by 2000, ageadjusted mortality rates had declined to less than one-third of their 1960s baseline.59 416 This
steep decline has been attributed to rapid progress in the prevention and treatment of CVD,
including reductions in blood cholesterol and smoking prevalence, improvements in blood
pressure control, and the increasing use of revascularisation in the treatment of acute coronary
syndromes.81
However, there are concerns that rising rates of obesity and diabetes may halt, or even reverse,
these favourable trends in IHD.416 Increases in BMI and diabetes prevalence have been
implicated in recent slowdowns in the rates of decline of IHD mortality in young adults in the
United States, Britain and Australia.86-88 New Zealand, however, has not yet observed this
phenomenon in the total population. As demonstrated in Chapter 10, IHD event rates continued
to decline between 2005 and 2015 in men and women of all ages.417 However, these trends
have not yet been examined by ethnicity, even though cardiovascular outcomes and the
prevalence of obesity and diabetes are known to vary markedly by ethnic group. Māori, Pacific
and Indian adults are known to be at increased risk of CVD, with higher prevalence and
hospitalisation rates compared to Europeans.379 380 Obesity rates are highest in Pacific (67%)
and Māori (47%), intermediate in European (30%), and lowest in Asian (15%) adults;418 however
it has been shown that Indians have similar body fat levels to those of Europeans with BMI
levels 4-6 units higher, so relative obesity rates in Indians may be higher than official rates
suggest.419 Estimates of diabetes prevalence range from 5.9% for Europeans to 12.3% for
Māori, 17.4% for Indians and 19.5% for Pacific people.420 It is possible that these ethnic
differences in obesity and diabetes prevalence could result in differential rates of decline in IHD.
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The aims of this study were therefore to: (1) investigate whether recent declines in IHD deaths
and hospitalisations were experienced by all major ethnic groups, and (2) quantify the rate of
change in fatal and non-fatal IHD events between 2006 and 2015 by ethnicity.

11.3. Methods

11.3.1. Study Population
The study population included all New Zealand residents aged 35-84 years during the period
2006-2015. There is no standard age range for these types of analyses internationally; however,
the upper age limit of 84 years was chosen because of concerns about the accuracy of
diagnostic codes in the oldest age groups. Diagnostic uncertainty increases with age,
particularly in the presence of multiple comorbidities.

11.3.2. Identification of Events
IHD hospitalisation rates were estimated using discharge data for acute admissions from the
NMDS221 and IHD death rates from the Mortality Collection.224 To ensure that differing rates of
re-hospitalisation by ethnic group did not skew results, a per-person-per-year, rather than a perevent, analysis was conducted. Thus, even if re-admitted, a person only contributed once to the
hospitalisation numerator for each year.
For those with multiple ethnic groups recorded, the prioritisation method outlined in Chapter 4
(Section 4.4.1) was used to assign each individual to one of the following ethnic groups: Māori,
Pacific, Indian, Other Asian, European.
Denominators for the calculation of rates were obtained from ethnic group population
projections (2015 update), produced by Statistics New Zealand according to assumptions
specified by the Ministry of Health. These projections are available by 5-year age group for the
following four ethnic groups: Māori, Pacific (excluding Māori), Asian (excluding Māori and
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Pacific), and Other (total population excluding Māori, Pacific and Asian). The Other group is
mostly comprised of Europeans, with small numbers (approximately 1%) of people categorised
as MELAA. The population projections are based on the estimated resident population of each
ethnic group at 30 June 2013 and adjusted for census undercount due to various factors, such
as non-response and residents temporarily overseas on census night.
Because Indians are not identified separately in the population projections, separate
denominators for Indians and Other Asians were estimated using a customised dataset from
Statistics New Zealand of the numbers of Indians and Other Asians in the 2006 and 2013
censuses. The proportion of the total Asian group that was Indian was calculated for 2006 and
2013 by 5-year age group and sex, interpolated for the intervening years and extrapolated for
the years 2014-2015. These proportions were then applied to the population projections for
Asians.

11.3.3. Statistical Analysis
The ethnic distribution of the male and female population aged 35-84 years and of IHD deaths
and IHD/MI hospitalisations were compared for the years 2006/07 and 2014/15. Average
annual event rates were calculated over each two-year period because of the small number of
IHD deaths in some ethnic groups. Crude rates were age standardised, using 5-year age
groups, to the Projected New Zealand Population 2015 by the direct method. Age-standardised
IHD hospitalisation rates were divided by age-standardised IHD mortality rates to estimate the
ratio of non-fatal to fatal IHD events for each ethnic group. Because individuals were counted
only once in a specified year when calculating hospitalisation rates (regardless of how many
times they were hospitalised each year), this ratio represented the number of people
hospitalised with IHD for every IHD death.
Temporal trends in IHD death and hospitalisation rates were examined by sex and ethnic group
using negative binomial regression, with year of admission (continuous variable) and 5-year age
group (categorical variable) as independent variables. Interactions between year and age group
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were tested for, but there was no evidence of an interaction effect. The results of the final models
were summarised as age-adjusted annual percent changes in IHD rates over the study period.
Data analysis was performed using Stata SE statistical software version 13.0.295

11.4. Results
Between 2006 and 2015, 145,929 New Zealand residents aged 35-84 years experienced at
least one IHD hospitalisation and/or an IHD death. Ethnicity was not able to be identified in 3984
(2.7%) people. The number of men and women in the study population increased by 12.2% and
13.4% respectively between year one and year ten, but there was a steady decline in the
number of people who experienced IHD events. The number of people hospitalised with IHD
decreased from 21,311 in 2006 to 14,174 in 2015 (33.5% decline) and the number who died
from IHD decreased from 3624 to 2820 (22.2% decline) over the same period.
Europeans accounted for almost 80% of the New Zealand population aged 35-84 years in 2006,
but declined to approximately 75% in 2015 (Table 11.1). The four other ethnic groups all
increased in size over this period, particularly the Indian and Other Asian groups. The mean
age of Europeans was almost 57 years, approximately five years older than other ethnic groups.
Māori and Pacific people were over-represented for IHD hospitalisations and deaths except for
hospitalisations among Māori men. In contrast, Indians were over-represented for IHD
hospitalisations but under-represented for IHD deaths, while Other Asians were underrepresented for both hospitalisations and deaths. The European ethnic group were underrepresented for deaths but their IHD hospitalisations were in proportion to their population size.
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Table 11.1. Proportions of the Population, of IHD deaths, and of those Hospitalised with IHD, in each Ethnic Group for (a) Men and (b) Women,
2006/07 and 2014/15
(a) Men
Year
2006/07

% of NZ population 35-84y
% of IHD deaths
% of hospitalised with IHD
2014/15 % of NZ population 35-84y
% of IHD deaths
% of hospitalised with IHD
Mean age of population 35-84y 2014/15

Māori
9.7%
12.5%
9.8%
10.5%
14.1%
10.1%
52.1y

Pacific
4.2%
4.1%
3.6%
4.6%
5.5%
5.3%
51.6y

Māori
10.0%
11.3%
12.0%
11.2%
15.9%
13.7%
52.1y

Pacific
4.2%
3.6%
3.9%
4.6%
6.4%
5.2%
52.0y

Indian
2.4%
1.2%
2.7%
3.5%
2.2%
4.2%
50.7y

Other Asian
4.8%
0.8%
1.5%
6.3%
1.2%
2.5%
52.3y

European
78.9%
72.3%
80.2%
75.1%
72.1%
76.0%
56.7y

Total*
2,030,425
4621
25,460
2,238,730
3778
18,513

(b) Women
Year
2006/07

% of NZ population 35-84y
% of IHD deaths
% of hospitalised with IHD
2014/15
% of NZ population 35-84y
% of IHD deaths
% of hospitalised with IHD
Mean age of population 35-84y 2014/15
*Over 2-year period

Indian
2.1%
1.0%
1.8%
3.1%
1.8%
3.2%
50.6y
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Other Asian
5.7%
0.6%
1.3%
7.6%
1.2%
2.4%
52.1y

European
77.8%
77.1%
79.4%
73.5%
71.7%
74.4%
56.9y

Total*
2,179,490
2510
16,891
2,428,175
1932
10,192
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Figures 11.1-11.2 show trends in age-standardised IHD hospitalisation and death rates in men
and women. Over the 10-year study period, there was a steady decline in both IHD
hospitalisation and mortality rates in men of all ethnic groups. Indian men had the highest
hospitalisation rates (1414 per 100,000 in 2014/15), followed by Pacific (1243) and Māori men
(996), while European (779) and Asian (416) men had the lowest IHD hospitalisation rates.
Mortality rates, on the other hand, were consistently highest among Māori men (337 per
100,000 in 2014/15), followed by Pacific (292), Indian (197), European (149) and Other Asian
(48) men.
Over the 10-year study period, there was a steady decline in IHD hospitalisation rates in
women of all ethnic groups. IHD hospitalisation rates among women were highest among
Indians (706 per 100,000 in 2014/15), followed by Māori (644), Pacific (624), European (376)
and Asian (211) women. Mortality rates showed a consistent decline in women over this
period, with the exception of Pacific women. In a pattern similar to men, Māori women had the
highest IHD mortality rates (177 per 100,000 in 2014/15), followed by Pacific (171), Indian
(87), European (65) and Other Asian (25) women. In 2014/15, age-standardised IHD mortality
rates in Māori and Pacific women were more than twice the rate for European women.
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Figure 11.1. Age-Standardised* IHD (a) Hospitalisation and (b) Death Rates in Men aged 35-84y,
by Ethnic Group, 2006-2015
(a) IHD hospitalisations
Annual* rate per 100,000
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(b) IHD deaths
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*Rates averaged over a two-year period and age-standardised to the Projected New Zealand Population 2015.
Error bars denote 95% confidence intervals.
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Figure 11.2. Age-Standardised* IHD (a) Hospitalisation and (b) Death Rates in Women aged 3584y, by Ethnic Group, 2006-2015
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(b) IHD deaths
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*Rates averaged over a two-year period and age-standardised to the Projected New Zealand Population 2015

Table 11.2 shows age-adjusted annual percent changes in IHD deaths and hospitalisations
by sex and ethnic group between 2006/07 and 2014/15. Annual declines in IHD deaths were
highest among Māori and Indian men (5.0% and 4.9%, respectively) and Indian, European
and Māori women (5.4%, 5.0% and 4.5%, respectively). Pacific women did not experience a
statistically significant decline in IHD mortality. Larger declines were observed for IHD
hospitalisations, with women of all ethnic groups and Māori and European men experiencing
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annual declines in age-adjusted mortality exceeding 6%. Pacific men had the slowest rate of
decline in IHD hospitalisations, at 3.6% per year.

Table 11.2. Age-Adjusted* Annual Percent Changes (95% CI) in IHD Deaths and
Hospitalisations between 2006/07 and 2014/15 for Men and Women, by Ethnic Group
Sex
Men

Women

Ethnic Group
Māori
Pacific
Indian
Other Asian
European
Māori
Pacific
Indian
Other Asian
European

IHD Deaths
-5.0% (-3.8 to -6.3%)
-3.1% (-0.9 to -5.2%)
-4.9% (-1.4 to -8.3%)
-4.7% (-0.4 to -8.7%)
-4.3% (-3.7 to -4.9%)
-4.5% (-2.8 to -6.2%)
-1.3% (-4.4 to +1.8%)
-5.4% (-0.1 to –10.4%)
-3.1% (-9.0% to +3.2%)
-5.0% (-4.2% to -5.8%)

IHD Hospitalisations
-7.2% (-6.6 to -7.8%)
-3.6% (-2.6 to -4.5%)
-5.7% (-4.6 to -6.8%)
-4.0% (-2.3 to -5.6%)
-6.1% (-5.7 to -6.5%)
-8.8% (-8.1 to -9.5%)
-6.3% (-5.1 to -7.6%)
-7.9% (-6.3 to -9.5%)
-6.3% (-4.4 to -8.2%)
-8.1% (-7.8 to -8.4%)

*Negative binomial regression performed using five-year age bands

Table 11.3 shows the number of people hospitalised with IHD for each IHD death that occurred
in 2006/07 and 2014/15 by ethnicity. Indian and Other Asian men and women had the highest
ratio of hospitalisations to deaths (7.2-8.6 IHD hospitalisations for every IHD death in 2014/15),
followed by European women (5.8:1), European men (6.2:1), Pacific men (4.4:1), Māori and
Pacific women (3.6-3.8:1) and Māori men (3.0:1).

Table 11.3. Number of People Hospitalised for IHD for every IHD Death that occurred,* 2006/07
and 2014/15
Sex
Men

Women

Ethnic Group
Māori
Pacific
Indian
Other Asian
European
Māori
Pacific
Indian
Other Asian
European

2006/07
3.9
4.4
8.7
7.1
6.2
6.0
6.4
10.0
12.3
7.5

2014/15
3.0
4.3
7.2
8.6
5.2
3.8
3.6
8.1
8.4
5.8

*Calculated by dividing age-standardised IHD hospitalisation rates by age-standardised IHD death rates
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11.5. Discussion
This is the first study to examine recent IHD trends at a country-wide level by multiple ethnic
groups. Between 2006 and 2015, IHD deaths and hospitalisations declined in all the main
ethnic groups and in both sexes. There were no clear differences in pattern of decline by
ethnicity, with the exception of smaller declines among Pacific men and the absence of a
statistically significant decline in Pacific women. Among both men and women, IHD mortality
rates were highest in Māori and Pacific people, intermediate in Indians, and lowest in
Europeans and Other Asians. However IHD hospitalisation rates were highest in Indians, who
also had high age-standardised IHD hospitalisation to IHD death rate ratios. For every Indian
man or woman that died from IHD in 2014/15, approximately 7 Indian men and 8 Indian women
were hospitalised with IHD. In contrast, for every Māori or Pacific man or woman who died
from IHD in 2014/15, approximately 3 or 4 people were hospitalised.
The sustained decline in IHD deaths and hospitalisations in all ethnic groups is encouraging
and likely due to continued improvements in the acute and long-term management of coronary
disease as well as favourable risk factor trends, such as for smoking and blood cholesterol.313
334

The slower (and for women, lack of) declines in IHD among Pacific people, however, needs

to be monitored carefully, especially in light of the high and increasing rates of obesity in this
population group.418 421 The absence of a statistically significant decline in IHD mortality in
Pacific women in this study is consistent with other New Zealand studies that have noted
slower declines in stroke and all-cause mortality among Pacific people over a similar time
period.422 423
Marked ethnic disparities in IHD mortality continue to be a cause for concern. Agestandardised IHD mortality rates for Māori and Pacific people are more than twice as high as
those for Europeans, and the even lower rates among the Other Asian population indicate
what could be possible for all groups if socioeconomic determinants of health and preventive
and treatment strategies were optimised. As well as obesity, smoking is known to be a key
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contributor to health loss in New Zealand,424 and smoking prevalence is substantially lower
among Asian and European New Zealanders than among Māori and Pacific people. Smoking
rates have been less than 10% for Asian New Zealanders since 2006 and 15% for Europeans
since 2011.334 By contrast, an estimated 38% of Māori and 25% of Pacific people are current
smokers.418
This study also highlights a potential problem with differential access to care in different ethnic
groups, as reflected in the markedly lower ratios of hospitalisations to deaths in Māori and
Pacific men and women. Previous studies have noted a discrepancy between IHD mortality
and hospitalisation rates for Māori, concluding that despite high need, Māori receive relatively
poor access to appropriate care for IHD.381

415

This study confirms these previous

observations, and assuming that the ratio of non-fatal to fatal IHD events should be relatively
constant across different incidence rates, suggests that access to care is an important issue
for both Māori and Pacific people. These findings are also consistent with the results outlined
in Chapters 6 and 9, which showed lower rates of revascularisation and higher rates of
prehospital IHD deaths in Māori and Pacific people.151 396 425
Māori and Pacific people are significantly more likely to report unmet need for primary care
than people from other ethnic groups, with one in five citing the cost of a GP as a major
barrier.418 Māori and Pacific patients suffering from an ACS were less likely to call an
ambulance in a South Auckland study, a factor which contributed to greater delays to acute
care.367 Transport by ambulance is associated with a significant cost (approximately $100) to
the patient. Māori are also less likely to report having a positive experience of care in
hospital.426 Barriers to healthcare for Māori and Pacific people include: transport, availability
of appointments, previous poor experiences, costs, perceptions of negative or racist health
provider attitudes, and language and cultural fit barriers, such as a preference for Māori or
Pacific clinicians or a lack of cultural competency.397 427 Strategies to overcome these barriers
should therefore focus on increasing the availability of public and/or private transport,
extending opening hours, operating flexible and accommodating approaches to appointment
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times, increasing the Māori and Pacific health workforce and supporting cultural competence
across the entire health services workforce.427
While data-linkage is a powerful way to examine event rates on a large scale, there are also
associated limitations. Because of the way ethnicity is currently coded in the national datasets,
Indians were able to be identified as a separate group, but not the small number of other
people identifying with other South Asian groups (eg. Pakistani, Bangladeshi), who are also
at increased cardiovascular risk. In these analyses, therefore, other South Asian groups were
included as ‘Other Asians’, rather than Indian. In addition, denominators for the Indian and
Other Asian populations were not readily available using Ministry of Health population
projections (only ‘total Asian’ numbers are published). Indian and Other Asian denominators
were therefore derived by calculating the proportions of the total Asian group that were Indian
in the 2006 and 2013 census and linearly interpolating and extrapolating these proportions for
each sex and 5-year age group. There is no reason to believe that this method is invalid, as
there is no evidence for differences in the proportions of Indians and Other Asians represented
on the Census nights. Indians represented approximately one-third of all Asians, so it was
very important to calculate their rates of IHD separately, as the extremely low rates of IHD in
the total Asian group would have masked the higher rates experienced by Indians.

11.6. Conclusion
IHD death and hospitalisation rates continue to decline in all ethnic groups in New Zealand,
but the decline in mortality was slowest in Pacific people, particularly Pacific women. Māori
and Pacific people also have disproportionately high rates of IHD mortality compared to
hospitalisations, suggesting poor access to care. More effective strategies are required to
improve both access to CVD prevention and to acute care for these population groups.
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CHAPTER 12: TRENDS IN IHD INCIDENCE AND PREVALENCE
12.1. Preamble

12.1.1. Link to Thesis Objectives
This analysis relates to the final objective of this thesis: to investigate trends in IHD incidence
and prevalence.

12.1.2. Overview and Commentary
The manuscript for this analysis is currently being prepared to submit to a peer-reviewed
journal. IHD prevalence has been widely studied cross-sectionally using various methods,
including surveys and linkage of administrative data. However, trends in IHD prevalence have
not been widely reported, particularly at a national level, because of difficulties in consistently
identifying true prevalent cases over time. This analysis aims to address this gap in the
literature.

12.2. Introduction
Over the past half century, public health interventions, advances in risk factor management,
and acute treatment have led to substantial declines in both IHD incidence and mortality in
high-income countries.428-430 Yet the demand for health services to manage IHD have not
declined, possibly because of increasing numbers of people living with IHD.313 431 Possible
useful responses to IHD in terms of drugs, procedures and devices, and support for
rehabilitation and lifestyle changes have grown substantially, so more is offered per person
with IHD than previously.23 313 335 The balance of IHD incidence and duration (ie. time spent
living with IHD) determines its prevalence. Prevalent cases are at high risk of disease
recurrence and most require lifelong secondary preventive management.
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Trends in IHD prevalence have important implications for planning health services, but are
difficult to measure, particularly at a national level, because in most countries hospitalisation
and mortality data cannot be reliably linked. Measuring changes in IHD prevalence is even
more challenging and it appears that only one national study examining contemporary trends
in IHD prevalence has been published.208 This Danish population-based study reported an
increase in IHD prevalence between 2000 and 2009, despite declines in IHD incidence. Similar
increases in IHD prevalence have been reported by primary care and modelling studies in the
UK, US and Australia.432-434 In contrast, studies using self-reported, hospitalisation, primary
care and community data from the UK and US have reported stable or declining IHD
prevalence over the same period (late 1990s to mid/late 2000s).429 435-437 The analyses in
Chapter 10 demonstrated a more rapid decline in IHD hospitalisation rates than IHD
mortality,417 and a recent ANZACS-QI report noted little recent change in case fatality in New
Zealand.23 Together, these findings suggest that rather than increasing, IHD prevalence may
be declining in this country. The analyses presented in this chapter examined trends in IHD
incidence and prevalence in New Zealand from 2005 to 2016.

12.3. Methods

12.3.1 Study Population
The study population included all New Zealand residents aged 25 years and older during the
period 2005-2016. Population numbers were obtained for each study year from population
projections produced by Statistics New Zealand according to assumptions specified by the
Ministry of Health. These projections were available by five-year age group for men and
women.
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12.3.2 Identification of Events
IHD events (deaths or hospitalisations) were identified using data from the NMDS and
Mortality Collection. Linkage was carried out via encrypted NHIs. Incident cases of IHD were
defined as people without a history of IHD who experienced a first IHD event (death or acute
hospital admission) in each of the study years. The ICD-10 codes I20-I25 in the primary
discharge diagnosis or the underlying cause of death were used to identify incident IHD
hospitalisations and IHD deaths. MI incidence rates (ICD-10 codes I21-I22) were also
calculated to investigate whether incidence trends in MI mirrored those for IHD. Prevalent
cases of IHD in the study population were defined as people who were alive on 1 January of
each study year and had been hospitalised with a primary or secondary diagnosis of IHD in
the preceding 10 years. A 10-year look-back period was applied consistently across all study
years to avoid the identification bias in calculating trends that would occur if prevalence was
measured from one specific point in time for all study years.

12.3.3. Statistical Analyses
Incidence rates were calculated by dividing the number of incident IHD cases during a study
year by the population at risk of an incident event at the beginning of that year (that is, the
total number in the population minus the number of IHD prevalent cases). Prevalence was
calculated by dividing the number of prevalent IHD cases at the start of the study year by the
population in each study year (ie. the total number in the population, including prevalent
cases). Age-specific rates were calculated for men and women in the following age groups:
25-44, 45-54, 55-64, 65-74, 75-84, ≥85 years. The average rate of decline for each age group
was estimated using negative binomial regression. Rates were also age standardised using
the direct method and the 2016 New Zealand population as the standard population. Incidence
was expressed as a rate per 100,000 of the population at risk and prevalence as a percentage
of the total population. Age-adjusted average annual percent changes in incidence and
prevalence over the 12-year study period were estimated using negative binomial regression,
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with year of admission (continuous variable) and 10-year age group (categorical variable) as
independent variables.
Data analyses were performed using Stata SE statistical software version 13.0.295

12.4. Results

12.4.1. IHD Incidence
Between 2005 and 2016, the New Zealand population aged 25 years and older increased from
2.65 to 3.10 million people. However, the number of incident IHD events (combined deaths
and hospitalisations in people without prior IHD hospitalisations) declined from 14,000 to
12,600 and the number of incident MI events from 9600 to 9200 per year. IHD incidence rates
declined in all age groups (Figure 12.1), with average annual rates of decline ranging from
2.4% in men aged 45-54 years to greater than 5% in women aged 65-84 years (Table 12.1).

Table 12.1. Average Annual Percent Decline (95% CI) in IHD Incidence* by Age Group
Age group (years)

Men

Women

25-44
45-54
55-64
65-74
75-84
≥85

4.0% (3.2-4.7%)
2.4% (2.2-2.8%)
3.2% (2.8-3.6%)
4.2% (3.7-4.8%)
4.2% (3.7-4.7%)
2.9% (2.0-3.8%)

4.3% (2.7-5.8%)
3.8% (3.0-4.5%)
4.2% (3.6-4.8%)
5.5% (4.8-6.2%)
5.3% (4.9-5.7%)
4.1% (3.4-4.8%)

All (age-adjusted)

3.5% (3.2-3.8%)

4.6% (4.3-4.9%)

*Calculated using negative binomial regression
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Figure 12.1. Age-Specific IHD Incidence Rates in (a) Men and (b) Women, 2005-2016
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Over the 12-year period, age-standardised IHD incidence declined from approximately 900 to
600 per 100,000 in men and from 550 to 330 per 100,000 in women (Figure 12.2). This
equated to an average annual rate of decline of 3.5% in men and 4.6% in women. Similar
declines (approximately 3.7% per year) were noted in the age-standardised incidence of MI in
men and women (data not shown). IHD and MI incidence rates throughout the study period
were approximately 1.8 times higher in men than in women.
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Figure 12.2. Age-Standardised Incidence Rates of IHD in Men and Women, 2005-2016
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12.4.2. IHD Prevalence
Over the same 12-year study period, the number of prevalent IHD cases decreased from
122,629 in 2005 to 112,075 in 2016, leading to an overall decline in crude IHD prevalence
from 4.6% to 3.6%. Prevalence declined in men and women of all age groups (Figure 12.3).
The annual rates of decline ranged from 1.7% in men aged 45-54 years to 5.5% in women
aged 65-74 years (Table 12.2). IHD prevalence increased steeply with age. In 2016 the
prevalence was <1% both in men and women aged <45 years, 2% in women and 6% in men
aged 55-64 years, and 16% in women and 21% in men aged ≥85 years.
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Figure 12.3. Age-Specific IHD Prevalence Rates in (a) Men and (b) Women, 2005-2016
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Table 12.2 Average Annual Percent Decline (95% CI) in IHD Prevalence,* by Age Group
Age group (years)
25-44
45-54
55-64
65-74
75-84
≥85
All (age-adjusted)

Men
3.4% (3.0-3.9%)
1.7% (1.5-1.9%)
2.6% (2.5-2.7%)
3.3% (3.2-3.5%)
3.2% (2.8-3.6%)
2.5% (2.1-2.9%)
2.8% (2.6-3.0%)

Women
3.9% (3.3-4.5%)
3.3% (3.1-3.6%)
4.7% (4.5-5.0%)
5.5% (5.1-5.8%)
4.5% (4.1-5.0%)
3.6% (3.0-4.1%)
4.3% (4.1-4.6%)

*Calculated using negative binomial regression
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Between 2005 and 2016 age-standardised IHD prevalence decreased from 6.7 to 5.0% in
men and from 4.1 to 2.5% in women (Figure 12.4). The absolute percentage change in IHD
prevalence per year was 1.8% for men and 1.6% for women but, similar to the pattern seen
for IHD incidence, the relative annual percentage change was greater for women than men
(4.3% versus 2.8%). Throughout the study period, men had almost twice the age-standardised
IHD prevalence of women.

Figure 12.4. Age-Standardised Prevalence of IHD in Men and Women, 2005-2016
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Figures 12.5 and 12.6 compare IHD incidence, prevalence and duration by age group in men
and women, at the beginning and end of the study period (2005 and 2016). Absolute declines
in incidence and prevalence increased with age in both men and women over this time.
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Figure 12.5. (a) IHD Incidence and (b) IHD Prevalence in Men, by Age Group, 2005 and 2016
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Figure 12.6. (a) IHD Incidence and (b) IHD Prevalence in Women, by Age Group, 2005 and 2016
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12.5. Discussion
In this national data-linkage study spanning the years 2005-2016, both IHD incidence and
prevalence declined substantially in men and women and in all age groups. The average
annual rate of decline in age-standardised IHD incidence was 4.6% for women and 3.5% for
men, and the annual decline in IHD prevalence was 4.3% for women and 2.8% for men. The
relatively similar declines in incidence and prevalence over the 12-year period suggest that
survival after IHD is unlikely to have changed significantly, which is consistent with previous
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analyses demonstrating that one-year case fatality after ACS has fallen only slightly over the
last 10 years in New Zealand.23
A potential limitation of using national hospitalisation data to estimate incidence and
prevalence is that less severe cases of IHD may not have been admitted and may therefore
be missed. Sensitivity analyses (not shown) indicate that including IHD cases based on
dispensing of antianginals as well as hospitalisations increases estimates of incidence and
prevalence but does not affect patterns of trends. Another potential limitation is that the use of
New Zealand population projections for the denominators, which are based on census and
intercensal estimates, may have led to some under- or overestimation of incidence and
prevalence. However, these denominators were applied consistently across study years so
should not have affected patterns in trends over time. Finally, a consistent 10-year lookback
period was used to identify prevalent cases of IHD. This ensured that trends in prevalence
over time were able to be fairly assessed. However, there will have been people, particularly
in the older age groups, who had an incident IHD event more than 10 years prior to the study
period but no further hospitalisations where IHD was recorded as a comorbidity. This would
have resulted in a slight underestimation of prevalence in the older age groups.
The finding that IHD incidence has continued to decrease in New Zealand over the last 12
years is consistent with the Global Burden of Disease 2010 Study, which reported global
declines in MI and angina incidence between 1990 and 2010.58 Other studies from the US67
438

and Europe439 440 have described similar declines in IHD incidence, while a Swedish study

reported declines in MI incidence rates in men, but not women, between 1987 and 2010.441
This appears to be only the second study to report trends in the prevalence of IHD using
whole-of-country data, and the first to include data from 2010 onwards. The other study, using
linked Danish health data, reported an increase in IHD prevalence between 2000 and 2009,
despite a continued decline in IHD incidence over the same period.208 The results and
conclusions of the Danish study were similar to a UK primary care study based on 1996-2005
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data from The Health Information Network (THIN) primary care database, which represented
approximately 3% of the UK population.432 Possible reasons for the inconsistency in findings
between those studies and the current analysis include differences in the methods used to
identify prevalent cases of IHD (the Danish study, for example, identified all cases from a
specific point in time, rather than using a consistent look-back period) and differences in the
time period under observation. Between the late 1990s and the mid/late 2000s, the use of
coronary revascularisation to treat ACS was increasing rapidly and other interventions (for
example, drug-eluting stents) were being introduced.442 These interventions may have led to
improvements in case fatality over that time.
Both the Danish and UK studies concluded that the increases in IHD prevalence observed
were due to case fatality falling at a faster rate than incidence (and therefore more people
remaining in the prevalent population). In contrast, independent analyses have shown little
change in case fatality following ACS over the past decade in New Zealand23 and explains
why the decline in prevalence largely mirrors the decline in incidence. These findings build on
those outlined in Chapter 10 that demonstrated a faster decline in IHD hospitalisations
compared to IHD deaths in New Zealand from 2005-2015.417 Given that hospitalisations are
so much more common than deaths (5 or 6 IHD hospitalisations for every IHD death in New
Zealand, as shown in Chapter 11),443 even if there is a similar relative decline in both
hospitalisations and deaths, the greater absolute reduction in first IHD hospitalisations would
drive prevalence down.
IHD is largely preventable, and people with more favourable levels of risk factors have much
lower rates of disease.444 445 It has been estimated that approximately 80% of the substantial
decline in IHD in New Zealand between 1980 and 2004 was due to improvements in risk
factors such as blood pressure, blood lipid levels and smoking prevalence.83 While the
observed decline in IHD prevalence is an encouraging finding, IHD event rates and mortality
remain high in New Zealand compared to other countries in the OECD.446 Continued efforts
are required to further reduce the burden of CVD in New Zealand.
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This study did not examine IHD prevalence in specific sub-populations, and studies in the UK
and US have noted marked socioeconomic gradients in the prevalence of IHD,435 as well as
differences by geographical location429 and ethnicity.437 Previous New Zealand cross-sectional
studies have reported that people identifying as Māori, Pacific or Indian and those living in
areas of high deprivation bear the greatest burden of cardiovascular disease.74 379 Examining
total population data may mask differing trends by sub-population, so trends in IHD prevalence
by both ethnicity and socioeconomic markers should be investigated further in the future.
Furthermore, these trends in incidence and prevalence may not necessarily reflect what
secondary care clinicians are seeing in their practice. A steady increase in the proportion of
ACS patients receiving angiography and coronary revascularisation during admission has
been observed in New Zealand,23 as well as other countries, including the US,447 South
Korea,448 Denmark.449 So even though there are fewer patients experiencing new events, the
proportion of people receiving interventions is increasing. This is likely to reflect previously
unmet need for interventions, which are increasingly able to be met as the total number of
patients presenting acutely with IHD has fallen.
In conclusion, this data suggests that, unlike Denmark, IHD prevalence has declined in New
Zealand in recent years. This decline appears to be largely driven by a substantial decline in
incidence which does not appear to have been counter-balanced by any significant
improvements in case fatality over this time.
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CHAPTER 13: DISCUSSION
13.1. Summary of Research
This doctoral research set out to describe the current epidemiology and management of acute
coronary disease in New Zealand in a series of studies using routinely collected national health
data. The first three studies in this thesis focused on ACS patients, examining long-term statin
management, revascularisation and case fatality following hospitalisation for ACS. However,
after an analysis examining pre-hospital coronary deaths, it became clear that the focus of the
research needed to be widened to include all patients with IHD in order to take a population
perspective of case fatality and to more comprehensively examine trends in hospitalisations,
mortality, incidence and prevalence. A brief synopsis of each of the studies included in this
thesis is presented below.

13.1.1. Long-term Statin Use after ACS
The first study demonstrated that initial dispensing of statins following an ACS hospitalisation
is high, with more than 80% of people dispensed a statin in the 90 days post-discharge, but
by one year only two-thirds of patients were adequately maintained on statins. However, once
a person has been taking a statin regularly for one year, he or she is likely to continue on this
medication over the second and third years post discharge. Being on a statin before ACS
hospitalisation was found to be a strong predictor of long-term medication use, as was a
STEMI diagnosis and having a coronary procedure during admission. Conversely, women and
Māori and Pacific people were less likely to be maintained on a statin after ACS admission,
indicating that targeted interventions to increase the use of statins and other evidence-based
medications post-ACS may be necessary in these groups.
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13.1.2. Acute Revascularisation following ACS
In the second study, approximately 70% of all ACS patients were recorded as having received
angiography within 30 days of admission. However, as with statin use, there were ethnic
differences in the receipt of coronary procedures following an ACS event. A higher comorbidity
burden in Māori and Pacific patients and reduced access to catheterisation facilities for nonurban Māori appear to contribute to lower procedure rates after ACS admission. However,
even after taking differences in demography, hospital of admission and comorbidity burden
into account, Māori and Pacific patients were still 5% less likely to receive angiography and
20% less likely to receive revascularisation compared to European patients.

13.1.3. Case Fatality after an ACS Hospitalisation
The third study examined case fatality after an ACS hospitalisation. This study demonstrated
that Māori and Pacific patients were more likely to experience a fatal outcome compared to
European patients, with a 50% higher adjusted risk of death in the 28 days, and twice the risk
in the one year, following ACS admission.

13.1.4. Pre- and Post-Hospitalisation IHD Case Fatality
While undertaking the third study, it became apparent that there is currently no standard
approach to investigating the proportion of coronary deaths that occur ‘pre-hospitalisation’.
Therefore the fourth study examined the impact of different definitions of fatal and non-fatal
IHD events on estimates of pre-hospitalisation case fatality. Using balanced definitions (either
a broad IHD hospitalisations and IHD deaths definition or a narrow MI hospitalisations and MI
deaths definition), case fatality ranged from 23-25%, with between one-half and two-thirds of
these fatal events occurring prior to hospitalisation. However, using an unbalanced definition
(MI hospitalisations and IHD deaths), an approach previously used by some groups, case
fatality estimates ranged from 36-39%, with about 60% of the fatal events being nonhospitalised deaths.
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This study concluded that a balanced approach was more robust than an unbalanced
approach, and the remaining studies in the thesis used a broad definition that included all fatal
and non-fatal IHD events identified from hospitalisation and mortality data. The broad
balanced approach was also thought to be most suitable for examining trends in coronary
disease, because it avoided ‘diagnosis creep’ that may have resulted from changes in MI
diagnostic criteria or increases in troponin sensitivity over time.
The ethnic differences in case fatality identified in study three were confirmed in the fifth study,
which investigated case fatality pre- and post-IHD hospitalisation by ethnicity. In the 28 days
following an acute IHD event (including ‘pre- hospital’ IHD deaths), the total fatality rate was
25% for Māori and Pacific people, compared to 21% for Europeans and 10% for Indians. After
adjustment for potential confounders, including demography, previous CVD and comorbidities,
the odds of death for Māori and Pacific people were approximately 50% higher than
Europeans, regardless of whether or not they had been hospitalised in the preceding 28 days.
In contrast, Indian patients had a 50% lower odds of death than Europeans.

13.1.5. Trends in IHD Deaths and Hospitalisations
Studies six and seven examined recent trends in IHD event rates in those with and without a
history of IHD and in different ethnic groups. These analyses demonstrated a continued
decline in MI hospitalisations, IHD hospitalisations and IHD deaths in men and women in the
total population. With the exception of deaths in younger (35-64y) women with prior IHD, there
was a significant downward trend in IHD rates in men and women of all ages, with and without
a history of IHD. Similarly, IHD deaths and hospitalisations declined in all main ethnic groups,
although declines among Pacific people were smaller, particularly IHD deaths in Pacific
women.
Like case fatality, ethnic inequities in IHD hospitalisation and mortality rates were also evident,
with the highest rates of IHD mortality experienced by Māori and Pacific men and women and
the lowest rates by Europeans and Other Asians. However IHD hospitalisation rates were
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highest in Indians, highlighting potential access barriers to care for Māori and Pacific
populations.
The final study examined recent trends in IHD incidence (first event rates) and IHD prevalence.
There were substantial declines in both incidence and prevalence in men and women and in
all age groups (ranging from 3-5% per year between 2005 and 2016). Taken together with
other findings showing only small declines in ACS case fatality in New Zealand over the same
time period, these results suggest that the decline in IHD prevalence has been driven in the
most part by a substantial decline in IHD incidence, which has not been counter-balanced by
any significant improvements in case fatality in recent times.

13.2. Strengths and Limitations
To my knowledge, this thesis represents the first time that the epidemiology of IHD – or any
other disease – has been examined in a systematic and comprehensive manner at a national
level in New Zealand. Furthermore, New Zealand is one of only a handful of countries where
national routinely collected data is able to be linked by a personal identifier (the NHI), so many
of the analyses, including those examining ethnic differences in IHD, have not been possible
elsewhere. This research could not have been possible ten years ago. Access to the national
health datasets for the purposes of research has been facilitated through the availability of a
high quality NHI attached to almost every health record and through the support of national
ethics committees that have permitted researchers to conduct data-linkage studies using
encrypted identifiers, without requiring individual person consent. This means that New
Zealand researchers are currently in the fortunate position of having excellent access to good
quality individual level data on the whole population. One of the major strengths of this
research has been the ability to comprehensively capture all acute IHD events in New Zealand
over a contemporary period.
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I started this PhD with no experience in the use of the national datasets and only rudimentary
analytical skills. In the process of conducting this research, I learned how to integrate big
datasets, create relevant study cohorts, give careful consideration to numerators and
denominators, and conduct more than just basic statistical analyses. With each analysis
conducted for this thesis, my knowledge of the national datasets increased, resulting in
incremental improvements in the definitions of study cohorts and in the methods employed.
However, there have been a number of challenges in completing this research. One of the
biggest challenges has been finding ways of ensuring that the routinely collected data used is
valid for research purposes. This involved a great deal of time examining ICD manuals and
relevant studies to determine the most appropriate ICD codes to use and discussing the issues
with local and national coding staff and with other researchers in New Zealand and overseas.
In Australia, where the same ICD-10-AM coding rules as New Zealand are used,222 450 studies
have indicated that national mortality coding may underestimate the proportion of IHD deaths
by 10% or more.451 If this was also the case in New Zealand, IHD mortality rates reported in
this thesis may have underestimated the burden of disease in this country. Similarly, less
severe forms of IHD, such as angina, which are typically managed in primary care may have
been underestimated using hospitalisation data. However, there is no reason to believe that
underestimations in disease identification would occur disproportionately in certain population
groups or over time, so this would not change the findings of ethnic differences in disease
occurrence or recent declines in IHD incidence and prevalence. Furthermore, analyses of the
data conducted by myself and others in the VIEW research group have demonstrated that
including dispensing of antianginal medications in estimates of IHD prevalence increases the
identification of IHD cases but does not change the trends observed using hospitalisation data
only.
As discussed in Chapter 4, a recent validation study comparing ACS diagnoses in the NMDS
and ANZACS-QI clinical registry has reassuringly demonstrated a high correlation between
ICD-coded diagnoses (including STEMI, NSTEMI and UA) and procedures and confirmed
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ACS and angiography/PCI in the clinical record.264 A summary of this study has recently been
submitted for publication by members of the ANZACS-QI working and governance groups. As
the ANZACS-QI clinical registry continues to grow, there will be more opportunities to
undertake further validation of the national datasets.
Aside from diagnostic codes, there are other variables derived from the national datasets that
may require further refinement. Comorbidities in this research were identified using primary
and secondary discharge diagnoses from previous hospitalisations. However, complete
capture of specific comorbidities is unlikely, given that this method of identification relies on
the accurate and consistent coding of comorbid conditions, such as dementia, respiratory
disease and diabetes that may not necessarily have been severe enough to have warranted
hospital admission. Clinical coding rules also state that comorbid conditions should only be
coded as secondary diagnoses if they required active or additional management during that
particular admission.222 The prevalence of dementia among hospitalised ACS patients in these
analyses, for example, was approximately one percent, which is the estimated prevalence of
dementia in the total population (all age groups included).452 Given that ACS patients are a
much older group, the expected prevalence of dementia is likely to be higher. The VIEW
research group is currently exploring ways of supplementing hospitalisation comorbidity data
with data from the pharmaceutical dispensing collection to improve identification of
comorbidities in routinely collected data.
Similarly, the classification of rural and urban areas in New Zealand requires further
consideration. A group of rural GPs have recently argued that the Statistics New Zealand
categories of rural and urban areas, based on population size and density rather than rural
health care access, do not accurately identify the population of New Zealanders accessing
rural health services.453 They point to evidence from a previous study that investigated
differences in access to computed tomography (CT) in the South Island. This study, based on
rural and urban hospital catchment areas rather than Statistics New Zealand categories,
reported significant differences in CT utilisation in 2007/08 and 2010. Residents of urban
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hospital catchment areas were 1.6 times more likely to access CT services than residents of
the catchment areas of remote rural hospitals.454 Based on other analyses, it has been
estimated that around 40% of people who access rural health services are classified as ‘urban’
under the Statistics New Zealand definition, while a further 20% of people currently classified
as ‘rural’ have ready access to urban health services.453 Limitations in the Statistics New
Zealand definitions, therefore, may explain why there were no rural/urban differences found
in access to revascularisation in this doctoral research. My supervisors and I are currently
working with a group of rural GPs at the University of Otago to explore better methods of
identifying rural areas for health research.

13.3. Research Implications
This research has demonstrated that the unprecedented rapid decline in IHD in New Zealand
since the late 1960s has continued to the present day, highlighting the successes of both
primary and secondary preventive efforts in this country at a whole-of-population level.
However, within the population, this research has found significant differences in health
outcomes between ethnic groups, particularly for Māori and Pacific, but also for Indian people.
If further gains are to be made in the cardiovascular space, the health sector needs to prioritise
programmes and interventions that will address this equity gap. The reduction of health
inequities is a function of all DHBs, as mandated by the New Zealand Public Health and
Disability Act 2000,455 and the current New Zealand government has recently restated its
commitment to reducing inequities.456 However, until recently there has been no way of
systematically measuring, monitoring and targeting equity. In 2011, a national survey of DHBs
and primary health organisations found that equity assessment tools were not widely used in
decision-making related to the implementation or monitoring of health programmes, and
although equity for Māori was often embedded in policy, this was not the case for other ethnic
groups or by geography.457
170

Chapter 13
This research has demonstrated that, compared to Māori and Pacific people, Europeans have
better access to angiography, revascularisation and statin treatment, as well as significantly
lower case fatality, IHD mortality and hospitalisation rates. These differences are neither
acceptable nor inevitable. The outcomes that have been achieved in the top 20% of the
population clearly demonstrate what can be achieved in everyone when systems are
responsive to the needs of different subgroups. Targets for IHD and ACS therefore do not
need to be arbitrary; the aim should be for Māori, Pacific and Indian men and women to have
IHD management and event rates at least equivalent to those for Europeans. The concept of
health equity is underpinned by the government’s obligations to ensure that Māori, as the
indigenous people of New Zealand, experience the same outcomes as others in the
population. These obligations are outlined in the Treaty of Waitangi, the founding document
of our colonial state.458 Aside from governmental obligations to its citizens, there is also a
growing body of research indicating that achieving equity is good from a fiscal and societal
perspective.459 460
The findings of this thesis indicate that specific areas of focus for equity in IHD should include
enhancing access to health care and improving the identification and management of
comorbidities that can act as contraindications to intervention and adversely affect outcomes.
These areas are interrelated and strongly associated with the social determinants of health.
As reported in Chapter 6, one of the reasons Māori were less likely to receive revascularisation
following ACS was because of a lack of cardiac catheterisation facilities at hospitals outside
main urban areas. Māori and Pacific patients were also noted to have a higher comorbidity
burden that may have impacted on the clinical decision to proceed with intervention.
Revascularisation represents an important opportunity to modify outcome after ACS, and
differences in receipt of revascularisation (as well as a more severe comorbidity burden) may
well have contributed to the observed differences in mortality following ACS and IHD
hospitalisation, as described in Chapters 7 and 9. In Chapter 11 it was also noted that there
were fewer IHD hospitalisations for every IHD death in Māori and Pacific, compared to
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European and Indian/Asian, groups. Taken together, these findings suggest that there are
ongoing barriers to healthcare access for the highest needs groups in New Zealand and
addressing these is likely to require a significant change in policy and practice.
For example, although New Zealand has a publicly funded, universal health system, primary
care for most of the population still requires co-payments, which are often high.461 The average
adult co-payment for a GP consultation ranges from $15-$45, but GP co-payments vary
widely, and they have no limits.214 The cost of these fees, as well as ancillary costs (such as
transport and time off work), have consistently been reported to present barriers to care,
particularly for Māori and Pacific patients.397 427 462 This should come as no surprise, given that
Māori and Pacific people are over-represented in statistics related to deprivation. In 2016, the
real equivalised median household income was $41,129 for Europeans, $32,366 for Māori
and $28,735 for Pacific people.463 Furthermore, since 2007 the trend in median income has
been flat for Pacific people, while Māori have experienced a modest rise and Europeans and
other groups a substantial rise.463 As has been noted in previous chapters, consecutive New
Zealand Health Surveys have reported higher rates among Māori and Pacific people of unmet
need for GP care and unfilled prescriptions due to cost.73 390 418 At the most recent (2016/17)
Survey, for example, Māori were 55%, and Pacific people 12%, more likely than other groups
to report not seeing a GP because of cost. In contrast, Asians were almost 50% less likely to
report unmet need. Those living in the most deprived areas were also more likely to report
unmet need for GP care. After adjusting for age, sex and ethnic group, those living in the most
deprived quintile were 75% more likely to report unmet need due to cost than those living in
the least deprived quintile.73 Policies are needed to adequately support primary care to remove
co-payments for their highest needs patients, which include Māori, Pacific and those living in
the most deprived areas. These patients may also need assistance – for example, transport
or mobile clinics – to attend appointments, and so support should also be given to primary
care providers to develop innovative strategies to do this. Such approaches are consistent
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with the concept of proportionate universalism, where the resourcing and delivery of universal
services is at a scale and intensity proportionate to the degree of need in a population.460
By reducing cost and other barriers to attending primary care, GPs and practice nurses will be
better able to deliver preventive advice and healthcare, conduct CVD risk assessments and,
where appropriate, initiate and optimise CVD management in these high needs populations.
Crucially, better primary care access may also enable earlier intervention for related and
comorbid conditions, such as diabetes and renal disease, which can have a direct impact on
outcomes following an IHD event. However, it is important that services are responsive to the
needs of these populations, which will include being culturally and clinically competent. A
number of strategies have been reported to be effective in reducing the burden of diabetes
among Māori and Pacific people, including the use of community health workers, selfmanagement support, devolving services to Māori and Pacific health providers, tighter
integration between primary and secondary care and the public reporting of service and
outcome measures from primary and secondary care.464 465
Epidemiologists and other health researchers have an important role to play in advocating for
equity. Our job is to identify issues, describe them in as much detail as possible, and give
pointers to what may be causing equity gaps. We must liaise closely with both healthcare
consumers and people working at the frontline of the health service (clinicians, policymakers
and funders), presenting this data to them in a consumable form so that they are able to
develop appropriate solutions. Epidemiologists with ready access to routine national health
datasets can then monitor the situation by tracking trends, almost in real time, to ascertain
whether service improvements are making a difference. This is an essential part of the quality
improvement process. As a public health physician working in the Funding and Planning Unit
of two of New Zealand’s largest DHBs, both with sizeable Māori and Pacific populations, I am
in a fortunate position to be able to use my epidemiological skills to influence positive changes
in the equity space. In these DHBs, there are significant life expectancy gaps (approximately
eight years) between Māori and Pacific and non-Māori non-Pacific people.248 466 CVD, diabetes
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and smoking-related illnesses have been shown to be the main drivers of these gaps,382 422 466
so being able to continue to describe trends in IHD (and CVD more broadly) by ethnicity will
be very important.

13.4. Contribution of this Research to Other Research
The analyses conducted in the course of this doctoral research have also helped to inform
and support the development of other research, as outlined below.
1) As mentioned in Chapter 4, the initial analyses examining the management and
outcomes of ACS hospitalisations were used to inform the identification of ACS events
and coronary procedures and the appropriate statistical analytical methods to use in
the following ANZACS-QI reports. These reports are disseminated to clinicians and
service mangers throughout New Zealand’s 20 DHBs for the purposes of quality
improvement.
Kerr A, Grey C, Chen R, Jiang Y. Acute Coronary Syndromes in New Zealand 2006-2016:
Incidence, Coronary Intervention and Outcomes - an ANZACS-QI National Dataset Report.
Auckland: University of Auckland, 2017.
Kerr A, Williams MJ, White H, Grey C, Jiang Y, Nunn C. 30-day mortality after percutaneous
coronary intervention in New Zealand public hospitals (ANZACS-QI 18). New Zealand Medical
Journal. 2017;130(1459):54-63.

2) The methods used in the analysis examining statin dispensing in this thesis have been
further refined and used in other studies that have investigated the dispensing of
aspirin, statins and five different classes of medications after ACS hospitalisation.
Kerr AJ, Turaga M, Grey C, Lee M, McLachlan A, Devlin G. Initiation and maintenance of statins
and aspirin after acute coronary syndromes (ANZACS-QI 11). Journal of Primary Health Care.
2016;8(3):238-49.
Butchard M, Grey C, Hider P, Wu B, Kerr A. Dispensing of cardioprotective medications in the
first year post acute coronary syndrome. Report to the Canterbury Medical Research
Foundation. Christchurch: University of Otago; 2018.

3) The methods used in the analysis investigating trends in IHD hospitalisations and
mortality according to history of IHD were used to examine contemporary trends in
ischaemic and haemorrhagic stroke in New Zealand. This analysis was conducted as
part of a Masters of Public Health dissertation which I supervised.
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Wilson B. Trends in stroke hospitalisation and mortality in New Zealand, 2005-2016 [MPH
Dissertation]. Auckland: University of Auckland; 2018.

4) The ICD-10 codes to identify components of the Charlson comorbidity index that I
worked with other researchers to agree on have been used in a number of analyses
conducted by other researchers in the VIEW group. They were also considered in a
study that aims to develop a new comorbidity score for MI in Denmark. A draft
manuscript has been written.
Albertsen LW, Heide-Jorgensen U, Schmidt SAJ, Grey C, Jackson R, Sorensen HT, Schmidt
M. The DANish comorbidity score for acute myocardial infarction (DANCAMI). [Draft
manuscript].

13.5. Future Research Directions
As mentioned in Chapter 4 (Section 4.1), Statistics New Zealand’s large-scale linked research
database, the IDI, presents some useful opportunities for future research on equity and CVD.
The IDI is a significantly expanded version of the linked health databases used in this thesis,
and includes a wide range of additional national datasets covering education, benefits and
social services, taxation, justice, migration and other population data. While this thesis has
examined trends in IHD events by ethnicity, trends by SES and the interaction between
ethnicity and SES represent important gaps in current knowledge. Currently, New Zealand
population projections are not available by SES or deprivation indicators, but it is possible to
obtain these denominators through the creation of a ‘health or social contact population’ in the
IDI. Using the multiple additional datasets in the IDI, it will be possible to analyse trends in IHD
and CVD for both individual (for example, gross income) and area-based measures of SES
(such as the NZDep) and to account more accurately for immigration and emigration. A new
area-based measure of SES, the New Zealand Index of Multiple Deprivation (IMD), was
recently developed by researchers in the VIEW team. The IMD consists of 28 indicators
grouped into seven domains of deprivation: employment, income, crime, housing, health,
education and access to services,467 and is thought to provide a richer, more nuanced view of
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area level deprivation in New Zealand than the NZDep. An investigation of trends in IHD by
these different indicators is planned for the future.
This research has demonstrated that the epidemiology of a specific disease can be
comprehensively studied at a national level through data-linkage. Some of the analyses
outlined in this thesis have been, or will soon be, replicated for stroke and heart failure,
conditions which represent high cost to the health sector.
Finally, the ethnic analyses in this thesis grouped all Pacific people together, as previous
analyses of primary care data showed that the prevalence of CVD risk factors and the
distribution of CVD risk in different Pacific groups were sufficiently similar to justify
aggregation. I am an advisor for two PhD students who will shortly commence theses
examining the epidemiology of IHD in Pacific specific groups (namely, Samoan, Tongan, Cook
Island Māori and Niuean) and evaluating mobile health approaches to reducing CVD risk
among Pacific people living in New Zealand.
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